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Fruit Crops in the World of Genome Editing 
Article ID: 37500 

Sandeep Kumar Badhei1, Rutuparna Senapati1 
1Division of Fruits and Horticulture Technology, College of Agriculture, OUAT, Bhubneswar-751003. 

 

 
 

The conventional breeding of fruit crops has improved the consumer-driven traits such as fruit size, yield, 

nutritional properties, aroma and taste as well as the introduction of agronomic properties such as disease 

resistance. With the assistance of modern molecular approaches such as marker-assisted selection, the 

improvement of fruit varieties by conventional breeding takes considerable time and effort. But the genetic 

engineering led to the rapid development of new varieties by allowing the direct introduction of genes into 

elite lines. In this article, we discuss five such case studies: Pinkglow pineapple, Super Banana, SunUp/ 

Rainbow papaya, Arctic apple and Blue Strawberry. Now in this era, genome editing has provided an 

efficient way to introduce precise mutations in plants, including fruits and fruit trees, replicating 

conventional breeding results without the extensive and tedious backcrossing and selection, required for 

introgression of new traits. 

Pinkglow Pineapple 

Pinkglow pineapple (Ananas comosus) is a brand of pineapple which indicates the presence of higher 

amount of carotenoid, developed by Del Monte. The amount of lycopene is up to 200mg/g, so it shows distinct 

pink colour. It is the product of Agrobacterium-mediated transformation and is therefore included in GMO. 

It also has flowering senescence trait that prevents the undesirable early flowering of pineapple plants. 

The pink flesh phenotype is the result of modification of carotenoid biosynthesis pathway by introducing 

transgene.  The overexpression of the phytoene synthase gene (PSY) of tangerine (Citrus unshiu), 

precursors of lycopene synthesis resulted in carotenoid enhancement. At the same time RNAi approach 

was used to suppress the endogenous lycopene β-cyclase (bLyc) and lycopene €-cyclase (eLyc) gene which 

block the conversion of lycopene into further downstream products such as β-carotene, resulting in the 

accumulation of pink pigment (lycopene). Unlike most other crops, initiation of flowering in pineapple is 

induced by amount of ethylene. So, suppression of ethylene, therefore can avoid precocious flowering. In 

this way, with the use of RNAi technology, flowering senescence was achieved by suppressing meristem-

specific endogenous ACC synthase. 

 

Super Banana 

Super Bananas are modified banana with the banana gene phytoene synthase (PSY) isolated from Asupina 

banana. Asupina banana is naturally reach in β carotene, a precursor to vitamin A. The gene is under the 

control of the maize polyubiquitin promoter or the banana aminocyclopropanecarboxylate oxidase 

promoter. The gene construct, increases the amount of β carotene in bananas to 20μg per gram dry weight. 

This Super Banana project was carried out by James Dale, director of the Centre for Tropical Crops and 

Biocommodities at the Queensland University of Technology. The gene construct was used in two banana 

cultivars suitable for Ugandan diets: the East African Highland Banana and a conventionally bred, disease 

resistant hybrid Kabana 6H. For the US feeding trial, human volunteers ate a different variety- the 
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cavendish banana- containing the transgenes. The trials made to determine how well the β carotene 

converted to vitamin A in the volunteers. This project was commenced in 2005. The genetically enriched 

golden coloured banana will help to prevent blindness caused by vitamin A deficiency. 

 

Sunup and Rainbow Papaya 

Papaya ring spot virus was a very devastating disease in the Hawaiian papaya industry and it was first 

appeared in 1992 in Puna, Hawaii's major papaya growing region. Once the plant will be affected by virus, 

it can never recover. Resistance to this virus is not found in Carica papaya but found in other related 

species such as C. pubescens, C. stipulata and C. quercifolia. But it is difficult and time taking to hybridize 

and introgress the corresponding traits into elite papaya line due to incompatibility problem with other 

species. Sunup and Rainbow variety of papaya (Carica papaya) were introduced in 1997 in Hawaii. SunUp 

had red flesh fruit and Rainbow which had yellow-flesh fruit was a hybrid of SunUP and a popular non-

transgenic yellow fleshed variety Kaphoo. These resistant variety were created by introducing coat-protein 

gene from virus to host by particle bombardment method. This process is called pathogen derived 

resistance. The transgenic plants also contain selectable marker nptII and the visual marker gusA- these 

are used in selection process and regeneration but do not play any role in the product. Dr. Gonsalves is the 

prominent scientist in developing these PRSV resistant varieties. 

 

Arctic Apple 

The Arctic apple was developed by Okanagan Specialty Fruits Inc., (OSF) Summerland, British Columbia, 

Canada. The founder, Neal Carter, is an apple and cherry grower and through his interactions with the 

research community identified the opportunity to develop non-browning apple. It is a consumer-focused 

product. The Arctic non-browning trait was introduced into Golden Delicious, Granny Smith and Fuji 

cultivars by Agrobacterium-mediated transformation. The non-browning trait was introduced by silencing 

the polyphenol oxidase gene. 

In most plant species PPO is a multigene family. PPO enzyme increases the reaction of colourless molecules 

called diphenols with oxygen to form red molecules called quinones.  Usually, PPO and diphenols are 

separated in different cellular compartments.  But when the walls of these are damaged by cutting or 

squashing, PPO and diphenols are able to mix and form red quinones which dry the flesh of fruit. RNAi is 

a natural biological process that recognizes and destroys specific RNA structures. Biologists can use RNAi 

to lower PPO levels by introducing RNA sequences that cause the degradation of PRO RNA. With the aim 

of suppressing the PPO gene in apple, OSF utilized conserved sequence from four genes- MdPPO2, 

MdGPO3, MdAPO5 and MdpSR7. The conserved region from four apple genes were concatenated and 

placed in sense orientation under the control of CaMV35S promoter and nopaline synthase terminator to 

generate the PPO suppressor transgene. OSF scientists used the principle of transgene-induced post-

transcriptional gene silencing. Transgenic events were selected using Kanamycin resistance, which was 

coded by the nptII gene within the binary vector using PPO suppressor transgene. 
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Blue Strawberry 

The Arctic Flounder Fish protects himself from freezing by producing antifreeze material. These gene were 

isolated and introduced in strawberry. The actual object of this endeavor is to allow the strawberries to 

resist freezing. The “blue” is a colourful side effect. 

 

Conclusion 

Different biotechnological tools such as genetic engineering, RNAi technology made the impossible thing 

possible. Biotechnology has been accepted in the laboratories and the farm fields. Future biotechnology 

products and services are likely to improve the quality of life. Products and services developed for markets 

in the North may find applications in the south. Thus, integration of Biotechnology into conventional 

breeding programmes is an optimistic strategy for fruit crop improvement in the future. 
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Introduction 

About 2.7 billion years ago molecular oxygen was introduced in our environment by the O2-evolving 

photosynthetic organisms and ROS have been the uninvited companions of aerobic life. The O2 molecule is 

a free radical, as it has two impaired electrons that have the same spin quantum number. This spin 

restriction makes O2 prefer to accept its electrons one at a time, leading to the generation of the so-called 

ROS, which can damage the cells. Free radicals containing oxygen are known as reactive oxygen species 

and in aerobic metabolism the production of reactive oxygen species (ROS) is an unavoidable consequence. 

It has been estimated that about 1% of O2 consumed by plants is diverted to produce ROS. The oxygen has 

two free electrons in its outer orbit and thus very reactive. Since oxygen exist in (diatomic) molecular form 

which causes the forbidden spin and thus not able to pair readily with other molecules and sometime called 

as the stable radical. Molecular oxygen can either take energy (not electron) to produce singlet oxygen 

which is deleterious found in chloroplast during excess energy assimilation or it can go for stepwise 

reduction (oxygen molecule is not able to take four electrons from hydrogen at a time to produce water 

molecules and go for stepwise reduction) which yields various intermediates such as superoxide anion 

(O2•−), hydroxyl radical (•OH) as well as non-radical molecules like hydrogen peroxide (H2O2) and singlet 

oxygen (1O2) acting as ROS. 

During metabolism ROS are generally formed by the inevitable leakage of electrons onto O2 from the 

electron transport activities of chloroplasts, mitochondria, and plasma membranes or as a by-product of 

various metabolic pathways localized in different cellular compartments. Environmental stresses such as 

drought, salinity, chilling, metal toxicity, and UV-B radiation as well as pathogens attack led to enhanced 

generation of ROS in plants due to disruption of cellular homeostasis. Generation of ROS which includes 

free radicals such as superoxide anion (O2•−), hydroxyl radical (•OH) as well as non-radical molecules like 

hydrogen peroxide (H2O2) and singlet oxygen (1O2) and so forth. The non-free radicals are able to produce 

either free radicals or may affect membrane permeability. O2 •− is the primary ROS formed in the cell 

which initiates a cascade of reactions to generate “secondary” ROS, either directly or prevalently through 

enzyme- or metal-catalysed processes depending on the cell type or cellular compartment. O2•− is a 

moderately reactive, short-lived ROS with a half-life of approx. 1 μs. O2•− is a nucleophilic and reacting 

with both oxidizing and reducing properties. O2 •− can accept one electron and two protons to form H2O2. 

It is easily dismutated to H2O2 either non-enzymatically or by SOD catalysed reaction to hydrogen peroxide. 

H2O2 is moderately reactive and is relatively long-lived molecule with a half-life of 1ms. H2O2 has no 

unpaired electrons unlike other oxygen radicals. It can readily cross biological membranes and 

consequently can cause oxidative damage far from the site of its formation. Because H2O2 is the only ROS 

that can diffuse through aquaporins in the membranes and over larger distances within the cell and is 

relatively stable compared to other ROS, it has received particular attention in ROS studies. Both O2 •− 

and H2O2 are only moderately reactive. The cellular damage by ROS appears to be due to their conversion 

into more reactive species for example the formation of •OH is dependent on both H2O2 and O2. The Haber-

Weiss reaction generates •OH from H2O2 and O2. •OH is the most reactive among all ROS. It has a single 

unpaired electron; thus, it can react with oxygen in triplet ground state. •OH interacts with all biological 

molecules and causes subsequent cellular damages such as lipid peroxidation, protein damage, and 

membrane destruction and because cells have no enzymatic mechanism to eliminate •OH, its excess 

production can eventually lead to cell death. 

The adverse effect of ROS is counter acted by complex antioxidative system comprising of nonenzymatic 

and enzymatic components to scavenge ROS. In plant cells, specific ROS producing and scavenging systems 

are found in different organelles such as chloroplasts, mitochondria, and peroxisomes. ROS scavenging 
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pathways from different cellular compartments are coordinated. Under normal conditions, potentially toxic 

oxygen metabolites are generated at a low level and there is an appropriate balance between production 

and quenching of ROS. The balance between production and quenching of ROS may be perturbed by a 

number of adverse environmental factors, giving rise to rapid increases in intracellular ROS levels which 

can induce oxidative damage to lipids, proteins, and nucleic acids. In order to avoid the oxidative damage, 

higher plants raise the level of endogenous antioxidant defence. Various components of antioxidative 

defence system involved in ROS scavenging have been manipulated, over expressed or down regulated. 

Conclusively all ROS are extremely harmful to organisms but at high concentrations i.e. When the level of 

ROS exceeds the defence mechanisms, a cell is said to be in a state of “oxidative stress.” The enhanced 

production of ROS during environmental stresses can pose a threat to cells by causing peroxidation of 

lipids, oxidation of proteins, damage to nucleic acids, enzyme inhibition, activation of programmed cell 

death (PCD) pathway and ultimately leading to death of the cells.  

In seed physiology reactive oxygen species (ROS) are involved in various aspects of seeds life. They are 

usually considered as toxic molecules, the accumulation of which leads to cell injury and disturbances in 

seed development or germination processes. The deleterious role of these compounds in seed ageing is now 

quite well established and documented. Their generation, which occurs during seed desiccation, 

germination and ageing, may lead to oxidative stress and cellular damage, resulting in seed deterioration 

however this view is only partially valid. The growing evidences suggest that ROS must also be regarded 

as molecules intervening in cellular signalling. They are involved in growth processes occurring at early 

embryogenesis during seed development, and participate in the mechanisms underlying radical protrusion 

during seed germination. The orthodox seeds represent a particular case in which except in the early 

developmental phase, seeds are devoid of an important source of ROS through photosynthetic electron 

transport, which leads to the production of superoxide and singlet oxygen. Moreover, from the beginning of 

development to the end of germination, the seed moisture content and metabolic activity vary dramatically. 

Therefore, the sources of ROS in seeds also probably vary considerably. The mitochondrial respiratory 

chain is one of the major sources of ROS; electron leakage from the transport chain generates superoxide, 

and subsequently H2O2, by dismutation of the former. In normal conditions, approximately 2–3% of the 

oxygen used by the mitochondria can be converted into superoxide and H2O2. The amount of H2O2 produced 

is thus directly proportional to respiratory activity. It is estimated that mitochondrial respiration ceases at 

water contents lower than 0.25 g (g /DW) showing effect of moisture on ROS production. In the case of 

orthodox seeds there is change in moisture content throughout its growth. Since the inception of the seed 

life i.e. from gametogenesis ROS plays an important role in nursery of developing cells but it can also guides 

the developing pollen tube to fuse with the antipodal cells to facilitate the fusion of gametes. From the next 

stage of life ROS helps in polarity of the embryo sac and in the development of the same. After the 

embryosac development reserve accumulation phase also have ROS activity to prepare itself from 

dessication tolerance phase and for future germination. Germination is associated with a strong increase 

in the respiratory activity and enhanced production of ROS. This suggests that ROS might also have a 

regulatory function in the changes in gene expression during seed development, dormancy and germination 

by their interplay with other molecules, particularly with hormones such as abscisic acid and GA 

suggesting they should be considered as key components of an integrated signalling network involved in 

many aspects of seed physiology. 

Site’s of ROS Production 

ROS are produced in both unstressed and stressed cells at several locations in chloroplasts, mitochondria, 

plasma membranes, peroxisomes, apoplast, endoplasmic reticulum, and cell walls etc. 

Adverse Effects of ROS 

Enhanced level of ROS can cause damage to biomolecules such as lipids, proteins and DNA. These reactions 

can alter intrinsic membrane properties like fluidity, ion transport, loss of enzyme activity, protein cross-

linking, inhibition of protein synthesis, DNA damage, and so forth ultimately resulting in cell death. 

Lipid: The level of lipid peroxidation has been widely used as an indicator of ROS mediated damage to cell 

membranes under stressful conditions. Two common sites of ROS attack on the phospholipid molecules are 

the unsaturated (double) bond between two carbon atoms and the ester linkage between glycerol and the 
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fatty acid. The polyunsaturated fatty acids (PUFAs) present in membrane phospholipids are particularly 

sensitive to attack by ROS. A single •OH can result in peroxidation of many polyunsaturated fatty acids 

because the reactions involved in this process are part of a cyclic chain reaction where ROS takes electron 

to get stability but making other molecule unstable.  

Proteins: The attack of ROS on proteins may cause modification of proteins in a variety of ways, some are 

direct and others indirect. Direct modification involves modulation of a protein’s activity through 

nitrosylation, carbonylation, disulphide bond formation, and glutathionylation. Proteins can be modified 

indirectly by conjugation with breakdown products of fatty acid peroxidation. As a consequence of excessive 

ROS production, site-specific amino acid modification, fragmentation of the peptide chain, aggregation of 

cross-linked reaction products, altered electric charge and increased susceptibility of proteins to proteolysis 

occur. Tissues injured by oxidative stress generally contain increased concentrations of carbonylated 

proteins which is widely used marker of protein oxidation. 

DNA: ROS are a major source of DNA damage. ROS can cause oxidative damages to nuclear, mitochondrial, 

and chloroplastic DNA. DNA is cell’s genetic material and any damage to the DNA can result in changes 

in the encoded proteins, which may lead to malfunctions or complete inactivation of the encoded proteins. 

Oxidative attack on DNA results in deoxyribose oxidation, strand breakage, removal of nucleotides, variety 

of modifications in the organic bases of the nucleotides, and DNA-protein cross links. Further, changes in 

the nucleotides of one strand can result in the mismatches with the nucleotides in the other strand, yielding 

subsequent mutations. 

Antioxidative Defence System in Plant 

Antioxidative system consist enzymatic and non-enzymatic components. In plant cells, specific ROS 

producing and scavenging systems are found in different organelles such as chloroplasts, mitochondria, 

and peroxisomes. ROS scavenging pathways from different cellular compartments are coordinated. ROS 

scavenging pathways from different cellular compartments are coordinated. Under normal conditions, 

potentially toxic oxygen metabolites are generated at a low level and there is an appropriate balance 

between production and quenching of ROS. The balance between production and quenching of ROS may be 

perturbed by a number of adverse environmental factors, giving rise to rapid increases in intracellular ROS 

levels which can induce oxidative damage to lipids, proteins, and nucleic acids. In order to avoid the 

oxidative damage, higher plants raise the level of endogenous antioxidant defence. 

Antioxidants Action 

Ascorbate Peroxidase 
(APX) 

High affinity to H2O2, ASA-GSH cycle  
 

Catalase Reduces H2O2 to water and O2. can break 40 million of H2O2  

Glutathione reductase Reduces oxidized form of glutathione (redox balance) 

Super oxide dismutase Dismutates O2- to H2O2 and O2, isoforms with Cu, Mn, Fe  

Vitamin E Terminate chain propagation in lipid autooxidation, quench 
1
O

2
 

Vitamin C Most abundant among all. Scavenging H
2
O

2
 & excess energy 

Caretonoids Inhibit formation of 
1
O

2
 in excited chl. 

Phenolics Inhibit Fenton reaction by chelating metals 
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Introduction 

Chiefly, protein structure consists of twenty amino acids which are directly involved while, there are 

thousands of others compounds called as Non-Protein Amino Acids (NPAAs), that play no such role. Such 

250 NPAAs are found in plants, particularly within a small subset of families, including the Leguminosae, 

Sapindaceae, Aceraceae, Hippocastenaceae and Cucurbitaceae. NPAA have been relatively ignored 

compared to the “big 20” or the essential amino acids. 

Structures in Relation to Protein Amino Acids (PAAs) 

1. NPAAs resemble PAAs and are preferably called as their structural analogues 

2. NPAAs are sometimes derived from PAAs 

3. Also, Sometimes the biosynthetic routes of PAAs and NPAAs are little similar 

Table 1.: Some common PAAs and its functionally analogue NPAAs: 

Sr. 

No. 

Protein 

Amino Acid 

Non-protein Amino 

Acid (Analogue) 

Sr. 

No. 

Protein Amino 

Acid 

Non-protein Amino 

Acid (Analogue) 

1. L-glutamine Albizziine 2. L-methionine Se-methlylselenocysteine 

3. L-asparagine 3-cyanoalanine 4. L-ornithine Canaline 

5. L-lysine S-aminoethylcysteine 6. L-proline L-azetidine-2-carboxylic 

acid 

Importance and Function of Different Non-Protein and Protein Amino Acids 

1. Ecosystem store of organic nitrogen. 

2. Provide protection against stress. 

3. Produce toxins against invertebrates and vertebrates. 

4. Direct role in signalling and nutrition. 

5. Intermediates in the biosynthesis and catabolism of primary metabolites. 

NPAAs are studied using isotope labelling and enzyme purification. These are produced through: A. Direct 

modification of existing amino acids, B. Deviation of biosynthetic pathways from common amino acids and 

C. De novo biosynthesis by novel enzymes. 

Common NPAAs and its Role in Host Plant Resistance 

1. Canavanine: It is the best-studied NPAA in plant defense against insects. It is major nitrogen storage 

compound in the seeds of many plants of Leguminosae family. It constitutes up to 13% of the dry weight of 

seeds. As an analog and antimetabolite of L-arginine, L-canavanine is highly toxic to a wide range of 

organisms including insects and mammals. It implies a strong selective pressure on insects that feed from 

L-canavanine containing plants by misincorporation in place of L-arginine. Both tree and forage legumes 

contain canavanine, which with its breakdown product canaline is an effective substrate for enzymes 

utilizing arginine and ornithine. The arginyl-tRNA synthase cannot distinguish resulting in incorporation, 

which leads to deleterious effects (Rahiala et al., 1971). 

2. GABA (γ-Aminobutyric acid): It is a 4-carbon NPAA present in free amino acid pools of most 

prokaryotic and eukaryotic organisms. In plants, GABA biosynthesis is catalyzed by glutamate 
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decarboxylase (GAD). GABA levels usually increase rapidly in response to insect attack which causes 

increased plant GAD activity through damage-induced Ca2+ influx. Insect performance tests using GABA-

containing artificial diet showed that due to higher GABA concentration, wounded plants reduce the growth 

and survival of rosaceous leaf roller larvae (Bown et al., 2006). The deleterious effects of GABA on insects 

could result from inhibition of GABA-gated chloride channels that are important in the peripheral nervous 

system in insects that occurs in response to abiotic stresses such as flooding, cold, heat, drought, salt and 

mechanical damage (Kinnersley and Turano, 2000). 

3. BABA (DL-b-Aminobutyric acid): It is structurally related to GABA, but is much less common in 

nature. To date, it has been reported in root exudates of tomato plants grown in solarized soils, in the xylem 

and phloem sap of Eucalyptus regnans and Acacia spp. Interestingly, when applied to plants exogenously, 

it seems to play a broad role in increasing plant defense against both biotic stress and abiotic. It primes 

plants to respond faster and stronger to future stresses. BABA-induced priming functions via the interplay 

of several hormones, including salicylic acid (SA), abscisic acid (ABA), and ethylene. BABA reduces the 

performance of several insect species, including both Hemiptera (Acyrthosiphon pisum, Myzus persicae and 

Brevicoryne brassicae) and Lepidoptera (Trichoplusia ni and Plutella xylostella) (Hodge et al., 2006). 

4. L-DOPA (L-Dihydroxyphenylalanine): It is the natural precursor of dopamine, nor-epinephrine and 

epinephrine, the overdose of which could result in abnormal growth and development of insects. L-DOPA 

concentration was found to be highly correlated with the winter wheat resistance to grain aphids (Sitobion 

avenae) (Ciepiela and Sempruch, 1999). L-DOPA was found to be a feeding stimulant for the legume-

specialist black bean aphid (Aphis fabae) feeding on artificial diet, suggesting adaptive evolution in this 

insect species. 

Negative Effects 

1. Unfortunately, neurotransmitter precursors and inhibitors from plants also have negative effects on 

humans and other mammals, and thereby limit consumption. 

2. For instance, consumption of the high-protein seeds of grass pea (Lathyrus sativus), has been associated 

with a neurological disorder called ‘‘neurolathyrism’’. The causative molecule is b-N-oxalyl-L-a-b-

diaminopropionic acid (b-ODAP) is similar to L-glutamate (Huang et al., 2011). 

3. Jack bean that synthesizes large amounts of canavanine has a protein synthesizing machinery that is 

able to discriminate between canavanine and arginine, to avoid incorporation of canavanine into its own 

proteins. 

4. The aromatic amino acid mimosine found in the tropical forage legume Leucaena leucocephala is usually 

degraded into toxic dihydroxypyridone (DHP) by ruminant gut bacteria. However, in Central America 

where L. leucocephala is native, the gut bacteria Synergistes jonesii is capable of fully metabolizing 

mimosine and DHP. 

Plant Strategies to Improve Efficiency of NPAAs 

1st strategy: Some NPAAs have dual functions in defense and as seed storage compounds. Their relatively 

simple structure and similarity to regular amino acids make these N and C resources easy to transport, 

reuse and integrate into primary metabolism when needed. As a result, another function of NPAA may be 

to make stored nitrogen unavailable to insects that cannot metabolize these uncommon plant compounds. 

In such cases, these plants also have tRNA enzymes with increased affinity for the corresponding protein 

amino acid, and thereby avoid misincorporation. 

2nd Strategy: Several NPAAs such as GABA which targets the sensitive nervous systems of invertebrate 

and vertebrate animals, are only required for defense at low doses that can be rapidly synthesized in 

response to insect attack. NPAAs that act as neurotransmitter mimics have little impact on plants 

themselves. Thereby, autotoxicity of defensive non-protein amino acids is largely avoided (Igloi and 

Schiefermayr, 2009) 

3rd Strategy: Plants may also use NPAAs like BABA as signaling molecules to assist with systemic defense 

response. Individual secondary metabolites as direct defense and signals for another plant may occur 

commonly. Example: 4-methoxyindole-3-ylmethylglucosinolate are defensive against aphids and produce 

callose during bacterial infection (Clay et al., 2009). 



 

 
Volume 04 - Issue 07 - July 2022       9 | P a g e  
 

Future Prospects 

1. Identification of genes, enzymes and regulatory mechanisms that are required for biosynthesis of NPAAs. 

2. Good model species is lacking while developing a new model species is a costly and highly collaborative 

international effort. 

3. The development of new model systems for studying both plants and insects and their interactions. 

Conclusion 

From the point of view of HPR, NPAAs can be considered as “MULTI-PURPOSE” defence and N-storage 

compound. They are ecologically vital in plant-plant (Allelopathy), plant-microbe (bacteria, fungi, plant-

virus) and plant-herbivore (insects, vertebrates) interactions. Focused research may give us new insights 

for better crop protection to meet the demand of booming population. 
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Visit to Sheep Farms 

Before starting a sheep farm visit the successful sheep farms for gaining experience in issues like which 

brings profits and which brings lossess, according to that they need to judge and take decision whether to 

start or withdraw from the idea of starting a farm. 

Investment and Sheep Number 

At first, they need to start the farm with less investment and a smaller number of sheep gradually they 

need to increase the animal number. They need to estimate the cost of animals, cost of investment on sheep 

farm etc. 

Financial Support 

For financial investment on farm, they could get loan from national bank or if any subsidy from government 

available they could utilize them. 

Marketing Facility 

After the lambs become adult, farm owners should analyze about the profits and need to get information 

regarding the nearby market facility, slaughter house and other facilities. 

Green Grass Production 

Green grass production needs to be started 2-3 months prior to sheep arrival to farm. If the land has 365 

days water facility for irrigation, they could get the green grass for 4-5 years without interruption. For 

every 100 sheep 2 acres of land needed to produce green grass. Paddy or maize straw needs to be stored in 

advance as hay to feed animals. 

Farm Construction 

Farms need to be constructed with low cost at high area than the surrounding premises. Farms should be 

resistant to cold, heat and rain. 

Hospital Facilities 

Water needed for purposes like sheep drinking, farm cleaning and for green grass production. 

Manpower Facility 

sheep rearing needs manpower who had experience in sheep management. 

Concentrate Mixture 

If the ingredients for preparing concentrate mixture available they could be stored and used for whenever 

needed to prepare concentrate mixture. 

Instruments Purchase 

If concentrate mixture meant to be prepared at farm, they need to purchase feed mixing unit. At farm 

before other activities starts, they need to purchase Chaff cutter, feed troughs, water troughs, weighing 

machines, drenching cups, first aid kit, other treatment instruments and deworming gun etc. 
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Purchase of Animals 

Animals purchased from markets, while selecting animals they have to purchase the animals personally. 

Do not purchase the animals during outbreak of diseases, animals purchased during the months of October, 

November or March, April. Insurance needs to be taken immediately after purchasing of animals. 

Medicines Purchase 

Purchase Syringes, needles, scissors, cotton, first aid kit, antibiotics, liver tonics and registers. 

Other Facilities 

Fencing should be arranged all over the farm. According to the need build farm workers quarters, chaff 

cutter shed, office, gain storage room etc. If green fodder availability more constructing silage pits for 

storage of green fodder very useful. Dung storage facility constructed far away from the farm. 
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stlELM 

Description: The stlELM function forecasts a time series using a hybrid model made of a decomposition 

technique called seasonal trend decomposition based on loess (STL) and a neural network-based forecasting 

technique called extreme learning machine (ELM). The function further computes the values of different 

forecasting evaluation criteria. 

Usage: stlELM (xt,stepahead=10) 

Arguments: 

xt: Input univariate time series (ts) data. 

stepahead: The forecast horizon. 

Values: 

STLcomp: List of all components of the input series through STL. 

data_test: Testing set is used to measure the out of sample performance. 

STLcomp_forecast: Forecasted value of all individual components. 

FinalstlELM_forecast: Final forecasted value of the stlELM model. It is obtained by combining the 

forecasted value of all individual components. 

MAE_stlELM: Mean Absolute Error (MAE) for stlELM model. 

MAPE_ stlELM: Mean Absolute Percentage Error (MAPE) for stlELM model. 

RMSE_ stlELM: Root Mean Square Error (RMSE) for stlELM model. 

Details: This function decomposes a nonlinear, nonstationary and seasonal time series into trend-cycle, 

seasonal and remainder component using STL (Cleveland et al., 1990). Extreme learning machine (ELM) 

is used to forecast these components individually (Huang et al., 2006; Xiong et al., 2018). Finally, the 

prediction results of all the three components are aggregated to formulate an ensemble output for the input 

time series. 

References 
1. Cleveland, R.B., Cleveland, W.S., McRae, J.E., Terpenning, I. (1990). STL: A seasonal-trend decomposition procedure based 

on loess, Journal of Official Statistics, 6, 3–73. 

2. Huang, G., Zhu, Q., Siew, C. (2006). Extreme learning machine: theory and applications, Neurocomputing,70, 489–501. 

3. Xiong, T., Li, C., Bao, Y. (2018). Seasonal forecasting of agricultural commodity price using a hybrid STL and ELM method: 
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Introduction 

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

its various environmental and nutritional security. Pseudocereals are edible seeds belonging to 

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

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

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

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

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

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

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

Nutritional Compositions of Pseudocereals 

Pseudocereals are packed with different active constituents particularly polyphenols, flavonoids 

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

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

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

they act as functional food. Starch granules in pseudocereals are featured by low amylose content (except 

for buckwheat). The leading differences in the starch properties of pseudocereals are processing properties, 

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

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

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

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

suitable food supplement for infants and children. The net protein utilization, protein efficiency 

ratio,pProtein digestibility or bioavailability of protein in pseudocereals is more advanced than cereals. 

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

rich in micronutrients like vitamin A, B2, B3 B6, E, C and folic acid.  

In, buckwheat, proteins, complex carbohydrates lipids, rutin, polyphenols and vitamin- B complex are 

extensively present. They are the rich source of total dietary fibre and soluble dietary fibre which aids in 

prevention of obesity and diabetes.  Buckwheat is also a vital source of fagopyritol, which help in glycemic 

control in non-insulin dependent diabetic person. 

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

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

hydroxybenzoic acid are the major phenolic compounds present in the amaranth seeds. 

Quinoa is the unique accessible grain loaded with natural important amino acid balance especially rich in 

isoleucine, leucine, phenylalanine, histidine, threonine, tryptophan and valine, lysine and methionine. 

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

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

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

4.65% in different varieties of quinoa.  

Table-1: Different bioactive compounds of pseudocereals: 

Buckwheat Quinoa Amaranth 

Quercetin, Rutin, 

Epicatechin 

Caffeic acid, Ferulic acid, Vanillic acid, Gallic acid, 

Cinnamic acid, protocatechuic acid, Myricetin, 

Rutin, Isoquercetin, 

Quercetin, Nicotiflorin, 

Anthocyanins 



 

 
Volume 04 - Issue 07 - July 2022       15 | P a g e  
 

Quercetin, Kaempferol, Isohamnetic, Rutin, 

Hesperidin, Neohesperidin 

Potential Health Benefits of Pseudocereals 

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

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

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

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

content in flour due to presence of high amount of lysine, thus elevate the nutritional quality of bread. 

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

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

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

atherogenic and antioxidant activity in the buckwheat reveals the presence of secondary metabolites such 

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

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

different functional value-added food products which aids in prevention of various diseases such as cancer, 

diabetes, cardiovascular diseases. 

 
Figure 1: Health Benefits of Pseudocereals 

Effects of Processing 

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

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

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

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

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

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

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

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

potential health benefits. 

Conclusions 

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

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

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

Numerous processing treatments like puffing, fermentation, germination and cooking are used to boost 
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organoleptic and nutritional features. Now-a-days, breakfast cereals, snack foods, granolas, and cereal-

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

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

these functional crops. 
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stlTDNN 

Description: The stlTDNN function forecasts a time series using a hybrid model made of a decomposition 

technique called seasonal trend decomposition based on loess (STL) and a neural network based forecasting 

technique called time delay neural network (TDNN). The function further computes the values of different 

forecasting evaluation criteria. 

Usage: stlTDNN (xt,stepahead=10) 

Arguments: 

xt: Input univariate time series (ts) data. 

stepahead: The forecast horizon. 

Values: 

STLcomp: List of all components of the input series through STL. 

data_test: Testing set is used to measure the out of sample performance. 

STLcomp_forecast: Forecasted value of all individual components. 

FinalstlTDNN_forecast: Final forecasted value of the stlTDNN model. It is obtained by combining the 

forecasted value of all individual components. 

MAE_stlTDNN: Mean Absolute Error (MAE) for stlTDNN model. 

MAPE_ stlTDNN: Mean Absolute Percentage Error (MAPE) for stlTDNN model. 

RMSE_ stlTDNN: Root Mean Square Error (RMSE) for stlTDNN model. 

Details: This function decomposes a nonlinear, nonstationary and seasonal time series into trend-cycle, 

seasonal and remainder component using STL (Cleveland et al., 1990). Time delay neural network is used 

to forecast these components individually (Jha and Sinha, 2014). Finally, the prediction results of all the 

three components are aggregated to formulate an ensemble output for the input time series. 

References 
1. Cleveland, R.B., Cleveland, W.S., McRae, J.E., Terpenning, I. (1990). STL: A seasonal-trend decomposition procedure based 

on loess, Journal of Official Statistics, 6, 3–73. 

2. Jha, G.K., Sinha, K. (2014). Time-delay neural networks for time series prediction: an application to the monthly wholesale 

price of oilseeds in India. Neural Computing and Application, 24, 563-571. 
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Mangosteen (Garcinia mangostana L.) fruit belongs to the family Guttiferae an native to Malay 

Arrhipelago and moluccas islands.  Mangosteen is queen of fruits bearing beautiful at the same time very 

delicious globose deep purple fruits. Large tree growing upto 10-15 m without angular branches. It is 

considered as the finest fruit of the world. Mangosteen (Garcinia mangostana L.) is one of the most praised 

of tropical fruit. It is widely cultivated for its fruit, which is commonly termed the “Queen of Fruits” because 

of its unique sweet–sour taste (Midin et al., 2018) (Aizat et al., 2019). It is also known as mangostanier, 

mangoustanier, mangouste, mangostier (French), mangostan (Spanish), manggis, mesetor, semetah, 

sementah (Malaysian), manggustan, mangis, mangostan (Philippine), mongkhut (Cambodian), mangkhut 

(Thai), cay mang cut (Vietnamese), manggis, manggistan (Dutch), and mangostao, mangosta, or mangusta 

(Portuguese) (Nakasone and Paull., 1998). 

 

Origin and Distribution 
Mangosteen is originated from Malaya and it also found in Northen Australia, Brazil, Burma, Central 

America, Hawaii, Southern India, Indonesia, Malaysia, Sri Lanka, Thailand, Vietnam and other tropical 

countries. In India it is generally cultivated in the lower elevation of Nilgiri hills and to a limited extent in 

Kerala and West Bengal. 

Tree Description 
1. The mangosteen tree is very slow-growing, erect, with a pyramidal crown; attains 20 to 82 ft (6-25 m) in 

height. It has dark-brown or nearly black, flaking bark, the inner bark containing much yellow, gummy, 

bitter latex. 

2. Mangosteen is evergreen, opposite, short-stalked leaves are ovate-oblong or elliptic, leathery and thick, 

dark-green, slightly glossy above, yellowish-green and dull beneath; 3 1/2 to 10 in (9-25 cm) long, 1 3/4 to 4 

in (4.5-10 cm) wide, with conspicuous, pale. 

3. The globe-shaped, smooth berry is 4 to 7 cm (1.6 to 2.8 in) across and has a persistent calyx. The pericarp 

is 6 to 10 mm (0.24 to 0.4 in) thick and turns purple during ripening. It contains a bitter, yellowish latex 

and purple-staining juice. The edible white aril has 4 to 8 segments with 1 or 2 larger segments containing 

apomictic seeds; there is no true seed. 
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4. Fruit have pinkish-red skin when mature, turning to a dark purple skin and white flesh. The skin should 

be thick and soft, but firm, when ripe. Fruit has a soft, sweet, slightly acid flesh with a pleasant flavor. 

5. Fruit are graded to remove damaged fruit and for size. Some Thai growers and exporters coat cleaned 

fruit with lacquer, giving fruit skin damaged by thrips prior to harvest a more attractive appearance. 

6. Immature fruit that has a light, greenish-yellow skin with scattered pinkish spots do not ripen to full 

flavor if harvested. 

 
Flowers and fruits of Mangosteen 

Nutritional Value 
Nutrients Food value per 100 g of edible portion 

Calories 60-63g 

Moisture 80.2-84.9 g 

Protein 0.50-0.60 g 

Fat 0.1-0.6 g 

Total Carbohydrates 14.3-15.6 g 

Total Sugars (sucrose, glucose and fructose) 16.42-16.82 g 

Fiber 5.0-5.1 g 

Ash 0.2-0.23 g 

Calcium 0.01-8.0 mg 

Phosphorus 0.02-12.0 mg 

Iron 0.20-0.80 mg 

Thiamine 0.03 mg 

Ascorbic Acid mg 

Uses of Mangosteen: 

a. Most parts of the mangosteen tree can be used for medicinal properties. 

b. The leaves and bark can be used as an astringent for the cure of thrush, a fungal disease affecting 

the tongue and throat. 

c. A leaf infusion can be applied to wounds 

d. Rind consist of 7.15% tannin, and is used to tan leather and dye fabric black 

e. Dried fruit rind is used pharmaceutically as an astringent. 

f. Seed contains 30% valuable oil used in skin preparations, soap and shampoo. 

g. The pericarp of mangosteen fruit has been used in traditional medicine in Southeast Asia for 

centuries to treat infection, wounds, inflammation and diarrhea (Pedraza et al., 2008) 

Varieties: 

a. Jolo: A variety produces fruits that are larger, with big seeds but more delicious pulp than the 

common cultivated type 

b. Roxa purple. 

Soil and Climate 
Mangosteen requires humid tropical conditions viz., high humidity and high temperature without 

abundant Rainfall and shady environment. Maximum temperature should not go above 35°C. If the 
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temperature goes below 20°C, retardation in growth occur. It cannot tolerate temperatures below 40º F 

(4.44º C), nor above 100º F (37.78º C). Nursery seedlings are killed at 45º F (7.22º C). It is limited in Malaya 

to elevations below 1,500 ft (450 m). It ordinarily requires high atmospheric humidity and an annual 

rainfall of at least 50 in (127 cm). Mangosteen requires sandy loam or laterite soil rich organic matter. 

Sandy alluvial soils are unsuitable and sand low in humus contributes to low yields. Severe drought causes 

Sunburn and drying of leaves. Should not have strong wind causes injury to leaves and branching. 

Propagation 
Mangosteen is propagated by seed as well as Air-layering, grafting or budding. Mangosteen sets fruits by 

parthenocarpy (without pollination and fertilization) and also sets germinable seeds without fertilization 

propagated through seeds and the plants resemble the mother plant. When seedlings attain 2 leaf stage – 

transplanted seedling growth is very slow seedlings do not reach more than 15 cm height ever after 2 years 

of girth (due to lack of adequate fibrous lateral roots). 

 
Mangosteen seedlings 

Planting 
Planting is preferably done at the beginning of the rainy season. Pits 1.2 x l.2 x l.3 m are prepared at least 

30 days before planting. Plants are planted at 10 m x 10 m spacing. For young plants, protection from 

scorching sun should be given. 

Manure and Fertilizers 
Mangosteen crop in the field is often not fertilized, but when in nursery, a mixture of N:P:K(20:20:20) 

containing trace minerals may be given to each seedlings at the rate of 5 ml/4 litres of water. It may be 

applied to soil as well as foliage once in 15 days. 

Recommended Annual Manure and Fertilizer Dose 
Age of the tree (years) 20-20-20-NPK mixture (KG) FYM (KG) 

1-2 0.25 20 

2-4 0.50 20 

4-6 1.00 40 

6-8 2.00 50 

8-14 4.00 60 

Over 15 7.00 60 

Harvesting and Yield 
Starts bearing in 7 years. Harvested at 90 days after full bloom when they are completely mature but still 

green. They will become soft and slightly purple in clear after 14 days if kept in ambient temperature. If 

the trees are allowed to sipe on the trees (115 days after full bloom) they develop deep purple colour). At 

low altitudes the fruit ripens from May to July; at higher elevations, in July and August or August and 

September. 

In India, there are 2 distinct fruiting seasons, one in the monsoon period (July-October) and another from 

April through June. yield varies from tree to tree and from season to season. Average yield of a full-grown 

tree is about 500 fruits.  20 years old tree will yield 23-25 kg. 
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Pests and Diseases 
Leaf-eating caterpillar in India may perhaps be the same as that which attacks new shoots in the 

Philippines and which has been identified as Orgyra sp. of the tussock moth family, Lymantridae. A small 

ant, Myrnelachista ramulorum, in Puerto Rico, colonizes the tree, tunnels into the trunk and branches, and 

damages the new growth. Mites sometimes deface the fruits with small bites and scratches. Fully ripe fruits 

are attacked by monkeys, bats and rats in Asia. Thread blight caused by the fungus, Pellicularia koleroga, 

is often seen on branchlets, foliage and fruits of trees in shaded, humid areas. The fruits may become coated 

with webbing and ruined. In Malaya, the fungus, Zignoella garcineae, gives rise to "canker"–tuberous 

growths on the branches, causing a fatal dying-back of foliage, branches and eventually the entire tree. 

Breakdown in storage is caused by the fungi Diplodia gossypina, 

Pestalotia sp., Phomopsis sp., Gloeosporium sp., and Rhizopus nigricans. 

Physiological Disorders 
1. Fruit-cracking may occur because of excessive absorption of moisture. In cracked fruits the flesh will be 

swollen and mushy. Bruising caused by the force of storms may be an important factor in both of these 

abnormalities. Fruits exposed to strong sun may also exude latex.  

2. Gamboge and fruit splitting may occur due to yellow exudation of gum on fruits and branches. Fruit 

splitting results in swollen arils without mushy pulp. More pronounced in fruits exposed to direct sunlight 

and in crop that matures in summer. Heavy and continuous rains during fruit ripening favour Gamboge 

and fruit splitting in certain locations. 

Conclusion 
Mangosteen has tremendous economic potential because of its great demand both in the domestic and 

export markets. While the major producing countries are continuously expanding its planting and pursuing 

research and development activities on mangosteen, several international organizations are also engaged 

in the research and development of the crop. Commercial orchards of mangosteen require technology inputs 

to the production, postharvest, processing, including grading, packaging, cold storage equipment, and 

marketing systems. mangosteen has been utilized for various purposes, ranging from usage in industrially 

important products to applications in advanced technologies and biomedical innovation. 
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The need for accurate and timely price forecasts of agricultural commodities is not only necessary for their 

producers but also for government’s policy planners and agro-based industries so that they can take well 

informed decisions and easily manage the price risks. The accurate price forecasting of agricultural 

commodities is however a challenging task due to its dependence on many factors like overall production, 

weather variables, complementary and competitive commodities' prices, natural calamities and so on. 

Traditionally, time series forecasting has been dominated by linear methods like ARIMA (Box and Jenkins, 

1970) because they are well understood and effective on many problems. These traditional methods suffer 

from some limitations, such as focus on complete data, linear relationships, fixed temporal dependence, 

univariate data and one-step forecast. 

Although linearity is a useful assumption and a powerful tool in many areas, it became increasingly clear 

in the late 1970s and early 1980s that linear models are insufficient in many real applications including 

price prediction. Accelerated by practical demands, several useful nonlinear time series models were 

proposed during this period. Regime switching models like self-exciting threshold autoregressive (SETAR) 

(Tong, 1983), smooth transition autoregressive (STAR), etc. were proposed as nonlinear models but these 

models require the specific nonlinear relation of data generating process to be known a priori. On the other 

hand, Artificial Intelligence (AI) models with its flexible functional designs and powerful self-learning 

capabilities have recently become an alternative for time series forecasting techniques (Tang et al., 2014, 

2015). 

One such AI model is artificial neural networks (ANNs). ANNs (Zhang, 1998) are nonlinear data driven 

self-adaptive approach as opposed to the traditional model-based methods. They are powerful tools for 

modelling, especially when the underlying data relationship is unknown. ANNs can identify and learn 

correlated patterns between input data sets and corresponding target values. After training, ANNs can be 

used to predict the outcome of new independent input data. ANNs imitate the learning process of the 

human brain and can process problems involving non-linear and complex data even if the data are 

imprecise and noisy. 

Usually, a neural network can be used effectively for pattern classifying, but mainly for unstructured static 

data (not related by time constraint). However, it is interesting to see how a neural network can be 

employed for temporal pattern recognition (Haykin, 1999). The difference between the two types is that in 

the second case the patterns evolve over time, which make recognition harder. In consequence, the neural 

network has to adapt for these changes or at least consider them in the learning process. Time series 

prediction is a perfect example of a temporal changing pattern. For temporal processing, we build time into 

the operation of a neural network by mainly two ways. One way is to convert a “static” neural network into 

dynamic one using a memory structure. 

The memory can be divided into short-term and long-term memory. Long-term memory is built into a 

neural network through a supervised learning, whereby the information content of the training data set is 

stored in the synaptic weights of the network. However, if the task at hand has a temporal dimension, 

short-term memory is built through the use of time delays at the synaptic level inside the network or at 

the input layer of the network (Jha and Sinha, 2014). Another important way for temporal processing is 

through the use of feedback. Neural networks with one or more feedback loops are referred as recurrent 

neural networks. Thus, we have two candidates for temporal processing: 1) time lagged feedforward neural 

networks, and 2) recurrent neural networks. Though feed-forward neural networks are widely used for 

time series forecasting but they suffer from the key limitation of having to specify the temporal dependence 
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which is almost always unknown and must be discovered and teased out from detailed analysis in a fixed 

form. 

Recurrent neural networks (RNNs) on the other hand, add the explicit handling of order between 

observations when learning a mapping function from inputs to outputs. The addition of sequence is a new 

dimension to the function being approximated. Instead of mapping inputs to outputs alone, the network is 

capable of learning a mapping function for the inputs over time to an output. This capability unlocks time 

series for neural networks. In addition to the general benefits of using neural networks for time series 

forecasting, recurrent neural networks can also learn the temporal dependence from the data. The main 

feature of RNNs is that the temporal dependence in the input data can be learned and a fixed set of lagged 

observations does not need to be specified as in feedforward networks. 

Implicit within this feature is that a temporal dependence that varies with circumstance can also be 

learned. But, multi-step-ahead time series forecasting shows the multi-step dependencies because the 

forecast of the out-of-sample data depends on the input data observed at much earlier times. Nevertheless, 

when the interval of data dependencies increases, the simple RNNs tend to suffer increasingly heavily from 

the problem of vanishing gradient (the influence of input data to the forecasted data decays quickly over 

time). 

Therefore, the simple RNNs may not be the best choice in forecasting problems with long term 

dependencies. However, among many architectures of recurrent networks, Nonlinear Autoregressive Model 

with Exogenous Input (NARX) (Leontaritis and Billings, 1985; Narendra and Parthasarthy, 1990; Chen et 

al., 1990) is the most promising one which can efficiently deal the problem of vanishing gradient and long-

range dependencies. These networks utilize the current and past values of the driving (exogenous) series - 

that is, of the externally determined series that influences the series of interest. So, this study aims to 

compare the performance of NARX model over the RNN for the prediction of agricultural prices.   

Further in view of the recent advancement of deep learning methods in time series prediction, it will be of 

interest to employ one of the deep learning techniques for the price forecasting. In the past, mostly shallow 

architectures of neural networks have been used for agricultural price forecasting. Shallow neural 

networks-based forecasting approach may fail to identify the nonlinear, nonstationary behaviours and long-

term dependencies of agricultural price series. Hence, one of the deep learning-based methods namely long-

short-term-memory (LSTM) (Hochreiter and Schmidhuber, 1997) based RNN which is designed to 

overcome the vanishing gradients problem while dealing with long term dependencies is well suited. In 

contrast to standard RNN, LSTM has this peculiar and unique inbuilt ability by maintaining a memory 

cell to determine which unimportant features should be forgotten and which important features should be 

remembered during the learning process. Standard RNNs have a very simple structure in their hidden 

nodes, such as tanh or sigmoid layer. LSTM, on the other hand, has an exceptionally complex structural 

makeup comprising of three gates and a cell state interrelating in a very distinctive way which makes it 

capable of learning both short-term as well as long-term dependencies. The LSTM has been employed as 

an advanced tool in various other fields of artificial intelligence, such as in language processing, hydrology, 

machine translation, speech recognition, automatic image captioning, petroleum production prediction and 

stock price prediction. Thus, the LSTM model is used extensively in time series forecasting as a universal 

approximator of complex relationships with high accuracy (Yu and Yan, 2020). 
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Mulching 

Covering top of the soil with loose extraneous matter is known as mulching. Mulching is of two types; 

organic and inorganic. The organic mulches like grass clippings, crop stump, straw, bark chips, compost, 

litter, cinders, paper, latex, asphalt, etc. whereas, plastic film, metal foil, sand, gravel, stone etc. are some 

inorganic mulches. 

Advantages of Mulching 

1. Conservation of soil moisture: mulching prevents evaporation of moisture from the surface. It, thus, 

poses a restrain over the forces required to pull water from subsoil. Mulching further reduces loss of 

moisture by breaking up the flow of air across the soil surface. Mulching minimizes soil compaction, and 

help ensures permeability of soil, prevents excessive run off, checks soil erosion and consequently favours 

percolation of water in sub-surface layer of soils. 

2. Regulation of soil temperature: mulch acts as an insulating layer over the surface of the soil. It 

prevents emancipation of the heat absorbed and thus maintains average soil temperature slightly higher 

than that of unmulched soil throughout the year. During summer, mulches prevent direct hit of soil surface 

and thus the average maximum soil temperature under mulched field remains lower. Mulching has its role 

in minimizing freezing in soil which is haunting problem especially in temperate regions. It minimizes 

freezing almost equal to its thickness, applied over the surface of soil.  The mulched soils are warmer at 

night and cooler during the day which is required by most of the crops for their growth and production. 

3. Suppression of weed growth: mulches are impermeable to light (black polythene), excludes light from 

striking the surface of soil and makes the weed- the major competitor of crop, unable to grow. Small low 

growing and less vigorous weeds are very easy to control by spreading mulch. 

4. Prevention of soil erosion: mulches minimize aeoliation effect of air, slowed down the impact of rain 

shower and help prevent the erosion of soil. It also prevents loss of soil brought about by rain splashes. 

Mulching improves physio-chemical characteristics of soils. 

5. Control of pest and disease: neem cake and its kernel, horse manure etc. are effective against many 

soil dwelling pests and pathogens. The incidence of mildew disease is minimized following moisture 

retaining mulching. Warm and moist conditions maintained under mulch favour the growth of many 

beneficial microorganisms. Woodlice which find shelter under mulched condition, provides food source for 

shrews, birds and hedgehogs which predated on harmful bugs. Pests like midge, gooseberry sawfly and 

raspberry beetle have been found to be controlled following watering and covering over night with a sheet 

of black polythene. 

Limitations of Mulching 

1. Warm moist condition favours spread of diseases/pests. In nursery such condition incites damping-off 

disease. 

2. Use of polythene mulch creates anaerobic condition. Wet anaerobic condition may lead to root die back.  

3. Mulches of crop waste may carry seeds of pernicious weeds which may spread along with mulch. 

4. Mulches in arid regions during fall monsoon, restrict seed germination, incite damping off and counter 

successful crop production. 

5. Low growing plants are suppressed by mulches. 

6. In sub-tropics, dry mulches invite fire hazard. 



 

 
Volume 04 - Issue 07 - July 2022       27 | P a g e  
 

Application of Mulch 

The practice of mulching depends upon season, nature of crop grown, purpose of mulching and on 

availability of mulching material. Mulching act as an insulating barrier between the soil and the air and 

thus play obvious role in moderating soil temperature. Mulched soil remains cooler in summer and 

comparatively warmer in the winter than the adjacent unmulched soil.  

If mulches are applied during fall rainy season, in vegetable gardens, application should be made only after 

germination of the seed and sturdiness of crop stands, otherwise, there is every chance of decay of seeds 

and rotting of succulent crop stand. In case of vine crop, mulching should be accomplished always before 

the emergence of tendrils and ground trailing of the crop.  

For weed smothering purpose, black polythene mulches excluding solar radiation to reach ground surface 

is best. However, for soil solarization purpose, transparent polythene sheet, being good receiver and 

retainer of heat, is good. 

Mulch should be applied little bit away from the plants. Application too close to plants, brings excessive 

humidity and helps in flourishing pathogens. Weeds from the field should be removed prior to mulching. 

Mulch Material Thickness of mulching (inches) 

Compost 3-4 

Green leaves 3-4 

Dry leaves 6 

Grass clippings 2-3 

Bark 2-4 

Wood chips 2-4 

Newspaper ¼ 

Onion/garlic scale 2-3 
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Abstract 

Insects have been influential models in research on color variation, its evolutionary drivers and the 

mechanistic basis of such variation. Many factors are responsible to produce colors in insects like scattering, 

interference, diffraction and some pigmentary chemicals. The color patterns of insects protect them in 

various ways: examples include camouflage, warning predators about prey chemical/physical defenses 

(aposematism), and Batesian mimicry where predators are deceived by resemblance to a defended species, 

and masquerade in which prey resemble a harmless part of the environment. 

Keywords: Colour, Evolutionary, Insects, Variation, Pigment. 

Introduction 

Color is not an innate property of objects; it is the perceptual characteristic that depends on gleam, the 

spectral reflectance of an object, and its background. UV- <400nm; V-400-500 nm; B-500-600nm; G-500-

600nm; Y-<600-700nm; R<or700nm. Colors produced by these methods- the first method is the structural 

nature of the surface, second is the Pigmentary colors. Among insect pigments, melanins, ommochromes, 

and pteridines are present in most insects. In insects, melanins are present on the surface of the cuticle, 

while ommochromes and pteridines are localized in pigment granules within cells. Melanins are responsible 

for black and brown coloration and the hardness of the cuticle across insects (Genta Okude, Ryo Futahashi 

et al). Insects utilize a wide variety of defense coloration including crypsis, aposematic coloration, and 

deflection patterns. The most important function might be the avoidance of predation resulting in an array 

of defense strategies in which crypsis and warning coloration represent the two extreme ends of the 

visibility spectrum. Cryptically colored insects gain protection by not being easily detected, while 

aposematic species use bold and highly visible colors to signal their unsuitability as food. Not only species 

but also life stages of a given species may differ in defense strategies. 

Factors Responsible for Coloration 

Insect colors help in protection, signaling, and physiological transformation. Colors also convey multiple 

channels of information. These channels are valuable for species identification, distinguishing individual 

quality, and revealing ecological or evolutionary aspects of animals' life. Therefore, Color on the wings or 

body of the insect provides vividness and protection against enemies. Many factors are participating to 

produced coloration. There are mainly two factors given below 

1. Physical or structural colors. 

2. Pigmentary or chemical colors. 

3. Physical colors  

Physical or structural colors: Various forms of surface hypodermal structures can be devoir to the 

manufacture of white and shimmering colors. They also help in producing the black surfaces. The colors 

may be produced by scattering, interference, and Diffraction. 

a. Scattering: Light may be scattered (i.e., reflected in all directions) by granules or irregularities 

on a surface (Chittka L et al). It depends on its effect on an absorbing layer of dark pigment beneath 

the fine granules. In the absence of this layer, the blue is masked by the light reflected from the 
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background. E.g., Pieridae – these results from deep longitudinal corrugations (matt white) and fine 

unordered striation on the surface of the scale. Due to scattering of light of shorter wavelength blue 

colour seen called Tyndall blue as in Odonata and blue butterfly. Argynnis spp. (Pearl white) - 

Produced by scattering from several overlapping lamellae separated by air space. 

 
Fig 1.1(A) scattering of wavelength on irregular surface (B) color produced through scattering 

b. Interference: This colour results from the reflection of light from a series of superimposed 

surfaces separated by distances, comparable with the wavelengths of light. Interference colors are 

common in adult Lepidoptera where the layers producing interference are formed by modifications 

of the scales. Golden pupa of Danaid butterfly Euploea with two layers having different refractive 

indices. Two layers within the endo-cuticle of tortoise beetles. 

 
Fig1.2 (A) Color produced in butterfly wings through interference (B) Interference of light 

from butterfly wing 

c. Diffraction: When a ray of light strikes the edge of the groove or ridge, different wavelengths 

are bent to varying degrees, and the white light is split into its component spectral colors. In a 

particular direction, the light of a given wavelength is reinforced, while others are canceled. This is 

known as diffraction and the series of grooves or ridges called a diffraction grating. Diffraction is 

also responsible for the iridescence of some beetles E.g. Staphylinidae. 

2. Chemical or Pigmentary colors: The colour producing molecule chromophore is often Associated with 

a protein molecule, composed a chromoprotein. Pigments appear colored because they reflect certain 

wavelengths of light and the remainders are absorbed depending upon the molecular structure of the 

compound. Particularly important in the production of colour are the number and arrangement of double 

bonds (C=C, C=O, C=N, N=N) and functional groups (-NH^; - Cl (Chittka L et al). 

a. Pigments that are synthesized: Brown and black cuticle: Sclerotization produces a black or 

brown cuticle. Quinone tanning produces dark cuticles. Pigment melanin also produces dark 

cuticles. Like sclerotization, melanization involves the production of DOPA and dopaquinone. E.g. 

Diptera, Adult and larva of Coleoptera. 

b. Pterins: Not all pterins appear coloured. They often occur together with pigments of another 

group, the ommochromes. Lencopterim – white, Xanthopterin – yellow, Elythropterin - red - They 

are important Pigments in lepidopteran scales. Leucopterin and xanthopterin are common in the 

wings of Pieridae, where they supplement the structural white. The yellow of Hymenoptera is due 

to granules of pterins in the epidermis. 

c. Ommochromes: Ommochrome production is the only way in which insects can remove 

tryptophan, which is toxic at high concentrations. In Lepidoptera, ommochromes are accumulated 

in the meconium, the accumulated waste products of the pupal period which are voided immediately 
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the following eclosion. They are responsible for the red or brown colour of the pupa. Ommochromes 

are yellow, red, and brown pigments usually occurring in granules coupled with proteins. E.g., Red 

Odonata and nymphalid butterflies.  

d. Tetrapyrroles: There are two major classes of tetrapyrroles:  

i. Porphyrin having iron and forms the basis for cytochromes and hemoglobins. Insects 

living in conditions subject to low oxygen tension contain hemoglobin and these are coloured 

red by the pigments showing through the integument. E.g., Chironomus larva (Chittka L et 

al). 

ii. Bilin- Bilin is usually associated with proteins to favour biliverdin which gives green 

colour. E.g., Chirouomus adult.  

e. Papiliochromes: They are red, brown and yellow pigments known only from swallowtail 

butterflies.  

f. Quinone: In insects, there are two types of quinone pigments: 

i. Anthraquinones: Occurs in coccids and give red or yellow coloration (e.g. cochineal form 

a purified pigment is called carminic acid. 

ii. Aphins: Known only from aphids and found in the blood of aphid. It imparts purple or 

black colour to the whole insect. 

Pigments obtained from the food: Carotenoids: There are two types’ viz., carotenes and xanthophylls. 

Yellow, orange, and red are commonly formed by carotenoids. The insect cannot manufacture carotenoids 

and obtain them from the diet. Orthopteroids absorb carotenes, while lepidopterans absorb xanthophylls. 

Flavonoids: Mainly found in butterflies, Papilionoideae, and Satyridae, Lycaenidae as cream or yellow 

pigment. 

Conclusion 

Pigment, structural, and combined colour types possess many useful functions in insects. In wasps, colour 

variations have diverse signaling purposes and possess confirmed interrelations with thermoregulation. 

Climate-related colour variations were also found in bees. However, the evolutionary function of coloration 

in ants and bees remains one of the knowledge gaps. The current rapid development of databases, digital 

software, and artificial intelligence allows creation the of large-scale colour research projects of high 

ecological importance. Further discovering coloration variability in social insects might favour progress in 

species identification, biomonitoring, and other research fields such as environmental ecology, 

biochemistry, biophysics, and biomaterial design (Genta Okude, Ryo Futahash et al). 
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What is eNAM? 

National Agricultural Market (eNAM) is an online trading platform for agricultural commodities in India. 

This platform aims to create better marketing opportunities for the farmers to sell their products through 

a competitive and transparent price discovery system along with online payment facility for the buyers. It 

was launched in 14 July, 2016. 

Vision: To promote uniformity in agriculture marketing by streamlining of procedures across the 

integrated markets. 

Who is Implementing Agency? 

The Small Farmers Agribusiness Consortium (SFAC) which act as the lead agency for implementing e-

Nam under the Ministry of Agriculture and Farmer’s Welfare. 

Who is Stakeholder in eNAM? 

State 21 

Traders 1,37,359 

Commission Agents (CAs) 78,304 

Service Provider 0 

FPOs 1,398 

Farmer 1,66,48,468 

Total 1,68,65,529 

(Up to 30th June, 2020). 

What are General Queries Among Farmer and Trader? 

 Farmer Trader 

How do I register • Via eNAM Portal 

• Through Mobile Application  

• Through Mandi Registration (At Gate 

Entry) 

Same 

Fees and document No fees 

Mandatory details like Name, Sex, Address, 

DOB, Mobile Number 

Documents like Passbook (Cheque leaf), 

Any Govt Identity proof etc. 

No fees 

Trading license 

What are benefit • Transparency in Trade through better 

price discovery 

• Access to more markets and buyers 

• Real time information on prices and 

arrival in nearby mandis 

• Quick payments  
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How do I get better price • Better prices for a seller through 

transparent bidding 

• Increased number of buyers from 

different markets 

• Price commensurate to the quality of 

produce is obtained by the seller. 

• Access to more sellers 

• Access to a larger and 

integrated markets 

• Access to real time 

information on arrival, 

quality and price of 

commodities 

• Ease of doing business 

through Mobile-App 

How I receive my money • Online modes such as RTGS, NEFT and 

BHIM UPI  

• Payments are made instantly in the 

respective seller’s bank account. 

Same 

How much time it will take 

in sell my produce 

Time of completion of transaction depends 

on some factors such as the volume of 

arrivals of that particular mandi and 

season. 

 

What is Status of e-NAM in India? 

As of 15th May 2020, total 1000 APMC mandis across 18 states and 3 Union Territories (UTs) have been 

integrated to the-e-NAM.  

Among different stakeholders, 1.28 lakhs traders and 70,969 commission agents are registered in these e-

NAM mandis to help the transaction of 1005 registered FPOs and 1.66 crore registered farmers on the e- 

NAM platform.  

A total of 150 commodities have been identified to be traded through e-NAM that includes 25 types of 

cereals and pulses, 13 types of oilseeds, 29 types of fruits, 40 types of vegetables, 14 types of spices, and the 

remaining 29 types of commodities under the miscellaneous category. The list includes almost all types of 

agricultural commodities- from green leafy vegetables to tender coconut and flowers like gladiolus and 

carnation. On the other hand, more than 5 quality parameters have been identified as essential to be 

assayed to categorize the commodity into 3 different grades before trading on e-NAM. 

What is Kisan Rath? 

Kisan Rath mobile app facilitates farmers, FPOs and traders across India to search and contact the 

transport service providers for transporting the Agriculture & Horticulture produce. It connects them with 

the transport service providers, providing a wide range of trucks and tractor trolleys, and also allows 

posting the requirements of part-load as well as full-load. The app interfaces with major transport 

aggregators and also allows individual transporters to register their vehicles and provide services to 

farmers and traders. In the app, the registered Farmer, FPOs, buyer or trader posts a load which is sent 

to transport aggregators, individual transporters and tractor owners (under CHC scheme) registered on 

the app and they can respond with their contact no. and quotes. The requestor can view the responses to 

their posted loads and negotiate offline with the transporters to finalise the deal and can provide a rating 

for the transporter once the trip is completed. The app is available in both Android and iOS versions in 

select languages. 

How Settlement of Payment Take Place in e NAM? 

Once the trade has been confirmed, primary invoice will be generated automatically by e-NAM software 

which can be accessed by the traders from the respective dashboard or from the one sent to the winning 

bidder on email / SMS or manually etc. The winning bidder will deposit the amount calculated as per the 

sale agreement, which will include market fee, commission agent’s charges, loading / unloading / packaging 

charges etc., as applicable. Winning bidder will be able to deposit the amount on-line into a settlement 

account using RTGS /NEFT or through on-line payment gateway provided on e-NAM. Once the funds are 

received by e-NAM, a confirmation message will be sent to the Farmer-Seller/ Commission Agent. 

Depending on the terms of delivery, the winning bidder will be required to take the delivery of goods at the 
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APMC market either by himself or through an authorized agent or logistics provider. Buyer can also 

request the Commission Agent / Seller to dispatch the goods through a transporter identified by him on 

“Freight to Pay” basis at his own risk and cost Freight, insurance charges etc. to be paid by the buyer. 

Funds due to be paid to the Farmer- Seller / Commission Agent and other beneficiaries like APMC, service 

providers etc. will be transferred to their respective bank accounts registered with e-NAM after acceptance 

of delivery by the buyer or his representative within 1 (one) business day by the bank operating the e-NAM 

account upon on-line approval from concerned APMC. 
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In the existing literature, diverse models on time series forecasting can be categorised into statistical 

models and artificial intelligence (AI) models. Traditional linear forecasting models are exponential 

smoothing (Gardner, 1985), autoregressive integrated moving average (ARIMA) models (Box and Jenkins, 

1970), generalized autoregressive conditional heteroskedasticity (GARCH) (Morana, 2001), etc. Owing to 

the nonlinearity of complex time series, many nonlinear statistical models have accordingly been developed 

and widely applied. Among them, the regime switching model is regarded as one of the most promising 

techniques, which can effectively simulate the nonlinear volatility of time series data in terms of shift in 

regimes (Parikakis and Merika, 2009). Both these linear and nonlinear models require the specific relation 

of data generating process to be known a priori.  

AI models with its flexible functional designs and powerful self-learning capabilities have now become 

another important type of time series forecasting technique (Tang et al., 2015). However, although these 

techniques are proven to be effective in time series prediction, AI techniques have their own intrinsic 

weaknesses: parameter sensitiveness, potential problems of local minima and overfitting. Since both 

traditional and AI models have their respective shortcomings, an abundance of hybrid forecasting models 

integrating several models have recently been proposed to address various difficult forecasting tasks, based 

on the concept of ‘hybrid modelling’ (Wang et al., 2004; Yu et al., 2014). In particular, based on the concept 

of ‘decomposition and ensemble’ (Tang et al., 2012), a series of ensemble models have been formulated for 

extremely complex and irregular time series forecasting. The aim of decomposition is to simplify the 

difficult forecasting task by decomposing the original complex time series data into several comparatively 

simple but meaningful components, while the ensemble step combines the individual prediction results 

into the final result for original time series data. According to investigation of the existing studies, the 

‘decomposition and ensemble’ methodology has been statistically shown to effectively improve the 

capability of time series data analysis and prediction. For example, Choudhary et al., (2019) proposed an 

empirical mode decomposition (EMD)-based ANN model for forecasting potato price. Anjoy, P. and Paul, R. 

K. (2019) proposed the wavelet-based decomposition based neural network model for forecasting monthly 

wholesale onion prices. These studies consistently reported the superiority of the decomposition and 

ensemble methodology over other forecasting methods. So far, the machine learning techniques in the 

above-mentioned forecasting models are shallow architectures (e.g., neural network with only one hidden 

layer). Bengio (2009) pointed out that complex nonlinear functions cannot be efficiently represented by 

architectures that are too shallow. In terms of oil price forecasting or agricultural price forecasting, shallow 

architecture-based forecasting approaches may fail to model the complex patterns and volatile behaviours 

of such prices driven by numerous factors. Therefore, a natural idea is to model the price with deep 

architecture-based approaches. Thus, recent years marked with the development and application of various 

deep learning approaches in many fields including time series forecasting (Schmidhuber, 2015).  

A deep architecture is the composition of multiple levels of nonlinear operations. Deep learning (DL) 

(LeCun, 2015) has shown strong capacity in various nonlinear modelling tasks such as classification and 

feature extraction and is becoming a mainstream of machine learning technique. Unlike traditional 

machine learning, deep machine learning extracts features directly from data. Its forecasting performance 

is proportional to the scale of data. More layers enable deep neural networks (DNNs) to fit complex 

functions with fewer parameters and improve the accuracy of prediction. Merkel et al. (2018) compared the 

effectiveness of various forecasting methods, including a linear regression (LR) model, a shallow ANN and 

two DNNs with different sizes, and proved that, in general, the DNN outperforms other methods. In 

addition, it can be concluded that a larger DNN marginally outperforms a smaller DNN. The deep learning 

techniques or model structures can be categorised into supervised learning models and unsupervised 
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learning models. Supervised learning models include feedforward neural network (FNN), recurrent neural 

network (RNN) and convolutional neural network (CNN). Whereas unsupervised or semi-supervised 

includes autoencoders (AE), restricted boltzmann machine (RBM) and self-organizing maps (SOM) (Yu and 

Yan, 2019). 
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Introduction 

Groundnut (Arachis hypogaea L.) is an important oil seed and a legume crop belonging to family 

Leguminaceae. Despite its name and appearance, the peanut is not a nut, but rather a legume. India is the 

second largest producer of groundnut after China. It is the fourth most important source of edible oil also 

known as “The King of Oilseeds” and third most important source of vegetable protein So even it is also 

known as the poor man’s cashew nut and wonder nut. Groundnut is the largely produced oil seed in India; 

it is also an important cash crop. Gujarat is the leading state in terms of total oilseed production. India’s 

groundnut cropping area for the year 2020-2021 was estimated to be around 41.23 lakh hectares and 

exports about 638.59 MT worth of 5,381 crores were exported during the time period. It contributed to 

sustainable agriculture. Being a legume and is cultivated in both kharif and zaid by the farmers. 

Major Growing States 

Gujarat, Andhra Pradesh, Tamil Nadu, Karnataka, Maharashtra, Rajasthan, Madhya Pradesh, Orissa, 

and Uttar Pradesh. 

Major Export Destinations (2020-21) 

Indonesia, Vietnam Soc Rep, China P Rp, Philippines, Malaysia. 

Cultivar’s 

Indian groundnuts are available in different varieties: Runner or Bold, Java or Spanish and Red Natal. 

The main Groundnut varieties produced in India are Kadiri-2, Kadiri-3, BG-1, BG-2, GAUG-1, GAUG-10, 

PG-1, T-28, T-64, Chandra, Chitra, Kaushal, Parkash, Amber. 

Soil 
Ideal soil for groundnut cultivation is a "well drained soil which facilitates adequate exchange of air to meet 

nitrogen, carbon dioxide and oxygen requirements of the crop and a light coloured, loose, friable, sandy 

loam soil which helps in germination of seeds and emergence of seedlings, pegs can penetrate soil more 

easily, the pods can be removed from the soil with minimum loss. 

Climate and Temperature 

1. Climate:  Weather affects groundnut crop directly through temperature, light and rainfall and indirectly 

through the incidence of pests and diseases. 

2. Temperature below 20°C affects flowering, Reproductive growth is maximum between 24 to 27°C. 

Constant temperature above 33°C affects pollen viability.  

3. Rainfall: Groundnut has been found to grow and yield well in areas receiving 50 to 125 cm of well 

distributed rainfall. 

4. Light: Groundnut canopy responds to increased light intensity up to full sunlight. Low light intensity 

at pegging significantly reduced peg and pod numbers and also pod weight, Low light intensity during pod 

filling and maturity phases slightly decreased the number and weight of mature pods. 

Field Preparation 

1. Field can be prepared by Ploughing with tractor using a disc followed by harrow, once 1-2 times with 

iron plough or 3 - 4 times with desi plough till all the clods are broken and a fine and coarse tilth is obtained. 

Chiselling the soils having hard pan formation at shallow depth with the help of a chisel plough. 

2. Use of amendments to avoid soil surface crusting by applying lime @ 2 t/ha along with FYM. 
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Seed rate: 100-110 kg seed/ha for bunch type groundnut varieties and 95-100 kg seed per ha for spreading 

and semi-spreading. 

Sowing depth: Dibble the seeds at 4 cm depth along with fertilizer.  

Sowing time: 

Kharif-groundnut- June to July. 

Rabi groundnut-November. 

Summer groundnut-February-March. 

Spacing: 

30x10 bunch type groundnut varieties 3.33 lakh plants per ha. 

45 x 10 cm spreading and semi-spreading varieties ,2.22 lakh plants per ha. 

Inter Cropping 

Inter-cropping of arhar with groundnut for risk management under drought prone areas and raising one 

row of cowpea for every five rows of groundnut wherever red hairy caterpillar is endemic. 

Seed Treatment 

1. Biocontrol agents are compatible with biofertilizers- First treat the seeds with biocontrol agents and then 

with Rhizobium.  Treat the seeds with Trichoderma viride @ 4 g/kg seed or Pseudomonas fluorescens @ 10 

g/kg seed and treat the seeds with 3 packets (600 g)/ha of Rhizobial culture. 

2. Fungicides and biocontrol agents are incompatible; Treatment with Trichoderma can be done just before 

sowing. SUCH SEEDS SHOULD NOT BE TREATED WITH FUNGICIDES. (or) Treat the seeds with 

Thiram or Mancozeb @ 4 g/kg of seed or Carboxin or Carbendazim at 2 g/kg of seed. 

Nutrient Management 

1. Apply NPK fertilizers as per soil test recommendation. If soil test is not done, follow the blanket 

recommendation. NPKS 25:50:75:60 kg/ha. 

2. N and K in three splits viz., 50 % N & K as basal + 25 % N and K at 20 DAS + 25 % N and K at 45 DAS 

is recommended. 

Nutritional Disorder 

1. Iron deficiency: Spray 1% FeSO4 on 30, 40 and 50 days after sowing. 

2. Boron deficiency:  Apply Borax 10 kg + Gypsum 200 kg/ha at 45th day after sowing. 

Intercultural Operations 

1. Weed Management: Two hand weeding, first around 20 days after sowing and 2nd at about 35 days 

after sowing. 

a. Pre-sowing: Fluchloralin at 2.0 l/ha soil applied and incorporated followed by light irrigation. 

b. Pre-emergence: Fluchloralin 2.0 l/ha or Pendimethalin @ 3.3l/ha applied on third day 

after sowing through flat fan nozzle with 500 l of water/ha followed by irrigation. After 35 - 40 days 

one hand weeding may be given. 

2. Earthing Up: Important operation in groundnut. 

a. Earthing up is to be done within 40-45 days after sowing as it helps for the penetration of pegs in 

the soil and also facilitates for increased pod development. 

b. Do not disturb the soil after 45th day of sowing as it will affect pod formation adversely. 

3. Application of Gypsum: Gypsum is effective in soils deficient in calcium and sulphur. Apply gypsum 

@ 400 kg/ha by the side of the plants on the 40th to 45th day of sowing. Apply gypsum, hoe and incorporate 

in the soil and then earth up. Avoid gypsum in calciferous soils. Application of gypsum encourages pod 

formation and better filling up of the pods and even Application at the rate of 50 % basal both in rainfed 

and irrigated condition reduces pod scab nematode. 

 



 

 
Volume 04 - Issue 07 - July 2022       38 | P a g e  
 

Irrigation 

Rainfall/protective irrigation is necessary at flowering (20-40 DAS), pod formation (40-70 DAS) and pod 

filling (70-100 DAS), Sprinkler irrigation is ideal for the crop grown under sandy soils and Drip irrigation 

increases crop yield by 25-40% besides improving seed quality and saves up to 40-50% irrigation water 

compared to flood irrigation. 

Harvesting: Drying and falling of older leaves and yellowing of the top leaves indicate maturity. Pods with 

prominent veins, dark coloured inside of the shells and the kernels. are the indicatives maturity of crop. 

Irrigation should be given if there is no sufficient moisture in the soil. 

Drying: Dry the pods in the sun for 4 to 5 days. Repeat drying for 2 or 3 more days after an interval of 2 

or 3 days to ensure complete drying. When temperature is very high, avoid direct sun drying. Collect the 

pods in gunnies and store on the ground over a layer of sand so as to avoid any moisture coming in contact 

with dry pods. 

Yield: 

a. 1500 to 2000 kg/ha (spreading type) 

b. 1000 to 1500 kg/ha (bunch type). 

c. Ratio of the kernels to pods is 70:30 (kernels and shell). 

Plant Protection Measures 

White grub, aphids, thrips, caterpillars, collar rot, peanut, bud necrosis are the major insect pest in 

groundnut.   

1. Growing of resistant varieties like, BR 2, ICGV 87160, ICGV 86031, ICGV 86699 against leaf miner  

2. ICGV 86590 against spodoptera;  

3. BG 2, Girnar 1 against aphids;  

4. Girnar 1, Co-1, Dh-3-30, ICGS 11, MH 1, POL 2, S 206 against leafhoppers and Girnar 1 against thrips. 

5. Spray neem oil @ 5ml/liter water along with suitable surfactant like soap powder @ 1g/liter or NSKE 5% 

as it acts as oviposition deterrent. 

Groundnut leaf miner: Aproaerema modicella 

a. It prefers rainfed crop and bunch varieties Young newly hatched green caterpillar mines into the 

leaflets, Later instars caterpillars fold the leaves together and feed on the green tissues by 

remaining inside.  Severely infested crop presents a burnt-up app3earance. It also attacks red gram 

and soybean` 

b. Grow resistant cultivars like ICGV 86031, ICGS 156 (M 13), FDRS 10, ICG 57 

c. Dimethoate 30 EC 660 ml/ha 

d. Sow groundnut early and synchronously in rainy and rabi season. 

e. Intercrop groundnut with pearl millet @ 4:1 ratio. 

 

Aphids - Aphis craccivora (Aphididae: Hemiptera) 

a. Aphid attack result in wilting of tender shoots during hot weather. 

b. Both nymphs and adults suck the sap from the leaflets and tender shoots mostly up to two months 

after germination.   

c. Reddish to dark brown colored aphids  

d. Spray the infested crop with methyl demeton 25 EC  500 ml or Imidacloprid 17.8 SL 100 -125 ml 

in 700 L of water per ha. 
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e. Release Chrysoperla carnea grubs @ 5000 / ha. 

 

Stem rot: Sclerotium rolfsii 

a. Leaves turn brown and dry but remain attached to the plant. Near soil on stems white growth of 

fungus mycelium is appeared. Deep ploughing to bury surface litter. Entire plant may be killed or 

only two or three branches may be affected. Lesions on the developing pegs can retard pod 

development. Infected pods are usually rotted. 

b. Seed treatment with 3 g Thiram + Carbendazim is recommended. 

 

Tikka Leaf Spot - Cercospora arachidicola 

a. The disease occurs on all above ground parts of the plant, more severely on the leaves. The leaf 

symptoms produced by the two pathogens can be easily distinguished by appearance, spot colour 

and shapes. Both the fungi produce lesions also on petiole, stem and pegs. The lesions caused by 

both species coalesce as infection develops and severely spotted leaves shed prematurely. The 

quality and yield of nuts are drastically reduced in severe infections.  

b. Treat the seeds with Carbendazim or Thiram at 2g/kg. 

c. Spray Carbendazim 500g or mancozeb 2 kg or Chlorothalonil 2 kg/ha and if necessary, repeat 

after 15 days. 
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Introduction 

Agricultural tasks can cause ergonomic stress and chronic back pain. Farmers are looking for new ways to 

make agricultural practises easier and safer. Robotics and machine learning are creating more sustainable 

agricultural practises that conserve resources, reduce chemical use, and speed up market time. Agro-

robotics requires an expert system that can handle a diverse, unstructured environment. Several 

universities have developed agricultural robots for seeding, planting, weeding, spraying, harvesting, and 

material handling in recent decades. Most of these studies were done in countries with strict environmental 

regulations and labs. Much research is needed before robots are used in the real world. 

Autonomous Precision Planting 

AGCO Corporation demonstrated mobile agricultural robot swarms (MARS), as depicted in Fig. 1a. All 

phases are handled by a robotic platform (planning, monitoring, and seed application). A group of 6–12 

robots controlled by a single hub may seed a single field. The coordinates of the robots are obtained via a 

GPS device. Each robot seeder weighs 50 kg, is powered by batteries, and has a 400 W electric motor. 

Umarkar and Karwankar (2016) developed the Agribot (Fig. 1b), which consists of an Arduino Nano that 

serves as the assembly's controller; a solar panel that is attached to a lead-acid battery for energy storage; 

and power supply circuitry that supplies +5V for the Arduino board and +12V for operating DC motors. An 

optical compass sensor HMC5883L is used for compassing, while an ultrasonic sensor HCSR04 is used for 

obstacle detection. Seeds are planted with the help of a servomotor, and the agribot is turned on by 

connecting the WiFi module CC3000 to Arduino and an Android phone wirelessly. 

  
Fig. 1a MARS - Robots-seeders Fig. 1b Seed sowing Agribot 

Micro robot for Weeding 

Robots can identify weeds and crops that need pesticides and fertilisers. The robot has four wheels (Fig. 2) 

and the motion is controlled by four brushless motors and drivers. Pre-charged lithium-ion batteries can 

be used or its batteries are charged by photovoltaic cells on its roof. Using precise localization and mapping, 

the robot navigates independently. A smart hoe uses vision to precisely move between crop rows. This 

robotic method hits the target 95% of the time with minimal damage. 

 
Fig. 2 Weeding Robots 
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Micro Robot for Spraying 

A target point spray robot mechanism is used in an efficient spraying system. The target crop is located 

using a scene camera, and the backdrop is segmented using an image processing algorithm. The robot 

starts by identifying pesticide-affected plants and spraying insecticide on them. This robot employs the R-

GNIR multispectral image technology. The robot can detect defects and spray insecticide with an accuracy 

of 85 to 100%. When compared to manual application, it reduces wastage by 65 to 85%.  

Agricultural drones are Unmanned Aerial Vehicles (UAVs) used for precision agriculture (Fig. 3). They 

employ cloud computing's massive data processing capabilities to deliver airborne surveillance, inspection, 

and intelligence gathering capabilities. Drone technology can help farmers save time and increase 

productivity. Agri-drones feature reservoirs that can be filled with fertilisers or insecticides, allowing them 

to spray crops in a fraction of the time it takes with traditional methods. 

 
Fig. 3 Robotic drone for spaying 

Robots for Sorting, Grading 

An arm robot manipulator works as a fruit sorting robot for an agricultural product based on appearance 

(colour and lack of faults), texture, shape, and size. On the sorting robot system, a camera is attached to 

the first fruit position, and a proximity sensor is attached to the end-effector to measure the distance 

between the end-effector and the fruit. 

Grading is the most critical and vital technique for increasing a fruit's market value (Fig. 4). 

 
Fig. 4 Fruit grading system (SI Seiko co. Ltd. Japan) 

A fruit grader can measure the granulation level of the fruit, which indicates the internal water content of 

the fruit. The inner structural quality is assessed using X-ray imaging in the second step. The image depicts 

rinsing, which is a biological flaw. The four cameras are set up to take side shots. All of the photographs 

are examined, and the image processing output signals are delivered to the judgement computer. The final 

grading decision is made by the computer based on how the fruit appears and how wonderful it is on the 

inside. 

Future Prospects 

The moment has come for agricultural robots to join the picture and lead the way into the world of digital 

farming. Humans and robots will work together during a transition period in which robots perform simple 

activities first, then more complex tasks, increasing output and allowing human occupations to rise up the 

value chain. Deep learning techniques like reinforcement learning, learning from demonstration, and 

transfer learning, which let robots learn from experience, are being studied in depth. 

Professor Salah Sukkarieh of the University of Sydney believes that robotic technology paired with digital 

data could enable sustainable agriculture and help feed the world, despite the fact that the global 

population is predicted to approach 9 billion by 2050. Farmers of the future may be autonomous robots 

capable of herding animals, picking fruit, and appraising crops. Future farms will be high-tech, well-
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informed, and well-equipped, allowing them to produce more with fewer resources. This will benefit all of 

us in the long run. 

Conclusion 

The primary problem for agricultural professionals worldwide is to view sustainable agriculture as the 

sensible use of finite natural resources while also protecting the environment. The world is about to change 

due to robotics and autonomous systems. These technologies would have the greatest impact on low-

productivity sectors of the economy, such as agriculture and food. 

Future agri-robotic systems will use artificial intelligence and machine learning techniques to increase 

their own productivity. Other methods of growing food, such as vertical farming, will help tackle the 

problem of increasing agricultural productivity without harming the environment, food quality, or human 

health. 

Current research aims to improve on this strategy by allowing robots to recognise and foresee field 

conditions before adapting and changing their operations to keep the agricultural operation running in a 

way that maintains both productivity and safety. During the last decade, advances in robotic technology 

and artificial intelligence have made the use of farming robots a more viable option. All throughout the 

world, a number of start-ups and established organisations are developing robotic solutions for agricultural 

chores like weeding, seeding, and harvesting. 
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Introduction 

The word xenobiotic was coined in the mid-1960s, by Dr. Howard Mason to serve as a collective noun 

including any chemical to which an organism is exposed and which is extrinsic to the normal metabolism 

of that organism. Xenobiotic is a term used to describe “chemical substances that are foreign to animal life 

and thus includes such examples as plant constituents, drugs, pesticides, cosmetics, flavorings, fragrances, 

food additives, industrial chemicals and environmental pollutants”. Thus, it includes pesticides, 

occupational chemicals, clinical drugs, drugs of abuse, deployment-related chemicals, etc., and is 

particularly useful. Williams (1959) first suggested that the metabolism of xenobiotics generally occurs in 

two phases. 

Metabolism of Xenobiotics 

Phase I: Involves predominantly: 

a. Oxidations 

b. Reductions  

c. Hydrolysis  

d. Dehydrohalogenation 

e. Desulferation 

f. Epoxidation  

g. Hydrolysis  

h. Isomerization 

i. N-desalkylation 

j. O-desalkylation  

k. Epoxidation 

l. Reduction 

m. Oxidation: Cyclodiene oxidation are of microsomal origin) 

n. Sulfoxidation: Serves to introduce a polar group into the molecule) 

o. Dehalogenation: Leaf tissues dehydrochlorinate DDT to DDE within 1 week after treatment. 

After prolonged exposure to plant, DDT undergoes reductive dechlorination to DDD, which is 

further hydroxylated and oxidized to dichlorobenzophenone. 

p. Hydroxylation: Facilitate transport in plant by rendering hydroxylated compound more polar 

and provide an O-conjugation site to facilitate storage of biotransformed molecule. 

q. NIH Shift: Chemical rearrangement where a hydrogen on aromatic ring undergoes 

intramolecular migration during a hydroxylation. Also known as a 1,2-hydride shift. 

Phase II: Consists primarily of conjugation reactions: 

a. Reactive groups, such as -OH, -SH, -COOH or –NH2. 

b. These groups serve as active sites for plant to carry out additional biotransformation steps, 

namely, glycosylation, methylation, esterification, amino acid conjugation, and other chemical 

elaborations which further detoxify the biotransformed pesticide molecule and provide for transport 

or storage of the conjugated molecule. 

c. Acetylation 

d. Amino acid conjugation 

e. Glutathione conjugation 
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f. Glycoside formation 

g. S-methylation 

h. N-desalkylation: Organophosphate group undergoes N-demethylation in concert with other types 

of metabolic biotransformations in plants. 

i. O-desalkylation: Methyl parathion and methyl paraoxon by mitochondrial, microsomal, and 

supernatant fractions of cauliflower homogenates. 

j. Sulfate formation (rare) 

k. Involves the combination of the products of phase I reactions with one of several endogenous 

molecules to form water-soluble, and hence excretable products. 

Biotransformation of Pesticides (Can be either Detoxication or Activation) 
1. Endosymbionts mediated: 3-Phenobenzoic acid is a toxic intermediate of cypermethrin and other 

pyrethroid degradations, which disrupts endocrine activity. Microbial strains of genera Bacillus, 

Pseudomonas, Acinetobacter, Roultella, Aspergillus, Candida, Trichoderma, and Cunninghamella have 

been used for the degradation of cypermethrin and other pyrethroids (Bhatt et al., 2020) 

2. P450 mediated: Characterizing catalytic activities of a P450 is an essential step in understanding its 

role in enabling an insect to metabolize host plant phytochemicals along with characterizing link between 

metabolism and inducibility. Clan 3 members observed in Helicoverpa armigera, H. zea and Trichoplusia 

ni (Berenbaum et al., 2021). 

a. Oxidation In bees: Significantly, CYP9Q3 gene expression is very high in the hind legs of 

foragers, the ones used to collect and carry pollen in the pollen baskets to the hive. Moreover, 

CYP9Q3 expression is induced by phytochemicals commonly found in pollen, honey and beebread 

such as p-coumaric acid and quercetin. The mandibular glands and hypopharyngeal glands are also 

enriched in CYP9Q3 transcripts in foraging versus nurse bees. It is therefore likely that acetamiprid 

or thiacloprid residues, if present, would rapidly be detoxified under natural conditions, thus 

explaining the absence of residues of these pesticides in bees. As a second line of defense, its 

expression is the highest in brain, particularly mushroom bodies for olfactory learning and memory 

(Feyereisen, 2018). 

b. CncC/Keap1 pathway: CncC stands for Cap n collar isoform C. Evolutionarily conserved 

Nrf2/Keap1 pathway plays a central role in coordinate transcriptional response to xenobiotic 

compounds in Drosophila (Misra et al., 2011). CncC is the Drosophila ortholog of Nrf2, which is a 

CNC-bZIP transcription factor. 

Role in metabolism: 

i. Overexpression of a single P450 gene Cyp6g1 is associated with resistance to DDT 

and imidacloprid in field-derived Drosophila strains (Daborn et al., 2002).  

ii. Ectopic overexpression of this enzyme in transgenic animals is sufficient to confer 

resistance to DDT, dicyclanil, and nitenpyram (Daborn et al., 2007).  

iii. Cyp12a4 overexpression provides resistance to Lufenuron (Bogwitz et al., 2005).  

iv. The CncC/keap1 pathway is activated in high temperature-induced 

metamorphosis and mediates the expression of Cyp450 genes in silkworm. It is 

activated in high temperature-induced metamorphosis and mediates expression of 

Cyp450 genes. 

v. CncC pathway regulates CYP6AB12 expression in response to Reactive Oxygen 

Species burst and enhances λ-cyhalothrin tolerance in S. litura (Lu et al., 2020). 

c. GPCR (G-protein coupled receptors): Many GPCR genes have been reported in insecticide 

resistance towards permethrin, imidacloprid, deltamethrin etc (Liu et al., 2021). Upon receptor 

stimulation by a ligand called an agonist, the state of the receptor changes. G alpha dissociates from 

the receptor and G beta-gamma, and GTP is exchanged for the bound GDP, which leads to G alpha 

activation. G alpha then goes on to activate other molecules in the cell. Signaling cascades within a 

cell can interact to affect multiple molecules in the cell, leading to secretion of substances from the 

cell, ion channel opening, and transcription (O’Connor et al., 2010). 

Role in metabolism: 
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i. In Culex quinquefasciatus, 115 GPCRs and GPCR-related genes were studied in 

both resistant and susceptible strains to detect insecticide resistance-linked 

candidates.  

ii. One and three for the resistant Culex strains, HAmCqG8 and MAmCqG6, 

respectively, were shown to exhibit upregulation.  

iii. Subsequent RNAi-based knockdown of each GPCR resulted in substantially 

increased sensitivity to the insecticide permethrin.  

iv. Repression of these GPCRs also caused the downregulation of certain insecticide 

resistance-linked P450 genes.  

v. Exogenous expression of the discovered GPCR in Spodoptera frugiperda (Sf9) cells 

resulted in enhanced tolerance to imidacloprid (Ma et al., 2020). 

Conclusion 

Man is posed by a herculean task of meeting the food demand of booming population, hindered constantly 

by insect pest coupled by pest resistance and resurgence due to failure of the chemical control. Thus, 

immediate and timely advancement in the insecticide production and release possible only by focusing on 

advances in metabolism of insecticide. Hence, a consistent and rigorous research needs to be going on to 

unravel the chemistry and physiology of the insecticides in the target pest. 

References 
1. Berenbaum, M. R., Bush, D. S., & Liao, L. H. (2021). Cytochrome P450-mediated mycotoxin metabolism by plant-feeding 

insects. Current Opinion in Insect Science, 43, 85-91. 

2. Bhatt, P., Huang, Y., Zhang, W., Sharma, A., & Chen, S. (2020). Enhanced cypermethrin degradation kinetics and metabolic 

pathway in Bacillus thuringiensis strain SG4. Microorganisms, 8(2), 223. 

3. Bogwitz, M. R., Chung, H., Magoc, L., Rigby, S., Wong, W., O'Keefe, M., & Daborn, P. J. (2005). Cyp12a4 confers lufenuron 

resistance in a natural population of Drosophila melanogaster. Proceedings of the National Academy of Sciences, 102(36), 

12807-12. 

4. Daborn, P. J., Lumb, C., Boey, A., Wong, W., & Batterham, P. (2007). Evaluating the insecticide resistance potential of eight 

Drosophila melanogaster cytochrome P450 genes by transgenic over-expression. Insect biochemistry and molecular 

biology, 37(5), 512-519. 

5. Daborn, P. J., Yen, J. L., Bogwitz, M. R., Le Goff, G., Feil, E., Jeffers, S., & Ffrench-Constant, R. H. (2002). A single P450 allele 

associated with insecticide resistance in Drosophila. Science, 297(5590), 2253-2256. 

6. Feyereisen, R. (2018). Toxicology: bee P450s take the sting out of cyanoamidine neonicotinoids. Current Biology, 28(9), R560-

R562. 

7. Liu, N., Wang, Y., Li, T., & Feng, X. (2021). G-protein coupled receptors (GPCRs): signalling pathways, characterization, and 

functions in insect physiology and toxicology. International Journal of Molecular Sciences, 22(10), 5260. 

8. Lu, K., Cheng, Y., Li, W., Li, Y., Zeng, R., & Song, Y. (2020). Activation of CncC pathway by ROS burst regulates cytochrome 

P450 CYP6AB12 responsible for λ-cyhalothrin tolerance in Spodoptera litura. Journal of Hazardous Materials, 387, 121698. 

9. Ma, Z., Zhang, Y., You, C., Zeng, X., & Gao, X. (2020). The role of G protein‐coupled receptor‐related genes in cytochrome P450‐

mediated resistance of the house fly, Musca domestica (Diptera: Muscidae), to imidacloprid. Insect Molecular Biology, 29(1), 

92-103. 

10. Misra, J. R., Horner, M. A., Lam, G., & Thummel, C. S. (2011). Transcriptional regulation of xenobiotic detoxification in 

Drosophila. Genes & development, 25(17), 1796-1806. 

11. O’Connor, C. M., Adams, J. U., & Fairman, J. (2010). Essentials of cell biology. Cambridge, MA: NPG Education, 1, 54. 

12. Williams, R. T. (1974). Inter-species variations in the metabolism of xenobiotics. The Eight CIBA Medal Lecture, delivered at 

Meeting of the Biochemical Society, 6th November, 1973 at Waterloo, London, United Kingdom. Pp. 359-377. 

  



 

 
Volume 04 - Issue 07 - July 2022       47 | P a g e  
 

stlARIMA: R Package for Time Series Forecasting 
Article ID: 37516 

Ronit Jaiswal1 
1Division of Agricultural Statistics, ICAR-Indian Agricultural Research Institute, New Delhi 110012. 

 

 
 

stlARIMA 

Description: The stlARIMA function forecasts a time series using a hybrid model made of a decomposition 

technique called Seasonal Trend decomposition based on Loess (STL) and a forecasting technique called 

ARIMA. The function further computes the values of different forecasting evaluation criteria. 

Usage: stlARIMA (xt, stepahead = 10) 

Arguments: 

xt: Input univariate time series (ts) data. 

stepahead: The forecast horizon. 

Values: 

STLcomp: List of all components of the input series through STL. 

data_test: Testing set is used to measure the out of sample performance. 

STLcomp_forecast: Forecasted value of all individual components. 

FinalstlARIMA_forecast: Final forecasted value of the stlARIMA model. It is obtained by combining 

the forecasted value of all individual components. 

MAE_stlARIMA: Mean Absolute Error (MAE) for stlARIMA model. 

MAPE_ stlARIMA: Mean Absolute Percentage Error (MAPE) for stlARIMA model. 

RMSE_ stlARIMA: Root Mean Square Error (RMSE) for stlARIMA model. 

Details: This function decomposes a nonlinear, nonstationary and seasonal time series into trend-cycle, 

seasonal and remainder component using STL (Cleveland et al., 1990). ARIMA model is used to forecast 

these components individually (Box et al., 2015, Jha and Sinha, 2013). Finally, the prediction results of all 

the three components are aggregated to formulate an ensemble output for the input time series. 
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seealso 

stlTDNN, stlELM 

keyword{stl} 

Examples: 

data("Data_Potato") 

stlARIMA (Data_ Potato) 
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Introduction 

Food security is under threat due to deteriorating production environment and changing climate conditions. 

Conservation agriculture has some components of the natural ecosystem that can imbibe these threats 

quite effectively. Food production so far has managed to improve grain yield by introduction of input 

responsive semi-dwarf varieties containing Rht genes (Rht-B1b and Rht-D1b) having advantage of reduced 

height but also shortens the coleoptile length which leads to poor emergence under deep sown conditions 

(Rebetzek et al., 2006). 

Requirements of Conservation Agriculture 

Conservation agriculture requires new characteristics of genotypes including longer coleoptile length, early 

seed vigour and mild vernalisation (Yadav et al., 2017). These characteristics are more evident in GAR Rht 

(Rht8, Rht12, Rht13 etc.) lines having an advantage to be utilised for breeding under deep sowing 

agriculture practice over conventional Rht genes (Amram et al., 2015), but the utilisation of these genes 

requires a thorough understanding of the dwarfing mechanism of Rht genes. 

Mechanism Involved 

Wild Rht genes produce DELLA proteins which are the members of GRAS family transcriptional regulators 

and are negative regulators of GA signalling i.e. N-terminal of DELLA protein binds with GID1-GA 

receptor and cause proteolytic degradation of DELLA proteins cause GA induced cell elongation and 

increase in plant height. Conventional GAI Rht genes cause gain of function mutation and produces N-

terminally truncated protein which cannot bind with GID-GA receptor, therefore resisting GA-mediated 

degradation and acting to constitutively repress GA-responsive growth and development (Thomas S.G., 

2016). Several other dwarfing mechanisms models are also there i.e. EL1/TOPP4 model, SPY model, 

GID1b-type lid model, and SUMO model which helps in understanding of dwarfing mechanism of Rht genes 

(Nelson et al., 2016), but in case of GAR Rht genes it is believed that these genes do not express itself up to 

seedling stage but its expression is “ON” during other developmental stage and increase the harvest index 

without affecting early growth (Ellis et al., 2004), therefore these genes can be utilised in  breeding 

programmes for the development of varieties for conservation agriculture. 

References 
1. Amram A., Fadida A., Myers., GuyGolan., Nashef K., RoiBen., David., ZviPeleg (2015) Effect of GA-sensitivity on wheat early 

vigor and yield components under deep sowing. Frontier Plant Science 6:487. doi: 10.3389/fpls.2015.00487 

2. Ellis M.H., Rebetzek G.J., Chandler P., Bonnet D., Speilmeyer W., Richard R.A. (2004) The effect of different height reducing 

genes on the early growth of wheat. Functional Plant Biology, 2004, 31, 583-589 

3. Nelson S.K. and Steber C.M. (2016) Gibberallin hormone signal perception: Down-regulation repressor of plant growth and 

development. Annual Plant Reviews (2016) 49, 153–188  

4. Rebetzke G.J., Richards R.A., Fettell N.A., Long M., Condon A.G., Forrester R.I., Botwright T.L. (2006) Genotypic increase in 

coleoptile length improves stand establishment, vigour and grain yield of deep sown wheat. Field Crops Research 100 (2007) 

10–23 

5. Thomas S.G. (2017) Novel Rht-1 dwarfing genes: tools for wheat breeding and dissecting the function of DELLA proteins. 

Journal of Experimental Botany, Volume 68, Issue 3, 1 January 2017, Pages 354–358  

6. Yadav R., Gaikwad K.B., Bhattacharyya R. (2017) Breeding wheat for yield maximisation under conservation agriculture. 

Indian Journal of Genetics and Plant Breeding 77(2): 185-198 (2017). 

  



 

 
Volume 04 - Issue 07 - July 2022       50 | P a g e  
 

The Role of ABA in the Perception of Floral Evocation 

Under Stress Conditions 
Article ID: 37518 

R. G. Vyshnavi1, Karishma Behera2, R. K. Samaiya3, Yogendra Singh4 
1Ph.D. Research Scholar, Department of Crop Physiology, Jawaharlal Nehru Krishi Vishwa Vidyalaya,  

Jabalpur, Madhya Pradesh, India. 
2Ph.D. Research Scholar, Department of Plant Breeding and Genetics, Jawaharlal Nehru Krishi Vishwa 

Vidyalaya, Jabalpur, Madhya Pradesh, India. 
3Associate Professor, Department of Crop Physiology, Jawaharlal Nehru Krishi Vishwa Vidyalaya  

Jabalpur, Madhya Pradesh, India. 
4Assistant Professor (Senior Scale)-Biotechnology, Department of Plant Breeding and Genetics 

Jawaharlal Nehru Krishi Vishwa Vidyalaya, Jabalpur, Madhya Pradesh, India. 

 

 
 

Introduction 

Flowering time is a key factor in determining the adaptation of crops to diverse environments. The events 

which are involved in the transition of apical meristem to the floral meristem wholly altogether referred to 

as floral evocation. Several external factors and endogenous factors result in the developmental signals 

which promotes floral evocation. The external factors include day length (Photoperiod) and temperature 

(Vernalization), and the endogenous factors include hormones, circadian rhythms and phase change. Apart 

from this plant under drought conditions exhibits an adaptive mechanism of anticipating flowering for its 

survival. The flowering response to drought conditions is induced by ABA. ABA is primarily well-known 

stress hormone and the role of ABA in flowering is still at the beginning of emergence phase. In this article 

we will look into the potential modes of ABA signaling and interactions which are responsible for the 

flowering. In order to assist this, we referred more specialized readings related to floral transition 

regulation. Firstly, let us have a glance at different pathways involved in flowering. 

The Multiple Pathways that Trigger Flowering 

In the model plant Arabidopsis thaliana four floral pathways have been delineated. These pathways impart 

signals from photoperiod, Vernalization, metabolic state of the plant and gibberellic acid. The simplified 

description of these pathways is explained precisely. Firstly, Photoperiodic pathway in which the day 

length triggers the signal perceived by photoreceptors such as phytochromes and cryptochromes. The 

interaction of these photoreceptors leads to the expression of CONSTANS genes (CO). CO in turn acts 

through AGAMOUS-LIKE 20 (AGL20) / LEAFY (Meristem identity genes) inducing the floral transition. 

In Vernalization/autonomous pathway the flowering is induced either in response to internal cues 

(autonomous pathway) or to the low temperature (Vernalization pathway). These two pathways involve 

inhibiting FLOWERING LOCUS C (FLC) which is an inhibitor of LFY (Michaels and Amasino 2000). 

Therefore, Vernalization enables flowering by silencing the floral repressor (FLC). In Sucrose pathway 

flowering is stimulated by enhancing the florigens (FLOWERING LOCUS T) FT in the phloem. Lastly, the 

Gibberellin pathway enables flowering through DELLAs proteins. 

The Interconnection Between ABA and Photoperiodic Floral Regulation 

The photoperiod is one of the major variables that affect the flowering plant. The findings from the 

literature have been identified that several plants impaired in drought escape flowering mechanism shared 

an interaction with photoperiodic response (Martignago et al. 2020). In Arabidopsis the water deficit 

conditions during vegetative stage resulted in early and accelerated appearance of flowering in comparison 

to normal conditions (Riboni et al. 2013). This adaptive strategy of plastic shift in flowering is considered 

as drought escape. Occurring of the early reproductive potential under water deficit also shares a 

photoperiodic dependency in long day plants compared to short days where it showed antagonistic response 

(delayed flowering). Hence the drought signals signify positive cues in early flowering based on 

photoperiodic status of plant. 
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The Interconnection Between ABA and Other Plant Hormones in Relation to Flowering 

Several Phytohormones such as Cytokinin, Gibberellic acid, Salicylic acid, Ethylene, Nitric oxide and 

Brassinosteroids participate in floral transition (Achard et al. 2007). The counteract of ABA and GAs during 

seed germination process is well known, where ABA induces seed dormancy and GA breaks seed dormancy 

allowing germination. In this context of floral transition, the GA and ABA may act in parallel involving the 

up regulation of FT. The underlying molecular mechanisms are unknown and needed to be revealed. They 

also share a photoperiodic dependency which is more affective in long days compared to short days. 

The Interconnection between ABA and Genes Involved in Floral Transition 

The major floral genes involved in the flowering perception are GIGANTEA (GI) and CONSTANS (CO). 

The interplay of GI and CO is necessary in the activation of FT. Based upon the research findings where 

florigens is transcriptionally activated in the CO mutants under water deficit conditions revealed that the 

interplay of GI and ABA can promote florigen expression in CO mutants. (Riboni et al.  2016). However, 

the ABA stimulated GI dependent floral regulation is clearly unknown. Flowering regulation through ABA 

is shown in the Fig. 01. By acting on the GIGANTEA, ABA controls FT transcription in leaves through 

ABFs (ABA responsive element binding factors) by modulating the expression of SOC1 (Suppressor of 

overexpression of Constans 1) in an indirect manner resulting in the FT transcription. FT is translocated 

towards shoot apical meristem. In the shoot apical meristem FT interacts with FD and FD like (bZIPs) 

resulting in the activation of floral genes. Therefore, ABA in response to drought escape mechanism 

involves in the flowering regulation of plants. 

 
Fig. 01- Regulation of flowering by ABA 

Conclusion 

Plant integrates drought escape mechanism to cope up the changing climate. The drought escape 

mechanism might be either beneficial or maladaptive. DE mechanism fastens the life cycle of plant 

resulting in early flowering and delayed onset of senescence. ABA induces drought escape- flowering 

pathway in plants. Taking in to the consideration of decrypting the role of ABA in the perception of floral 

evocation, the question is how this knowledge can be related in improving yield under drought stress. 

However, very less information is available regarding the flowering manipulation of ABA. By exploring the 

effects of ABA on flowering under drought stress, can lead to the discovery of crop yield improving 

strategies. 
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Introduction 

Chickpea (Cicer arietinum L.) is the most widely cultivated rabi season annual legume crop belonging to 

the family Leguminosae. It is a self-pollinating diploid (2n=2x=16) pulse crop with a 738 Mbp genome size 

(Varshney et al., 2013). Its origin remains from south eastern turkey (37.3-39.3°N, 38.2- 43.6°E). Based on 

the seed morphology, chickpea consists of two market classes such as Kabuli and Desi. As, it is predominant 

self-pollinating species with the very low crossing intensity of 1.98% cross pollination which is very low 

towards low genetic diversity. The lack of genetic diversity coupled with climate changing is a major bottle 

neck for the crop. The cross breeding is an attempt to improve genetic diversity of chickpea resulting in the 

development of new elite genotypes. The crossing practice in chickpea is most tedious due to its small 

flowers and it is highly sensitive for cross pollination which requires precise strategies and tactics for 

making it success. Therefore, it is essential to understand the mechanism clearly for efficient crossing. 

Often, few reports have been discussed to improve crossing strategies. In this chapter, a detailed systematic 

method of efficient crossing has been discussed. 

Floral Biology and Flower Development Stages in Chickpea 

The reproductive unit of chickpea is a complete zygomorphic bisexual flower. It consists of gamosepalous, 

lanceolate calyx which is covered with glandular hairs. The corolla consists of typically papilionaceous 

aestivation which contains five petals, the largest petal which is known as standard petal or Vexillum. The 

vexillum overlaps the two lateral petals known as wing petals or Alae, which in turn covers the two anterior 

and partly fused innermost petals known as Keels or carina. The androecium is in diadelphous condition 

in which the filaments of nine stamens are fused in to one bundle and the tenth posterior stamen remains 

apart. The stigma is globose and capitates. It is surrounded with anthers. The ovary is monocarpellary 

which is 2-3 mm long and 1-15mm wide. It is ovate and pubescent and has 1-3 ovules. 

In Chickpea flower development occurs by passing through five stages such as closed bud stage, hooded 

bud stage, half opened flower, fully opened flower and faded flower. 

1. Closed bud stage: It is the first stage of the flower in which the bud is closed and covered completely 

by sepals. The anthers in this stage are immature and present at the bottom of the flower. 

2. Hooded bud stage: This stage follows closed bud stage. In this stage the corolla is elongated. The 

anthers appear to be as half the height of the style. Stigma is found to be receptive from this stage. Based 

upon the receptivity of stigma and morphology this stage is preferred for emasculation and pollination 

when the flower is selected to be as female parent. 

3. Half opened flower: In this stage anthers acquires nearly equal to pistil height. At this stage pollen 

tube maturation takes place followed by anthers dehiscence. It is the most suitable stage for the collection 

of pollen. Generally, in the stage self-pollination occurs. 

4. Fully opened flower: It is attained with in a day after half opened flower stage at which petals wither 

and ovary begins to develop and expand. From the sixth day of faded flower stage the seed begins to develop. 
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Procedure for the Crossing Mechanism 

1. Selection of the parents: The success rate of crossing is determined by the parents selected. In between 

both the parents the female parent plays a crucial role in successful crossing. The plant selected as female 

parent must contain small seed size for better crossing in chickpea (Anbessa et al., 2005). Female parent 

with anthocyanin pigment is preferred compared to plant with no anthocyanin pigment as it is reported 

with flower drop (Auckland et al., 1980). 

2. Emasculation: Firstly, the front sepal is removed with the help of forceps from the selected female 

flower and then the incision is made along the central axis down to the distal end of the keel petal with the 

sharp needle. Now, the flower is opened (Fig. 2.) and the undehisced anthers are excised out from the 

filaments by the forceps without causing damage any damage to the fragile parts of the flower such as 

stigma, style and ovary. Emasculation and pollination are carried out in the cooler temperatures i.e., 

morning. 

3. Pollen collection and pollination: The half-opened flowers are selected for the pollen collection. 

Gently remove all the petals one by one and then with the assistance of soft brush collect the matured, 

yellow colored pollen from more than one flower in the petri plate (Fig. 4.). Now, dust the collected pollen 

by the brush on the stigma (Fig. 5.) of the female parent and insert it back inside the keel petals as they 

provide protection of stigma from desiccation. 

4. Tagging and Labeling: The artificially pollinated flowers are tagged, labeled and keep the track of pod 

formation. 

   
Fig. 1. Female parent Fig. 2. Opened female flower Fig. 3. Removal of anthers 

   
Fig 4. Emasculated Female 

flower 

Fig. 5. Collected pollen in 

petri plate 

Fig. 6. Dusting Pollen 

Conclusion 

The crossing approaches in chickpea will provide an effective and easy guideline of crossing mechanism in 

chickpea and developing novel chickpea genotypes with desirable characters. 
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Introduction 

Forest fires throughout historic time ignited and burned naturally through the forest. Fire effects on forests 

however are not equal. Fire may be beneficial for one ecosystem and may be dreadful for the other, 

depending upon the climatic conditions and type of vegetation. Each year, millions of hectares of the world's 

forests are consumed by fire, which results in enormous economic losses because of burnt timber; degraded 

real estate; high costs of suppression; damage to environmental, recreational and amnesty values; and loss 

of life. 

Types of Forest 

Fire Forest fires are not always same; they may differ, depending upon its nature, size, spreading speed, 

behaviour etc. Basically, forest fires can be sub grouped into four types depending upon their nature and 

size: 

1. Surface fires: Surface fire is the most common forest fires that burn undergrowth and dead material 

along the floor of the forest. It is the type of fire that burns surface litter, other loose debris of the forest 

floor and small vegetation. In general, it is very useful for the forest growth and regeneration. But if grown 

in size, this fire not only burns ground flora but also engulf the undergrowth and the middle storey of the 

forest.  

2. Underground fires: The fires of low intensity, consuming the organic matter beneath and the surface 

litter of forest floor are sub-grouped as underground fire. In most of the dense forests a thick mantle of 

organic matter is found on top of the mineral soil. This fire spreads in by consuming such material. These 

fires usually spread entirely underground and burn for some meters below the surface. This fire spreads 

very slowly and in most of the cases it becomes very hard to detect and control such type of fires. It may 

continue to burn for months and destroy vegetative cover of the soil. The other terminology for this type of 

fire is Muck fires.  

3. Ground fires: There is no clear distinction between underground and ground fires. The smoldering 

underground fire sometime changes into ground fire. This fire burns root and other material on or beneath 

the surface i.e. burns the herbaceous growth on forest floor together with the layer of organic matter in 

various stages of decay. They are more damaging than surface fires, as they can destroy vegetation 

completely. These fires are often hard to detect and are the least spectacular and slowest moving. Fighting 

such fire is very difficult. 
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4. Crown fires: Crown fire is the most unpredictable fires that burn the top of trees and spread rapidly by 

wind. In most of the cases these fires are invariably ignited by surface fires. This is one of the most 

spectacular kinds of forest fires which usually advance from top to down of trees or shrubs, more or less 

interdependent of surface fires. In dense conifer stands with a brisk wind, the crown fire may race ahead 

of the supporting surface fire. Since it is over the heads of ground force it is uncontrollable until it again 

drops to the ground, and since it is usually fast moving, it poses grave danger to the fire fighters becoming 

trapped and burned. 

Causes of Forest Fire 

More than ninety five percent forest fires are caused either by negligence or unknowingly by the human 

being. The rest of the fires are caused by natural reasons i.e., lightning, extreme rise in the temperature 

etc., which are very rare. In general, all over the world, the main causes of forest fires are anthropogenic. 

The natural causes of forest fires are common in remote areas only. There are basically three components 

i.e., fuel, heat and oxygen that are needed in right combination to produce fire. Combination of these 

components, produces the “fire triangle". Out of three essential components of fire triangle, two components 

i.e., fuel and oxygen are naturally available in forest. It is the third component i.e., heat that really initiates 

fire in the forest. Heat may be supplied by either natural or artificial reasons. Depending upon the source 

of the heat, the causes for forest fire may be classified as natural or artificial. While lightening, volcanic 

explosion, friction of rolling stone etc., are the natural causes for forest fire; the anthropogenic causes may 

be subdivided into two categories i.e., deliberate causes and unintentional or accidental causes. 

Forest Fire in India 

India reported 345,989 forest fires from November 2020 to June 2021, according to the State of Forests 

Report, 2021 (SoFR, 2021), released January 13, 2022. This is the highest recorded in the country for this 

period so far. 

At least 258,480 forest fires were reported during the same time in 2018-19, and were the second-highest 

so far, according to data presented by Ashwini Kumar Choubey, minister of state in the Union environment 

ministry, in the Rajya Sabha December 16, 2021. 

So, approximately 22 per cent area of forest cover in India falls under the highly and extremely fire-prone 

category. 

Initiatives of the Government of India in Managing Forest Fire 

The Protection and management of forests from various threats, including forest fire is within the purview 

of respective State/Union Territory Governments. The Ministry of Environment, Forest & Climate Change 

issues advisories to State/UT Governments for taking effective steps for prevention and management of 

forest fires. The Forest Survey of India, Dehradun, disseminates satellite-based forest fire alerts on location 

of forest fires to all States/UTs Forest Departments and other registered users through SMS and email for 

taking effective steps for controlling the fire at the initial stage itself so as to minimize the damages and 

losses. Further, the Government of India supplements the efforts of State/Union Territory Governments in 

prevention and control of forest fire by providing financial assistance under the Centrally Sponsored Forest 

Fire Prevention and Management (FPM) Scheme. The main objectives and funding pattern of the Forest 

Fire Prevention and Management (FPM) Scheme are: 

1. To minimise forest fire incidence and assist in restoring productivity of forests in affected areas.  

2. To institutionalise the partnership with forest fringe communities for forest protection.  

3. To contribute to the larger goal of maintaining environmental stability. 

4. To prepare fire danger rating system and devise forest fire forecasting system. 

5. To develop knowledge on impacts and dynamics of forest fire, etc. 

Conclusion 

Wildfire will continue to affect source water quality resulting to increasing treatment, maintenance and 

operating costs. Therefore, forest and watershed managers and water suppliers have to be well informed 

about wildfire impacts so as to develop mitigation strategies to build resiliency to wildfire in water supply. 

Recommended strategies to be fully developed and implemented, they should collect substantial 

https://pqars.nic.in/annex/255/Au2125.pdf
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information about magnitude and timing of post-fire impacts. But the bottom line is that wildfire impacts 

should be incorporated into routine planning, protection and operations of forests watersheds and water 

sources. 
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Abstract 

Micro plastics are tiny particles of plastic that are the sources of clothing, cosmetics, and industrial 

processes. Micro plastics are made up of carbon and hydrogen atoms that are bound together to form 

different polymer compounds such as polybrominated, PBDEs, TBBPA, and phthalates. Microplastics can 

have an impact on the biophysical qualities of soil. Microplastic pollution in soil may have an impact on 

plant performance, and hence agroecosystems and terrestrial biodiversity. Micro plastic can accumulate 

the PCBs that are connected to harmful health effects such as cancers of various types as well as weakened 

the immune system and the reproductive system of humans. Similarly micro plastic also enters 

zooplankton that can be entering into the human with the help of airborne dust, drinking water, and 

seafood. The present study enunciates the most toxic and dangerous chemical substances that help to 

elucidate the effects and inference of all these precarious substances that effect on human health as well 

as plants and the environment.  

Keywords: Agroecosystems, PBDEs, phthalates, PCBs and TBBPA. 

Introduction 

Microplastics are very small plastic particles less than 5 mm in size and were introduced by Professor 

Richard Thompson in 2004. Microplastics are anthropogenic waste and pollution. It is mainly related to 

biota. Microplasticsare detected in exposure to aquatic habitats around the world, as well as the ecological 

and human health impacts of food chain and web complexity and ecosystem functioning. (Burns and Boxall, 

2018). Micro plastics interact with aquatic organisms such as adsorption, ventilation, adhesion and 

ingestion. It is persistent organic pollutants they are polycyclic aromatic hydrocarbons; polychlorinated 

biphenyls contain the various types of pesticides like dichlorodiphenyltrichloroethane and 

hexachlorobenzene (Teuten et al., 2009; Rochman CM et al., 2013; Andrady al et al., 2011). 

Mostly those bacteria that help to degrade the plastic is Bacillus cereus, Micrococcus sp., and 

Corynebacterium. These bacteria help to degrade the plastic components. Plastic particle pollution in 

agroecosystems may be considerable due to recycled biodegradable waste inputs (Ng et al., 2018). This 

article considers the various types of plastics that we use in everyday life. Human risks are associated with 

microplastics. It reviews the uptake pathways of microplastics into plants and the environment, as well as 

human health, through the food chain and various other sources. Here, we discuss the pathways of 

mechanisms by which microplastics can have a positive or negative impact on plant growth. 

Classification of Microplastic 

Mainly Plastic is of two types: 

a. First one is Primary Microplastics:  The size of the plastic shards is 5.0 mm. Includes clothing 

microfibers, microbeads, and plastic pellets (also known as nardles). This type of microplastic is 

used in facial cleansers, cosmetics, or air jet technology. It is mainly used as a drug as a drug vector. 

(Cole, Matthew, 2011). 

b. Second one is Secondary Microplastic: These plastics are very small and are also known as 

debris that exists in the ocean and land. This includes photodegradation caused by exposure to 

sunlight. Helps reduce the structural integrity of plastic waste. (Cole, Matthew, 2011; Conkle, 

Jeremy L., 2017). 
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Bases of microplastic: Most of the Microplastic pollution comes from textiles industry, Tires industries 

and city dust. Microplastic pollution spread in Aquatic region. It observes the vertebrates and 

invertebrate’s consumption. There are several methods as the sources of microplastics. 

Sewage treatment plants: It is also called Waste water treatment plants that are primarily from 

household sewage by using various types of physical, chemical and biological processes. It is also called 

WWTPs. The primary treatment stage is done by physical processes to remove the oils, sand, clarifiers, and 

settling tanks. In secondary treatment bacteria and protozoa are used to break down the organic matter by 

using bacterias (Carr, 2016).  

Textiles industry: Most garments have 2000 fibers of microplastics in which 170% fleeces are present 

(Grossman, Elizabeth. 2015). Microfibers found in food chain from zooplankton to larger animals like 

whales. Polyester fiber is persisting to microplastic in aerial, marine and terrestrial. In washing of these 

garments there is the loss of 100 fibres per liter of water. This will release the various types of monomers, 

dispersive dyes and mordants and plasticizers.  

Fishing industry: Commercial fishing and marine industries are the sources of microplastic. Fishing 

gears is a form of plastic debris that is made up of nylon netting. The plastic-derived chemical such as 

polybrominated diphenyl ethers (PBDEs) is used (Tanaka and Kosuke., 2013). 

Plastics: 

a. Bottled water Researcher found that 325 microplastic particles are found from 11 different brands 

showed microplastic contamination. It is shown in research that plastic bottles have more 

contaminated water as comparison to tap water. Some of the contamination is come from the process 

of packaging and bottling of water (Mason and Sherri, 2018). Baby bottles Researchers found that 

infant feeding bottles are made up of Polypropylene plastics. In warmer liquids the microplastics 

quantity is maximum. It is similar in case of lunch boxes also (Li Dunzhu et al., 2020).  

b. Face mask Due to the emergence of COVID-19 is a pandemic disease. Most of people use face 

masks about 90 million masks used in every month. Single time used masks is made up from 

polycarbonate, polyethylene, polyacrylonitrile, polystyrene, polyethylene, polyester, and 

polyurethane. After degrading the face masks, it is broken down into smaller size particles under 

5mm which is a new source of microplastic (Fadare, Oluniyi O., 2020). 

Presence of Microplastic 

Microplastic is found in Oceans, Seabed, Ice cores, Soil and Human body. 

In oceans: Microplastics found in sandy beaches, surface waters, water column and deep sea sediments. 

Microplastics enter the various water ways with their deterioration of road paint, tire wear and city dust 

to enter the water ways, plastic pellets spilled from shipping containers and other synthetic textiles that is 

dumped into the ocean. 

Seabed: Microplastic is found on the surface at the angle of the seafloor slope. Sea floor contains 14 million 

tons of microplastic that is present in coastal regions which contains more amount of microplastic (Barrett, 

Justine: Chase., 2020).  

Ice cores: Researchers found that 14 different types of polymers from 96 microplastic particles from the 

Antarctic surface and Arctic surface. Where large particles sizes are shown from the local pollution sources 

(Kelly et al., 2020). 

Soil: Microplastic is found in soil outside of aquatic environment in vegetation cover. Microplastic is found 

in soil fauna such as earthworms, mites and collembolans found the amount of secondary type of 

microplastic present in soil by converting consumed plastic debris into microplastic through the digestive 

processes (Rillig, Matthias C., 2012; Zubris, Kimberly Ann V., 2005).  

Human body: Microplastic found in human tissues especially in placentas of unborn babies in first time 

(Carrington, Damian., 2020; Ragusa, Antonio., 2021). 

Impacts of Microplastics on Human 

Microplastics are used as contaminants that are ingested by various aquatic animals like fresh water and 

marine water through the food chain. These animals are turtles, seabirds, fish and worms. Many organisms 
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ingested the microplastics like zooplanktons. Microplastics are consumed by the organism’s gut. That is 

not generally consumed by humans. Most of these foods are consumed by humans such as mussels, clams, 

and shrimps. That type of food is eaten whole with their gut. There is the high risk of ingesting of 

microplastics by humans (Cole et al., 2013; Setala et al., 2018). Microplastics contain various types of 

chemicals that is so dangerous and toxic such as BisphenolA(BPA), phthalates, and Endocrine-disrupting 

chemicals that are called (EDCs).There is the adverse effect of humans to blockage of their gut; reduction 

in energy assimilation. Disordered particles of microplastic are present in the intestine. It is detected in 

the lumen of blood vessels and lymph vessels that are excreted in the urinary tract (Volkheimer, 1977). 

Impacts of Microplastics on Plants 

While the impacts on soil physical qualities and soil biota are beginning to emerge, there is little knowledge 

available on the implications for plant performance (Ng et al., 2018). Here, we discuss the pathways of 

mechanisms by which microplastics can have a positive or negative impact on plant growth (Ebere et al., 

2019). These effects vary by plant species and plastic-type and can be reflected in changes in plant 

community composition and possibly primary production (Rillig et al., 2019). We believe that at least the 

size and shape of the particles have very different effects on plant growth and can also raise other food 

safety concerns. Microplastics can be conceptually considered as physical soil contamination. Microfiber 

reduced soil bulk density (Kalčíková, 2020). This directly leads to reduced resistance to root penetration of 

plants and improved soil aeration, which may promote root growth. Changes in soil structure can cause 

many other side effects. Most of this carbon is relatively inert because plastic particles have a very high 

carbon content and the material does not deteriorate easily which will be the cause of microbial 

immobilization (Lozano & Rillig, 2020). The plant performance parameters are reduced in the presence of 

biodegradable plastic probably due to microbial immobilization. Microplastic particles in the soil or already 

present in the particles might have a negative impact on the plant's roots or symbionts, as well as its growth 

(Ren et al., 2021) It is acknowledged that nano-sized particles may reach plant roots and cause harm. In 

any case, the impact on plant performance is expected to be neutral at best (Ng et al., 2018; Rillig et al., 

2019). 

Conclusion 

As we know that Microplastic is a contaminant class that is characterized of exposure pathways and causes 

the toxicological hazards. We outline some of the mechanisms by which these microplastics can affect plant 

performance. Some mechanisms have a positive effect on root and plant growth, while others have negative 

consequences. They cause micro pollutant from the effects of microplastics. They cause severe diseases in 

humans. Current knowledge is based on conducted research that impacts of microplastic improve the 

ecological mechanism and avoid the sea food. 
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Privatisation broadly refers to a process by which the government reduces its role in an activity and 

encourages private sector to take up these roles. 

Concept and Definition 

1. Chandra Shekara, 2001: The Process of funding and delivering the extension services by private 

individual or organisation is called Private Extension.   

2. Bloom indicated that private sector extension involves personnel in the private sector extension involves 

personnel in the private sector.  

3. Vanden Ban and Hawkins (1996) state that in private sector extension, farmers are expected to share 

the responsibility for the service and pay all or part of the cost.   

4. Saravanan and Shivalinge Gowda (1999) operationalized Privatization as follows:  

“Privatization of extension service refers to the services rendered in the area of agriculture and allied 

aspects by extension personnel working in private agencies or organisations for which farmers are expected 

to pay a fee (or free) and it can be viewed as supplementary or alternative to public extension services”.   

These concepts about the privatization emphasize three aspects:  

a. It involves extension personnel from private agency/ organization.  

b. Clients are expected to pay the service fee.    

c. Act as supplementary or alternative to public extension service.   

Through the process of privatization, extension effectiveness is expected to improve by:  

a. Reorienting public sector extension with limited and well-focused functions. 

b. More number of extension providers (institutional pluralism) resulting from active 

encouragement by the public sector to initiate, operate and expand.  

c. More private participation leading to the availability of specialised services hitherto not available 

from the public system. 

d. User contributions to extension leading to improved financial sustainability,  support and 

control by clients leading to client orientation. 

Privatisation can take Place Broadly in Two Ways 

1. Dismantling of Public sector. 

2. Controlled Privatisation. 

Reasons Behind Privatisation of Extension Services 

Following are some of the reasons behind privatisation in agricultural extension services:  

1. Fiscal crisis: Many less developed country’s governments have found it difficult to make adequate 

resources available for extension. Financial pressures have, in turn led to the search for ways of reduction 

in public sector costs.   

2. Disappointing performance of public extension system: Impact of public extension system in 

agricultural development is disappointing. Extension work is ineffective, does not match with farmer’s 

needs, there is little consideration for cost-effectiveness and less competent extension personnel have no 

accountability to farmers. Moreover, public extension alone will never answer to entire demand of farming 

community.  
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3. Changing contexts and opportunities: In recent past Indian agriculture is shifting from mere 

subsistence level to commercialized agribusiness to meet all challenges and opportunities of globalization 

and liberalization, effective alternative extension approach is required. Increasing commercial and 

specialized nature of agriculture will demand quickly and technically sound advice, based on scientific 

analysis with appropriate marketing information. Further India is facing population explosion which had 

resulted into reduction in land holding size.   

Due to improved transport network and better communication facilities private agencies and 

communication media are also reaching to remote villages.   

Therefore, there is an urgent need for an efficient technological guidance along with recent market 

information, which is only possible through privatization of extension services.   

4. The extension worker: The extension worker and farmers ratio are very wide in India i.e., 1:1000 and 

it is further widening due to engagement of extension workers in administrative work, official 

correspondence, report etc. 

Advantages of Private Extension System (Sulaiman and Sadamate, 2000) 

1. Reorienting public sector extension with limited and well-focussed functions. More number of extension 

providers (institutional pluralism) resulting from active encouragement by the public sector to initiate, 

operate and expand.   

2. More private participation leading to the availability of specialized services hitherto not available from 

the public system.  

3. Support and control by clients leading to client orientation. 

Disadvantages of Private Extension System (Vanden Ban and Hawkins, 1998) 

1. Privatization may hamper free flow of information.  

2. Farmers may be less interested to disseminate technologies to other farmers what they have learnt from 

private extension.  

3. Only commercial farmers will be benefited through privatization and subsistence farmers will seldom be 

able to pay the fee.  

4. The commercial interest of the private agencies may jeopardise the efforts of research and extension of 

eco-friendly and sustainable agriculture.  

5. Contact between farmers and extension agents get declined. 
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Introduction 

Fish is one of the most-traded food commodities worldwide. Capture fisheries and aquaculture provide 

valuable economic and social benefits to those who work in these industries. However, post-harvest 

handling, processing, and storage of fish lead to food losses and waste. Post-harvest losses occur at all 

stages in the fish supply chain from capture to consumer. The losses can be physical, economical, or 

nutritional and are caused by spoilage or poor processing. So, specific requirements and preservation 

techniques are needed to minimize the activity of spoilage bacteria.  

Packaging plays a critical role in the fish supply chain and is part of the solution to tackle food waste. 

Vacuum packaging (VP) and modified atmosphere packaging (MAP) are very commonly used as a 

supplement to ice or refrigeration to inhibit the normal spoilage flora and extend the shelf-life of fresh fish 

products. 

Food Packaging 

Food packaging is an essential component of the food supply chain and is becoming a pivotal element of the 

final preparation process in food industries. Food packaging also plays an imperative role in society, 

protecting food and food products from potential damage and degradation while ensuring safety and 

hygiene, and actively reducing food waste. 

Conventional packaging is commonly a one-time use item that is discarded upon reaching the consumer or 

after using the packed content. Some of the most common conventionally used materials in food packaging 

include paper, plastic, glass, steel, aluminium and different alloys. As such, conventional packaging poses 

a tremendous environmental burden despite relatively high recycling rates for some materials (over 20% 

recycling rate for certain paper and paperboard), while others such as various plastics are commonly 

recycled at low recycling rates (less than 20%). One of the main issues is the non-sustainable nature of 

plastics, which are commonly derived from petroleum such as polyethylene, polypropylene, and 

polyethylene terephthalate are widely used due to their relatively easy shape-forming properties and lower 

weights than other materials.  

Moreover, these materials are considered as not ‘environmentally friendly’ with the majority of them being 

non-renewable and also non- biodegradable, which subsequently end up in the landfills or oceans. 

Additionally, the use of these materials for food packaging has other, secondary negative environmental 

impacts, such as environmental pollution via generation of CO2 and emission of other toxicants during 

their incineration, reliance on non-renewable petroleum reserves, and potential for harmful interactions 

between potential recycled/reused plastics and food.  

Concurrently with the increased environmental concern regarding the growing rate of waste from 

packaging materials, current consumer demands and needs are directed towards more natural, high-

quality, convenient and safer foods, posing a significant challenge to the food industry. 

Smart Packaging 

Active and smart packaging has been used worldwide, mostly in the United States, Australia and Japan, 

while in Europe it was introduced after European Union (EU) legislation changes (Regulation EC, 1935/ 

2004). The EU definition of active packaging states that active packaging systems are designed to 

“deliberately incorporate components that would release or absorb substances into or from the packaged 

food or the environment surrounding the food.” In this way, they “intend to extend the shelf-life or to 

maintain or improve the condition of packaged food”. One of the significant emerging functions of edible 

packaging materials is their use as a matrix and carrier of different functional additives that can provide 
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additional nutritive and health benefits to the packaged food. Usually, different antimicrobial and 

antioxidant substances, prebiotics or other nutrients can be added to edible matrices to extend shelf life 

and/or increase the nutritional value of the final packaged food. 

Edible packaging is regarded as a sustainable and biodegradable alternative in active food packaging field 

and provides food-quality optimisation compared to the conventional packaging. The usefulness of edible 

packaging is seen in its capacity to maintain food quality, extend shelf life, reduce waste, and to contribute 

to the economic efficiency of packaging materials. The development and application of edible films are 

among the most promising fields in food science due to their versatility, potential for being made from a 

variety of materials, and as carriers of different active substances such as antioxidant and/or antimicrobial 

agents. The materials of the food packaging is derived from edible ingredients such as natural polymers 

that can directly be consumed by humans without any potential health risk. These materials can be 

transformed into different forms of films and coatings without specific differences in their material 

composition but rather by changes in their thicknesses. Films are generally used in the production of wraps, 

pouches, bags, capsules, and casings, while coatings are applied directly on the food surface. In contrast to 

the films, the coatings are considered an integral part of the food product, and they are typically designed 

not to be removed from the food item. Therefore, proper selection of edible packaging components mainly 

depends on the food product required to be packed, and the composition of the material that the edible 

packaging is developed from, including the method of processing. Moreover, the packaging should have 

sensory compatibility with the packed food. 

Materials for Edible Packaging 

Bio-based and biodegradable materials can be categorised into three categories based on the sources from 

which they originate as follows:   

1. Materials developed from direct biomass/natural sources (proteins, polysaccharides, and lipids)  

2. Materials produced by microorganisms, usually belonging to specific types of     polysaccharides  

3. Materials produced from bio-based monomers 

Biopolymers used as edible materials are classified as Polysaccharides  

a. Proteins (animal- or plant-based). 

b. Lipids. 

c. Composites. 

Characteristics of Edible Packaging: Advantages and Limitations 

Edible packaging can function as a replacement and potential fortification of the layers at the outer surface 

of packaged fish and fishery products to prevent loss of moisture, aromas and ingredients out and between 

the foods, while at the same time, facilitating controlled exchange of essential gases involved in product 

respiration (carbon dioxide, oxygen, and ethylene). 

Edible packaging can also enhance the organoleptic properties of packaged fish and fishery foods, providing 

various flavourings and colourings as well as tailoring surface properties (i.e., hydrophobicity, 

hydrophilicity). Additionally, these can serve as a carrier of functional components with potentially added 

health or well-being benefits. The hydrophilic nature of polysaccharides and proteins contribute to lower 

moisture resistance and barrier properties in comparison to lipids. 

Barrier Functions of Edible Packaging 

The moisture and oil absorption, oxygen transfer, flavour and odour change, or the migration of packaging 

components into the food are primarily responsible for the food quality. Edible materials are usually applied 

on fish and fishery products by immersion, spraying and coating or by being formed prior to a film and used 

as a food wrap. The difference between an edible film and coating is that coatings are applied in liquid 

forms, while films are obtained as a solid sheet and then applied to the food. 

Conclusion & Future Prospective 

The emergence of new packaging technologies has enabled newly developed products to perform better than 

providing them with containment and physical protection. The future of edible packaging materials is very 

promising, and increased innovation within the food industry is both imminent and already occurring. 
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Global consumer demands are a driving force for research and development of novel materials in order to 

find alternatives for fossil-based packaging materials. Their replacement with recyclable, biodegradable or 

edible materials, prepared from renewable and sustainable sources, are desired by consumers and the food 

industry alike. Several studies have incorporated known bioactive substances in edible packaging 

materials; the incorporation of a variety of novel functional bioactive and nutraceuticals and their 

controlled release from the packaging is a subject of many ongoing research studies. 

Future studies should help to further develop coating technologies, and focus on optimising the formulation 

of packaging bio-based materials and their application technologies. Future developments of edible 

packaging solutions will also incorporate smart design packaging where novel concepts such as active, 

intelligent, smart and sustainable solutions are integrated into one system resulting in improved safety 

and quality of the packed products. 
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According to Kelsey and Hearne (1967) An Extension Programme is a statement of situation, objective, 

problems and solutions. It is relatively permanent but requires constant revision. 

Programme: Programme is a written statement which describes proposed developmental activities, the 

problems they address, the actions, and resources required.  

Planning: it is a process which involves studying the past and present in order to forecast the future and 

in the light of that forecast determining he goal to be achieved.  

Plan: Plan is schedule of development work outlining different activities in a specific period. It answers 

the questions like what, why, how, and when as well as by whom and where the work is to be done.  

Aims: Aims are generalized and broad statement of directions with respect to given activities. eg. The 

improvement of farmers’ economic condition.  

Objectives: Objectives are expression of ends towards which our efforts are directed. The dictionary 

meaning of objective is ‘something that one’s efforts or actions are intended to attain or accomplish’ e.g. To 

increase the yield of rice by 30 percent.  

Goal: Goal is the distance in any given direction one expects to go during a given period of time e.g. to 

increase yield of rice by 10 quintals per hectare in the current year.  

Problem: It refers to a situation, condition, or issue that is yet unresolved and after study people decided 

need to change it.  

Solution: Solution is a course of proposed action to change an unsatisfactory condition to one that is more 

satisfying.  

Project: it is a specification of work to be done or procedures to be followed in order to accomplish a 

particular objective.  

Plan: It is a predetermined course of action.   

Plan of work: it is an outline of activities so arranged as to enable efficient execution of the programme. 

The plan of work indicates what, who, how and when the activities will carried out.  

Calendar of Work: Calendar of work is a plan of activities to be undertaken in a particular time sequence. 

Objectives of Programme 

The general objective of an extension programme is to influence people to transform their life in better way. 

The assumption is that there is a need for change and make people aware are of this, if they are not and to 

develop their needs. Important objectives of having a programme planning as per Kelsey and Hearne (1966) 

are as follows:  

1. To ensure careful consideration of what is to be done and why.  

2. To furnish a guide against which to judge all new proposals.  

3. To establish objectives toward which progress can be measured and evaluated.  

4. To have a means of choosing the important (deep rooted) from incidental (less important) problems; and 

the permanent from the temporary changes.  

5. To develop a common understanding about the means and ends between functionaries and organizations.  

6. To ensure continuity during changes of personnel.  

7. To help develop leadership.  

8. To avoid wastage of time & money and promote efficiency.  



 

 
Volume 04 - Issue 07 - July 2022       68 | P a g e  
 

9. To justify expenditure and to ensure flow of funds.  

10. To have a statement in written form for public use. 

Steps in Extension Programme Planning Process 

The process of extension, as applied to development programmes, involves five essential phases (SOTER) 

i.e., Analyzing the Situation, Objectives or Goals to be Accomplished, Teaching, Evaluating the Teaching, 

Reconsidering (Leagans, 1961). These steps are intended only to clarify the necessary actions in carrying 

out a planned extension educational effort.  

The program development process is on-going and continuous. Each educational initiative, workshop or 

event we carry out modifies the initial situation. As a consequence, any plan of action continues to evolve 

and change as the situation or context changes. 

 
Fig. Steps of Programme Planning 

1. Collection of facts: Sound plans are based on availability of relevant & reliable facts. This includes 

facts about the village people, physical conditions, existing farm & home practices, trends & outlook. 

Besides, other facts about customs, traditions, rural institutions, peoples' organisations operating in the 

area, etc. should be collected. The tools & techniques for collecting data include systematic observations, a 

questionnaire, interviews & surveys, existing governmental records, census reports, reports of the Planning 

Commission, Central Bureau of Statistics, and the past experiences of people.  

2. Analysis of the situation: After collecting facts, they are analysed and interpreted to find out the 

problems & needs of the people.  

3. Identification of problems: As a result of the analysis of facts, the important gaps between 'what is' 

& 'what ought to be' are identified and the problems leading to such a situation are located. These gaps 

represent the people’s needs.  

4. Determination of objectives: Once the needs & problems of the people have been identified, they are 

stated in terms of objectives & goals. The objectives represent a forecast of the changes in the behaviour of 

the people and the situation to be brought about. The objectives may be long-term as well as short-term, 

and must be stated clearly.  

5. Developing the plan of work: In order to achieve the stated objectives & goals, the means & methods 

attaining each objective are selected; and the action plan, i.e. the calendar of activities is developed. It 

http://www.krishiworld.com/html/farm_management1.html
http://www.krishiworld.com/html/farm_management1.html
http://www.krishiworld.com/html/farm_management1.html
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includes the technical content, who should do what, and the time-limit within the work will be completed. 

The plan of work may be seasonal, short-term, annual or long-term.  

6. Execution of the plan of work: Once the action plan has been developed, arrangement for supplying 

the necessary inputs, credits, teaching aids, extension literature etc. has to be made and the specific action 

has to be initiated. The execution of the plan of work is to be done through extension methods for 

stimulating individuals and groups to think, act and participate effectively. People should be involved at 

every step to ensure the success of the programme.  

7. Evaluation: It is done to measure the degree of success of the programme in terms of the objectives & 

goals set forth. This is basically done to determine the changes in the behaviour of the people as a result of 

the extension programme. The evaluation is done not only of the physical achievements but also of the 

methods & techniques used and of the other steps in the programme planning process, so that the strong 

& weak points may be identified and necessary changes may be incorporated accordingly. 

8. Reconsideration: The systematic and periodic evaluation of the programme will reveal the weak and 

strong points of the programme. Based on these points, the programme is reconsidered and the necessary 

adjustments & changes are made in order to make it more meaningful & sounder. 
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There is immense potential for beekeeping in the country. However, due to lack of knowledge, scientific 

beekeeping is not being practiced by the beekeepers. It is necessary for beekeepers to participate in the 

trainings / other capacity building programmes on the subject to gain scientific knowledge on the subject. 

Selection of good apiary site, good quality bees and proper management are the main keys for success of 

beekeeping. Always use recommended methods to control swarming, division of colonies, uniting of 

colonies, mass queen rearing, stopping laying workers, robbing, desertion, migration, and management of 

diseases, pest and enemies, etc. The following advisories should be kept in mind for effective and beneficial 

beekeeping: 

Selection of Good Apiary Site 

1. Apiary ground should be clean & free from dry leaves etc. to avoid fire during summer 

2. The site should be dry without dampness. High Relative Humidity (RH) will affect bee flight and also 

ripening of nector. 

3. Apiary site should be away from power station, brick kilns, school, highway and train tracks 

4. Site should be open & at dry place having shade and easily accessible by road 

5. Fresh running water should be easily available near the apiary 

6. Site should receive early morning and afternoon sunshine 

7. Area should be rich in bee flora 

8. There should not be other commercial apiary within 2-3 kilometers from the apiary site 

9. There should not be any source of stagnant / dirty water, chemical industry/ sugar mill, etc., nearby the 

apiary. 

 
Apiary 

Selection of Good Quality Bees 

Beekeeping can be done by domesticating two species of honey bees viz; Apis cerena and Apis mellifera 

depending upon floral conditions and capability of investments. However, success in both the cases depends 

on quality of bees, particularly queen. Therefore, the following should be kept in mind to select the bee 

colonies: 

1. Buy disease free bee colonies from existing beekeepers after getting training on the subject. 

2. Select and multiply honey bee colonies only from disease resistant, high honey yielding, young, healthy 

and high egg laying capacity queen, etc. 

3. Capture few bee colonies from their natural abodes in forests which may be used for further breeding/ 

multiplication to prevent inbreeding. 

Management of Apiary 

1. Placement of colonies in apiary: 
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a. Hives should be as per specification of BIS/ISI and should be of locally available seasoned light 

weight wood. Unseasoned and heavy wood should be avoided. 

b. Avoid nailing the bottom board with the brood chamber. 

c. Restrict number of bee colonies in a apiary from 50-100. 

d. Keep row to row and box to box distance as 10 and 3 feet, respectively. 

e. Avoid over- stocking of colonies in the apiary. 

2. Inspection of colonies: 

a. Adopt general colony and personal hygiene in the apiary like cleanliness in the beehives including 

cleaning the bottom board, top cover, etc. frequently  

b. Periodic mowing of grass in front of the hives 

c. Check the colonies periodically for any abnormalities or changes in behaviour of bees 

d. Inspect colonies on clear sunny days preferably at temperatures between 20 - 30°C 

e. Do not inspect colonies in cold, windy and cloudy days 

f. Use smoker when needed to subdue the bees. 

g. Use protective dress and veil while inspecting colonies 

h. Isolate the diseased colonies from healthy ones. 

 

 

Inspection of Bee colony Honey Extraction from bees 

3. Provision of fresh water in the apiary: Ensure availability of fresh water preferably in shallow 

containers near the apiary to maintain a healthy apiary. Water is needed for the maintenance of adequate 

humidity in a colony to ensure proper incubation of eggs. For feeding bee bread by nurse bees, the mixture 

of honey and pollen of certain consistency is required for which water is needed. When temperature in the 

apiary increases beyond 37°C, water is used by bees to evaporate and cool the colony 

4. Dearth period management: 

a. Provide 50% sugar syrup to the colonies during dearth periods when honey stores in the colonies 

is not adequate and nectar is not available in the area. The syrup should be prepared by boiling 

clean water in the vessel and sugar added with slow stirring for few minutes. Cover the vessel with 

lid and let it cool. Feed cooled syrup. 

b. Sugar syrup should be kept in such a way that the bees should not drown in it. Do not prepare 

the feed in open in the apiary and avoid dripping on the ground to prevent robbing by bees and ants. 

c. Feed the colonies in the evening preferably after sunset and feeding should be given to all colonies 

in the apiary at one time 

d. Pollen substitute comprising of fat free soyabean flour (3 parts) + Brewer’s yeast (1 part) + 

skimmed milk powder (1 part) + sugar (22 parts) +honey (50 parts) made in the form of patties 

should be provided when pollen stores in the colonies is not adequate and pollen is not available in 

the area 

e. Extra frames should be stored in air tight chambers and fumigated with sulphur powder 

f. Old and dark combs should be discarded. 
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5. Care during honey extraction: 

a. Use honey extractor, containers and other bee hive tools /equipments made of stainless steel / 

food grade plastic. Don’t use tins & containers made of other degraded material 

b. Wash all the equipments / containers etc. thoroughly with warm water before honey extraction 

c. Extract honey from super chambers only 

d. Select frames only with 75% sealed cells with ripened honey for extraction 

e. Cover the entrance gate of the colony with small branches or twigs, newspaper to avoid robbing 

f. Extract honey in a closed room and not in the open to avoid robbing 

g. Do not leave super and brood frames, after extraction of honey open in the apiary; 

h. Do not spill honey in the apiary. 

6. Care during migration: 

a. Migrate colonies during non-availability of flora to areas with abundant flora. 

b. Before migration surveys the area to assess the availability of the flora to locate the colonies 

c. Ensure honey extraction before migration 

d. Close the entrance gates of the colonies in the evening after all worker bees are inside the colony 

e. Pack the colonies internally and externally before migration to avoid jerking 

f. Colonies in the vehicle should be packed in such a way that the entrance side should face the front 

side of the vehicle 

g. Start migration late in the evening and ensure the colonies reach the destination within 10-12 

hrs. the next day morning and entrance gates are opened after landing in the new location 

h. If the destination is far away, keep colonies by halting at an appropriate place in day time and 

open the entrance gate and repeat the process of migration. 

i. Avoid jerking in the way while transporting bee colonies. 
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Abstract 

Uneven distribution of rainfall and inadequate rainfall received in dry land areas has most liming factor 

to lower crop productivity. Therefore, conservation of water to improve water storage and use efficiency 

and there are several techniques available for water conservation one of them is hydrogel application in 

soil improve water holding capacity and use efficiency. 

Introduction 

The ever-increasing worldwide population and increased economic activity have resulted in a gradual loss 

in irrigation water potential in the twenty-first century, particularly in countries located in arid and semi-

arid regions of the globe. As these places continue to face water shortages due to unpredictable and 

insufficient natural precipitation, the problem of water scarcity may worsen. According to a global 

assessment, the semi-arid regions of Asia (India), the Middle East, and Sub-Saharan Africa will be the 

worst affected, all of which are already dealing with high population growth and the majority of their people 

living in poverty. Water scarcity is expected to be a severe concern in India by 2025, requiring prompt 

attention. According to the Central Water Commission, water consumption is increasing steadily, while 

clean water availability is decreasing even faster in the future. Agricultural irrigation techniques appear 

to be responsible for the consumption of 80 percent of the available drinkable water in India. With the 

intensification of agro-based sectors, this is becoming increasingly common. Modern irrigation procedures 

can only cater to 40% of the planted crops due to the subcontinent's vast geographical dimensions and 

diverse soil and farming practices. The remaining areas are significantly more vulnerable to bad practices, 

which reduces the efficient and wise use of available water for agriculture. 

Major Drawbacks with Irrigation Practices 

Surface drainage, or the direct distribution of water to crops from the surface, is the most common irrigation 

method. It's a troublesome and defective system because the crops can only use half of the water delivered, 

with the rest being lost in transportation, runoff, and evaporation. Modern methods such as drip irrigation 

and sprinklers can effectively reduce irrigation water wastage, but high initial costs, insufficient 

government subsidy and cooperation, a lack of technical input and after-sales service, faulty equipment, 

pest damage, and high spares costs prevent farmers from adopting these techniques. 

It's worth noting that small and marginal farmers account for 98 million of the total 120 million farm 

holdings; hence, net income from small farms makes farmers hesitant to embrace such water management 

measures in agriculture. Even in arid zones where water is scarce, spatial diversity in soil properties, a 

lack of big land holdings, and poor conditions restrict farmers from using beneficial and cost-effective water 

conservation irrigation systems. Even in the agricultural sector, the emphasis on sustainable development 

practices has placed an emphasis on more judicious, economic, and optimum use of land, water, and plant 

resources, with the main goal of maximizing land and water productivity without endangering the 

environment and available natural resources. 

Hydrogel as Super Absorbent Polymers (SAPs) 

Extensive research in Iran, China, Europe, and the United States has resulted in the development of a new 

class of Super Absorbent Polymers that can improve water use efficiency and crop yield. In the field of 
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modern agriculture, as well as rain-fed agriculture, soil conditioning with SAP is an interesting and 

innovative aspect. SAP materials have been shown to be hydrophilic networks capable of absorbing and 

retaining large amounts of water or aqueous solutions. Their uptake can be as high as 100,000 percent and 

even more. SAPs are in general, small sugar like hygroscopic crystals that can be directly added to 

cultivation soils. They are mostly used for improving irrigation efficiency; smart delivery materials that 

can assist combat plant infections even with lower pesticide dosages, lowering the amount of soluble NPK 

fertilisers used per crop cycle, and so significantly contributing to water and environmental conservation 

measures. 

Hydrogel 
By the late 1980s, hydrogel agriculture technology involved gel-forming polymers that were insoluble 

water-absorbing polymers created specifically for agricultural usage. They were created in order to improve 

the physical qualities of soil in order to: 

1. Increase your water storage capacity. 

2. Improve the efficiency of water use 

3. Improve the permeability and infiltration rate of the soil 

4. Irrigate less frequently. 

5. Reduce the likelihood of compaction 

6. Stop soil erosion, runoff from farms, and surface leaching. 

7. Increase plant performance, especially in soils with little structure that are pressured by drought 

conservation efforts. 

Cross-linked three-dimensional networked water absorbent polymers are referred to as hydrogels. So far, 

three forms of hydrogel   have been identified to be suitable for agricultural use: 

a. Copolymers of starch-graft 

b. Cross-linked polyacrylates 

c. Acrylamide-acrylate copolymers, and cross-linked polyacrylamides. 

Potassium Because of its longer retention and great efficiency in soil with no toxicity issues, polyacrylate 

is the primary material used in the SAP business and promoted as a hydrogel for agricultural usage. Acrylic 

acid is polymerized with a cross linker to make them. Cross-linked polymers can retain 400 times their 

weight in water and release 95% of it to developing plants. By minimizing leaching and increasing 

irrigation frequency, the usage of Hydrogel increases water efficiency. Plant stress can be caused by a lack 

of soil moisture during the summer months, especially in semi-arid areas. Hydrogel releases moisture near 

to the root area, which helps to minimize stress and improve plant development and performance. Hydrogel 

can help to reduce fertiliser leaching and pesticide use. 

Water Absorption with Hydrogel 
Hydrogel acts as a water reservoir around the plant's root mass zones. It expands to 200-800 times its 

original volume when exposed to water. There are numerous opportunities to capture irrigation and 

rainwater, which can then be collected, stored, and progressively released for agricultural needs over time. 

When hydrogel is mixed with soil, it improves permeability and germination rates. It is compatible with a 

wide range of soil types and has a tendency to improve plant performance and yield in general. Rainwater 

retention, as well as soil erosion from storm water run-offs, can be considerably reduced, especially in sloped 

terrains. There has been evidence of a 10-30% reduction in fruit and vegetable loss owing to insects. 

Applications of Hydrogel in Agriculture 

The use of hydrogel in agriculture is discussed in terms of proposed procedures and their benefits. 

1. Conservation in Agricultural Lands: With adequate amendment and various soils to hydrogel ratios, 

adding hydrogel polymer to soil can boost water retention capacity by 50-70 percent. Soil bulk density can 

be reduced by 8-10% over time. With increasing doses of hydrogel, there is an increased trend in saturated 

water volumetric content of soil, indicating a rise in agricultural water usage efficiency in dry and semi-

arid locations. The net plant yield benefits as a result of this. The permeability, density, structure, texture, 

evaporation, and infiltration rates of water are all influenced by hydrogel. While aeration and 

microbiological activity are promoted, irrigation frequency, compaction tendency, and run-offs decrease. 
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Premature leaf shedding, decreased chlorophyll content, reduced seed yield, and poorer fruit and flower 

yield per plant are all symptoms of water stress near root zones. The usage of hydrogel can help to mitigate 

the effects of deficit watering. As a water retention agent, it extends the irrigation duration of cultivation, 

improving irrigation efficiency, especially in dry and semi-arid regions. 

2. Drought Stress Reduction: Drought stress can cause an increase in lipid perioxidation and oxidative 

stress in plants by causing the formation of oxygen radicals. Stunned height, reduced leaf area, and foliar 

matrix damage are some of the visible symptoms. Hydrogel can help plants cope with drought by reducing 

stress and oxygen radical production. As a result, even in challenging environmental conditions, better 

growth and output are possible. 

3. Enhanced Fertilizer Efficiency: Irrigation technology has significant limitations in terms of fertiliser, 

herbicide, and germicide application. Hydrogel agriculture, according to studies, can considerably minimize 

the usage of synthetic fertilisers while maintaining crop output and nutritional content. In dry and semi-

arid climates, as well as regions with similar biological constraints, it would be a more acceptable approach 

for sustainable agriculture. Furthermore, potassium polyacrylate is non-toxic and safe, preventing 

polluting of agricultural ecosystems. 

4. Biodegradability of Hydrogel Polymer: Hydrogel is vulnerable to UV radiation and degrades into 

oligomers, according to studies. Polyacrylate becomes much more susceptible to aerobic and anaerobic 

microbiological deterioration, degrading at rates of 10-15% each year to water, carbon dioxide, and nitrogen 

compounds. The hydrogel molecules are too large to be absorbed by plant tissue and have little potential 

for bioaccumulation. 

Conclusion 

It is concluded that hydrogel used in agriculture has been increase water use efficiency and water 

productivity due to improve soil physical properties like soil aeration, water holding capacity, infiltration, 

reduce soil compaction and soil structure. 
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The thermal indices are used to assess the plant water status as the crop plants transpire water to adjust 

themselves under adverse environment. The crop ET requirement can be worked out with the help of 

remotely sensed biophysical attributes of crops. The crop coefficient is also determined for estimating the 

actual crop ET that is required for scheduling irrigation. The infrared thermometer may also be used to 

determine the leaf temperature and can be compared with surrounding air temperature.   

Thermal indices are based on the plant temperature that is obtained remotely used infrared radiation 

thermometers or thermal imaging devices. The infrared thermometer can be used to determine the leaf 

temperature at field level and it can be correlated with the remotely sensed leaf temperature. Following 

thermal indices are may be used to estimate the plant water status and may be used for scheduling 

irrigation; 

1. Stress Degree Day (SDD) 

2. Crop Water Stress Index (CWSI) 

3. Satellite Derived stress Index (SDSI) 

4. Canopy Temperature Validity CTV) 

5. Water deficit index (WDI). 

Stress Degree Day (SDD) 

The SDD is the cumulative difference between the canopy temperature (Tc) and air temperature (Ta) 

measured post noon near the time of maximum heating (Jackson et al., 1977). It is assumed that the canopy 

temperature would account for the effect of environment factors such as vapor pressure, net radiation and 

wind.  The SDD increases with increasing plant water stress. The crop is considered water stressed if the 

SDD value is high and positive and unstressed if it is negative. It may be calculated as follows: 

                    
( ) iTaTcSDD  −=

 
                                           Where,  

                               Tc = Canopy temperature 

                         Ta = Air temperature 

                          i= day number 

If the SDD is ≤ zero = No water stress and there is no need of irrigation. SDD is > zero or positive – crop 

may face water stress condition. Jackson et al. (1977) suggested that the positive value of SDD ≥ 10 was 

adequate to decide the need of irrigation, so the time of irrigation could be worked out for scheduling 

irrigation. 

Satellite Derived Stress Index (SDSI) 

The AVHAR thermal data derived SDSI is useful for regional crop condition and drought assessment. It 

can be determined as follows; 

                                     
NTDT

ATDT
SDSI

−

−
=

 

                                                 Where, DT = Day time temperature 

                                                     AT = Maximum Air temperature 

                                                      NT = Night temperature 
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Crop Water Stress Index (CWSI) 

The crop water stress index is generally accepted as a global quantitative assessment of the water stress 

(Jackson et al., 1982). It can be computed based on canopy air temperature difference and vapor pressure 

deficit (Jackson et al., 1981). It is computed as the ratio of the observed (Tc–Ta) for the given condition of 

air saturated deficit at the time of observation to the maximum possible (Tc– Ta) for a fully dry crop in the 

same conditions. Earlier this approach as used and verified only for warm and dry conditions and only 

limited work has been conducted using approach under humid conditions (Keener and Kirchner, 1983 and 

Pennington and Heathery, 1989). It is expressed as follows; 

 

 

 

 

Where, {Tc-Ta} act = Actual temperature difference of crop canopy and air on a reference day , and 

 {Tc-Ta} max = Maximum temperature difference of crop canopy and air of a fully dry crop. 

  

Jackson et al. (1983) computed CWSI) based on canopy air temperature difference (CATD) and vapor 

pressure deficit and concluded as follows; 

 

 

 

                                   

                                   Where, ETc = Actual crop ET 

                                            ETp = Potential ET 

 

i. if the CWSI is 0.3 – the crop growth is reduced, 

ii. If CWSI is 0.5 – net crop growth will be ceased and decreased, 

iii. If CWSI is in between 0.3 to 0.5 – crops suffer water stress and irrigation should be applied. 

Canopy Temperature Validity Index (CTVI) 

The canopy temperature validity is the variability of temperatures encountered in a field during a 

particular measurement period. It is expressed as a standard deviation of mid-day canopy temperature 

within a field. The basis of CTVI is that soils are inherently non homogeneous. Since the fields are not 

leveled and homogeneous, the water stress may develop earlier in upland patches rather than lower patches 

of the field, therefore, the canopy may show water deficit symptoms earlier at upland patches with greater 

canopy variability than the lower areas. This variability can be used to signal the onset of water deficit and 

scheduling irrigation (Garner et al., 1981). CTVI can be expressed as follows; 

                   
( )= etemperaturcanopydaymidofdeviationSandardCTVI

 

On the basis of field experiment, Garner et al. (1981) found that the CTVI of fully irrigated corn was ± 0.30 

C and non-irrigated crop had CTVI as high as ± 4.20 C. Therefore, it was concluded that crops exhibiting 

CTVI > ± 0.30 C were in need of irrigation. 
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Introduction 

The insect-plant interaction is a complex relationship which involves a series of events and influenced by 

abiotic and biotic factors associated with each and every event. Generally, the insect –plant interaction 

categorized into 2 broad categories of interactions that are insect-plant mutualism pollination and plant –

insect food for defense relationships. The common types of interactions are competition, parasitism/ 

predation, mutualism, commensalism. When insects attack on plants, the number of chemical compounds 

produced by plants in the form of defense. Herbivorous insects use these chemicals as their cues for host 

plant recognition and through these insect attacks plants induce various morphological, chemical and 

physiological responses. Many specialist insects have developed mechanisms to overcome both constitutive 

and induced changes in plants. Thus insect-plant interactions have undergone a series of co-evolutionary 

events, where both parties have developed mechanisms to overcome the defense responses of other. 

Co-evolution and Host/Non-Host Odor Recognition 

The huge number of species of flowering plants on our planet (approximately 275000) is thought to be the 

result of adaptive radiation driven by the co-evolution between plants and their beneficial animal 

pollinators. The fossil record shows that pollination originated 250 million years ago. Recent studies 

provide evidence for rapid evolution of plant traits that confer resistance to herbivores when herbivores are 

present but for the evolution of traits that confer increased competitive ability when herbivores are absent. 

The way in which insects use plant volatiles to recognize their host plants, which usually involves blends 

of commonly occurring volatiles in specific combinations or ratios, has been reviewed previously. 

 

How Insect Responses Change Over Time 

Insects have a nervous system and the capacity to learn which has consequences for their responses to 

plant volatiles. Learning behavior, such as when an odor is associated with a reward, can affect the strength 

or even the type of response to plant stimuli. For example, hawk moths (Manduca sexta) are innately 

attracted to blends of particular night-blooming flowers, but, when there are not enough of these hawk 

moth-adapted flowers in the habitat, moths learn to associate the odors of bat-pollinated Agave palmeri 

flowers which have a completely different smell. Other biotic and abiotic stresses that change plant quality 

can also change the profile of volatiles emitted thus providing further information to foraging insects. 
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Insect Effectors 

Insect oral secretions contain specific proteins and chemicals as effectors to inhibit plant defenses but, with 

time, some plants have adapted to recognize some of these substances so that they may even trigger defense 

responses. For example, phloem feeding insects need to overcome plant physical defense mechanism based 

on plugging the sieve tubes with callose and required effectors for this. 

How Plants Recognize Insects? 

All living organisms face the shared challenge of detecting and responding to chemical stimuli from their 

external environment. Detection of molecules associated with attacking organisms is crucial for eliciting 

behavioral, physiological, and biochemical responses to ensure survival. Being unable to flee from attack, 

plants have had to evolve sophisticated ways of detecting attackers and it is becoming increasingly clear 

that they can detect and respond to a wide range of molecules. Three genes conferring resistance to insects 

have been identified in plants and are all members of the NB-LRR family: For example, the Mi-1 gene in 

tomato confers resistance to Macrosiphum euphorbiae; the Bph14 gene in rice confers resistance to 

Nilaparvata lugen. 

How do Plants Defend Themselves? 

1. Plants are producers of chemicals (primary and secondary metabolites) and insects are consumers. 

Plants display physical and chemical defenses adaptations against insects’ attack. Obviously, no insects 

utilize every plant species as food. No plant species is susceptible to attack by every species of plant feeding 

insects. The nutritional quality (dietary proportion) of plant tissues has influenced their use by insects in 

some instances.  

2. Nutrient-allelochemical interaction: Allomones reduces insect feeding and/ or fecundity by toxicity; 

some are also antifeedants or repellants. Some allelochemical have chronic effects on the development or 

reproduction of insects for eg: Maize variety resistant to the European corn borer (Ostrinia nubilalis). 

The Dual Role of Secondary Metabolites 

The glucosinolates and their hydrolysis compounds are highly toxic to the unadapted lepidopteran, the 

swallowtail butterfly Papilio polyxenes, but are feeding stimulant and provide host plant recognition clues 

for the adapted insects P. brassicae. 

Overcoming the Nutritional Hurdle by Utilizing the Alternative Niches 

When the larvae of the butterfly P. rape are fed on plants with different N levels, they are able to adjust 

their food intake and assimilation rate to stabilize the rate of N accumulation. On plants with low levels of 

available N, they eat more and assimilate N more efficiently than on plants with higher N level. 

Modifying the Nutritive Quality of Host Plant Tissues 

The relationship between the gall forming insects and their host plants is a remarkable example of insect 

plant interaction. Flower galls of the cruciferous plants are formed from the saliva of the gall midge. The 

flower galls are nutritive tissues. They provide food, not only for the larvae of the gall midge, but also for 

two other insects; thrips and another species of gall midge that colonize some of the developing galls. 

Overcoming Allelochemicals and Sequestering Plant Allomones 

In some situations, an increased level of dietary nutrient often mitigates the deleterious impact of 

allelochemicals on insect growth. For examples the deleterious effects of the soybean trypsin inhibitor are 

very much reduced when Helicoverpa zea is fed with a protein rich diet. Instead of detoxifying plant poison, 

several species of insects sequester and deploy the poison for their own pheromones system. 

Avoidance 

The phytophagous insects exhibit an array of avoidance behavior. Such as minimizing direct exposure to 

plant allelochemical and in certain instances, blocking inducible pheromonal communication and avoiding 

physical defenses. 
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Conclusion 

Ecological interactions between insects and plants are complicated and dynamic. What occurs in one system 

at one snapshot in time may not occur again at another snapshot at a different time and each insect–plant 

system has its own unique features. Both the insect and the plant can change over time: the insect changes 

because of learning behavior in the short term and by gene mutations in the longer term; the plant changes 

due to induced defense processes in the short term, epigenetic changes in the medium term, and gene 

mutations in the longer term. There is variation between different strains of both insects and plants. The 

genetic and temporal variability of biological material allows survival in an environment which is also 

dynamic and not entirely predictable. Interactions are complicated even further because the history of 

exposure to other associated insects can change the suitability of a plant to the insect being considered. 
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Pollination is vital to life on our planet. Bees Pollination caused by a simple process of transfer of a 

compatible pollen grain (male part) to the stigma of ovary (female part). If there is no pollination the flowers 

wither and produce no seed. Bees’ dependent on flowers for their food. Bees not only aid in pollination 

within a flower they also bring pollen from other plants for cross pollination thus widening the scope of 

gene pool and increasing biodiversity among plants visited by them Bee visits plants for its food, nectar 

and pollen. This floral fidelity of bees is due to their preference for nectars having sugar contents and 

pollens with higher nutritive values. Besides getting food for the bees as a result of their visit pollinate a 

number of crops. 

Qualities of Honeybees which Make them Good Pollinators 

1. Body covered with hairs and has structural adaptation for carrying nectar and pollen. 

2. Considered as superior pollinators, since store pollen and nectar for future use. 

3. No diapauses is observed and needs pollen throughout the year. 

4. Body size and proboscis length is very much suitable for many crops. 

5. Pollinate wide variety of crops and do not injure the plants. 

6. Forage in extreme weather conditions also. 

Effect of Bee Pollination on Crop 

1. It increases yield in terms of seed yield and fruit yield in many crops 

2. It improves quality of fruits and seeds 

3. Bee pollination increases oil content of seeds in sunflower 

4. Bee pollination is a must in some self-incompatible crops for seed set. 

Crops Benefited by Bee Pollination 

Fruits and nuts: Almond, apple, apricot, peach, strawberry, citrus, litchi, Guava. 

Vegetable and Vegetable seed crops: Cabbage, cauliflower, carrot, coriander, cucumber, melon, onion, 

pumpkin, radish and turnip.  

Oil seed crops: Sunflower, niger, rape seed, mustard, safflower, gingelly. 

Yield Increase Due to Bee Pollination 

Crop Per cent yield increase 

Mustard 43 

Sunflower 32-48 

Cotton 17-19 

Lucerne 112 

Onion 93 

Apple 44 

Scope of Beekeeping for Pollination in India 

Total area of bee dependant crops in India is around 50 million hectares. One hundred and fifty million 

colonies are needed to meet this, at the rate of 3 colonies per hectare. In India at present, there are only 

1.2 million colonies exist. Hence there is a wide scope for expansion of bee keeping for pollination in India. 
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Management of Bees for Pollination 

1. Place hives very near the field source to save bee's energy 

2. Migrate colonies near field at 10 per cent flowering 

3. Place colonies at 3/ha for Italian bee and 5/ha for Indian honey bee 

4. The colonies should have 5 to 6 frame strength of bees, with sealed brood and young mated queen 

5. Allow sufficient space for pollen and honey storage. 

Pollination by Bees - Case Studies with Selected Crops 

1. Sunflower: It is a cross-pollinated crop. The pollen of the plant cannot fertilize ovary of same plant. 

Pollen source should be from different plant. Hence, honey bees act as important agents for pollination in 

sunflower. In sunflower, yield increases even up to 600 per cent due to bee pollination. It improves quality 

and quantity of seeds. Oil content also increases by 6.5 per cent in seeds.  To achieve this, it requires five 

strong C. indica colonies or three A. mellifera colonies. Mostly irrigated crop is preferred by bees. 

2. Cucurbitaceous vegetables: Cucurbits are monoecious with staminate and pistillate flowers in same 

plant. Due to bee pollination fruit set increases up to 30 to 100 per cent. 

3. Alfalfa or lucerne: These plants have tubular flowers with 5 petals joined at base. They possess one 

large standard petal, 2 smaller petals on sides and 2 keel petals holding staminal column. When bee sits 

on a keel petal, stamina column strikes against standard petal resulting in shattering of pollen. This is 

called tripping. Seed set occurs only if bee sits to trips the flowers. 

4. Coriander: In coriander yield increases up to 187 per cent due to pollination. 

5. Cardamom: It is an important commercial crop depending on bees for pollination. Here yield increases 

up to 21 to 37 per cent. 

6. Gingelly: Another oilseed crop where bee pollination causes 25 per cent increase in yield. 

7. Apple: In apple seed set occurs only if it is pollinated by bees. Fruit is formed only around the seeds. If 

improper seed set occurs fruit shape is lopsided resulting in decreased market value. 

Other Fruit Trees 

All kinds of citrus, litchi, peach, apple, guava, jamun, date palm, apricot, quince, pear, almond, plum, 

loquat, phalsa, and cashew. 

Cultivated Field Crops 

Pigeon pea, lentils, clovers, Lucerne, mustard, rape, linseed, sesame, gingelly, buck-wheat, Cambodia, 

safflower, millet and sunflower. 

  
Honey bee on acid lime flower Inspection of Bee colony 

Vegetables 

All cucurbitaceous plants, okra, beans, turnip, radish, onion, brinjal, and sweet potato. 

 



 

 
Volume 04 - Issue 07 - July 2022       83 | P a g e  
 

Timber Trees 

Neem, Cassia fistula, Acacia, Albizzia spp., Kachnar (Bauhinia purpurea), eucalyptus, sandle-wood, 

raintree, wild cherry. 

Natural and Ornamental Flowers 

Cosmos, shoe flower, Golden rod, Cup & saucer, Tecoma stans, zinnia, coral creeper (Antigonon 

leptopus), rose, rangoon creeper, aster, wild rose (kuja), hydrangea, violet, portulaca, poinsettia, honey 

suckle, corn flower, coreopsis, dandelion etc. 

Biggest Threats to Pollinators 

The absence of an appropriate habitat for bees and other pollinators could lead to a decline in pollination. 

Mono-cropping, pesticides, diseases and higher temperatures associated with climate change all pose 

problems for populations and by extension, the quality of food we grow. Declining pollination can also pose 

problems to nutrition. 

Protection Measures for Farmers and Governments 

For farmers: Recommended practices include leaving some areas under natural habitat, creating 

hedgerows, promoting intercropping, reducing or changing the usage of pesticides, leaving nesting sites 

and planting attractive crops such as mustard, rai, toria around the wheat field and bajra, sesamum or til 

around the cluster bean fields etc.  

On a policy level: Based on a report by the Intergovernmental Science-Policy Platform on Biodiversity 

and Ecosystem Services (IPBES), governments should support a more diverse agriculture and depend less 

on toxic chemicals in order to facilitate an increase in pollination, leading to improved food quality and a 

surge in food quantity. 

It is now apparent that most of the pulses and oilseeds, fruits and orchard crops including vegetables 

heavily depend on bees for their pollination. The number of colonies of honeybees required per hectare very 

much depends on the strength of foraging bees in the colony, the crops and prevailing weather conditions. 

The optimum number of colonies of average strength may range from 3 to 9 colonies per hectare, since the 

bees usually forage within a radius of about 1 to 2 km to harvest their nectar and pollen loads, and then 

return to their own hive. 
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Introduction 

Increasing numbers of people often driven up demand for food, which results in additional use of arable 

land and water. Population and economic growth will result in doubling of demand for food globally. The 

population growth led to conversion of farm land to commercial land and housing areas. Food aid without 

simultaneous developments in local agriculture sectors does not provide a sustainable solution to food 

insecurity to population. 

Globally, the world is becoming more urban residents with high population density, without land to farm, 

their food security is dependent on their income and ability to purchase food products. 

"Increased production of food alone will not solve the worlds food security problem". 

Link Between Population and Food Production 

Most of the countries with the highest numbers of people facing food insecurity also have rapid population 

growth. Food production depends on croplands and water supply, which are under strain as human 

populations increase. 

Pressure on limited land resources due to population growth can mean expansion of crop land. This lead to 

destruction of vital resources or over exploitation of arable land. 
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Factors to Bring a Change 

 

Five Steps to Feed the World 

1. Freeze Agriculture's Footprint 

2. Grow MORE on Farms we've Got 

3. Use Resources More Efficiently 

4. Shift Diets 

5. Reduce Waste. 

Freeze Agriculture's Footprint: The forests and grasslands are converted to farmlands to increase 

production. The loss of whole ecosystems around the globe, forests continue to be cleared at alarming rates. 

Most of the land cleared for agriculture in the tropics not contribute food security but instead used to 

produce cattle, soybeans for livestock, timber and palm oil. Avoiding further deforestation must be a top 

priority. 

Grow more on farms we have got: The green revolution increased yields in Asia and globally. Using 

better crop varieties and more fertilizer, irrigation and machines-but with major environmental costs. The 

world can now turn its attention to increasing yields on less productive farmlands production levels and 

those possible with improved farming practices. Using high-tech, precision farming systems, as well as 

approaches borrowed from organic farming. We could boost yields in these places several times over. 

Use Resources More Efficiently: The green revolution relied on the intensive and unsustainable-use of 

water and fossil fuel-based chemicals. Commercial farming started to make innovative ways to target the 

application of fertilizers and pesticides by using computerized tractors equipped with advanced sensors 

and GPS. Growers apply customized blends of fertilizer tailored to their exact soil conditions,which helps 

minimize the runoff of chemical into nearby waterways. 

 
Organic farming: Organic farming can also greatly reduce the use of water and chemicals by 

incorporating cover crops, mulches and compost to improve soil quality, conserve water and build 
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up nutrients. Many farmers have also gotten smarter about water, replacing inefficient irrigation 

systems with subsurface drip irrigation. Advances in both conventional and organic farming can 

give us more "crop per drop from our water and nutrients". 

Shift Diets: It would be far easier to feed people if more of the crop we grew ended up in human stomachs. 

Today only 55 per cent of the worlds crop calories feed people directly; the rest are fed to livestock 36 per 

cent or turned into biofuels and industrial products 9 per cent. Finding more efficient ways to grow meat 

and shifting to less meat intensive diets free up substantial amounts of food across the world. The use of 

food crops for biofuels could also go a long way towards enhancing food availability. 

 

Reduce waste: An estimated 25 per cent of the worlds food calories and up to 50 per cent of total food 

weight are wasted before they can be consumed. Waste occurs in homes, restaurants or supermarkets. In 

poor countries food is lost between the farmer and market, due to unreliable storage and transportation. 

Consumers can reduce waste by serving smaller portions, eating leftovers, encouraging cafeterias, 

restaurants and supermarkets to develop waste reducing measures. Of all the options for boosting food 

availability, tackling waste would be one of the most effective. 

 

Actions to Overcome with the Less Agriculture System and More Population 

1. Continuously, the government is taking an action to overcome the problem of the agriculture system and 

the increasing ratio of the population. 
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2. A very effective planned step has been taken by the government by launching various schemes NGO’s, 

organization institutions by creating awareness programs and finding the best results to deal with the 

major situation. 

3. Better campaigns run by the government to educate people in terms of population and getting the better 

resource of the agriculture in India. 

4. The government has launched various programs and schemes for the upliftment of the farmers and the 

rural sectors. 

5. PM Kisan Yojna, PM Samman Nidhi Yojna is the primary schemes launched by the government to 

provide benefits to the farmers by increasing the income and other sources of income through these schemes 

and plans. 

6. The largest NGOs, Government organizations, and institutions are participating at a larger scale for the 

growth of the economy and awarding the people regarding the importance of livelihood through the 

agriculture system. The people can sustain their life through own and live peacefully and comfortably. 

Conclusion 

Agriculture and the population of India are vice versa because the population of the country depends upon 

the agriculture system on food, water and livelihood. The agriculture system is the major procurement for 

the needs of the people and thus it should be focused systematically and independently. 

Various tools and machinery, crop production activities need to be focused on for the better growth of the 

farming system, and for this, the government should take a keen interest in providing the good quality of 

food and other primary needs to the people at good quality and quantity. 

For this, various programs are also launched by the government to provide a better system in agriculture. 

The population of the country is vast so it’s the duty of the people to protect and keep our agricultural 

livelihoods safe for the future concern. This can be possible if followed with all the safety measures 

undertaken by the government plans and policies. Several plans and strategies should be taken by the 

farmers to increase the growth of the agriculture system that also helps in increasing the economy of the 

country. 
  

https://khetigaadi.com/blog/dbt-agriculture/
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Nature has thrived on this planet for 3.8 billion years adapting to changing circumstances and overcoming 

its own challenges without destroying the environment.   It is a living library made up of animals, plants, 

microbes and many more organisms that hold the secrets to success for all life. According to Swan and 

Swan (1994), over thousands of years, nature has been building ecosystems that, starting from barren soil, 

have been able to develop harmoniously and interact with other ecosystems in such a way that the planet 

has extremely efficient and beautiful “self-regulating forces”.  Humans have relied on his intellect to invent 

and evolve to suit his living but, this often has been at the expense of natural resources and environmental 

quality, the impacts of which threatens the very existence of life on earth. Many of the challenges man 

faces has its solution in nature. The design concept of biomimicry looks into the natural processes and 

structures, using them as inspiration to tackle the global challenges.  These systemic, nature-inspired 

solutions exist to lessen, and ultimately reverse humanity’s negative impact on the planet, regenerating 

ecosystems and revitalizing human systems. 

Biomimicry/ Biomimetics- Concept and Definition 

Biomimicry had given rise to new technologies inspired by biological solutions at macro and nanoscales. 

The term “biomimetics” originated from the Greek word’s “bios” meaning life and “mimesis” meaning to 

imitate, and was coined by the biophysicist, Otto Schmitt in 1957. Biomimicry is defined as a science that 

studies nature's ideas and then imitates these designs and processes to solve human problems (Benyus, 

2002) and is synonymous with the terms such as biomimetics, bionics, bio-inspiration, and biognosis.  

Biomimetics is centered on the idea that there is no model better than nature for developing something 

new and has produced excellent results in productivity and function (Hwang et al., 2015). More specifically, 

biomimicry could be considered as a creative form of technology that uses or imitates nature to improve 

human lives. It has been called by different names such as “intellectual structure” in Japan and “smart 

material” in the USA. Humans have heavily impacted nature with industrialization and resource 

extraction; however, biomimetics can help to avoid this pattern. Biomimetics or biomimicry goes beyond 

simply using natural properties as the basis for innovation of new products.  

Biomimcry is a broad field with a long history and is being adopted in everyday life without our knowledge. 

From knives and axes inspired by the dental structures of currently extinct animals to the strongest 

cutting-edge carbon nanomaterials, it evolved along with human history. Leonardo da Vinci’s (1452–1519) 

work is a fundamental example of biomimicry. He designed a “flying machine” inspired by the wings of bats 

(Vincent et al., 2006). Later in 1903, The Wright brothers took note of the pigeon wings and made a powered 

airplane that succeeded in human flight for the first time. 

Biomimicry Elements 

The practice of biomimicry entails three intertwined, but cogent elements which represents the foundation 

of the biomimicry (Singh and Nayyar, 2015).  These three elements include emulate, ethos, and (re)connect. 

A properly balanced application of these three elements would ensure the sustainability of bio-inspired 

designs and solutions which is the overarching goal of biomimicry. 

The emulate element: This represents the elements that bring together the patterns, principles, 

strategies, processes and functions exhibited by nature to inform design solutions. The emulate element 

describes the sole purpose of biomimicry (sustainability) in any area of its application.  

The ethos element: This element forms the essence of intentions, ethics and underlying philosophy of 

biomimicry. It represents human respect for, responsibility to, and gratitude towards the natural world 

and ecosystem. 
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The (re)connect element: This entails the practice and mindset that explored and deepen the 

relationship between human beings and the rest of the natural world and ecosystem. These elements 

authenticate the understanding that, while seemingly separate, human and natural worlds are deeply 

interconnected. It is also important to note that both the human and the natural environment functions 

best and maximally when the intertwining of both is maintained and enhanced. Sustaining this 

relationship will therefore be beneficial for a sustainable co-existence of both the human and the natural 

environment. With this understanding, exploitation of the natural world for its resources will be drastically 

reduced. 

Examples of Biomimicry 

The submarines inspired from the shape and movement of sharks, swim fins inspired from webbed fins of 

mallard duck, wet suit inspired from the beaver fur, sonar inspired from the mechanism used by dolphins 

for the detection of obstacles, gecko feet inspired climbing pads, bat echo location inspired ultra - canes for 

the blind, mosquito proboscis inspired micro needles are some of examples of biomimicry. Velcro which is 

a commonly used material in human life was discovered by Swiss engineer George de Mestral in1941. He 

was greatly inspired by the way the burrs tangled on his dog’s fur while they went for a walk. Velcro was 

made by mimicking surface covered in tiny hooks and partnering it with a surface covered in tiny loops, 

resulting in the useful product. Another classical example of biomimicry is the wind turbines which 

incorporated in its design the hump like projections found on the fins of Humpback whale. 

Biomimicry Design 

According to Espinosa et al. (2011), the biomimicry design is spiral. It includes steps such as identify, 

interpret, discover, abstract, emulate, evaluate and identify. 

This would be made clearer with the help of bullet train as example. The introduction of Shinkansen bullet 

trains in Japan was a breakthrough in the field of transportation. But one of the major problems identified 

was the massive amount of noise produced due to the displacement of air ahead of the trains. As the trains 

entered tunnels it would create a loud shock wave known as “tunnel boom” resulting in the damage of 

tunnels. The problem was interpreted with the nose shape of the train. The manager of the train was an 

ardent bird watcher and he on close observation discovered that kingfisher dives perpendicular to the 

surface of the water when hunting, causing minimal splashing, thus proving no warning to the prey. The 

reason behind this movement was assessed as the peculiar beak shape of kingfisher. The designers decided 

to mimic the beak’s design to the bullet rain nose. The modified design was evaluated and it was observed 

that trains were 10 percent faster, consumed 15 percent less electricity and most importantly, no more 

“boom”. Thus, the design was identified best for use and was adopted in large scale (Wai et al., 2011). 

Levels of Biomimicry 

Biomimicry delivers on a triadic level (natural form, natural process, and natural ecosystems) of increasing 

requirements regarding sustainability (Dar et al., 2018) to achieve solutions, designs and innovations that 

awe in terms of their sustainable performance. These levels serve as the inspirational eyes through which 

biomimicry is perceived and thereafter applied in proffering sustainable solutions to human challenges. 

The objective of holistic sustainability in biomimicry can, however, be guaranteed and achieved when 

applied up to the third level (natural ecosystems).  

Natural form: This describes emulating a part of the whole structure/form of an organism. It is the most 

straightforward level of biomimicry. It could be the emulation of the pattern, shape or microstructure of a 

surface, such as a lotus leaf, or a larger trait that can be observed with the naked eyes, such as the 

kingfisher’s beak. Although, applying biomimicry at this level will solve a defined challenge, however, there 

is no assurance that it will culminate in an eco-friendly solution (Kenny et al., 2012). 

Natural process: This is a deeper level of biomimicry application as it relates to the emulation of the 

processes operational in the natural world. For example, nature is known to assemble structure at ambient 

temperature and pressure using non-toxic chemistry (mostly water) compared to the human method of 

bending, melting, casting and manipulating huge blocks or raw materials at extremely high temperatures 

and pressures. 
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Natural system: This is the deepest and most holistic level which entails studying and emulating the 

behaviour and performance of natural organisms concerning their ecosystem. Natural organisms survive 

and sustain themselves due to their ability to operate and perform in tandem with their natural ecosystem. 

Biomimicry application at system level, assures sustainable solution to human challenges.  

In 1997, biomimicry was popularized by scientist and author Janine Benyus in her book Biomimicry: 

Innovation Inspired by Nature. In her book, she suggested looking to nature as a "Model, Measure, and 

Mentor" and emphasizes sustainability as an objective of biomimicry (Beynus, 1997). From there the 

science biomimicry has evolved a long way and is having different fields of application. Architecture, 

medicine, locomotion, packaging, agriculture etc. are some of the major sectors where biomimicry is being 

used extensively (Knippers et al., 2016). 

Benefits and Barriers and Future Prospects 

The benefits of biomimicry include saving energy, redefining and eliminating waste production, better 

performance and lowered material cost. Holding hands with the advantages are the challenges, lack of 

awareness about biomimicry, difficulty in assessing the working principles and emulating certain designs 

and high investment required especially in commercialization of the design.  

The future prospects are given here: 

1. Innovations that can support energy efficient, non- toxic products to build a more sustainable world. 

2. Integrating nanotechnology, biomimetic engineers’ investigations can be made at the scale of single cells 

3. Incorporating biomimetic design into nanotechnology, biomedical engineering has potential to 

significantly impact and create abundant value for human society in the future.  

4. A biomimicry innovation accelerator or consulting firm with very strong business support. 

5. Cross-field continuing education for industry professionals, especially to gain experience and confidence 

in workshop/laboratories. 

Conclusion 

Today there is a huge need for advancement in technology as there is constant change to make things more 

efficient. Accumulating creative ideas as a foundation, mankind has accelerated the speed of development 

and evolution of civilization. However, such rapid industrialization has resulted in environmental pollution 

and a depletion of natural resources that are threatening the survival and future of humanity. As a result, 

it has become critical and urgent to find alternative methods to engineer materials, products, and services.  

The field of biomimicry contains potential for new innovations that can support energy efficient, non- toxic 

products to build a more sustainable world. Biomimicry has forged new paths on the road to sustainability 

and helped create a new relationship between humans and nature. 
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Introduction 

Southwest monsoon is perhaps the most important feature of India’s climate, because it is very critical for 

Indian agriculture. Therefore, long- term trends in the southwest monsoon overlap with economic security. 

A recent study by IMD on monsoon variability over a 30-year period (1989-2018) is a wakeup call. UP, 

Bihar and West Bengal are three of five states that have shown a significant decreasing trend in the 

southwest monsoon. These states have a large bearing on India’s agriculture output. 

With around 55% of India’s arable land dependent on precipitation, the amount of rainfall during the 

current monsoon season could sway economic activity in the agriculture sector and industries linked to it. 

The shift in monsoon may entail grave consequences for India’s economy, food systems and people’s well-

being. Therefore, remedial measures must be taken before it is too late. 

Monsoon & Agriculture Linkage 

1. The Southwest monsoon plays a crucial role in India’s agriculture and affects the livelihood of a fifth of 

the world’s population. 

2. About 80 per cent of the annual precipitation over India occurs during the summer period, supplying 

water to crops during the prime agricultural season. Monsoon friendly crops with a high requirement of 

water like sugarcane, jute and paddy can easily be cultivated during southwest monsoon. 

3. The agriculture sector in India is both economically and politically important. The industry accounts for 

around 14% of the country’s $2.7 trillion economy and 42% of total employment. 

4. Further, about one-third of India’s manufacturing output - which makes up around 18% of the country’s 

gross domestic product - is linked to turning agricultural products into food. 

Therefore, too much rainfall or too little or a volatile monsoon pattern, can damage crops. 

Impact of Changing Monsoon 

Depletion of Water Table:  In India, a little over 50% of India’s net sown area is under rainfed farming and 

a large part of the irrigated area depends on groundwater extraction through borewells, which needs to be 

recharged with the groundwater. 

In the event of a poor monsoon, these aquifers may not get adequately recharged, leading to water 

crisis. Further, according to a NITI Aayog’s report, nearly 21 Indian cities - including New Delhi, 

Hyderabad and Chennai - could run out of Thus, the Indian government needs to put a high priority 

on investing heavily in improved water storage systems for the agricultural sector.  

Impacting Electricity Generation: Monsoon rains can be harnessed as hydropower, a valuable energy 

resource. Hydropower currently provides 25% of India’s electricity.Reservoirs are filled during the 

southwest monsoon rains and then the water is gradually released through dams, turning turbines to 

create electricity year-round.During years when there is little monsoon rainfall, the reservoirs are not 

replenished, limiting the amount of hydroelectric power produced during the year. 

Impacting Inflation: Normal monsoon rains keep a check on food inflation due to availability of food 

produce. However, in a situation of drought, prices soar significantly. 

Also, if a poor monsoon results in less crop output, the country may need to import. 

It also impacts as many as a dozen sectors which depend on monsoon either directly or indirectly 

Fiscal Burden: Multiple crop failures may require the government to actively support farmers. Most 

likely, it may prompt the government to raise minimum support prices for all of the current season’s crops 

to help support farmers’ incomes. 
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This will have a diminishing effect on investments into agricultural investments. 

It would be worthwhile to give high priority to "more crops per drop" approach, rainwater 

harvesting, aquifer recharge, revival of water bodies and conservation technologies. 

Conclusion 

Global climate change is not a new phenomenon. The effect of climate change poses many threats; one of 

the important consequences is bringing about changes in southwest monsoon and its impact on agriculture. 

As India has set a target of halving greenhouse gas emissions by 2050. There is an urgent need for 

coordinated efforts to strengthen the research to assess the impact of climate change on agriculture, forests, 

animal husbandry, aquatic life and other living beings. 

Way Forward 

Steps to reduce Dependency on Monsoon: 

The Water Resources Projects are planned, funded, executed and maintained by the State Governments 

themselves, as per their own resources and priority. In order to supplement their efforts, Government of 

India provides technical and financial assistance to State Governments to encourage sustainable 

development and efficient management of water resources through various schemes and programmes such 

as, Accelerated Irrigation Benefits Programme (AIBP) under Pradhan Mantri Krishi Sinchayee Yojana 

(PMKSY) etc. 

During 2016-17, ninety-nine (99) on-going Major/Medium irrigation projects under PMKSY- AIBP, having 

ultimate irrigation potential of 76.03 lakh hectares at an estimated cost of Rs. 77595 Crore (Central 

Assistance component of Rs. 31342 Crore) have been prioritized in consultation with States, for completion 

in phases up to December, 2019, along with their Command Area Development & Water Management 

(CADWM) works. Funding mechanism through NABARD has been approved by the Government for both 

Central and State Shares. 

Ministry of Agriculture and Farmers Welfare through ICAR-Central Research Institute for Dryland 

Agriculture (CRIDA), Hyderabad, has prepared detailed crop Contingency Plans for 650 districts. States 

have been advised for preparing, updating, and fine-tuning Contingency Plans for each district in 

consultation with CRIDA-ICAR and the State Agriculture Universities and to prepare location specific 

remedial measures based on these contingency plans in the event of late arrival of monsoon, long dry spells, 

scanty rainfall, drought conditions, tying up availability of seeds and other inputs for implementing the 

Contingency Plans. 

To mitigate the advance impact of drought, State Governments are advised to initiate advance remedial 

action e.g., constructing water harvesting structures under MGNREGA and other such schemes, promoting 

agronomic practices for moisture conservation, promoting cultivation of less water consuming crops and 

restoring irrigation infrastructure by desilting canals, energizing tube- wells and replacing/repairing faulty 

pumps. Further, the States are also advised to carry out periodic assessment of preparation for kharif crops, 

particularly contingency crops. 

States have been advised to keep aside about 5 to 10% of fund allocated under Rashtriya Krishi Vikas 

Yojana (RKVY) for undertaking appropriate interventions, if the situation so warrants, to minimize the 

adverse impact of an aberrant monsoon on the agriculture sector. The Central Government implements 

Centrally Sponsored Schemes (CSS) / Central Sector (CS) Schemes such as Pradhan Mantri Krishi Sinchai 

Yojana (PMKSY), the Rainfed Area Development Programme (RADP), National Rural Drinking Water 

Programme (NRDWP), etc. which contribute towards drought proofing. Twenty five percent of total outlay 

for all CSS Schemes (except for schemes, which emanate from a legislation, e.g., MGNREGA), can be used 

as flexi funds to enable mitigation/ restoration activities in cases of natural calamities. 

Kisan Portal subsumes all mobile based initiatives in the field of agriculture and allied sector. Officers, 

Scientists and Experts from all organizations and Department of the Government of India and State 

Governments {including State Agricultural Universities (SAUs), Krishi Vigyan Kendras (KVKs) and Agro- 

Meteorological Field Units (AMFUs)} are using this Portal for disseminating information (giving topical & 

seasonal advisories and providing services through SMSs to farmers in their local languages) on various 

agricultural activities to registered farmers. 
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The Department of Land Resources (DoLR) has sanctioned 8214 watershed development projects in 28 

States (except Goa) from 2009-10 to 2014-15, covering an area of about   39.07   million hectares under the 

Integrated Watershed Management Programme (IWMP). IWMP was amalgamated as the Watershed 

Development Component (WDC) of the Pradhan Mantri Krishi Sinchayee Yojana (PMKSY) in 2015-16. An 

amount of Rs.18429.37 Crore has been released to the concerned States as Central Share from 2009-10 to 

2019-20 (upto 31.12.2019) under WDC-PMKSY. 

The activities being undertaken inter alia include ridge area treatment, drainage line treatment, soil and 

moisture conservation, rain water harvesting, nursery raising, afforestation, horticulture, pasture 

development, livelihoods for asset less persons etc. 
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Introduction 

Grafting is the process of joining two living plant parts to modify them and let them grow as a single plant. 

It is a method in which two living plant parts are used to assemble them with each other so as to let a 

single plant grow out of them. These parts are called as the Rootstock and Scion. The new root system is 

called the rootstock and the top part of interest or cultivar is the scion (Ahmed, 2019). Rootstock is the 

grounded part of the plant. It is selected by keeping in mind its resistance and tolerance towards biotic and 

abiotic pressure and change. Scion, on the other hand, is the part of the plant which is above the ground. 

It is selected on the basis of its quality, yield and other characteristics. 

The history of using the method of grafting can be traced back to 1920s. It was used to produce vegetables 

and fruits in Japan and Korea. Watermelon was the main fruit modified by grafting. It was mounted onto 

Squash rootstock to prevent Fusarium wilt (Lee et al., 2010). Afterwards, watermelons were grafted over 

Bottle gourd, Eggplant over Scarlet in 1950s. Grafting was popular in North America under European 

influence in the last part of the 20th century. Currently, 81% of Korean and 54% of Japanese vegetable 

cultivation uses grafting. 

The use of this technique is mainly carried out for intensive cropping systems like greenhouse 

production. it is a major component of an integrated management strategy for managing soil borne disease 

and increasing crop productivity. 

Advantages of Grafting 

Grafting is advantageous due to a number of reasons: 

1. The yield and production are greatly determined by the biotic and abiotic pressure and modifications 

and better yield is possible. 

2. Grafting has been impressively used as a replacement of using chemical fungicides and pesticides against 

the disease-causing pathogens present in the soil. it helps in development of tolerance against diseases and 

nematodes. 

3. Grafting has been helpful in the organic production of vegetables as it erases out the use of harsh 

chemicals for the control of diseases. Grafting is eco-friendly also. 

4. It is advantageous in providing high temperature tolerance, enhanced nutrient uptake, enhanced water 

uptake, high salt tolerance, wet soil tolerance, heavy metal and organic pollutant tolerance, quality 

changes, extended harvest period, multiple and/or successive cropping (Ranjan,2015). 

Objectives of Vegetable Grafting 

1. Resistance against diseases. 

2. Withstanding lower temperatures 

3. Withstanding higher temperatures 

4. Tolerance to salt 

5. Tolerance to flood 

6. Better yield 

7. Quality characteristics. 

Grafting has been advantageous in numerous ways. For example, Watermelon grafting makes it withstand 

drought, heat and fruit flies. It has improved yield and quality. Likewise, resistance against Fusarium Wilt 

and Powdery Mildew has also been achieved. The same results have been seen in Cucumber grafting. 

Tolerance against Root knot Nematode and abiotic pressure along with improved production in Tomato 
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grafting has been the highlight. Similarly, positive results with respect to quality and disease resistance 

have been witnessed in Chilli and Okra. 

Basic Requirements of Grafting 

The following are the prerequisites for a successful grafting: 

1. Root stock and Scion: selection of root stock and scion is based on same stem diameter. Compatability 

between stock and scion is also very important. Compatability between the two helps in reducing the 

Mortality rate even in later stage of growth 

2. Grafting Aid: it is done with the help of Grafting clips, Tubes, Pins, and Grafting Blade. 

3. Screen House: it is made with 60-mesh nylon net used for growing seedlings prior to grafting 

4. Healing Chamber: Temperature range and relative humidity in healing chamber should be 28-29o c 

and 95% respectively for the growth of callus formation in seedling for 5-7days. This also helps in better 

attachment of scion and rootstock by reducing light intensity, transpiration with the help of controlled 

temperature and humidity. 

5. Acclimatisation Chamber: acclimatization of the grafted plants is done after callus formation end, 

when wounded surface are healed properly then the grafted plants are shifted to mist chamber of 

greenhouse or placed under clean plastic to prevent leaf burning and wilting. 

Techniques of Grafting 

1. Cleft Grafting: It is also called apical or wedge grafting. This method is one of the simplest and the 

easiest. It is suitable for those rootstocks which are with broad hypocotyls. It can be applied to all 

vegetables. Here, a cut around 15 cm deep is made and the graft is fixed into this cut and sharpened with 

clips which are removed after 7-10 days. This is done in mainly Solanaceous crops 

2. Tongue Approach Grafting: It is mainly used by farmers and small nurseries. it is labour intensive 

and needs adequate space. It has an impressive survival rate. This method is not usually used for hollow 

hypocotyl rootstocks. In this method, the Rootstock and the Scion are joined with each other and clipped. 

3. Hole Insertion or Top Insertion Technique: It is widely used in Cucurbits, plants with hollow 

hypocotyls in rootstock and scion. Large number of grafts can be produced. Humidity at 95% must be 

sustained for successful grafting. A temperature of 21-36 degree Celsius must be sustained from healing to 

transplanting. 

 

4. Slanting Technique: In this method, the scion is slanted into the rootstock and clipped. This is widely 

applicable to most vegetables. The grafted plants are sustained in darkness at 250 Celsius temperature. 

Humidity at 100 percent is needed for the first three days for the successful union of the graft. 

5. Tube Grafting or Japanese Top-Grafting: It is carried out when the plants are very small and the 

rootstock and scion are held together with a 1.5–2 mm silicone clip or tube which is used to join the two 
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plant parts (Rivard and Louws , 2006). Widely used in Tomato and Brinjal, this method of grafting is 

somewhat similar to slanting method except for the use of the tube. 

6. Automated Grafting Method: In 1993, a partially automatic grafting mechanism was commercially 

used. Such grafting equipment can produce as many as 350-600 grafts per hour with just a couple of 

operators. The automated grafting machines are time-efficient and successful with a success rate as high 

as 93%. 

Conclusion 

Vegetables are affected by large no.  of biotic and abiotic stresses which result in lower productivity and 

poor quality. Another concern is indiscriminate use of pesticides and fungicides to control such diseases 

which pose a potential risk to humans and other life forms and unwanted side effects to environment. 

Among the biotic stresses vegetable industry suffer a lot from soil borne diseases. The development of 

resistant variety is the best solution for cultivation in the disease-prone areas. Grafting can bypass some 

of these barriers to make superior genetic stocks available to the farmers where the technique quickly and 

directly combines the traits of two plants, one providing a root system (rootstock) and the other providing 

a shoot (scion). However, grafting is more advantageous in avoiding soil-borne diseases such as Fusarium 

wilt in Cucurbitaceae (Cucumber, melon etc.) and bacterial wilt in Solanaceae (tomato, pepper etc.). 
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Allahabad Surkha Guava 

A famous poet Akbar Allahabadi from Prayagraj had once remarked in the late 1800s that the guava 

of Allahabad is a divine fruit whose rightful place is in the land of God. His words it would appear carries 

tremendous weight as over the years, Allahabad Surkha Guava is often called as a heavenly delight by all 

who have had the pleasure of eating it.  “Allahabad surkha” popularly known as an apple-shaped guava 

that is unique and different as compared to guavas grown in other parts of India. This has a juicy succulent 

deep pink colour inside instead of the typical white colour and an apple-red exterior and hence, the name 

“surkha” (meaning red). Allahabad Surkha Guava was given the Geographical Indication Tag (GI) in 2007 

– 08 for its sweet smell and irresistible taste. 

 

Malihabad Dusseheri 
Dusseheri has a lot of history behind it with its deep connections to the Nawab of Lucknow. Even today, 

there is what is called as the original Dusseheri tree in the property of the descendants of the Nawab of 

Lucknow which according to the Mango Institute of Lucknow is at least about 300 years old if not more. 

This is deemed as the mother tree in Dusseheri village of Kakori. The mango is never sold and the first 

fruit of the season is presented to the Nawab. The fruits are hand-picked, arranged in a basket and offered 

to the Nawab’s family who, also have a mansion called Dusseheri House. This sweet juicy Dusseheri mango 

received the Geographical Indication Tag (GI) in 2009.  A small little place called Dusseheri about six miles 

from Malihabad lends its name to one of the most well-known commercially grown mangoes in the 

country. 
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Sikkim Chillies 

Sikkim’s famous red hot cherry pepper “Dalle Khursani” has earned its Geographical Indication (GI) tag 

from the Department for Promotion of Industry and Internal Trade. Dalle Khursani has a range of 

1,00,000 to 3,50,000 SHU (Scoville Heat Units) and is considered one of the hottest chillies in the 

world. Another pepper called ‘Bhut Jolokia’ grown in the neighbouring states of Arunachal Pradesh, 

Manipur, Assam, and Nagaland has a SHU range of 8,55,000 to 10,41,427. 
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Dalle Khursani is well known for its unique flavour and high pungency. It belongs to the family 

Solanaceae and genus Capsicum. Its plant grows up to 100-130 cm height in an open field and 150-180 cm 

height in greenhouse conditions. Dalle Khursani is added to sauces, pickles, and pastes to increase 

their pungency and make them more flavourful. It is rich in vitamin A, vitamin E, vitamin C, and 

Potassium, while low on Sodium. A 100gms of fresh Dalle Khursani has 240 mg of vitamin C (5 times higher 

than that present in an Orange), 11000 IU of vitamin A, and 0.7 mg of vitamin E. 

Manipur Black Rice 

The Black Rice of Kakching have recently been granted the Geographical Indication (GI) tag under 

agricultural products of the Geographical Indications of Goods (Registration & Protection) Act of 1999. 

Chak-Hao, a scented glutinous rice which has been in cultivation in Manipur over centuries, is 

characterised by its special aroma. It is normally eaten during community feasts and is served as Chak-

Hao kheer. According to the GI application filed, this rice takes the longest cooking time of 40-45 

minutes due to the presence of a fibrous bran layer and higher crude fibre content. 

 

Assam Lemons 

One of the most crucial and well-known products (Got the GI Tag) of the north-eastern state of Assam is 

the Kaji Nemu, often known as the Assam Lemon. Kaji Nemu (Assam Lemon) is rectangular and 

elongated in form. It has a skinny smooth rind with tender juicy white pulp and a heady aroma. This variety 

of lemon is way bigger in dimension than the common lemon and is broadly utilized in culinary 

preparations, drinks and to arrange medicines. This natural lemon selection has immense potential within 

the beauty in addition to pharmaceutical trade. 
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Goa Chillies 

The Khola Chilli of Goa also known as ‘Canacona Chilli’ and ‘Kholchi Mirchi’ is harvested on the slopy 

hills of Khola village in Canacona taluka region of Goa in which the local soil and climate play a favorable 

role in maintaining the growth and quality of this chilly. Chilli is known for its taste and colour. Grown 

only under the rainfed conditions, this famed chilli comes with the uniqueness of brilliant red colour 

coupled with a medium-pungent flavor. 

 

Gulbarga Tur Dal 
Soon the “Gulbarga Tur Dal” could receive the Geographical Indication (GI) tag, giving Kalaburagi 

district, often called the “Red Gram Bowl” of Karnataka,  a feather in its cap. The high calcium and 

potassium content of the soil in the Gulbarga tur dal-growing region has been one of the major factors for 

its superior quality. Gulbarga tur dal has a good taste and aroma compared to that grown elsewhere. 

It also takes less time to cook. 

 

Kashmir Saffron 

Saffron cultivation has been associated with traditional Kashmiri cuisine and represents the rich cultural 

heritage of the region. It is a very precious and costly product. It has longer and thicker stigmas, natural 

deep-red colour, high aroma, bitter flavour, chemical-free processing. It also has a high quantity of crocin 

(colouring strength), safranal (flavour) and picrocrocin (bitterness). 

 
  



 

 
Volume 04 - Issue 07 - July 2022       101 | P a g e  
 

Socio Cultural Differences’ Effects Over Development 
Article ID: 37535 

Pinki1 

1Phd scholar, Chaudhary Charan Singh Haryana Agricultural university Hisar (125004). 

 

 
 

Introduction 

The society and culture in which one grows up influence everything from developmental milestones and 

parenting styles to what kinds of hardship one is more likely to face. While biological milestones such 

as puberty tend to be universal across cultures, social milestones, such as the age at which children begin 

formal schooling or individuate from their parents, can differ greatly from one culture to the next. Effective 

parenting styles also vary as a function of culture. Race and racial stereotypes can have detrimental effects 

on a child’s development. Children are taught the stereotypes that go along with their race(s) and the races 

of others, and these stereotypes can have a strong influence on their development.  

Developmental Milestones 

The normative approach to development examines the question “What is normal development?” In the 

early decades of the 20th century, normative psychologists studied large numbers of children at various 

ages to determine the average ages at which most children reach specific physical, cognitive, 

and psychosocial milestones in development. Not all of the milestones were universal, meaning they are 

not experienced by all individuals across all cultures. 

 
Biological milestones such as puberty tend to be universal, while social milestones, such as the age at which 

children begin formal schooling or individuate from their parents, can differ greatly across cultures. 
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Parenting Style 

Effective parenting styles also vary as a function of culture. While the authoritative parenting style 

(characterized by the parent giving reasonable demands, setting consistent limits, expressing warmth and 

affection, and listening to the child’s point of view) is the style that is most encouraged in modern American 

society, this is not necessarily the case in other cultures. American children raised by authoritative parents 

tend to have high self-esteem and social skills. In contrast, authoritarian parenting (characterized by 

parents placing high value on conformity and obedience, tightly monitoring their children, and expressing 

less warmth) is seen as more beneficial in other cultures. For instance, first-generation Chinese American 

children raised by authoritarian parents did just as well in school as their peers who were raised by 

authoritative parents. 

Race, Class, and Intersecting Identities 

Race and other identities are often sites of discrimination and oppression in societies; as such, they can 

have a tremendous impact on childhood development. Many countries are very racialized society, and 

children—especially children of color—often become aware of the dynamics of racism at a very young age. 

Children are taught the stereotypes that go along with their particular race(s), as well as the races of 

others, and these stereotypes can have a strong influence on their development. 

Stereotype Threat 

Stereotypes and racialized expectations often contribute to stereotype threat, in which a child 

experiences anxiety or concern in a situation that has the potential to confirm a negative stereotype about 

his or her social group. For example, if an African-American child is given the message that black people 

are not as “smart” as white people, she may worry if she is not doing well in school because it will, she 

fears, confirm the negative stereotype. Importantly, stereotype threat has been shown to be something of 

a self-fulfilling prophecy—not because the negative stereotype is accurate, but because fear of fulfilling 

that stereotype can lead to additional anxiety, which in turn can reduce performance. For example, 

stereotype threat can lower the intellectual performance of black students taking the SAT, due to the 

stereotype that they are less intelligent than other groups, which may cause them to feel additional 

pressure and anxiety. 

Impact of Social and Cultural Factors on Personality 

Social and cultural factors play an important role in shaping our personality. Family is the most important 

source of influence on our personality. Children from healthy families are much well-adjusted as compared 

to children from broken homes. Besides family, school and teachers also have a considerable influence on 

us. 

For example, a child who has studied in a coeducational, secular, urban school will have a completely 

different personality as compared to one who has studied in a religious non- coeducational school located 

in a backward region. Peer group, mass media and cultural environment also considerably shape our 

personality development. 

Social Factors that Shape Personality 

1. Home Environment and Parents: Family is one of the most important factors shaping an individual’s 

personality. It is the child’s first school where socialization takes place. Parents serve as a model that the 

child imitates. Their influence is considerable on the child. Parents influence the development of a child’s 

personality in a wide variety of ways. Children learn the moral values, code of conduct, social norms and 

method of interacting with others from parents. Psychological research has shown that children of anxious 

parents become anxious. They have observed that certain interactions within families and early 

relationships can set the stage for children to develop neurotic life styles in later life. For example, parents 

who overprotect or give very little freedom to children may prevent them from developing independent 

personality and effective coping techniques required in adult life. 

2. School Environment and Teachers: They also influence our personality. Some schools give more 

emphasis on formation of certain personality traits as compared to others. This is the reason why parents 
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insist that their children should get admission in a particular school. The school environment in a municipal 

school is generally found to be less stimulating as compared to that in private schools. 

Teachers, like parents, influence us considerably. Critical, punitive and over controlling teachers are “likely 

to create helplessness and aggression among children. Teachers have the power not only to motivate 

children but also to influence them to model many aspects of their behavior or personality. Teachers play 

an important role in the normal development of children. 

3. Peer Group: The influence of the peer group on the behavior and personality of a child is felt from 

primary school years. Peer group refers to other children of the same age who study with or play with the 

child. Peer group is much more influential than siblings (brothers or sisters) or parents. 

Even at preschool age, playmates are highly influential. Children imitate peers and like to be like them in 

many respects. The peer group serves as an important reference group in shaping personality traits and 

characteristics of the growing child. 

4. Sibling Relationship: Sibling means a brother or a sister. The number of siblings as well as their sex 

and age have a considerable influence on the development of our personality. For example, if a child has 

an elder sister, he will be more comfortable in interacting with female peers as compared to when he does 

not have an elder sister. 

Similarly, one’s birth order has also been found to considerably influence development of many personality 

traits. It has been found that firstborns tend to be more reserved and achievement oriented. They seem to 

ally themselves more closely with their parents in order to overcome a sense of being displaced in the 

parents’ affections by younger siblings. 

5. Mass Media: It is another factor that influences an individual’s personality. Mass media includes films, 

television, radio printed literature, etc. Social learning theorists like Bandura and Walter Mischel, on the 

basis of their research studies have conclusively shown that mass media has a considerable impact on our 

personality, attitudes, values, beliefs, and behavior patterns. 

6. Cultural Environment: Cultural environment influences- our personality because every culture has a 

set of ethical and moral values, beliefs and norms which considerably shapes our behavior and thought. 

Cross-cultural studies have pointed out the importance-of cultural environment in shaping our personality. 

Individuals of certain cultures are more generous, open-hearted and warm whereas individuals of some 

other cultures are suspicious, introvert and self-centered. 
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Article 

Diverse climate in India favours to produce different kind of fruits. At present India ranks second next to 

China in terms of fruit production. In recent year, the concept of fruit production is undergoing a change 

where emphasis is being given to higher production per unit area. Fruit crops have the potential to provide 

higher tonnage of yield per unit area than other field crops. Establishing fruit orchard in an un-irrigated 

marginal land with neglected management practices together with traditional cultivation technology has 

resulted low productivity. Availability of cultivable marginal land is declining sharply, natural resources 

are getting depleted, climate change affects the environment very badly, rising energy and land costs 

together with increasing demand have forced to adopt the concept of high-density planting (HDP). So 

undoubtedly increasing the productivity of fruit crops would be the main focus to meet out the projected 

demand of the population. The basic components of such meadow orcharding practices is using dwarf scion 

varieties, dwarfing rootstocks along with inter-stocks, training and pruning in a systematic way, use of 

plant growth regulators and suitable crop management practices. Hence it is essential to incorporate time 

and space dimensions compatible system of production in which inputs and resources are combined 

judiciously so as to maximize returns many times more than the conventional system of production. To 

increase the productivity per unit area with the effective utilization of optimum inputs undoubtedly 

meadow orcharding might be the best option for professional fruit growers. 

Introduction 

High density planting (HDP) technique or ultra-high-density planting or Meadow orcharding is a modern 

innovative technology of fruit cultivation which technically involves more and more fruit trees in a 

preplanned confined place. This method of planting allows small or dwarf trees with modified trained 

canopy for better light interception and distribution. It also helps in mechanized fruit harvesting. Meadow 

orcharding gives comparatively higher yield as well as returns/unit area than conventional planting due to 

increasing the number of trees/unit area. It is only possible by regular proper pruning and use of bio 

regulators for maintaining the proper size and shape of the tree. Regular pruning and proper training help 

the trees to grow in a perfect position, that is how they can spread their branches more freely. Not only 

that meadow orchard system is the fastest way of lessening the gestation period and increasing the 

productivity of the orchards. This eco-friendly system makes the best use of light, water, and nutrient along 

with effortless working environment that successfully increases higher net return per unit area. It is one 

of the most innovative technologies to achieve high production per unit area both in perennial and short 

duration fruit crops the choice of the system of planting in the orchard depends on topography, crop, variety, 

plant density and production technology. It is an accelerated form of fruit production which gives the food 

and nutritional security a better position in our ever-increasing population. In India, meadow orcharding 

or high-density planting technology has been successfully illustrated in some fruit crops like apple, peach, 

pear, plum, sweet cherry, banana, pineapple, papaya, mango, guava and Kinnow mandarin. 

Accommodating a greater number of plants per unit area in comparison to normal planting is referred to 

as high density planting. It was attempted successfully in Europe during early sixties in undertaking apple 

plantation following the use of dwarfing rootstocks. High density planting has been a commercial practice 

to grow some temperate fruit crops in Australia, America, Japan, New Zealand and in Israel too. In present 

day scenario when land: man, ratio is declining sharply, HDP needs due popularity. High density as well 

as meadow orchard system provides high productivity per unit area both in short duration crop as well as 

perennial horticultural crops. 
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It is achieved by following: 

a. Use of dwarf rootstock/interstock 

b. Adoption of dwarf scion varieties 

c. Use of growth regulators and plant bio-regulators 

d. Proper training and pruning 

e. Suitable crop management practices. 

In India HDP has been successfully attempted in guava, apple, peach, pear, papaya, mango, Citrus. 

Advantages of Meadow Orcharding 

1. Meadow orcharding induces precocity. 

2. It significantly increases yield 

3. It also increases quality of fruits. 

4. Better utilization of solar radiation can be opted through this. 

5. It makes an efficient use of applied and natural resources. 

6. Meadow orchard system can reduce the gestation period in a fastest way as possible. 

7. Meadow orcharding increases the photosynthetic efficiency. 

8. Due to the dwarf tree requirement of operation cost is minimum. 

9. More trees per unit area leading to the higher income. 

10. Meadow orcharding enables the mechanization of fruit crop production and facilitates more efficient 

use of fertilizers, solar radiation, water, fungicides, herbicides and pesticides. 

11. Meadow orcharding uses the best utilization of land and resources. 

Disadvantages 

1. Sometimes yield may be compromised due to long run after 10-12 years of age. 

2. Cross ventilation in orchard is lacking sometimes which is more conducive for pest and diseases. 

3. Small sized and poor-quality fruits may be produced. 

4. Less life span of the fruit. 

5. High density planting results in overcrowding, over lapping not only in the tops also in the root systems. 

6. Heavy competition is seen sometimes for space nutrients and water. 

Components of HDP and Meadow 

1. Dwarf scion varieties 

2. Dwarf rootstock varieties 

3. Training and pruning:  

4. Use of Incompatible Rootstocks 

5. Use of plant growth regulators 

6. Use of growth retardants. 

Different types of planting 

Types Plant density Yield Commercial 

production time 

Training and 

pruning intensity 

Low density 

planting 

100-250 plants/ha Comparatively low 

than others 

After 10-15 years 

of planting 

Less training and 

pruning 

Medium density 

planting 

250-500 plants/ha Moderately high After 5-6 years of 

planting 

Proper pruning 

undertaken to 

manage tree in 

desirable shape. 

High density 

planting 

500-10,000 

plants/ha 

High Within first year 

of planting 

Relies heavily on 

training and 

pruning 

Ultra-high-density 

planting or 

Meadow 

orcharding 

10,000-1,00,000 

plants/ha 

High After first year of 

planting 

Severe top 

pruning is 

practiced in order 
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to maintain tree 

form 

Future Aspects 

1. India is the greatest competitor of fruit crops around the world but the productivity is very less as 

compared to developed countries because of the absence of improved production and protection 

technologies. 

2. Meadow orcharding is one of the improved technologies with use of improved cultivars, cultural practices 

like canopy management and mulching which leads to revolutionize the fruit industry by enhancing 

productivity coupled with reduction of production cost along with best quality fruits. 

3. Thus it is clearly evident that farmers should have adopt this technology for improving the fruit 

productivity. 

 

 
Meadow orcharding practices in Guava, Apple and Mango orchards 
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Introduction 

A large number of plants can exudate complex polysaccharide as a consequence of mechanical or micro-

biological injury. These exudates gums are preferred over the synthetic because of their non-toxicity, low 

cost, safe enough for direct consumption in food additives and readily availability. Besides exudates of 

many species have been reported to have therapeutic applications. Minor gums in particular are of special 

interest as they can be an excellent alternative source to reduce the existing pressure on the already 

established gum. Moreover, many minor gums constitute essential part of folklore medicine among tribal 

people in various states such as Jharkhand, Chhattisgarh and Orissa. 

Jhingan Gum 

The gum is basically an exudate from wounds and cracks of Lannea coromandelica (Houtt) bark in large 

quantities (Fig.1). It is a deciduous tree found prominently in tropical regions. The gum is yellowish white 

at incision but oxidizes to brown coloration afterwards and is teared from plants in round shape. The gum 

is known by many names such as joel gum or moi gum or gum odina. Commercially the gum is available in 

three grades: Grade I, Grade II and Grade III depending on the color intensity and impurities present in 

the crude form. The gum is classified as minor gum and the annual production in India is about 60-80 tons 

of gum. The gum is soluble completely in water forming a glairy mucilage with good adhesive properties. 

On hydrolysis the gum yield arabino-3, 6-galactan containing D-galactose (69.5%), 4-O-methyl uronic acids 

(17%), L-arabinose (11%), L- rhamnose (2.5%) and some Proteins (1.38%). Therefore, the gum can be 

classified as ‘arabinogalactan’ which is similar to Arabic gum. 

 
Fig.1. Different grades of Jhingan gum 

Usages of Jhingan Gum 

The use of this gum even dated back to Ayurveda system and ancient traditional Indian method of treating 

various illnesses. The gum is widely used in various industries such painting industries, manufacturing of 

paper and cloth sizing, in clarification of cane juice, inferior varnishing, in confectionery, as stabilizer and 

binder, as incense sticks and manufacture of inks. When combined with coconut or with brandy has healing 

properties which is applied to sprain and bruises. In cordial form the gum is used for treatment of asthma 

and lactating women. Recent study reveals that the gum exhibit excellent properties as a tablet binder, 

more effective at lower concentration when compared to other available natural binders. An emulsion 

produced by the gum is much better and stable than commonly employed emulsifier such as gum acacia. 

The gum in combination with Jigat powder (1:1 ratio) is a good ingredient for making incense stick. Besides 

its application in food additives, the gum is an excellent microencapsulating agent and controlled release 
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agent for various drugs such as lamivudine for treatment of hepatitis B and controlled release of famotidine 

drug. Commercially, Jhingan gum Grade I and II are used as food additive while grade III is used as a 

binding agent for making incense sticks. 

Conclusion 

Due to its biodegradability, low cost, biocompatibility and readily availability, Jhingan gum can be 

exploited in various fields. This will generate additional resources where synthetic and major gums are 

scarce. Furthermore, there are ample of evidences that Jhingan gum if it can be tailored and modified with 

suitable chemical, can serve as an excellent superabsorbent, can be employed for environmental 

remediation and also in drug release formulation. 
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Bonsai is the practice of growing and training a plant into a small form with an aged appearance. Although 

it originated in China, it is now known as Japanese art. It entails drastic dwarfing methods. Bonsai can be 

as small as 30 to 60 cm tall, while smaller sizes of less than 25 cm have also been popular. Bonsai that are 

at least 10 years old are considered period, but specimens that are 100 or even 200 years old are also 

available and highly regarded as 'venerable' specimens. 

Bonsai necessitates the use of specific containers. They should be 5 to 7.5 cm deep in most cases (except for 

cascade type of bonsai for which deep pots can be used). Containers with 25 to 30 cm diameters, whether 

round, hexagonal, or square, are ideal. Colorful containers, such as mosaic, sky blue, terra cotta, grey, or 

jungle green, are ideal for bonsai development. Plants that can adapt to extreme dwarfing, such as juniper, 

pine, elm, maple, and cypress, are appropriate for bonsai development. Trees like Manilkhara, Sapota, 

Bassia, Tamarind, and Ficus spp., as well as bushes like West Indian cherry, thrive in tropical climates 

like India. 

By coiling heavy wire around the trunk and branches, they can be bent, forced, and knotted. When the dog 

has been trained to form for several months, the wire is removed. Bonsai trees can be trained to take on a 

variety of shapes, including twisted trunks, upright, S-shaped, semi-cascade, cascade, slanting, and other 

formal shapes. Planting both tips and roots is normally done at the same time, and pinching the tip and 

cutting superfluous side shoots is necessary to keep the design's overall outline. The plants are either 

repotted or taken from the pot, root clipped, and reset on an annual basis. 

The week fertiliser solution including major and minor nutrients is supplied sparingly to the bonsai plant. 

Oil cake extracts are sometimes applied as well. Similarly, only the bare minimum of hydration is provided 

to the plant. Plants in shallow containers should be watered twice a day, while plants in deeper pots should 

be watered once a day. 

A good place to start is with hardened woody plants that have been exposed to harsh environments. 

Planting materials of this nature can be found in rock fissures or on the walls of any structure. In bonsai 

cultivation, old seedlings stored in containers from any nursery, as well as cuttings, grafted plants, or 

layers, can be used. 

Where it Succeeds? 

1. Under open sunny conditions 

2. Under air conditions 

3. As indoor near windows only. 

Rules for Bonsai Making 

For trunk: 

a. Height can be 6 times the caliper of the trunk. 

b. Should lean towards the viewer. 

c. It should anchor the plant. 

d. Roots should radiate. 

e. No eye poking roots. 

f. Should taper as it ascends 

g. Should not move back. 

For Branches: 

a. Should not cross the trunk 

b. No eye poking branches 

c. First branch should be at one third height of the tree 
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d. No belly branches 

e. Should be opposite 

f. Should diminish in size as it ascends 

g. Secondary branches are to be alternate. 

Principles of Bonsai 
Look for: 

a. Small leaves or needles 

b. Shorter internodes 

c. Attractive bark or roots 

d. Branching characteristics 

To enhance the age, expose the one third of the roots: 

a. Before potting, the twisted and tangled roots are to be straightened. 

b. Upper branches should not overshadow the lower branches. 

Styles of Bonsai 
1. Formal Upright. 

2. Informal Upright. 

3. Broom. 

4. Slanting. 

5. Windblown. 

6. The Clasped-to-Stone. 

Agrotechniques for Bonsai 
1. Propagation 

2. Season 

3. Potting and repotting 

4. After care. 

5. Container 

6. Planting media. 

Propagation 

Through seeds, cuttings, layering or grafting Seeds: Pines and Junifers 

Cuttings: Ficus, Pomegranate, Mulberry and Bougainvilleas Layers: Jasmine, Ixora, Bougainvilleas and 

Pome granate Grafts: Mango, Sapota, Citrus 

Season 

1 July - August 

2. Febraury - March 

Best time is before opening of the buds. 

Potting and Repotting 

1. 1/3 of the roots can be trimmed 

2. Long tap roots are to trimmed 

3. Excessive branches are to thinned out 

4. Balanced nutrition and adequate watering is must 

5. Potting is not advisable during winter or hot months 

6. Repotting is done after 2-3 years. 

After Care 

Pinching - Once or twice 

Pruning - For its shape 

Training - Desirable shape 
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It is achieved through copper wire or polythene tape. It is to be removed once the shape is attained. 

Containers 

1. Mostly terracotta or ceramic 

2. Small in size 

3. Square/round/rectangle/oval in shape 

4. Preferred is oval / rectangle. 

In round / square the plant is to be in the centre. 

In others placed in the sides of the containers. 

Planting Media 

Media consists of: 

Loam soil 2 parts 

Leaf mould 1 parts 

Coarse sand little 

Media can be covered with moss and one or two pebbles can be placed to give a natural look. 

  



 

 
Volume 04 - Issue 07 - July 2022       112 | P a g e  
 

Agricultural Mechanization Prospects for North Eastern 

Hilly Region 
Article ID: 37539 

A K Roul1, R R Potdar1, Bikram Jyoti1, Manoj Kumar1 
1ICAR-Central Institute of Agricultural Engineering, Bhopal-462038. 

 

 
 

Introduction 

The hilly and mountainous regions are widely scattered throughout the north-eastern states, stretching up 

to 2,500 kilometres in length and 250 to 400 kilometres in breadth. The "hill and mountain zones" area is 

spread across all eight states of Assam, Arunachal Pradesh, Manipur, Meghalaya, Mizoram, Nagaland, 

Sikkim, and Tripura. Large-scale deforestation, soil-erosion, dry water bodies, soil acidity, high intensity 

rainfall, increasing risk, snow and frost, lack of infrastructure in hostile topography, and transportation 

facilities for movement of goods and services all have a negative impact on the socio-economic profile of this 

hill areas. Table 1 shows the operational holding pattern and farm power availability in the region. 

Table 1: State-wise percentage distribution of number of operational holdings and farm power 

availability for all social groups (2015-16) 

Sl. 

No. 

States Marginal Small Semi- 

medium 

Medium Large Farm power 

Availability, 

kW/ha 

1 Arunachal 

Pradesh 

23.98 21.24 25.62 23.25 5.91 0.17 

2 Assam 68.13 18.07 10.77 2.89 0.14 0.51 

3 Manipur 50.97 32.39 14.80 1.82 0.03 1.04 

4 Meghalaya 52.82 25.93 17.15 3.98 0.11 1.07 

5 Mizoram 50.08 30.61 15.41 3.57 0.32 0.57 

6 Nagaland 4.03 14.74 31.74 37.61 11.87 0.34 

7 Sikkim 65.82 18.91 11.18 3.56 0.54 0.74 

8 Tripura 87.95 8.37 3.23 0.43 0.01 0.22 

Source: https://agcensus.nic.in/; https://farmech.dac.gov.in/ 

Need for Farm Mechanization in Hilly Regions 

Mechanization boosts production and reduces drudgery. Farm mechanization improves efficiency, speed, 

precision, and comfort. It helps with timely farm operations and reduces input costs. Agriculture 

mechanization has these benefits: 

1. 12–34% higher productivity 

2. Seed-cum-fertilizer drill saves 20% on seeds and 15% on fertilizer 

3. Increase 5–22% crop intensity 

4. Gross income and return to farmers increase 30-50%. 

Improved Agricultural Tools and Implements for the NEH Region 

Hills in general offer a vast scope for a diverse mix of crops - cereals, pulses, oilseeds, vegetables, flowers 

and fruits. Because of the dominance of shifting cultivation, hand tools have retained their preponderance 

in the NEH Region. 

The farmers this region has shifted from traditional mode of cultivation of low productivity and low value 

crops to high value crops. 

Even in NEH states with diverse socioeconomic conditions, improved tools and equipment matched to 

available power sources, suitable for local soils, crops, and socioeconomic conditions, have great potential. 

Operation-wise tools and implements available for hill agricultural mechanization are described as follows: 
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Seeding and planting Weeding and 
interculture 

Plant protection Harvesting and 
threshing 

Manual drawn seed drill 
The seed drill is 
designed for inline 
sowing of small to large 
seeds such as wheat, 
maize, gram, pigeon pea, 
and others. Fertilizer is 
also applied to the row 
at the same time as the 
seeds. 

 
Manual single row 
planter 
This planter is suitable 
for sowing of Kodo and 
little millets. 

 
Four row manual rice 
transplanter 
It is used to transplant 
paddy seedlings in four 
rows at the same time. 

 
Paddy drum seeder in 
puddled soil, a paddy 
drum seeder is used to 
sow pre- 
germinated paddy seeds. 

Three tined hand hoe 
(Grubber) 
Useful for weeding, 
interculture in row crops, 
vegetables, small gardens 
and nurseries. 

 
Wheel hoe 
For weeding and 
interculture in majority of 
crops sown in rows. 

 
Cono weeder 
Useful for efficient 
weeding between paddy 
crop rows. It is simple to 
use and does not sink in a 
puddled field. 

 
Power weeder for low land 
rice 
Under all soil conditions, it 
is suitable for weeding 
operations in line-sown 
paddy and SRI paddy. 

Knapsack sprayer A 
knapsack sprayer is 
one that is carried 
on the operator's 
back. A knapsack 
sprayer powered by 
a battery, solar 
electricity, or a small 
petrol engine can be 
used. 

 
Power sprayer 
Spraying in 
orchards, tea and 
coffee plantations, 
rubber plantations, 
vineyards, and field 
crops is possible 
with power sprayers. 
These sprayers can 
reach a height of 15 
metres and can 
spray tall trees. 

 
Self-propelled light 
weight boom sprayer 
The lightweight self-
propelled boom 
sprayer is used to 
apply chemicals to 
wheat, vegetables, 
and other crops. 

Bhindi plucker 
It is used for the 
plucking of bhindi 
(ladies finger) from the 
plant. 

 
 
Hand maize sheller 
The hand maize sheller 
is used to dehusk and 
shell maize cobs, 
primarily for seed. 

 
Pedal operated paddy 
thresher It is used for 
threshing rice crop. 

 
Power tiller mounted 
vertical conveyor 
reaper 
It is used for 
harvesting of cereal 
crops. 

 
Power tiller mounted 
potato digger 
It is used to dig potato 
planted on ridges. 
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Three row seed cum 
fertilizer drill 
It is suitable for sowing 
crops such as wheat, 
gramme, sorghum, 
soybean, lentil, pea, 
sunflower, safflower, 
and so on, as well as side 
fertilizer placement. 

 
Animal drawn zero- till 
seed drill 
It is suitable for sowing 
wheat after paddy 
harvesting under zero 
tillage conditions. 

 
Power tiller drawn seed 
cum fertilizer drill 
It is used to drill seeds 
and fertilizer into six 
rows at the same time. 

 
Walk behind type rice 
transplanter 
It is appropriate for 
transplanting mat type 
rice seedlings with fixed 
row to row and plant-to-
plant spacing. 

 

 
Self-propelled power 
weeder 
It is suitable for weeding 
and intercultural 
operations in upland row 
crops such as groundnut, 
maize, pigeon pea, and 
others sown at more than 
300 mm row spacing. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Power tiller 
mounted orchard 
sprayer 
On orchard crops 
like pomegranates, 
oranges, sweet 
limes, and grapes, it 
is ideal for spraying 
insecticides, 
pesticides, and 
weedicides. 

 
Power tiller 
mounted boom 
sprayer 
It is suitable for 
spraying operation 
in field crops like 
maize, pea, etc. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Self-propelled reaper 
cum binder 
It can be used to 
harvest wheat and 
paddy crops as well as 
make bundles at the 
same time. 

 
CIAE millet thresher It 
is suitable for 
threshing millet crops. 

 
Mini rice combine 
harvester 
It is a small combine 
harvester suitable for 
harvesting rice crop. 
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Strategies for Farm Mechanization 

Agriculture and allied activities would remain the major means of subsistence for rural populations in hilly 

regions, which cannot modernize without agricultural mechanization. Hills limit mechanization. 

Horticultural crops are profitable yet labour-intensive. Marginal farmers' incomes rely heavily on post-

harvest technology and value addition, yet both are at historically low levels. 

Strategies will guide the agricultural mechanization initiative. In the tarai foothills and valleys, tractors, 

power tillers, harvesters, and combines are useful. For terraced fields in hills, alternatives are limited due 

to irregular forms and tiny sizes; poor field accessibility requires light, portable, easy-to-manoeuvre, 

manually guided auxiliary engine driven equipment. Power-operated equipment for seedbed preparation, 

planting, harvesting, threshing, combining, etc. will be promoted. The use of zero-till drills and raised-bed 

planting in rice-wheat cultivation should be given serious attention. Due to the small size of land holdings, 

custom hire and custom service will need to be pushed. Future mechanization needs can be supplied in part 

by local manufacturing of hand tools, animal-drawn equipment, and simple power-operated equipment, 

which will require R&D. Part of the need for mechanization must be met through imports from anywhere 

in India. It would not be cost- effective for these areas to buy every piece of equipment they need. Better 

equipment for hill agriculture must be manufactured, ideally in the region. 

The region's infrastructure should be reinforced, enlarged, and used for mechanization. Traditional 

craftsmen should be trained in improved tool maintenance. Power-operated equipment dealers should be 

adequately equipped to repair and maintain current and new equipment in the region. Agri-business 

ventures should help people start their own businesses that make and fix farm equipment. Divisional and 

district agricultural engineering workshops must be upgraded and updated to provide automated 

equipment and services. Private companies should make farm equipment and open agro-service centres. 
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Introduction 

Peste des Petits Ruminants (PPR) is a highly contagious disease of small ruminants known as ‘Plague of 

small ruminants’ or ‘Kata’. It is OIE (world organization for animal health) notifiable and economically 

important transboundary viral disease of ruminants particularly in small ruminants (sheep and goat). 

Usually, goats are more severely affected than sheep. The virus belongs to Paramyxoviridae family and 

genus morbillivirus. The disease causes a great loss to the farmers. PPR is endemic in nature and appear 

in acute or subacute form. The disease is available all over the world including Indian subcontinent. A 

global agreement was stretched on the requirement to eradicate PPR, with the adoption of a PPR Global 

Control and Eradication Strategy (GCES) to make the world free from PPR by 2030 (OIE and FAO 2015). 

The virus can infect up to 90% of an animal flock, and can kill up to 70 percent of infected animals. PPR 

was first reported in 1942 in Côte d'Ivoire, West Africa. At present more than 70 countries are affected with 

PPR and around 80 percent of the global population of sheep and goats are at high risk. The disease is 

enzootic and a number of outbreaks are occurring regularly, in different parts of India throughout the year. 

PPR is a major constraint in small ruminant production causing huge economic losses in terms of morbidity, 

mortality, productivity losses with trade restriction (Singh et al., 2004, Balamurugan et al., 2014). Due to 

PPR more than 300 million families are at risk of losing their livelihoods, food security, and employment 

opportunities in the world. The annual loss due to PPR in the small ruminants (about 200 million) in India 

is approximately Rs.180 crores (ICAR, 2022). In India incidence of PPR first recorded in Arasur village in 

Villupuram district of Tamilnadu state (Shalia et al., 1989). Till 1993 the disease was restricted to south 

India only. Nanda (1996) reported that due to epidemics of PPR in northern India small ruminants were 

affected and devastated. 

Report of PPR from Tripura State 

According to 20th Livestock Census the goat population of India is 1488.85 lakh and in Tripura state it is 

3.60 lakh. The Tripura state is located in agro-climatic zone of humid Eastern Himalayan Region (a state 

in North East India) with an area of 10,491.69 sq km and population is 4.06 Millions. Animal husbandry 

and agriculture is backbone of state economy that provides 51% of total workforce in the state. Livestock 

sector is an indispensible and integral part of agricultural system of the state because of only about 27% of 

total geographical area available for cultivation and rest 60% is high land (Chakrabarti et al., 2022).  

During 2019-20 in total 1,99,895 number of PPR vaccination was done in Tripura state. An outbreak of 

PPR occurred in the Regional Goat Breeding Farm, Tripura State, after the introduction of Barbari goats 

from Makhdoom, Uttar Pradesh, India. Animals at risk were mainly Black Bengal and their crosses with 

Jamunapuri and Beetal goats. 150 of 190 goats of all ages were affected. Mortality was restricted to 45.79% 

with antibiotic therapy, fluid therapy and local disinfection. The morbidity and case fatality were 78.95% 

and 58%, respectively (Majumder, 1997). 

In Tripura an outbreak of PPR occurred in non-descript goats at Sabroom town during June, 2013 

(Muthuchelvan et al., 2014). A seroepidemiology study of PPR from goats was carried out in entire Tripura 

state during 2012 and 2015. The study revealed seroprevalence rate was 2.11%. The study indicated that 

the disease incidence is sporadic in the state (De et al., 2016). Another seroprevalence study of the peste 

des petits ruminants (PPR) in small ruminants were carried out during April 2017 to March 2018 in North 

Eastern states of India including Tripura and the results revealed that the seroprevalence of PPR in small 

ruminants in Tripura was 5.5% (Balamurugan et, al., 2020). 
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Fluid therapy given to a PPR infected 

Black Bengal goat 

Death of a Black Bengal goat due to PPR 

Transmission of Disease 

Incubation period of disease is 4 to 5 days. Secretions and excretions of sick animals are the sources of 

infection and there is no carrier state. The virus generally replicates in lymphoid or epithelial tissue of 

gasatrointenstinal or respiratory tract. The disease spread by close contact of animals in flock which favour 

outbreaks. During incubation period the disease may transmit to other animals. The Cattle, buffalo, and 

pigs can be naturally infected with PPR virus, but they are dead-end hosts. 

Clinical Observation 

There is a sudden rise in body temperature (1040 to 1060 F/ 400 to 41.30 C). The animal become restless, dry 

muzzle, dull coat, depressed appetite and congested mucous membrane. There is nasal discharge, initially 

serous in nature and gradually becomes mucopurulent with putrid smell.  There is profuse diarrhoea 

followed by dehydration and emaciation. Necrotic stomatitis occurs in lower lip and gum. In severe cases 

the dental pad, palate, cheeks and tongue is affected. Congested conjunctivae or catarrhal conjunctivitis 

with matting of eyelids is also observed. In nasal cavity there may be necrosis. In severe cases the lesions 

may occur in hard palate and pharynx.   Generally large intestine is affected severely and lesions developed 

surrounding ileocecal valve, cecocolic junction and rectum. In later stage due to streaks of congestion fold 

of mucosa appears ‘Zebra-striped’. There are chances of bronchopneumonia characterized by coughing. The 

animal dies due to hypothermia in most of the cases and usually after 5–10 days. 

Diagnosis of Disease 

The disease is diagnosed based on case history, clinical and pathological findings and finally isolation of 

virus through agar-gel immunodiffusion technique. The ELISA and PCR method is preferred technique for 

confirmation of PPR virus. After post-mortem of animal specimens like tonsils, lymph nodes, spleen or lung 

may be collected for diagnosis. Differential diagnosis includes pyrexia, erosive stomatitis (involving the 

lips, gums and tongue), anorexia, oculo-nasal discharges, diarrhoea and dehydration followed by either 

recovery or death. 

Treatment and Control of Disease 

There is no specific treatment available for PPR. Only symptomatic treatment for secondary infection may 

be given. To reduce mortality in herd the use of drugs that control the bacterial and parasitic complications 

like Oxytetracycline and Chlortetracycline are recommended to prevent secondary pulmonary infections. 

Hygiene and sanitation are prime importance to protect or restrict the disease in animal shed. Infected 

animals should be immediately separated from the health flock. To prevent dehydration fluid therapy may 

be given intravenously. Clean drinking water and green grasses may be given to the animals.  

An effective vero-cell line based live attenuated indigenous freeze-dried vaccine has been developed and 

validated using extensive field trials. The vaccine has a shelf life of more than one year at 4°C and provides 

immunity for three years. The vaccine is safe, potent and acceptable for use even during pregnancy. The 
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vaccine would help in reducing losses due to morbidity and mortality and thus improve economic condition 

of poor sheep and goat farmers in the country. The vaccine costs less than Rs. 1/- (ICAR, 2022). Vaccination 

for PPR in goats should be done at the age of 3 month for kid and above once in three years. 
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Introduction 

Interactions between plants and pollinators contribute to biological diversity, ecological function, 

agricultural output, food security, and livelihoods. Insects are by far the most significant animal 

pollinators, and bees are the most specialized pollinators among insects. For adult and larval nutrition, 

more than 16000 species of bees rely almost entirely on angiosperm pollen and nectar (Michener 2000; 

Wcislo 1996). As a result, they are a major part of world biodiversity, serving a crucial functional role in 

ecosystems and providing vital pollination services (Ashaman et al. 2004). Unfortunately, human-induced 

causes such as deforestation, urbanization, increase of agricultural land, intense chemical usage, and the 

introduction of genetically modified and alien species are all threatening this interaction. Pollinator 

diversity, lower pollinator numbers, pollination deficits, and low seed output due to pollen limitation are 

all consequences of habitat loss and fragmentation, all of which have negative consequences for plant 

populations and agricultural production (Foley et al., 2005). In natural ecosystems, pollination services 

given by managed bees, for example, may play a positive role in the plant-pollinator relationship. Forests 

are important foraging, breeding, roosting, and mating sites for most pollinators. Beekeeping is important 

activity that can help local people makes more money from protected areas and native forests. Beekeeping 

in the agroforestry system can provide alternate livelihood security, higher land productivity, and improved 

microclimate. 

Bee Products 

There are several bee products such as honey, bee wax, pollen, nectar, propolis and royal jelly etc., which 

are obtained from the domesticated and wild bees. Honey is used for a variety of purposes, including as a 

natural sweetener, antioxidant, anti-inflammatory, antibacterial agent, and medicine. Many commercially 

popular honeys are produced from the tree species namely Oak honey, Eucalyptus honey, Acacia honey, 

Manuka honey, Tupelo honey, Litchi honey etc. Honeybees are extremely valuable economically because 

they pollinate a wide range of fruit, vegetable, and seed crops. 

As a result, beekeeping can be considered as a good, profitable agro-based business for landless farmers 

and entrepreneurs, as well as a good source of supplementary income for farmers. 

Bee Keeping in the Agroforestry System 

Through bee pollination, agro-forestry makes a significant contribution to honey production. Many studies 

have shown that the combined yield of diversified agriculture outperforms the output of a single crop. 

Honey bee domestication with agro-forestry crops improves microclimate and consequently increases 

agricultural yield. This combines system allows farmers to diversify their production by cultivating a 

variety of agricultural crops, trees and honey bee products in the same place as alley cropping, boundary 

plantation, riparian buffer strips, and windbreaks etc. As a result, they limit the risk of losing money if one 

of their crops fails or the market price falls. The foundation for renewing industrial development is agro-

apicultural self-sufficiency. Apart from their economic goods, trees such as Eucalyptus spp., Deris indica, 

Tamarindus indica, Peltophorum pterocarpum, Quercus spp., Azadirachta indica, Anthocephalus 

cadamba, Syzygium cumini, Cocos nucifera, Moringa oleifera, Borassus flabellifer, Dalbergia sissoo, Acacia 

nilotica, Acacia auriculiformis, Leucaena leucocephala, Sapindus laurifolius, Malus domestica, Prunus spp. 

etc. contribute to honey production. Agroforestry systems could benefit bee forage or hive protection by 

strategically planting trees. As a result, agroforestry provides a viable potential for honey bees and honey 

production to improve nectar and pollen sources. 
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Conclusion 

Honeybees supply a wide range of products as well as services (pollination) to humans and the environment. 

Beekeeping is a significant enterprise that is linked to agricultural and horticultural products. The 

development of honey bee cultivation in agroforestry systems can provide opportunities for alternative 

sources of livelihoods and increases in crop productivity. 
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Introduction 

Molecular beacons was first conceptualised by Tyagi and Kramer in 1906 which are hair pin shaped, single 

stranded oligonucleotide hybridization probes that report the presence of specific nucleic acids that inturn 

used for identification of SNP alleles. 

Structure of Molecular Beacon Probe 

 

A typical molecular beacon probe is 25 nucleotides long which consists of complementary region (middle 15 

nucleotide) that don’t base pair with one another but 5 nucleotides at each terminus will pair with one 

another as they are complementary. 

This structure has 4 parts- 

1. Loop: complementary to target sequence and is 18-30 bp long. Increase in probe length results in 

improving affinity but reduces specificity. 

2. Stem: lies on both ends of the loop which is 5-7 bp long 

3. 5’ fluorophore: 5’ end contains dye that fluoresces in presence of complementary target. Commonly 

used dyes are fluorescein, 5-(2 aminoacyl) amino naphthalene 1-sulphonic acid (EDNAS), tetra chloro 6-

carboxyfluorescein (Tet) and 5- carboxyrhodamine-x(Rox) 

4. 3’ Quencher:  non fluorescent. Commonly used quencher 4-(4 dimethyl aminophenylazo) benzoic acid 

(DABCYL) is a non-fluorescent chromophore having strong quenching efficiency. 

Principle 

If nucleic acid to be detected is complementary to strand in the loop, event of hybridization occurs. The 

duplex formed is more stable than that of stem because of involvement of more base pairs which causes 

separation of stem and hence fluorophore and quencher. 

When fluorophore is no longer next to quencher, illumination of hybrid results in emission of fluorescence. 

Presence of emission reports occurrence of hybridization and hence, target nucleic acid sequence present 

in test sample. 

 
Mhlanga and Malmberg, 2001 
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Applications 

1. SNP detection- multiplex typing of SNPs 

2. Real-time nucleic acid detection  

3. Disease diagnostics 

4. Micro-array analysis for label less detection of gene sequences relevant to specific disease 

5. Detecting m-RNA in living cells 

6. Real-time PCR quantification. 
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Abstract 

The microwave (MW) heating technology is gaining popularity across the food-based industries. The 

processing such as cooking, pasteurization drying and dehydration of food material is taking the benefits 

of microwave heating technology. Industrial application of microwave drying involves microwave assisted 

hot air, vacuum or freeze drying of food materials to enhance properties of dried products. The working 

mechanism and quality features of food material in terms of physical parameters, nutritive value, colour, 

texture, volatile compounds, flavor or aroma and its energy efficacy in comparison to traditional methods 

has been discussed. The way forwards for use of microwave technology have suggested. 

Keywords: Microwave drying, product quality, efficiency. 

Introduction 

In the recent years, microwave (MW) heating has found a place in the fast-growing market because of its 

wide applicability in different forms of thermal processing. These thermal treatments include drying, 

cooking, pasteurization, thawing etc. MW drying technology is faster, energy efficient, wide applicable, safe 

to handle, and ease of operation, reducing time of drying operation (Zhang et al., 2006). 

It has additional benefits of retaining nutritional value and physio-chemical properties of the dried food. 

In the context of drying, heat is applied to the food in the form of conduction, convection and radiation to 

remove the moisture from the product. The moisture gradient is formed between drying medium and drying 

product so that transfer of moisture takes place. Drying is carried out for the products which require lower 

moisture content for storage. 

High moisture leads to product deterioration by generation of heat, growth of mold, and change in 

biochemical parameters. So, it is necessary to lower down moisture after harvesting to a safe level for 

increasing shelf life. Drying is carried out by traditional method such as sun drying however it is season 

dependent and non-controllable for uniformity and time consuming.  

Microwaves are electromagnetic waves having frequency range between 300 MHz to 300 GHz. Two main 

applications one as industrial at 915 MHz and domestic at 2450 MHz frequency are most popular. The 

article focused on drying mechanism, different combinations along with other drying methods, drying 

kinetics, energy efficacy and effect of MW drying on physic-chemical properties of food materials. The 

industrial application of MW drying has been summarized for future use. 

Microwave Drying Mechanism 

In Microwave heating or drying, microwave emits radiation energy with the frequency of 915MHz in 

industrial ovens and 2450MHz in domestic microwave ovens. The microwave frequency when falls on the 

wet samples the water absorbs it, causing rise in temperature, some water get evaporated and moisture 

level of the sample starts to reduce. This type of heating called as dielectric heating. Molecules of water 

start to dipole rotation, and try to align themselves with the alternating electric field induced by beam of 

microwave. This dipole movement of molecules generates heat by friction as molecules hit other molecules 

and puts themselves into motion. The heat gradient causes moisture to come out of food matrix and get 

evaporated. As microwave heats the product from inside the diffusion of moisture takes place faster causing 

higher drying rates. 
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Effect on Quality of Product 

The product when dried by MW drying process the moisture level is reduced along with this quality 

parameters are affected by some extends which are either desirable or non-desirable in nature. MW drying 

affects quality properties like porosity, colour, density, viscoelastic nature of some dehydrated fruits and 

vegetables. It reduces the colour damages, increases porosity, decreases stress and increases strain of some 

dehydrated products. The elasticity of MW dried products increases while viscous nature loses in some 

extent.  Flavonoids and phenolic content of dried samples were increased by this method as compared to 

samples dried by sun or convective hot air oven dryer methods. The 750 W power level for drying of grape 

raisins showed higher retention of ascorbic acid, improved rehydration ratio and colour values (Lokande et 

al., 2017)  

1. Colour: colour is adversely affected by level of microwave level used for drying. The colour of product 

changes to brownish due to heating effect. The brightness (L) value decreases during drying were as redness 

(a) increases and yellowness (c) decreases this may varies with given product characteristics, and applied 

MW power level. The use of vacuum or freeze assisted methods will enhances colour values than microwave 

alone. The hot air oven produces darker colour of turmeric power than dried by MW-vacuum method. 

2. Volatile compounds: As drying rate is faster in this method that is higher moisture is removed within 

short spell of time, giving minimum exposure to volatile compound from the product to escape.   

3. Flavor and Aroma: Heating process inside the MW produces a consumer acceptable flavor and colour. 

The Millard’s reactions are of critical importance in commercial success of microwave processed foods. 

Increase in microwave power level and drying time significantly evokes the quantity of aroma release from 

the dried foods. 

4. Texture: the microstructure changes during drying of food as concentration of dry matter increases. The 

microwave drying helps to crisps the fruit slices. The harness, chewiness values for dried onion slices were 

enhances by MW treatment. It is said that pre-treatments of salt solutions will also improve the textural 

properties of products. 

Efficacy of Microwave Dryer 

Drying of food material is a process of heat and mass transfer simultaneously, showing energy intensive 

operation of practical relevance. The energy utilization in terms of specific energy consumption (SEC) 

(kJ/kg) is represented. From existing experimental evidences, it reveals that the SEC reduces drastically 

during MW drying process. This implies to the energy saving to about 70% compared to convective air-

drying method (Sharma and Prasad, 2006). The SEC varies with bed thickness of drying material, density 

and moisture level in the material.  The effective diffusivity and activation energy values of the food 

material for hot air drying and microwave drying has significant difference. The single pass MW drying to 

rough rice was suggested to preserve rice quality and to achieve better energy use efficiency (Olatunde et 

al., 2017). Combinations of MW with some other assistance drying methods also help to lower down cost 

expenditure in the drying process. Hence in some industrial processes these combinations are 

recommended (Chandrasekaran et al., 2013). 

Advantages and Limitations of MW Drying 

MW drying is advantageous over other conventional methods of drying as it imparts volumetric heating to 

the drying material, rate of drying is faster as compared to convective and conductive heating, enhanced 

product quality, as MW takes less time to dry the product, its gives high energy efficiency and it has lower 

operating costs. However, MW drying has some limitations such as high initial cost for industrial scale 

setup, partial loss of flavor and aroma, product texture may be affected by high frequency use and specific 

sample size and shape may be prerequisite for effective drying. 

Conclusion 

Microwave drying has a significant effect on the drying characteristics such as drying time, drying rate and 

moisture diffusivity. In microwave drying process rapid evaporation of water takes place that reduce drying 

time as compared to other conventional drying process. Microwave drying is the most efficient drying way 

to retain more nutritional value and to get maximum retention of sensory attribute like colour, flavour, 

aroma, volatile compounds and texture. The microwave power level shows inverse relation with specific 
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energy consumption (SEC). Increased in microwave power level decreased the value of SEC. In general, 

microwave drying process reduced 70% energy consumption as compared to the other drying process. 

Microwave drying would be better option to produce high-quality dried product and high nutritional value 

with better energy utilization. 

References 
1. Chandrasekaran, S., Ramanathan, S., & Basak, T. (2013). Microwave food processing- A review. Food Research 

International, 52(1), 243-261. 

2. Lokhande, S. M., Ranveer, R. C., & Sahoo, A. K. (2017). Effect of microwave drying on textural and sensorial properties of 

grape raisins. International Journal of ChemTech Research, 10(5), 938-947. 

3. Olatunde, G. A., Atungulu, G. G., & Smith, D. L. (2017). One-pass drying of rough rice with an industrial 915 MHz microwave 

dryer: Quality and energy use consideration. Biosystems engineering, 155, 33-43. 

4. Sharma, G. P., & Prasad, S. (2006). Specific energy consumption in microwave drying of garlic cloves. Energy, 31(12), 1921-

1926. 

5. Zhang, M., Tang, J., Mujumdar, A. S., & Wang, S. (2006). Trends in microwave-related drying of fruits and vegetables. Trends 

in Food Science & Technology, 17(10), 524-534. 
  



 

 
Volume 04 - Issue 07 - July 2022       126 | P a g e  
 

Soilless Cultivation on Vegetable Production: A Review 
Article ID: 37544 

N. Senthil Kumar1, S. Praveen Kumar1 
1Department of Soil Science and Agricultural Chemistry, Faculty of Agriculture, Annamalai University. 

 

 
 

Abstract 

The world's population is growing at a rapid pace, and population growth is making it difficult to provide 

quality food to this growing population. But at the same time, the world's agricultural land is limited, and 

the land also faces serious pollution, salinization and drought problems, making it unsuitable for crop 

production.This need of food security had given birth to soilless cultivation, which further become popular 

in urban area and became a part of urban farming. (Bhargaw and chauhan.2020). Soilless cultivation refers 

to the cultivation of plants without using soil as a rooting material, and is divided into hydroponics and 

substrate cultivation. Among the water culture techniques, float hydroponics is adopted for the cultivation 

of fresh-cut leafy vegetables and aromatic plants. This soilless cultivation has a great prospect in many 

countries along with high space research to fulfill the lack of arable land where proper cultivable land is 

not available (Ahngar et al., 2020). This kind of agriculture may sound doubtful regarding the plant quality 

but 100% results are seen (Abinaya et al., 2021). An experiment was conducted in Spinacia oleracea in that 

the hydroponic system has a better effect as it makes the plant grow faster and more efficiently. In this 

review attempts were made to review the research related to various soil-less cultures with different media 

for the plant growth. 

Keywords: Soilless, hydrophonics, cultivation, plant growth, substrate. 

Introduction 

Soil is usually the most accessible medium for growing plants. It provides support, nutrients, air and water 

for successful growth of plants. However, the soil sometimes severely limits plant growth. Soil less 

agriculture is a method of growing plants using mineral nutrient solutions, in water and in other mediums, 

without soil. Ground plants can only grow with roots in mineral nutrient solutions or in an inert medium 

such as perlite, gravel, rock wool or coconut husks. According to the United Nations, the world's population 

is projected to rise from 7.6 billion in 2011 to approximately 8.6 billion in 2030 and 9.8 billion in 2050 (UN 

2011).World’s total agricultural land has been increased by 3% in 1958 to 2005 mainly in tropical countries 

but decrease in 0.19% of agriculture land was recorded between 2005 to 2011 .Extreme population growth 

is accompanied by ecological destruction, resource scarcity, unequal distribution of food and, in many cases, 

malnutrition. To feed this growing population at least 6000 tons of food is required which is mostly imported 

from other sources out of which most of them are non-trusted source in term of quality standers. Soil-based 

agriculture faces several challenges, most notably a drop in per-capital land availability. With rapid 

urbanization and industrialization and the melting of the iceberg, the area of arable land will shrink 

further. Soilless techniques such as hydroponics, aerophonics and aquaponics are designed to combat these 

issues. 

Classification of Soilless Culture 

1. Solid media culture. 

2. Solution culture. 

3. Aero phonics. 

Solid Media Culture 

Soilless media can be in the form of substrates originated from peat moss, bark, coir, compost, rice hulls, 

vermiculite and perlite. This soilless culture is a mainstream practice in developing countries as normal 

ground soils are typically discontented in usage for crop production. Hence, the rudimentary characteristics 

of good soilless media would be easy to acquire, economical, abundant in nature, light weight, possess 

upright chemical properties and has a satisfactory water retention capability. The quality of the growing 

media must also be greatly maintained to ensure good growth of seedlings. This was because sustainable 
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production of ornamental flower and other crops would need to compensate decent growing media with 

sufficient water holding capacity and aeration. The most common incorporated soilless media are coir-dust 

based substrates and sphagnum peat. This was because it is occasionally acknowledged as substrates or 

growth media with the most prominent crop production mechanisms for containerized or raised beds with 

restricted volumes and was appropriate for continuous supply of nutrients through fertilization. 

Vertical Farming 

Vertical farming is one such solution that’s been implemented around the world. By Vertical Farming, food 

crops can be cultivated easily in urban areas by planting in vertically stacked layers in order to save space 

and use minimal energy and water for irrigation. In India, Vertical Farming is at nascent stages, however, 

there are few startups and agri-tech companies working to revolutionise the field. 

 
Fig. 1. Vertical Farming 

Techniques of Vertical Farming 

1. Hydrophonics. 

2. Aerophonics. 

3. Aquaphonics. 

Hydrophonics 

Hydroponics' word has its origin from Greek language where 'hydro' refers to water and 'ponos' refers to 

labour. In hydroponic system it is assumed that soil is not necessary for plant growth actually it acts as a 

source of essential macro and micronutrients that regulate the plant growth and development. Thus, if soil 

is replaced with a solution having appropriate combination of macro and micro nutrients it is possible to 

raise a crop to its full maturity. 

 
Fig. 2. Hydrophonics 

Nutrient Solutions 

A nutrient solution for hydroponic systems is an aqueous solution containing mainly inorganic ions from 

soluble salts of essential elements for higher plants. Eventually, some organic compounds such as iron 

chelates may be present. An essential element has a clear physiological role and its absence prevents the 

complete plant life cycle. Currently 17 elements are considered essential for most plants, these are carbon, 

hydrogen, oxygen, nitrogen, phosphorus, potassium, calcium, magnesium, sulphur, iron, copper, zinc, 

manganese, molybdenum, boron, chlorine and nickel. With the exception of carbon (C) and oxygen (O), 

which are supplied from the atmosphere, the essential elements are obtained from the growth medium. 

Other elements such as sodium, silicon, vanadium, selenium, cobalt, aluminum and iodine among others, 

are considered beneficial because some of them can stimulate the growth, or can compensate the toxic 

effects of other elements, or may replace essential nutrients in a less specific role. The most basic nutrient 

solutions consider in its composition only nitrogen, phosphorus, potassium, calcium, magnesium and 

sulphur; and they are supplemented with micronutrients. The nutrient composition determines electrical 

conductivity and osmotic potential of the solution. Moreover, there are other parameters that define a 

http://prakati.in/section/news/india/
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nutrient solution as discussed below in detail. The nutrient composition determines electrical conductivity 

and osmotic potential of the solution. 

Aerophonics 

A plant-cultivation technique in which the roots hang suspended in the air while nutrient solution is 

delivered to them in the form of a fine mist. Aeroponic systems are a specialized version of 

hydroponics where the roots of the plant extend only in air and the roots are directly sprayed with a 

nutrient water mix (the recipe). In aeroponics, oxygen is surrounding the roots at all times. Surplus oxygen 

accelerates nutrient absorption at the root surface. 

 

Hydroponics manages to grow crops up to 50% faster than in soil, it still has a major drawback. Since, the 

roots are always submerged in water, only crops that are more tolerant to waterlogging such as cabbages, 

lettuce and tomatoes are favored for growth. To overcome this demerit, the basic hydroponics setup was 

modified to use a high-pressure pump to blast freely hanging roots with a fine mist of the nutrient solution 

at regular intervals. This way the roots didn’t face any water logging issues and it turned out that this 

method ended up in saving more water and nutrients than most hydroponics setups. 

Resendiz-melgar et al., (2017) conducted a experiment in greenhouse type tunnel with skirt and zenithal 

ventilation located in San Pablo Tepetzingo Tehuacan, Puebla and given that the Amount of nutrients 

applied and saved throughout the production cycle in bell pepper for the three treatments of hydroponic 

systems. The amount of nutrient applied for the three treatments was similar because of the way the 

irrigations were controlled and the reused solutions adjusted. The percentage of nutrients saved was 

between 6% and 12% individually. Other works with pepper report higher savings with 78% or more than 

80% With other crops nutrient savings in closed hydroponic systems are also relevant, in tomatoes, savings 

of 20-50% of fertilizer and 25% for cucumber have been obtained. The low nutrient reused may was due to 

the absorption by the plant and possibly to its being left in the substrate, as has been reported in other 

studies (Pineda et al., 2011). 

Conclusion 

Soilless farming is considered a newly developed technique for agricultural development, but it is not a 

simple technique. However, growers and gardeners in many countries lack knowledge of the new technique 

and require well-trained staff. Also, most of the substrates are international market, so they are expensive. 

So, you're better off looking for good, inexpensive substrates locally. Initially, terrestrial production systems 

were implemented by imitating traditional methods based on terrestrial production or land-based systems. 

Soilless culture can be the effective tool to increase the crop yield and the water-use efficiency, also reduce 

the environmental impact of greenhouses and nurseries. In hydrophonics method a more efficient use of 

water could be made and nutrient can be saved as well as it also avoids the fertilizers from direct disposal 

to the environment. By implementing a soilless farming system, better quality of agricultural products can 

be met to satisfy consumer preferences. 
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Introduction 

Pig farming in India is highly un-organized. Except for a few semi-commercial pig farms in Kerala, Punjab, 

and Goa, almost 70% of the pig population is reared in traditional small-holder, low-input demand driven 

production systems. A simple pigsty and locally accessible cereals, vegetables, and agricultural by-products, 

as well as kitchen trash, make up the standard production system. Pig has never been in the forefront of 

livestock development program in India until recent past so as the pig breeding policy. Distribution of pig 

population across the country is not uniform, for instance, thick population of pigs is recorded in the eastern 

part, whereas in the north-eastern region, highest population is recorded in the state of Assam. Most of the 

pig population is again in the tribal belts of the country where the people are non-vegetarian. Pigs make 

up 2.0 percent of the overall livestock population in India, according to the 19th livestock census.  In terms 

of breeding, over 20% of the pigs kept in India are crossed with exotic breeds, but with a large amount of 

inbreeding because of nonsystematic breeding and selection. In nutshell, the pig rearing is still unorganized 

venture that requires science and technology driven support to make it a vibrant enterprise. 

Pig Breeds Available in Different Parts of the Country 

The majority of the pig population in India is of indigenous breeds (76%). The exotic breed mainly comprises 

Hampshire, Large White York Shire, Duroc, Landrace, and Tamworth while some of the popular in 

digenous pig breeds include Ghungroo, Niang Megha, Ankamali, Agonda Goan, and Tany-Vo. 

Table 1.1: Indigenous pigs of India: 

Sl. No. Name of the Breed Home Tract 

1 Ghoongroo West Bengal 

2 Zovawk Mizoram 

3 Niang Megha Meghalaya 

4 Tenyi Vo Nagaland 

5 Agonda Goan Goa 

6 Nicobari Andaman & Nicobar 

7 Doom Assam 

Table 1.2: Crossbred pigs in different parts of India: 

Sl. No. Region Home Tract 

1 Northern India Large White Yorkshire 

    Large White Yorkshire Cross 

    Landrace cross 

2 Northeastern India Hampshire cross 

    Large white 

    Duroc 

    Large black 

3 Eastern India Hampshire cross 

    Tamworth cross 

4 Central India Landrace cross 

    Large white Yorkshire cross 

5 Southern India Large White Yorkshire Cross 

    Duroc 
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6 Western India Large White Yorkshire Cross 

Table 1.2: Crossbred pigs in different parts of India: 

Sl. No. Region Home Tract 

1 Northern India Large White Yorkshire 

    Large White Yorkshire Cross 

    Landrace cross 

2 Northeastern India Hampshire cross 

    Large white 

    Duroc 

    Large black 

3 Eastern India Hampshire cross 

    Tamworth cross 

4 Central India Landrace cross 

    Large white Yorkshire cross 

5 Southern India Large White Yorkshire Cross 

    Duroc 

6 Western India Large White Yorkshire Cross 

Breeding Strategies 

1. Pure-breeding: Mating purebred individuals of the same breed. The progeny has the same genetic 

makeup. The major objective of pure-breeding is to identify and propagate superior genes for use in 

commercial production primarily in crossbreeding programs as well as to propagate and identify superior 

females for maintaining valuable genetic material. Furthermore, crossbreeding will not be worthwhile 

unless superior pure-bred individuals are used. 

2. Out breeding: Mating individuals of the same breed but who are less closely related than the average 

of the breed. There should not be a common ancestor for at least four generation back in the pedigree of the 

board and the females with which he is mated. It is a useful mating system in purebred individuals. 

3. In-breeding: Mating between individuals of the same breed but which are more closely related than the 

average of the breed. This could be between as close individuals as full sibs or sire – daughter, mother - 

son. Pure breeding is a special kind of in-breeding. The effect of inbreeding is the concentration of common 

genes in the offspring. This high frequency of homozygous gene pairs applies to both desirable and 

undesirable traits. Many undesirable traits e.g., hernia and cryptorchidism involve recessive genes thus 

inbreeding perpetuates their expression phenotypically. In breeding causes decrease in litter size and 

increases mortality. Inbred sows are inferior in milking and mothering ability. It delays sexual maturity 

in gilts and boars. Inbred boars have less sexual libido. Inbred gilts have fewer eggs during oestrus and 

farrow smaller litters than those out bred. 

4. Cross breeding: Mating two individuals from different breeds thus introducing into the progeny a gene 

combination that is different from that existing in either parent or in the breed of either parent. Cross 

breeding can involve two or more breeds, depending on the desired result. The sole purpose of cross breeding 

is to take advantage of the observed improvement in performance of the progeny above that of either parent 

- hybrid vigour or heterosis. 
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Common Signs of Heat 

1st stage: Early heat signs: 

a. General restlessness 

b. Vulva turns red and is swollen 

c. White mucus discharge.  

2nd stage: Service period signs  

a. Estrus duration lasts for 40 - 60 hours.  

b. Vulva becomes less red and swollen.  

c. Slimy mucus discharge.  

d. Tendency to mount and be mounted by others.  

e. The sow or gilt will stand still when pressure is applied to her back (can accept a man's weight 

sitting on her. 

3rd stage: Post estrus-period signs  

a. The sow/gilt will not stand still when pressure is applied to her back.  

b. The swelling of the vulva disappears. 

Artificial Insemination 

Artificial insemination is a technique of delivering boar semen into the female reproductive canal by 

artificial means. 

Advantages of Artificial Insemination (A.I.) 

1. There are several advantages, but the most important ones are listed below: 

a. Enables widespread use of superior male germplasm to produce genetically upgraded progenies. 

b. Allows the use and transport of semen at distances, even crossing international barriers 

c. Reduces risk of sexually transmitted diseases             

d. Allows introduction of new genetic material. It also reduces the transmission of coital diseases 

and other infectious diseases like Swine Fever, Foot and Mouth Disease etc. 

e. Al can be used extensively in development of rotational or terminal crossbreeding programs 

f. AI overcomes size differences between boars and sows. 

2. Important points about A.I in pigs: 

a. Timing and technique are two key factors in the successful use of AI. 

b. The stockperson must mimic some of the stimulation normally provided by the boar i.e. back 

pressure, flank/udder rubbing. Use adequate lubrication (non-spermicidal KY jelly) 

c. Strict hygienic measures should be taken while handling semen and during insemination. 

d. Clean the vulva with cotton to clean away dirt that may contaminate the catheter head. Do not 

hold the catheter in the mouth and always use a new/sterilized catheter on each sow. 

3. Pre-requisites of A.I: Pre-requisites for AI include a supply of quality pig semen, reliable methods for 

estrus or heat detection in the breeding sow and a means of inseminating the semen into the reproductive 

tract of the receptive female. 

4. Procedure of A.I in pigs: Make sure the sow or gilt is in standing heat. The catheter should be properly 

cleaned and disinfected. The lips of the vulva are gently parted, to allow the head of the catheter to be 

inserted and to only have contact with the interior of the vulva. The head of the catheter is inserted into 



 

 
Volume 04 - Issue 07 - July 2022       132 | P a g e  
 

the vulva (by gentle anti-clockwise twisting) and gently pushed forward and upwards at an angle of 45 

degrees into the reproductive tract, being careful to miss the entrance to the bladder. When a firm 

resistance is felt, the catheter is pulled slightly back to achieve a firm lock. Once the catheter is firmly 

locked in place, the semen bag is fitted on to the catheter and raised above the level of the vulva. The 

uterine contractions will suck the semen out of the bag, into the uterine tract. Gentle squeezing pressure 

can also be exerted for proper and uniform flow of semen. Continue to stimulate the animal by putting 

weight on her back and rubbing her flanks. After insemination, rotate catheter clockwise and withdraw it. 

5. Timing of A.I: Timing and technique are two key factors in the successful use of AI. Accurate timing 

depends upon accurate estrus detection. Viable sperm must be present in the sow’s uterus before ovulation 

occurs. After ovulation, the oocytes (eggs) have a short lifespan of about 8 hours. Once inside the sow’s 

reproductive tract, sperm cells survive for around 24 hours. Ovulation timing is variable in different 

individuals, breeds or age groups. It is generally accepted that ovulation occurs approximately 66-75% into 

standing estrus. The general timing of AI separately for gilts and sows are depicted below: 

Groups Single AI after detected estrus Double AI after first detected estrus/heat 

Gilts 24 – 30 hrs (10-14 hrs after SR) 1st AI: 10-14 hrs (6 hrs after SR) 2nd AI: 12 hrs-after 

1st AI 

Sows 28 – 36 hrs (12-16 hrs after SR) 1st AI: 12-16 hrs (6-8 hrs after SR) 2nd AI: 12  hrs-

after 1st AI 
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Abstract 

The term "annual" when applied to herbaceous ornamentals, refers to plants that are grown for only one 

season. Ornamental annuals are the herbaceous plants that grow from seeds, produce flowers, set seeds, 

and complete their life cycle within one growing season of the year, having a short period of the lifespan. 

In such a limited period, they complete the process of life like germination, growth, flowering, seed 

formation and after this the plants wither out. These plants vary widely in form, habit of growth, flowers 

colour and flower size and therefore they bring a change in the look of the garden with change in the season. 

Annuals are grown for various situations and purposes in the garden like for pots, hanging baskets, bed, 

edging, rock garden, as herbaceous border, shady situation, etc. 

Keywords: Annuals, ornamentals, flowers, garden, edging, herbaceous border. 

Introduction 

Plants which complete their life cycle that is from germination to seed production in one growing season 

and then die are called annual plants. Annuals are effortlessly grown plants and they have a vast variety 

in their form, colour, size, etc. which overall beautifies the garden. The annuals are grown for different 

purposes in the garden like for bedding purpose, fragrant purpose, hanging basket, screening purpose, etc. 

According to their growing seasons, ornamental annuals are divided into three groups: 

1. Summer season annuals. 

2. Rainy season annuals. 

3. Winter season annuals. 

Summer Season Annuals 

1. These ornamental plants grow abundantly and produce flower under higher temperature. 

2. They have capability to survive under extremely high temperature. 

3. Seeds of these annuals are sown in end of February or beginning of March. 

4. Seedlings are ready for transplanting in end of March to April. 

Some examples of summer annuals are as following:  

a. Common Zinnia (Zinnia elegans), Family Compositae 

b. Summer Cypress (Kochia scoparia var. tricophylla), Family Chenopodiaceae 

c. Portulaca (Portulaca grandiflora), Family Portulaceae 

d. Blanket flower (Gaillardia pulchella), Family Compositae 

e. Sun Flower (Helianthus annus), Family Compositae. 
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Zinnia Kochia 

   
Portulaca Gaillardia Sunflower 

Rainy Season Annuals 

1. These ornamental annuals are grown in rainy season. 

2. They can withstand heavy rains and high humidity in the atmosphere. 

3. The seeds are sown in June on raised nursery beds. 

4. The seedlings are ready for transplanting in month of July or mansoon period. 

Some examples of rainy season annuals are as following: 

a. Balsam (Impatiens balsamina), Family Balsaminaceae 

b. Cock’s Comb (Celosia argentea var. Cristata), Family Amarantaceae 

c. Love-Lies-Bleeding (Amaranthus caudatus), Family Amarantaceae 

   
Balsam Cock’s comb Amaranthus 

Winter Season Annuals 

1. Most of the winter season ornamental annuals have been introduced in India by Britishers. 

2. These winter annuals can tolerate low temperature. 

3. They are available in wide range of flower form, size and colours. 

4. Some of the winter annuals produces sweet fragrance and make garden fragrant. 

5. Winter season annuals are shown in the month of September. 

6. They are ready for transplanting in October in North-Indian plains whereas in hills, they are 

transplanted in February-March and July-August. 
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Some examples of winter annuals with their family are as follows: Acroclinum roseum, Compositae; 

Ageratum houstonianum, Compositae; Anchusa capensis, Boraginaceae; Chrysanthemum coronarium, 

Compositae; Antirrhinum majus, Scrophulariaceae; Arctotis stoechadifolia, Compositae; Callistephus 

chinensis, Compositae; Molucella laevis, Labiatae; Brachyome iberidifolia, Compositae; Calendula 

officinalis, Compositae; Eschscholtzia California, Papaveraceae; Iberis sp., Cruciferae; Senecio cruentus, 

Compositae; Clarkia elegans, Onagraceae; Clianthus dampieri, Leguminosae; Coreopsis tinctoria, 

Compositae; Centaurea cyanus, Compositae; Cosmos bipinnatus, Compositae;  Dahlia variabilis, 

Compositae; Bellis perennis, Compositae; Dimorphotheca aurantiaca, Compositae; Helichrysum 

bracteatum, Compositae; Althea rosea, Malvaceae etc. 

   
Acroclinum/Paper flower Ageratum/Floss flower Anchusa 

   
Antirrhinum/Dog flower Arctotis/ African daisy Bells of Ireland 

   
Aster Brachycome Calendula 

Growing of Annuals for Particular Purposes 

Various kinds of annuals are suited for different situations and therefore, right type of annuals should be 

selected for particular purpose. The selection of these ornamental annual flowers can be made according to 

following purposes: 

1. For bedding purpose: 

Examples: Dahlia (Dahlia variabilis) Compositae; Pansy (Viola wittorckiana) Violaceae; Phlox (Phlox 

drummondii) Polemoniaceae; Ice plant (Mesembryanthemum criniflorum) Aizoacea; Candytuft (Iberis sp.) 

cruciferae; Verbena (Verbena hybrida) Verbanaceae etc. 
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Dahlia Pansy/Cat face Phlox 

   
Ice plant Candytuft Verbena 

2. For fragrant flower purpose: 

Examples: Mignonette (Reseda ordorata) Resedaceae; Stock (Matthiola incana) Cruciferae; Sweet pea 

(Lathyrus odoratus) Leguminosae; Sweet sultan (Centaurea moschata) Compositae; Sweet william 

(Dianthus barbatus) Caryophyllaceae; Sweet alyssum (Alyssum maritimum) Cruciferae etc. 

   
Mignonette Stock Sweet pea 

   
Sweet sultan Sweet william Sweet alyssum 

3. For cut flower purpose: 

Examples: Carnation, Aster, Antirrhinum, Sweet pea, Sweet william, Sweet sultan, Larkspur 

(Delphinium hybridum) Ranunculaceae, Helichrysum, Corn flower (Centaurea cyanus) Compositae etc.  

4. For loose flower purpose: 

Examples: Marigold, Annual chrysanthemum, Sunflower, Zinnia, Gaillardia etc.  

5. For hanging basket purpose: 
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Examples: Daisy (Bellis perennis) Compositae, Nasturtium (Tropaeolum majus) Tropaeolaceae, Verbena, 

Phlox, Sweet alyssum, Portulaca etc. 

6. For shady situation: 

Examples: Salvia (Saliva splendens) Labiatae; Cineraria (Senecio cruentus) Compositae 

7. For screening purpose: 

Examples: Holly hock (Althea rosea) Malvaceae; sweet pea 

8. For peculiar shape: 

Examples: Clianthus or Parrot’s Bill (Clianthus dampieri) Leguminosae 

9. For pots: 

Examples: Carnation, Dog flower, Aster, Petunia etc. 

10. For dry flower purpose:  

Examples: Statice, Helichrysum, Acroclinum, Nigella, (Nigella domascena) Ranunculaceae, Lady’s Lace. 

   
Daisy Nasturtium Larkspur 

   
Corn flower Helichrysum Holly hock 

    
Clianthus Salvia Cineraria Nigella 

Climate and Soil Requirement for Ornamental Annuals 

In north Indian plains winter season’s annuals are grown during winter months, while summer and rainy 

ones during summer and rainy seasons, respectively. In northern hills, all annual flowers are grown during 

summer season. Under warmer climate of Southern India, where there is no distinct winter, common 

winter annuals, i.e., carnation, sweet pea, antirrhinum, pansy, viola etc., do not grow well. Ornamental 

annuals flourish best in well-drained, sandy loam soil which are rich in organic matter content. The soil 

pH should be between 6.0 and 7.5. If the soil is acidic, lime should be added for making the soil neutral. In 

clay soil, organic matter is added to make it porous. In sandy soil, add sufficient organic matter for 

improving its texture. 
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Propagation of Ornamental Annuals 

Almost all annuals can be propagated by seeds. Marigold can be propagated by cuttings also. In the 

northern plains, winter season annuals are sown during September-October. However, late flowering 

types- China aster, carnation and cineraria are shown during August-September. Summer season annuals 

are sown during January-February, while rainy season annuals during May-June. In south India, 

September-October is ideal time for sowing annuals. In norther hills, March-April is most appropriate time 

for sowing annual flower seeds, whereas March-May in southern hills. 

Planting of Annuals 

There seedlings are transplanted 25 days after sowing at 4-leaf stage. Dwarf annuals like acroclinium, 

sweet alyssum, arctotis, daisy, etc. should be planted at a distance of 30cm x 30cm, whereas medium-tall 

annuals- agrostemma, amaranths, anchusa, antirrhinum, calendula, African marigold- should be planted 

at a spacing of 45cm x 45cm. the plants of all tall annuals-hollyhock, chrysanthemum, sunflower, 

helichrysum, heliotrope, Pimpinella and zinnia-should be planted 60cm apart. 

Manuring and Fertilization Management 

The farmyard manure or compost @ 3kg/m2 is mixed in the soil. Chemical fertilizers-20g urea, 60-120g 

superphosphate and 30-60gmuriate of potash/m2 should also be added. Instead of fertilisers, it is better if 

pot- grown plants are given liquid feeding. The liquid manure is prepared by fermenting 1-2kg of fresh cow 

dung and oil cake in 10 litres of water in a drum for one week. It is diluted to tea colour and sieved with 

the help of muslin cloth. It is applied @ 500-1000ml/pot at 7-10 days intervals. 

Growth and Flowering of Annuals 

The Cosmos bipinnatus and Callistephus cinensis are typical short-day plants for vegetative growth and 

flowering, while Dianthus barbatus and Nigella damascena are typical long-day plants for vegetative 

growth as well as flowering. Clarkia, candytuft and salvia flower prematurely if the soil is deficient in 

Nitrogen. If N level is high in soil, sunflower, lupin and African marigold flower prematurely. 

Aftercare 

After transplanting, beds are weeded, hoed and watered regularly. As soon as seedlings are established in 

beds, pinching is done for making the plants bushy. Pinching is not practiced in antirrhinum, larkspur, 

lupin, stock and hollyhock. Sweet pea, carnations, morning glory and nasturtium, have weak, slender or 

straggling stems. They need support when they are 15-20cm tall. 

Irrigation Management 

Little water is needed every day up to 7-10 days after transplantation. During summer season irrigation 

should be done at weekly intervals in bed, while 10-12 days intervals in winters. Irrigation during rainy 

season depends upon prevailing weather conditions. Potted plants need daily watering during summers, 

whereas on alternate days in winter. 

Harvesting and Postharvest Management 

Most of the annuals are grown for garden display purpose in various ways. However, marigold, China aster, 

antirrhinum, gysophila, statice, gaillardia, etc. are grown commercially for cut flower or loose flower 

purpose. 

In African marigolds yield of 20-22 tonnes of fresh flowers is obtained from one hectare crop, whereas in 

French marigolds 10-12 tonnes/ha of fresh flowers is obtained. Cut flowers of gypsophila, bells-of-Ireland 

and Limonium are traded in the international market. If flowers are not sold the day they are harvested, 

to store them in a cold storage is imperative. 

Antirrhinum flowers can be stored for short duration at a temperature -0.6oC to 1.7oC. For storing stock 

cut flowers, 4oC temperature is optimum. Gypsophila flowers can be stored for 1-2 days at 4oC. Statice cut 

flowers can be stored for 2-3 weeks at 2oC. A temperature of 0-2oC is suitable for the storage of carnations. 
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Introduction 

Heavy metal pollution in soil is emerging as a global threat due to different anthropogenic activity e.g., 

mining, metal-based industry, leather industry, use of sewage water, indiscriminate use of pesticide and 

fertilizers etc. Heavy metals hinder plant growth and affects every organism in food chain through 

bioaccumulation and biomagnification. Early detection of heavy metal contamination in soil is essential to 

deploy effective remediation measures. The traditional chemical approaches for measuring heavy metals 

requires expensive instruments and also proper protocol and permissible limits have not been developed 

for every metal. Nevertheless, soil microorganisms are very sensitive to heavy metal stress. Heavy metals 

damage nucleic acids, denature proteins, disrupt cell membrane, can greatly reduce the structural and 

functional diversity of microorganisms and inhibit growth and reproduction of microorganism. Different 

methods are used to study microbial biomass and their functional and structural diversity which can be 

utilized as indicators of heavy metal stress. This article aims to highlight different methods of determining 

microbial biomass, structural and functional diversity and how heavy metal contamination affect these 

parameters. 

Methods for Assessing Microbial Biomass and Effects of Heavy Metals Contamination 

1. Direct counting of microbial population:  In the past, direct plate counting was frequently used as 

a reliable measure of soil heavy metal stress. However, now it is rarely used because only a small 

percentage of the entire bacterial population can grow on nutrient-enriched medium. Moreover, different 

soil conditions also influence colony growth thus, distorting the effect of heavy metal.   

2. Indirect Methods- microbial quotient: Microbial quotient is defined as the ratio of microbial biomass 

carbon to total organic carbon, and is considered as an index of heavy metal toxicity and soil perturbations 

(Bastida et al. 2008). In an experiment by Pérez-de-Mora et. al. (2006) heavy metal polluted soil was treated 

with four organic and one inorganic (sugar beet lime) amendment to alleviate the heavy metal stress. In 

every case microbial biomass carbon significantly increased over control.  

3. Membrane Lipids based methods: In Phospholipid Fatty Acid (PLFA) technique different organic 

solvents are used to extract lipids from the soil microorganism. Then from that extract, phospholipids are 

separated from other lipids and converted to fatty acid methyl esters (FAMEs), and analyzed with gas 

chromatography for quantitative determination.  These PLFAs are used to evaluate the effects of heavy 

metal stress on microbial population through species richness, evenness and Shannon–Weaver diversity 

index. Hinojosa et al. (2005) reported fungi can tolerate more heavy metal toxicity than bacteria. However, 

in the same study, they highlighted the decrease of 16:1w5c fatty acid corresponding to arbuscular 

mycorrhizal fungi under heavy metal pollution. A recent study was done by Xie et. al. (2011) in China, 

where they spiked a soil with different doses of Hg and Cd. The results clearly explain PLFAs specific to 

gram (+ve) bacteria increased and PLFAs of gram (-ve) bacteria decreased and also specific fungal PLFAs 

had shown an increasing trend with increase in heavy metal. 

Methods for Assessing Microbial Functional Diversity and Effects of Heavy Metals 

Contamination 

1. Carbon Mineralization: In highly contaminated soils, heavy metals kill micro-organisms or form 

complexes with the substrates, thereby reducing soil respiration and CO2 production. However, higher 



 

 
Volume 04 - Issue 07 - July 2022       141 | P a g e  
 

respiration rates can be seen in moderately contaminated soils. In this regard substrate-induced 

respiration (SIR) is used to study CO2 evolution rate (qCO2) which indirectly estimates microbial biomass.  

2. Enzyme Activities: Soil enzyme activities are affected in heavy metal contaminated soil as they can (a) 

inactivate the produced enzyme (b) inhibit the biosynthesis of microbial enzymes (c) change the specific 

compositions of microbial groups that produce extracellular enzymes. Hu et. al. (2014) had performed an 

incubation study with spiking Se and Cu at different concentrations. The study revealed that only Se 

spiking did not affect urease activity because Se mimics the SO4 
-2 in microbes. However, spiking with Cu 

as well as co-spiking of Cu and Se significantly reduced the urease activity both in absence and presence of 

plant. 

3. Fungal Acetate in Ergosterol Incorporation: Ergosterol (present in cell membranes of fungi) can be 

used as an indicator of fungal biomass. A recent study (Fernández-Calviño and Bååth 2016) incorporated 

leucine and C-14 acetate in bacterial protein and fungal ergosterol respectively, as proxy of bacterial and 

fungal growth. The study revealed that bacterial growth tremendously reduced due to short term Cu 

spiking whereas fungal activity increased at high Cu concentration (16 and 32 ppm) due to utilization of 

dead bacterial carbon.  

4. Community Level Physiological Profiling: The community level physiological profile (CLPP) is 

based upon the BiologTM plate containing 95 different carbon substrates, and observing how many 

substrates can be utilized by soil microbes with a presumption of higher substrate utilization as higher 

microbial diversity. Xie et al. (2011) reported that functional diversity of microorganisms was reduced by 

Cd and Hg pollution resulting in reduced substrate utilization capacity as evident from CLPP analysis. In 

this regard, soil which was contaminated with both Cd and Hg resulted lower functional diversity to a 

greater extent. 

Methods for Assessing Microbial Structural Diversity and Effects of Heavy Metals 

Contamination 

1. Denaturing and Temperature Gradient Gel Electrophoresis (DGGE/TGGE): PCR products with 

similar lengths but different sequences can be separated with DGGE/TGGE techniques. This method is 

also used to study the effect of heavy metal on microbial population. In this regard, Deng et al. (2015) 

reported that because of the low toxicity index and the coabundance of diverse species in soil, samples of 

unpolluted control soils revealed relatively stable DGGE profiles indicating little changes in the molecular 

structure of the soil bacterial community over polluted soil. Furthermore, fungal community structure was 

more affected by heavy metal polution than  bacteria. Less diversified banding patterns with lower 

intensities and a lower number of bands were identified in DGGE patterns of fungal community. 

2. Amplified Ribosomal DNA Restriction Analysis (ARDRA): ARDRA is a simple, fast, and cost-

effective technique to determine microbial diversity. In this method r-DNA is isolated and PCR 

amplification is done and these amplified products are fluorescently labeled at one end and digested with 

restriction enzymes. Fragments are loaded on polyacrylamide gels, which travel different distance 

according to their size in the electric field. Laser detection of the terminally tagged products are done, 

resulting in a highly repeatable community fingerprint. ARDRA studies of the 18S r-DNA (Pérez-de-Mora 

et al., 2006) resulted in changes in the fungal community structure. The cluster ordination of fungal 

community structure showed municipal garbage with a higher concentration of heavy metal had less 

branching than other treatments, indicating lower microbial diversity. 

3. Terminal Restriction Fragment Length Polymorphism (T-RFLP): It is an alteration of ARDRA 

which follows almost similar principle of ARDRA. It combines automated sequencing gel technology with 

restriction fragment analysis of a PCR-amplified gene marker. One of the primers used in PCR 

amplification of the marker gene is fluorescently tagged at the 5′ terminus so that the digested amplicon's 

terminal restriction fragments (T-RFs) may be spotted and measured. Macdonald et. al. (2008) has 

evaluated long-term impact of metal loaded sewage application on soil microbes. From the result, it was 

clear that among the four microbial groups fungal archaeal population were very much affected by Cu as 

well as Zn contamination.  

4. Ribosomal Intergenic Spacer Analysis (RISA): RISA is useful, simple and quick method of RNA 

fingerprinting. The intergenic spacer (IGS) region genes (situated in between 16S and 23S r-RNA subunits, 
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specific for specific species) are amplified, denatured and determined.  Ranjard et. al. (2000) had performed 

an incubation study in which Hg spiked soil was incubated for 30 days and bacterial pool related to different 

size fraction of soil were studied through RISA analysis and compared with unspiked soil. The results 

clearly showed that there were significant changes in un-fractioned, outer fractioned and clay-size 

fractioned soil. The no and thickness of bands changed due to metal addition. 

Conclusions 

Different methods are available to evaluate the impact of heavy metals on microbial diversity. Heavy 

metals affect microbial biomass, structural and functional biodiversity. Direct counting of microbial 

population, microbial quotient, PLFA etc. are changed when microorganisms are exposed to heavy metal 

toxicity. Similarly, DGGE/TGGE, RISA, T-RFLP, ARDRA etc. revealed the impact of heavy metals on soil 

microbial structural diversity.  Nevertheless, microbial functional diversity is also influenced by heavy 

metal stress which are revealed by different methods like- enzyme activity, carbon mineralization, CLPP 

etc. However, detailed study is needed to clearly understand the effects of each heavy metal on different 

microorganisms and how much it affects microbial functions and diversity. Similarly, permissible limits of 

heavy metal based on their effect on different microbial parameter should be established. This will lead to 

proper understandings and selecting the best management strategy in heavy metals contaminated soils at 

the right time. 
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Introduction 

Gamma amino butyric acid (GABA) is a four-carbon non-protein amino acid that was first identified in 

potato tubers and later found to be present in varied life forms, including microbes, plants, animals and 

humans. GABA is a primary and inhibitory neurotransmitter found in the central nervous system of 

animals and humans that helps in environmental stress relief. GABA mediates both pre- and post-synaptic 

neuron inhibition in the motor system. GABA acts as both ionotropic and metabotropic which helps in the 

activation of ion conductance in the membrane and improves intracellular levels of secondary messages. It 

also improves the concentration of proteins, growth hormones and plasma concentration in the brain and 

plays a vital role in brain and neurological functions. 

In plants, the GABA is endogenously synthesized from L- glutamic acid with the help of vitamin B6 and 

enzyme glutamate decarboxylase (GAD) and it plays a vital role in connecting C and N metabolic fluxes 

through the GABA shunt. GABA metabolism plays a major role in plant defence mechanisms for biotic and 

abiotic stress. It is found to be in all plants and the higher concentrations were reported in tea, coffee, 

potato tubers, and germinated brown rice (Seifikalhor et al., 2019). 

In microorganisms, GABA is involved functionally in the spore germination of Bacillus 

megaterium and Neurospora crassa. It provides tolerance to acidic pH in bacteria, including Lactococcus 

lactis, E. coli, Clostridium perfringens and Listeria monocyrogenes. Several reports claimed that the GABA 

concentration is high in fermented foods than in natural foods due to the activity of lactic acid bacteria. 

Recently, GABA is considered a functional food in Japan and other parts of the world because of its diverse 

and unique health benefits. Hence, the dynamic nature of GABA makes it a most important non-protein 

pervasive amino acid (Dhakal et al., 2012). 

Mechanism of GABA Production 

In plants, GABA accumulation increases during biotic and abiotic stress through two different mechanisms. 

Plant stresses with metabolic or mechanical disruptions and causing cytosolic acidification will tempt an 

acidic pH-dependent activation of glutamate decarboxylase and thereby GABA synthesis. Extremely 

marked declines in cytosolic pH occur under oxygen deprivation, which is the primary stress factor in 

flooded soils, and this stress induces the greatest accumulation of GABA. Other stresses, including cold, 

heat, salt, and mild or transient environmental factors, such as touch, wind and rain will rapidly increase 

cellular levels of Ca2+. Increased cytosolic Ca2+ stimulates calmodulin-dependent glutamate 

decarboxylase activity and GABA synthesis. Recently, metabolic pathways that link GABA to stress-related 

metabolism and plant hormones are identified. The survival value of stress-related metabolism is 

dependent on metabolic changes occurring before stress causes irreversible damage to plant tissue. Rapid 

accumulation of GABA in stressed tissue may provide a critical link in the chain of events leading from the 

perception of environmental stresses to timely physiological responses (Kinnersley and Turano, 2000). 

Health Benefits of GABA in Humans 

GABA is a primary neurotransmitter that helps send messages between the brain and the nervous system 

and calms your central nervou00s system (CNS). Being a neurotransmitter, it helped improving memory, 

and learning ability and alleviates depressive disorders. Several reports suggested that plant extracts with 

high GABA content were effective for dropping the blood pressure of experimental animals (dogs, rabbits, 

pigs, and cats) and humans, and recovery of alcohol-related symptoms. It was reported that intake of GABA 

can suppress insomnia, and autonomic disorder observed during the menopausal or presenile period in 

females. It serves as inhibitory transmitters that have benefits like low cholesterol, lowering hypertension, 
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treatment for anxiety disorder, and preventing Alzheimer’s disease. Brown rice extracts with enhanced 

levels of GABA had an inhibitory action on leukaemia cell proliferation and had a stimulatory action on 

the cancer cell apoptosis. GABA has been shown to stimulate a 400% increase in human growth hormone 

production (Gutiérrez et al., 2020). 

Role of GABA in Plants 

In plants, it is metabolized through the GABA shunt pathway, a bypass of the tricarboxylic acid (TCA) 

cycle. Additionally, it can be synthesized through the polyamine metabolic pathway. GABA acts as a signal 

in Agrobacterium tumefaciens-mediated plant gene transformation, plant growth and development 

especially in seed germination, root growth, pollen tube elongation, fruit ripening and plant stress 

management. It is accumulated during plant responses to environmental stresses and pathogen and insect 

attacks. A high concentration of GABA provides tolerance for various plant stresses by inhibiting reactive 

oxygen species (ROS), improving photosynthesis, activating antioxidant enzymes, and regulating the 

stomatal opening and closing in drought stress (Seifikalhor et al., 2019). 

Improvement of GABA Content in Plants 

There are certain inhibitors in the glutamate pathway which inhibit GABA production. Two nuclear GAD 

(Glutamate decarboxylase) genes have previously been identified in the rice genome, each encoding a 

distinct GAD isoform, designated OsGAD1 and OsGAD2. Genetic manipulation in the GAD genes had been 

found to increase the GABA content by many folds. Earlier scientists used transgenic and RNA interference 

technology to truncate the C’ terminal of the GAD gene and thereby increased GABA content by 6-fold to 

100-fold (Akama and Takaiwa, 2007). 

Summary 

Recently, neurological disorders are the leading cause of death and disability in the world. They ranked as 

the leading cause group of DALYs (disability-adjusted life years), comprising 10.2 per cent of global DALYs. 

Every individual people in the world is undergoing some form of stress every day. To overcome these 

stresses, it is recommended to intake natural foods with high GABA than synthetic tablets available on the 

market for a healthy life. “Let food be thy medicine and medicine be thy food”. It is a belief that eating 

wholesome food is the basis for good health. 
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The management of tree canopies to enhance the production of high-quality fruits is known as canopy 

management. Because tree shape controls the presentation of leaf area to incoming radiation, canopy 

management, particularly its components such as tree training and pruning, has an impact on the amount 

of sunlight intercepted by trees. The arrangement of plant parts, in particular, is an appropriate training 

approach for developing a superior plant architecture that maximises the use of sunlight and boosts 

productivity. 

Trees and their fruits require a lot of light to grow and flourish. The sunlight is captured by the green 

leaves, which produces carbohydrates and sugars that are carried to the locations where they are needed-

buds, flowers, and fruits. Tree growth, productivity, production, and fruit quality all benefit from increased 

light penetration into the canopy. Light penetration in an orchard is also influenced by planting density 

and orientation. In general, faster shadowing is an issue in close planting. When trees are planted in an 

east-west row, they provide greater shade than trees planted in a western or southern row. Larger fruits 

are produced by strong bearing branches. A fruit grower's difficulty is to first establish a robust and 

balanced structure for the trees, then provide them with appropriate fruiting. To develop a strong and 

stocky foundation with well-spaced limbs or any other desirable shape, pruning in the early years must 

obviously be of the training kind. 

The following are some of the basic principles of canopy management: 

1. The use of light to the greatest extent possible. 

2. Avoiding the creation of a microclimate that is conducive to disease and pest infestation. 

3. The ease with which cultural activities can be carried out. 

4. Increasing productivity through high-quality fruit production. 

5. Obtaining the needed canopy architecture at a lower cost. 

After a few years of growth, untrained or unpruned guava trees become enormous and unmanageable. The 

bearing area of the plant is diminished, and the interior of the plant is devoid of fruits.  

a. To promote the appearance of new growth below the cut places, trees are topped to a consistent 

height of 60-70 cm from the ground level 2-3 months after planting. 

b. The major scaffold limbs of the tree are formed by retaining three to four evenly spaced shoots 

around the stem. After topping, these shoots are left to develop for 4-5 months until they reach a 

length of 40-50 cm. 

c. For producing several shoots from the buds below the cut end, the selected shoots are further 

clipped to 50% of their original length. Newly developed branches are allowed to grow up to 40-50 

cm before being clipped to allow new shoots to arise. This is done mostly to achieve the proper form. 

d. During the second year following planting, the pruning operations continue. Short branches 

within the tree canopy generate a compact and sturdy structure after two years. All of the plants 

have been proven to have a hedge shape of 2m inter row width and 2.5m height, which is pruned 

twice a year in January and May-June. 

Pruning and the application of growth retardants, either separately or in combination, can be employed to 

regulate the canopies of trees in densely planted areas. Light and other microclimatic factors, on the other 

hand, play a vital effect in guava fruit vegetative development, yield, and quality in a high-density planting 

setting. While study on temperate fruits such as apple, pear, and peach has been considerable, research on 

tropical and sub-tropical fruit crops has been limited. 

Because the guava tree responds effectively to canopy modification in terms of vegetative and reproductive 

growth (Singh and Canaan, 2005), canopy pruning and the use of growth regulators in high-density 

orchards could help boost output yield. Guava leaves have a higher proportion of ‘shadow' to ‘sun' leaves, 
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which are photo synthetically inactive and function as an unproductive drain in deeper shade (Singh and 

Singh, 2007). 

As a result, vegetative development, fruit yield, and quality are all dependent on light interception and 

transfer of light energy into chemical energy. Light absorption determines fruit quality, and light is 

proportionate to fruit tree productivity (Jackson, 1980; Palmer, 1989). As planting densities were 

investigated, light interception was higher in guava trees planted at wider spacing, and it reduced 

substantially with the depth of the canopies (Singh et al., 2005). Fruit output and uniformity of guava fruits 

decreased with lower light interception at increasing planting densities (Singh and Dhaliwal, 2007).  

As a result, canopy control under high density planting is essential for proper light penetration. Guava 

fruits with narrow spacing (6 2 m) had slightly higher total soluble solids, vitamin C, sugars, and lower 

acidity levels than those with wider spacing (6 2 m) (Chundawat et al.,1992). Singh et al., (1980); Mitra et 

al., (1984); and Avila'n and Milla'n have all recorded increased guava yield per unit area by the plant 

population (1984). 

Early harvest, high yields per hectare, and efficient fertiliser and irrigation water use are just a few of the 

advantages of high-density planting (Purohit, 1988). Little effort has been taken to determine the proper 

planting density for guava in the hopes of it becoming a common fruit, and little information on the subject 

is accessible under the conditions of western Uttar Pradesh. Planting at a density of 132 plants per hectare 

is presently suggested (6 5 m). As a result, in order to produce good quality fruits and generate the largest 

yield per unit land area, adequate plant population under a high-density planting scheme is required. 

Pruning has now established itself as a commercially viable and alternative method of guava crop 

management. As a result, trimming will aid in the reduction of the tree's size while also improving the 

berry uniformity. As a result, the number of trees planted per unit area can be increased, increasing 

production. Untrained or untrained guava trees tend to be big and unmanageable even after 3–4 years of 

planting. The bearing region diminishes, and the interior of the plant remains barren. 

Trees may yield more high-quality fruits if the crowded and crisis-crossed leaves are pruned. Training and 

pruning begin early in the plant's development to generate single trunk trees with well-spaced scaffold 

branches to support the massive frame construction. Apical growth should be regulated during the first 

year of planting for optimal canopy design. At a height of 60-75 cm above the ground, trees are uniformly 

topped. 

As a result, fresh shoots have emerged. Virendra Pal, Naveen Chandra, Anant Kumar, and Mukesh Kumar 

are Virendra Pal, Naveen Chandra, Anant Kumar, and Mukesh Kumar, respectively. 2(3&4): 458-464 

(2016) 460 South Asian J. Food Technol. Environ., The tree's main scaffold branches are generated by 

keeping three to four evenly spaced shoots across the stem. The shoots are left on the stem until they reach 

about 40-50 cm in length. The chosen shoots are then pruned to half their original length, resulting in the 

sprouting of new shoots from the buds beneath the clipped ends. This is usually done in order to acquire 

the ideal shape. The trimming procedure occurs the second year following density planting to optimise 

fruiting. After two years, the short branches inside the canopy form a compact and solid structure. All of 

the plants are restricted to a fence every year between May and June.  

As part of their canopy maintenance, guava canopies are clipped. 

a. Improve plant design and canopy management. 

b. To achieve the best tree canopy, control or direct plant development. 

c. Increase the amount of high-quality fruit produced per unit area by encouraging bloom and fruit 

production. 

d. Maximize the tree's carrying area and achieve the appropriate leaf-to-fruit ratio to make 

harvesting easier and more successful. 

e. Increase the tree's exposure to sunlight and air circulation. It's critical for maximising 

productivity and fruit quality. Because of the lack of air circulation induced by dense plant canopies, 

fungal and insect pests thrive within the tree. 

f. Cut any withering or superfluous wood or shoots to rejuvenate the plant. 

g. Spraying and cultural events should be more effective. 

h. The amount of time it takes to finish a project. 
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Introduction 

Salt-affected is a general term used for soils which contain soluble salts or exchangeable sodium and/or 

both, in such amounts that can retard growth and development of plants. Those salts are primarily 

composed of chlorides, sulphates, carbonates and bicarbonates of calcium (Ca2+), magnesium (Mg2+) and 

sodium (Na+). Such soils cause reduction in crop yield and are required to be managed and remediated for 

sustainable agriculture. Mostly salt affected soils exist in arid and semi-arid regions due to high 

evaporation demand and less precipitation in arid and semi-arid but also found in some humid to sub-

humid climatic areas, where conditions are favorable for their development. In arid and semi-arid climatic 

zones use of low-quality irrigation water has become a common practice to fulfill the needs of ever-

increasing population demands for food crops that lead to formation of salt affected soils. 

Sources of Salts 

Salts may originate from various sources acting either alone or in combination. However, the primary and 

major source of salts in soils and oceans is rocks and minerals present in the Earth crust which are 

weathering with the passage of time. Although the salts currently occurring in the ocean arise mainly from 

the weathering process of the rocks and minerals in Earth crust, now the ocean is functioning as an 

important source for the redistribution of salts. As a result of in-situ weathering process, salts are released 

into soils and are accumulated or removed depending on the prevailing environmental conditions. Under 

humid conditions, salts leach through soils and are transported to the nearby streams and rivers resulting 

in formation of inland salt-affected areas. However, under arid to semi-arid climatic conditions, the 

weathering products accumulate insitu and result in the development of salinity and/or sodicity. This 

process of formation of salt-affected soils as result of accumulation of salts released during weathering is 

called primary salination or sodification. All the natural waters contain dissolved salts. The expected effect 

(adverse or favorable) is highly dependent upon type and number of salts and volume of irrigation water 

used. Other common source of Irrigation and salts is ground water, which are mostly brackish in arid 

regions but the levels of EC, SAR and RSC in ground waters are quite variable. Such additions of salts in 

the soils highly depend upon depth of ground water table, volume of water used for irrigation, and type of 

salts as well as upon the evaporative demand of the atmosphere. 

Sea water (EC > 4 dSm-1, SAR > 50-55) contains high number of soluble salts specially NaCl which plays 

most important role formation of coastal saline soil. The soils in coastal areas are enriched with Salts 

coming from sea through various ways, such as: a) Striking of sea water high-tides with nearby surface soil 

b) Entry of sea water through rivers, estuarie etc. c) Ground-water inflow. 

Classification of Salt-Affected Soils 

According to soil salinity staff (1954), United States Department of Agriculture (USDA), Salt-affected soils 

are usually characterized into three main groups: 

Saline soil:  Saline soil is referred as a soil that contains plenty of soluble salts that have adverse effects 

on plant growth but does not contain excessive exchangeable Na+. Most of the soluble salts in saline soils 

are composed of cations Na+, Ca2+, and Mg2+ and of anions chloride, sulphate While in minute 

concentrations other cations such as k+ and NH+
4 along with anions including nitrate, carbonate and borate 

also occur in these soils. Saline soils have ECe ≥ 4 dS m1, SAR < 13 (mmol L-1)1/2, ESP < 15 and pHs < 8.5. 

Sodic Soil: Sodic soil can be defined as a soil that restrains adequate concentrations of exchangeable Na+ 

that have serious impacts on plant growth and development but not having excessive concentration of 
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soluble salts. Soil structure, aeration, and hydraulic conductivity are deteriorated by the excessive amount 

of exchangeable Na+. Sodic soils have ECe < 4 dS m-1, SAR > 13 (mmol L-1)1/2, ESP > 15 and pHs >8.5. 

Saline-sodic soil: Saline-sodic soil refers to a soil having both soluble salts as well as exchangeable Na+ 

in sufficient amounts that cause harmful impacts on all type of crop plants Saline-sodic soils are 

characterized as the soils that have: ECe > 4 dS m-1, pHs > 8.5, SAR > 13 (mmol L-1)1/2 and ESP > 15. In 

some literature, the term alkali is used in place of sodic, i.e., for soils having excess exchangeable Na+. 

Hence, the term saline-alkali in place of saline-sodic and alkali in place of sodic are used. However, the use 

of the term alkali is being discouraged because of its ambiguity with the term "alkaline" which refers to the 

soils having pH > 7.0. 

Phytoremediation of Salt Affected Soil 
Phytoremediation: Phytoremediation or vegetative bioremediation of salt- affected soils can simply be 

defined as the cultivation of salt accumulating or salt-tolerant plants for the reduction of soil salinity or 

sodicity or both.  

Criteria for selection of plant use in phytoremediation: Species which can achieve normal growth in 

a salt affected soils and accumulate high quantities of salt are the best candidates for phytoremediation of 

salt-affected soils. Those which can produce greater biomass together with the capacity to tolerate salinity, 

sodicity and periodic inundation are the best choice for remediating salt-affected areas. The plants which 

provide some economic part like food and fodders along with salt tolerant capacity are very effective to be 

used for phytoremediation. 

Halophyte: Plants which have ability to grow under high salt concentration due to presence of different 

mechanism of salt tolerance are known as halophytes or salt tolerating plants. 

Classification of Halophytes on the Basis of Mechanism of Salt Tolerant 

Excluder: In these plants, the root system possesses and ultra-filtration mechanism and this 

characteristic lead to establishment of such species as the dominant component of the mangrove vegetation.  

Accumulator: They accumulate high concentrations of salt in their cells and tissues and overcome salt 

toxicity by developing succulence.  

Conductor: These plants regulate internal salt levels through absorbed salts and excrete them by foliar 

salt gland into air. 

  
Sesuvium portulacastrum Phragmites australis 

Fig- Pictures of Halophytes 

Mechanisms Involved in Salt Removal by Plants 

Phytoaccumulation: Plants uptake salts from soil and store high concentration of salt especially Na+ and 

Cl- in their shoot. e.g., Cynodon dactylon accumulates Na+ and Cl- in salt gland and Thinopyrum 

pergranulata accumulate salt in their cell. 

Phytostabilization: Phytostabilization involves two steps: 

a. Immobilization of salts around the root. 

b. Accumulation of salt ions in roots rather than shoots. Accumulation of the bulk of absorbed. Salts 

in roots indicate that this is an efficient salt management mechanism. e.g., Populas alba accumulate 

90% of Na+ in root. 
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Phyto-transformation: Phyto-transformation involves three steps: Absorption of salt ions that occurs at 

high level in soil. Movement into the plant tissue. Breaking down into either less toxic or non-toxic 

compound via several metabolic step. 

Acidification: 

 

Advantages of Phytoremediation 

Cost involved in phytoremediation of salt affected soil is very less compared to other methods because it 

involves only initial cost of planting Nutrient availability is increased after phytoremediation. Plants used 

in this method also help in stabilization of soil, reduction of soil erosion and increase in organic matter 

content Accumulation of salt into shoot also prevents their leaching to ground water. 

Limitations of Phytoremediation 

Phytoremediation is a time-consuming process because it requires several growing seasons to lower the 

level of contaminants in soil. Plant may not grow when salts concentration is extremely high because 

germination is inhibited by high salts concentration. Plant as a living organism may be vulnerable to the 

attack by insects and pathogens which affect the plant-based remediation. It is very much location specific. 

Conclusions 

Phytoremediation is an effective non-conventional soil management practice for reclamation of salt affected 

soil. Phytoremediation can improve the physical, chemical and biological properties of the soil. 

Phytoremediation has great potential in increasing the productivity of salts affected soil. Price of chemical 

amendments is increasing day by day, so we can use phytoremediation as a viable alternative to reclaim 

salt affected soil. 

References 
1. Kumar A, Batra L, and Chhabra R. 1994. Forage yield of sorghum and winter clovers as affected by biological and chemical 

reclamation of a highly alkaline soil. Experimental agriculture 30: 343-348. 

2. Qadir M, Qureshi R H and Ahmad N. 1997. Nutrient availability in a calcareous saline‐sodic soil during vegetative 

bioremediation. Arid Land Research and Management 11: 343-352. 
  



 

 
Volume 04 - Issue 07 - July 2022       151 | P a g e  
 

Benefits of Mulching in Oil Palm Plantation 
Article ID: 37552 

Anitha Pedapati1, Kalyana Babu B1, Bhagya HP1 
1ICAR-Indian Institute of Oil Palm Research, Pedavegi-534450, West Godavari Dt., Andhra Pradesh New 

Delhi-110012, India. 

 

 
 

Mulching in oil palm plantation helps to conserve the soil moisture by reducing water loss from the soil 

surface, enhance the nutrients status of soil, control the erosion losses, reduces weed growth, and remove 

the residual effects of pesticides, fertilizers, and heavy metals. In moderate soil temperatures, to keep soil 

warm or cold nights and cooler on hot days. The most satisfactory mulching material is finely divided empty 

bunches; this may be applied soon after planting. Alternatively, sawdust, palm shell, groundnut husk or 

other fibrous material may be used. 

 

The pruned fronds can be used as a mulching material by cutting into small pieces, this practice increase 

the soil organic content as well it saves soil nitrogen content, improves soil structure and reduces erosion.  

Mulching in secondary nursery stage with oil palm shells, oil palm fruit fiber, decanter sludge, POME 

sludge, chopped oil palm leaf material, rice husk, saw dust, coir pith, groundnut husk, dry grass etc. can 

be done for conserving moisture, preventing weed growth and soil compaction in bags. The thickness of 

mulch should be minimum one inch. It must be a compulsory practice in water scarcity areas as it saves 

lot of water. It improves seedling growth significantly and mulched seedlings grow better in the nursery. 
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Types of Mulching Materials 

Mulching of older palms with dried and fresh oil palm fronds, Empty fruit bunches (EFB), trunk chippings 

were cheaper because there were no transport costs, and gave marginally better vegetative growth during 

the immature period. Empty bunches, male inflorescences, Coir pith, coconut husk, sugarcane trash can 

also be used as mulching material in oil palm plantation. Approximately 220 kg of EFB is produced from 

every one tonne of FFB. The fruit bunches are rich in potassium. Improper management of EFB will lead 

to environmental problems after fruit separation during oil extraction in processing mills. Hence, there is 

a need for an environmentally-friendly approach to managing EFB. The EFB is widely used as a mulching 

material in the plantations as it provides nutrients and moisture to the soil. EFB application can also 

improve soil structure, leading to better aeration, increased water holding capacity and increase in soil pH. 

Therefore, the usage of EFB as a mulching for the improvement of soil properties is highly recommended. 

This approach helps to reduce dumping area for EFB. Besides reducing environmental pollution, the EFB 

can be utilized as other organic material-based product such as planting medium for oil palm nurseries, 

mulching in new planting area and even organic fertilizers. 

 
Dried leaf mulching 

In addition, mulching in oil palm plantation prevents rain splash, soil wash and so reduces erosion and 

nutrient losses and moderates soil temperatures. The technique of mulching is commonly used to increase 

organic matter in soil, protect soil and as a cultivation technique in both intensive farms and organic 

farming. 
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Introduction 

Harvesting of rainwater for providing lifesaving irrigation to crops in dryland farming has become an 

urgent need of the hour for the benefit of farmers facing changing rainfall situation and recurring droughts. 

There is an abundant scope and opportunity for harvesting excess runoff in the rainfed region in different 

states of the country (Wani, et al., 2003). Farm ponds have traditionally been used as an economical and 

efficient way to retain water. The ponds allow users to obtain water on-demand and to store water close to 

water users (Loeve et al., 2001). Farm ponds are small tanks or reservoirs constructed for the purpose of 

storing water essentially from surface runoff within the farm. Farm ponds are useful for irrigation, water 

supply for the cattle, fish production, etc. Farm ponds have a substantial role in areas of rainfed agriculture 

for storing water during rainy season and using the same for supplemental irrigation (Anandaraj and 

Sanjivkumar, 2022). 

Types of Farm Ponds 

Embankment Type Farm Ponds: Embankment type farm ponds are generally constructed across the 

stream or water course. Such ponds consist of an earthen embankment, which dimensions are fixed on the 

basis of the volume of water to be stored. These farm ponds are usually constructed in that area having 

gentle to moderately steep land slope. It is also constructed in the stream valleys which are sufficiently 

depressed to permit maximum storage volume with least amount of earthwork. 

Dugout Type Farm Ponds: Dugout type farm ponds are constructed by excavating the soil from the 

ground, relatively flat areas. The depth of pond is decided on the basis of its desired capacity, which is 

obtained almost by excavation. When small supply of water is required, then these kind of farm ponds is 

preferred. 

Components of Farm Ponds: A farm pond consists of pondage or storage area, earthen embankment 

and mechanical spillway and emergency spillway. The mechanical spillway is used for letting out the stored 

water from the pond. It acts as an outlet for safe disposal of water from the storage area of the pond. When 

volume of inflow becomes greater than the pondage area, the emergency spillway is used to safeguard the 

earthen dam against overtopping. 

 
Fig. 1 Components of Farm Pond 
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Site Selection for Farm Pond: From an economic point of view, a pond should be located at that site 

where the largest storage volume can be obtained with least amount of earthwork. If ponds are constructed 

for the purpose of livestock storage the transportation distance of water will not be more than one quarter 

mile in rough areas. Water can be conveyed for various uses such as for irrigation or fire protection very 

easily. Ponds to be used for fishing or other forms of recreation should be readily accessible by 

transportation facilities. For selecting the pond site, a check should also be made to ensure that there is no 

buried pipe lines or cables at the construction site. 

 
Fig. 2 Farm Pond 

Benefits of Farm Pond: Farm ponds provide stored water to initiate crops, without waiting for rain to 

fall.  Provide irrigation water during dry spells between rainfalls. This increases the yield, the number of 

crops in one year, and the diversity of crops that can be grown. Bunds can be used to raise vegetables and 

fruit trees, thus supplying the farm household with an additional source of income and nutritious food. 

Farmers are able to apply adequate farm inputs and perform farming operations at the appropriate time, 

thus increasing their productivity and their confidence in farming. Farm pond check soil erosion and 

minimizes siltation of waterways and reservoirs. Supplies water for domestic purposes and livestock and 

also promote fish rearing. The excavated earth has a very high value and can be used to enrich soil in the 

fields, levelling land, and constructing farm roads. 

Conclusion 

Farmers in rain-fed areas can cultivate only single crop in a year, provided the rainfall is timely and 

adequate. With prevailing drought, yields were low. However, with proper harvesting and storage of 

rainwater in farm ponds, farmers could irrigate their fields twice, thus significantly improving agricultural 

productivity and hence rural income. 
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Introduction 

Barley (Hordeum vulgare) ranks fourth among the cereals after wheat, rice, and maize. Its importance is 

reflected by its broader consumption as animal feed and brewing properties. Due to the versatile nature of 

barley, it can survive under extreme environmental conditions like drought, salinity etc. A recognized 

feature of the crop is its unique ability to tolerate drought better than the other leading cereals. Raw barley 

contains 78% carbohydrates, 10% fat, 10% proteins and 10% water. All the crops suffer significant yield 

losses from various biotic stresses, among which spot blotch (also called as leaf blight) caused by Bipolaris 

sorokiniana is a major foliar disease in barley. This disease occurs in humid and warmer regions around 

the globe. The spot blotch frequently hampers commercial production of barley in the Northeastern region 

of India. Spot blotch initially causes small, brown spots which expand into dark (brown) or chocolate-colored 

blotches. Leaf spots may be surrounded by a zone of yellow leaf tissue of varying width. In this disease tiny 

spots are formed which may be encircled by the belt of yellow leaf tissue of altered width ultimately merging 

into uneven necrotic patches on the barley leaves. Infections on the flag leaf are the most serious since they 

contribute to the grain filling. As a consequence of this disease, shriveled seeds are produced, leading to 

reduced yield. Spot blotch disease leads to reduction in crop yield as well as malting quality. The spot blotch 

disease can be prevented by fungicide applications however the most effective ways of controlling it is via 

the exploitation of resistant varieties. 

ROS Production 

Stressed plants usually stimulate the production of reactive oxygen species (ROS) which include superoxide 

anion radical (O•-
2), singlet oxygen (1O2), hydrogen peroxide (H2O2), and hydroxyl radical (•OH) which can 

cause severe oxidative damage to plant tissues. High levels of these ROS have the capability to damage 

different cellular components by lipid peroxidation (stimulating membrane permeability and fluidity), 

protein damage (by inactivating the enzymes, proteolytic degradation, and breakage of peptide linkage) 

and DNA destruction (by breaking of the DNA strands, depurination and depyrimidation). These are very 

lethal and extensively affect normal cellular functioning. Many factors like high temperature, high salt 

concentration, heavy metals, infection of pathogens etc. alter the subtle balance between ROS production 

and scavenging. 

Defensive System of Plants 

Oxidative stress tolerance is not a single step phenomenon, but it is an integrated mechanism accompanied 

by changes in antioxidative/defensive enzymes, nonenzymatic antioxidants, free radical scavenging 

activities, signaling molecules, and osmolytes. Induced defense can be facilitated via defensive enzymes 

such as peroxidases, catalase, superoxide dismutase (SOD), polyphenol oxidases (PPO), ascorbate 

peroxidase (APX), phenylalanine ammonia lyase (PAL) and tyrosine ammonia lyase (TAL) along with 



 

 
Volume 04 - Issue 07 - July 2022       156 | P a g e  
 

secondary metabolites such as phenols and condensed tannins and through the utilization of hydrogen 

peroxide (H2O2) and malondialdehyde (MDA). 

Enzymatic Antioxidative Defense System 

Superoxide dismutase (SOD) forms the first line of defense against ROS induced damages which 

dismutates O•
2
- into H2O2 that can in turn be destroyed by catalase (CAT), peroxidase (POX), APX or 

glutathione peroxidase (GPX) reactions. Another function of superoxide dismutase is to protect 

dehydratases (dihydroxy acid dehydratase, aconitase, 6-phosphogluconate dehydratase and fumarases) 

against inactivation by the superoxide anion free radical. 

Alternately, O•
2
- can be converted to H2O2 via NADPH oxidases. Increased concentration of H2O2 can cause 

oxidation of sulphur containing amino acids i.e., methionine and cysteine which leads to inactivation of 

calvin cycle enzymes, thereby declining photosynthetic efficiency. Catalase protects cells from H2O2 

generated within them and convert it into water and oxygen. Ascorbate peroxidase (APX) has a very 

important role in the detoxification of H2O2 using ascorbate as a hydrogen donor. Glutathione reductase 

stimulates the NADPH-dependent reduction of oxidized glutathione (GSSG); thus, it is fundamental for 

managing glutathione (GSH) pool. 

Peroxidases help in the cell wall lignification where call wall POXs are implicated in the generation of 

phenoxy radicals from hydroxyl-cinnamoyl alcohols, which then polymerise to form lignin. The POX and 

PPO are multifunctional enzymes which prevent biological and chemical attacks by increasing physical 

barriers and counter attacking the pathogen with a high production of free radicals. PPO oxidizes phenolics 

to highly toxic quinones which are apparently toxic to pathogens and thereby these quinones help in 

resistance. Phenylalanine ammonia lyase (PAL) is the vital enzyme relating primary metabolism (shikimic 

acid pathway) to secondary metabolism (phenylpropanoid pathway) and is involved in defense responses 

of plants at the level of phenol synthesis and oxidation. Tyrosine ammonia lyase (TAL) is another enzyme 

involved in biosynthesis of phenolic compounds. 

Non-Enzymatic Antioxidative Defense System 

The non-enzymatic antioxidants form the other half of the antioxidant system. They are mainly composed 

of ascorbate, glutathione, carotenoids, α-tocopherol, and anthocyanins. The glutathione has high reductive 

potential, and its main function is to scavenge H2O2, 
•OH, 1O2, O•

2
- etc. Glutathione is a molecule which 

plays a role in many antioxidative and metabolic pathways in plants. Along with the protection of different 

components of cell, they also have major role in growth and development of plant by maintaining critical 

cellular processes like mitosis, cell elongation, senescence etc. Major consequence of biotic stress is 

declining of photosynthetic efficiency by damaging photosynthetic apparatus due to generation of ROS 

which causes disruption of photosystem II. It has also been reported that many stressed conditions in the 

environment leads to the damage to the photosynthetic pigments and reduces the photosynthetic efficiency 

of the plant. 

Since long, antioxidant capacity had been strongly correlated with the resistance to various biotic and 

abiotic stresses. Phenolic compounds are formed in response to pathogen attack and their production is 

considered as a part of active defense response. Accumulation of low molecular weight phenolics such as 

benzoic acid and the phenylpropanoids in response to infection leads to slower growth of pathogen and 

allows activation of various phytoalexins. Among the cereal grains, barley possesses higher antioxidant 

activity as compared to other cereals which is mainly contributed by higher contents of phenolic acids like 

transcinnamic, salicylic, ferulic, chlorogenic, p-hydroxy benzoic, protocatechuic, coumaric, and vanillic 

acids. Phenols can interfere with the oxidation process by reacting with free radicals, chelating metal ions, 

and by acting as oxygen scavengers. 

Flavonoids, polyphenolic compounds also act as free radical scavengers, antimicrobials and visual 

attractants in plants. According to the recent studies, carotenoids are the promising antioxidants against 

various free radicals because they have the ability to quench free radicals. These pigments contain polyene 

backbone as their core structure which is responsible for their capability to interact with singlet oxygen as 

well as with different kinds of free radicals, hence acting as potential antioxidants. Saponarin is also a 

flavonoid which is found in young green barley leaves possessing antioxidant activities. 
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Role of Proteins in Defense 

Proteins are directly involved in spot blotch disease and play a vital role in many structural and functional 

components of the cell. Generally, biotic and abiotic stresses cause changes in proteins which are involved 

in signaling, energy metabolism, storage, chaperone activities and others with protective functions like 

LEA and PR proteins. Major response of plants against infection by pathogens is to accumulate 

pathogenesis related (PR) proteins. These are host proteins which are induced by variety of pathogens and 

many factors related to stress. β-1, 3 glucanses and chitinases are the most important PR proteins which 

are accumulated in a variety of plants in response to pathogen attack. Carbohydrates are the basic building 

blocks for the synthesis of various defense biomolecules like phenolics, phytoalexins. Hence the quality and 

quantity of sugars also play an important role in disease resistance. Sucrose, which is the major 

translocatory form of carbon in plants, its metabolism gets seriously affected during this disease. 
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Introduction 

Crop diversification (CD), which refers to the addition of new crops or cropping systems to the existing 

agricultural production system on a farm, can be a dynamic tool to achieve these goals sustainably. CD 

enhances the farm productivity and profitability besides maintaining/improving the soil and environmental 

quality. Hence, the CD has the potential to reinforce the ecosystem services even in the present scenario. 

Several researchers reported that the CD improves biodiversity, ensures nutritional security, and reduces 

hunger and poverty. The Sustainable Development Goals (SDGs) are the world community's response to 

the myriad of challenges threatening mankind. The goals are designed to advance the well-being and 

prosperity of all humans and the flourishing of all ecosystems and their lives present and in the future. 

These SDGs were adopted by the UN’s 193 Member States for the next 15 years (2016-30) at the UN 

Sustainable Development Summit in New York. “Transforming our World”: ‘The 2030 Agenda for 

Sustainable Development’ includes 17 Sustainable Development Goals. Issues related to food and 

agriculture are comprehensively integrated among the 17 Sustainable Development Goals and 169 targets. 

More than any other sector, agriculture is the common thread that holds the 17 SDGs together. 

An Overview on SDGs 

The 2030 Agenda for Sustainable Development, adopted by all United Nations Member States in 2015, 

provides a shared blueprint for peace and prosperity for people and the planet, now and into the future. At 

its heart are the 17 Sustainable Development Goals (SDGs), which are an urgent call for action by all 

countries - developed and developing - in a global partnership. They recognize that ending poverty and 

other deprivations must go hand-in-hand with strategies that improve health and education, reduce 

inequality, and spur economic growth – all while tackling climate change and working to preserve our 

oceans and forests. 

The SDGs build on decades of work by countries and the UN, including the UN Department of Economic 

and Social Affairs. Now, the annual High-level Political Forum on Sustainable Development serves as the 

central UN platform for the follow-up and review of the SDGs. Today, the “Division for Sustainable 

Development Goals (DSDG) in the United Nations Department of Economic and Social Affairs 

(UNDESA)” provides substantive support and capacity-building for the SDGs and their related thematic 

issues, including water, energy, climate, oceans, urbanization, transport, science and technology, the Global 

Sustainable Development Report (GSDR), partnerships and Small Island Developing States. DSDG plays 

a key role in the evaluation of UN system wide implementation of the 2030 Agenda and on advocacy and 

outreach activities relating to the SDGs. In order to make the 2030 Agenda a reality, broad ownership of 

the SDGs must translate into a strong commitment by all stakeholders to implement the global goals. 

DSDG aims to help facilitate this engagement. 
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Crop Diversification 

Crop diversification means a shift from traditionally grown less remunerative crops to more remunerative 

crops. It depends on geo- climatic, socio-economic conditions and technological development in a region. 

Due to diverse agro-climatic conditions in the country, many agricultural products are produced in our 

country. Crop diversification designed to a shift from the regional dominance of one crop to regional 

production of several crops and to meet ever increasing demand of coarse cereals, pulses, vegetables, fruits, 

oilseeds, and sugarcane. It aims to improve soil health and to maintain dynamic equilibrium of the agro-

ecosystem. Crop diversification is intended to promote technological innovations for sustainable agriculture 

and enable farmers to choose crop alternatives for increased productivity and income. Cropping systems 

intensification significantly enhances the productivity, production efficiency, profitability, land use 

efficiency, employment generation, and energy-use efficiency over maize–fallow system under rainfed 

conditions. Inclusion of vegetable crops like fenugreek and onion in the cereal-based cropping systems in 

addition to increasing system productivity also fetched higher market prices, thereby increasing the net 

returns. Hence, crop diversification is a demand-driven, need-based situation-specific, and dynamic concept 

that can address not only hunger and malnutrition but also other challenges including poverty, water, 

energy use, climate change, and unsustainable production and consumption. 

1. Types of diversification: Horizontal diversification refers to substituting or adding more crops into 

cropping system and it holds special significance under small holder production systems. Vertical 

diversification refers to downstream activities are undertaken to add value, indicating the stage of 

industrialization of the crops and their economic return and it is complementary to horizontal 

diversification and opportunities. 

2. Major Driving Forces for Crop Diversification: Increasing income on small farm holdings, 

withstanding price fluctuation, mitigating ill-effects of aberrant weather, balancing food demand, 

improving fodder for livestock animals, Conservation of natural resources and minimizing environmental 

pollution, reducing dependence on off-farm inputs are important push factors for crop diversification. 

Crop Diversification and SDGs 

Out of 17 SDGs, some of the SDGs are directly and some are indirectly related to agriculture. 
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SDGs related to agriculture: The second and third SDGs i.e. zero hunger and good health and well-being 

are also directly related to agriculture. Agricultural extension enables farmers to access to the skills, tools, 

inputs, and knowledge they need to thrive (Goal number 4). Women farmers produce 20-30% less than their 

male counterparts, mostly due to differences in their access and use of resources. Women produce over half 

the food worldwide, so bridging this gap could reduce global hunger by as much as 17%. 

 
By 2030, global water demand will increase more than 50%, with agriculture alone requiring more than 

what can be sustained to feed the world even before domestic and industrial needs are met. 

 
By 2030, energy demand is expected to increase as much as 50%, driven mostly by developing world 

demand. More crops are likely to be diverted for use as biofuels, doubling or even tripling as a proportion 

of total use. 

 
Agriculture is an engine of pro-poor economic growth in rural areas. 
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Average per capita consumption is expected to grow through 2030, despite population increases. At the 

same time, around one third of food produced is wasted. 

 
Improving the efficiency of farmland can help meet the world’s growing consumption demand while 

minimising the loss of natural habitats and forests for additional cultivation. 

Conclusion and Future Directions 

1. Diversification and integrated farming system are the best options to increase system productivity 

leading to food, nutrition, economic and ecological security  

2. Inclusion of pulses/oilseeds and vegetables in cropping system is more beneficial compared to mono-

cropping for achieving the sustainable food and nutritional security  

3. Crop diversification is a demand driven, national goal seeking and dynamic concept which can directly 

or indirectly achieve the SDGs.  

4. Identify high value crops and their varieties, reduction in post-harvest losses, availability of farm 

insurance and credit  

5. Investing in the agricultural sector can address not only hunger and malnutrition but also other 

challenges including poverty, water and energy use, climate change and unsustainable production and 

consumption. 

6. Together, we must mobilize scientific, technological, and social movements to address these challenges 

together. 
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Introduction 

Nutrient Use Efficiency (NUE) is a very important concept in the assessment of agricultural production 

systems. The main point to consider is the response of the fertilizers applied and how efficiently they are 

used to achieve maximum yield. Nutrient use efficiency of fertilizers is very low due to many reasons such 

as: surface runoff, leaching, evaporation, denitrification and immobilization of trace elements in the soil 

due to very high pH. The highest nutrient use efficiency always occurs in the lower parts of the yield 

response curve, where fertilizer inputs are lowest, but the fertilizer's effectiveness in increasing crop yields 

and maximizing Farmer profitability should not be sacrificed just for the sake of efficiency. There must be 

a balance between optimal nutrient utilization efficiency and optimal crop yield. Therefore, it is essential 

to understand best soil and water management practices that contribute to increased nutrient use 

efficiency and productivity by using less fertilizer to achieve the goal of a sustainable agriculture. Nutrient 

use efficiency can be optimized by best fertilizer management practices i.e., application of nutrients in the 

right proportions, at the right time, in the right place and accompanied by good agronomic practices. 

What is Nutrient Use Efficiency? 

Nutrient Use Efficiency (NUE) is a measure of how well plants use available mineral nutrients. It can be 

defined as yield (biomass) per unit input (fertilizer, nutrient content). NUE is a complex property, it 

depends on the ability to absorb nutrients from the soil but also on the transport, storage, mobilization, use 

in plants and even the environment. NUE is of particular interest as a primary target for crop 

improvement. Improving NUE is a necessary prerequisite for expanding agricultural production in 

marginal, nutrient-poor soils, and also a way to reduce inorganic fertilizer use. Nutrient Use Efficiency is 

defined as the amount of dry matter produced per unit of nutrient applied or absorbed. 

Factors Affecting Nutrient Use Efficiency 

Fertilizers are considered as efficient when maximum yield is obtained with minimum possible amount of 

fertilizer application. It is indeed difficult to quantify the efficiency of a particular fertilizer since it depends 

on various factors which are as follows: 

1. Losses due to leaching. 

2. Losses in gaseous forms. 

3. Immobilization by chemical precipitation, adsorption on exchange complex and microbial cells. 

4. Chemical reactions between various components in fertilizers during mixing, before application to the 

soil. 

5. Physical properties of soil. 

6. Chemical properties of soil. 

7. Fertilizer characteristics. 

Causes of Low Nutrient Use Efficiency 

Nutrient    Efficiency (%) Causes of low efficiency 

Nitrogen      30 - 50 Immobilization, volatilization, denitrification and 

leaching 

Phosphorus      15 - 20 Fixation in soils as Al – P, Fe – P, Ca - P 

Potassium      70 - 80 Fixation in clay – lattices 

Sulphur       8 - 10 Immobilization, leaching with water 
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Micronutrients (Zn, Fe, 

Cu, Mn, B)  

      1 - 2 Fixation in soils 

Interventions for Increasing Nutrient Use Efficiency in Field Crops 

On average, 40% of the nitrogen fertilizer applied to crops is not used and may be lost. However, by making 

small changes in fertilizer use, farmers can reduce these losses and increase their profits. To increase the 

efficiency of nutrient use, the following methods can be applied. 

Agronomic Approaches 

There are various types of interventions through which one can increase the nutrient use efficiency like: 

                  Soil based interventions                 Plant based interventions  

Rhizosphere management Crop management practices 

Soil chemical change Crop rotation / intercropping 

Use of controlled release fertilizers and NH3/NH4 

inhibitors 

Crop Remnants Management 

Source, method, rate and timing of fertilization Green manuring 

Using manure Using nitrogen-saving species /genotype 

Water Management Improving biotic and abiotic N fixation 

 Various tools and techniques (foliar fertilization 

and specialty fertilizers) 

 Customized Fertilizer 

4R Nutrient Stewardship for Increasing Nutrient Use Efficiency 

4R Nutrient Stewardship approach was given by IPNI in 2012. This approach is essential for improving 

understanding of the timing and rate of nutrient uptake, distribution and absorption of nutrients among 

different plant parts, providing opportunities for optimizing fertilizer sources, rates, application timings 

and methods. 

 
Fig.: 4Rs of Nutrient Stewardship 

Site-Specific Nutrient Management (SSNM) 

Very simply, site-specific nutritional management means, “feeding of crop as and when needed”. It is 

a plant-based approach. Site Specific Nutrient Management (SSNM) aims to optimize soil nutrient supply 

over time and space to meet the crop needs through four key principles (4R principles- right source, right 

rate, right time and right place). 

SSNM principle Scientific basis Associated practices 

Source Ensure balanced supply of nutrients that suit 

to soil properties 

Commercial fertilizer Livestock 

manure Compost 

Crop residue 

Rate Assess nutrient supply from all sources 

Assess plant demand 

Test soil for nutrients 

Balance crop removal 

Time Assess dynamics of crop uptake and soil supply  Apply nutrients: Pre-planting      
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Determine timing of loss risk At planting 

At flowering 

At fruiting 

Place Recognize crop rooting patterns  

Manage   spatial variability 

Broadcast 

Band/drill/inject Variable-rate 

application 

Rhizosphere Management 

Root or rhizosphere management includes manipulation of root growth, modification of rhizosphere, 

localized nutrient application, interactions between the rhizosphere in intercropping, and the use of 

efficient crop genotypes with an aim to exploit the biological potential for efficient nutrient acquisition by 

plant roots rather than depending solely on excessive application of chemical fertilizers in intensive 

farming system. Nutrients in the soil are absorbed by plant roots through the rhizosphere, which is an 

important area of interaction between plants and soil. Therefore, the process of root growth and the 

rhizosphere has a great influence on the metabolism, mobilization and efficient use of nutrients in the soil 

by plants. Root-induced rhizosphere processes not only determine soil nutrient mobilization and uptake 

and microbial dynamics, but also control the efficiency of plant nutrient use, and therefore have profound 

effects on crop production and sustainability. Thus, manipulating root development and rhizosphere 

processes provides an efficient approach to simultaneously improve nutrient utilization efficiency and crop 

yield. 

 

Soil Chemical Change 

The availability of plant nutrients depends on the pH of the soil. In acidic and strongly alkaline soils, the 

efficiency of phosphate fertilizers is low. In such a situation, the effectiveness of the fertilizer can be 

increased by correcting the condition of the soil, using the appropriate amendments. Physiologically 

alkaline fertilizers such as calcium cyanamide, basic slag, etc. should receive priority on acidic soils and 

physiologically acidic fertilizers such as ammonium sulphate on alkaline soil. Soil organic matter not only 

provides various nutrients, but also improves the physical conditions of the soil, stimulates microbial 

activity, protects the soil from erosion, slows down the fixation of nutrients, increases buffering capacity 

and helps in many other ways, in turn increases the efficiency of fertilizer. 

Use of Controlled Released Fertilizers and NH3/NH4 Inhibitors 

In case of waterlogged fields or calcified soil, slow-release nitrogen fertilizers such as sulphur-coated urea, 

super-granular urea, neem-coated urea should be used to minimize nitrogen loss. Slurry pellets containing 

urea should be used in case of flooded crops as they help in positioning and also reduce nitrogen loss from 

the field. It can reduce the loss caused by washout or leaching and immobilization etc. For example, neem 
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oil coated urea (NOCU) in 700 ppm concentration is recommended for higher yield, returns and nitrogen 

use efficiency in Kharif maize. 

Soil Moisture or Water Management 

One of the thorny problems in agriculture is the lack and excess of moisture. Effective water management 

complements effective fertilizer management. Maximum fertilizer efficiency can only be achieved when the 

soil has sufficient moisture and vice versa. Too much moisture leads to leaching of additional fertilizers, 

while lack of moisture leads to poor availability of the added fertilizer and high osmotic pressure of the soil 

solution due to the concentration of fertilizers in the soil. 

Crop Rotation / Intercropping 

Crop rotation is very useful in long term management of land and farm. Rotating different crops can break 

the pest cycle and add more nutrients to the soil, increasing soil fertility and protecting the environment. 

It also helps to maintain soil structure and nutrient levels. Thus, improving nutrient utilization efficiency. 

Crop Residue Management 

Crop residue management generally refers to maintaining the soil surface cover and protecting the soil 

from nutrient loss and erosion. Moreover, it helps to improve various physical, chemical and biological 

processes in the soil. 

Green Manuring 

Some green manures like Sesbania can fix nitrogen through root and shoot nodules, so they can fix 

atmospheric nitrogen even when there is enough nitrogen in the soil. Whole plants used as fertilizers also 

increase soil organic matter, promoting the growth of microbial populations. Green manure increases 

organic matter and humus in the soil. Increases nitrogen fixation, protects the soil surface and thus 

increases nitrogen use efficiency. 

Various Tools and Techniques 

Foliar fertilization must be done under certain climatic and soil conditions. Zn deficiency is becoming more 

and more common. In such cases, the application of zinc sulphate fertilizer at the rate of 10 to 25 kg as a 

priming fertilizer not only overcomes zinc deficiency but also improves the effectiveness of other fertilizers. 

Unfavourable soil conditions should be corrected by using appropriate amendments, to get maximum 

benefit from the fertilizer. In dryland situations, deep fertilization along with foliar application of 

nitrogenous fertilizer should be done instead of top dressing. 

Crop Management Practices and Customized Fertilizers 

In order to maximize the benefits from fertilizer applications, it is essential to maintain an optimal plant 

population and spacing between plants. High yielding varieties crops provide higher yields than local 

varieties without fertilization as well as a greater response to fertilizer, even at a lower rate. It is therefore 

recommended to plant high yielding varieties whenever possible. 

Customized Fertilizers in India 

Crop Formulation (N: P: K: Zn / N: P: K: S: Zn: B) Geography 

Wheat 10: 18: 25: 3: 0.5: 0 Uttar Pradesh 

Maize 20: 0: 15: 0: 0: 0.2 Andhra Pradesh 

Paddy 8: 15: 15: 0.5: 0.15: 0 Uttar Pradesh 

Paddy 15: 32: 8: 0.5 

18: 33: 7: 0.5 

Andhra Pradesh 

Sugarcane 7: 20: 18: 6: 0.5: 0 Uttar Pradesh 

Conclusion 

Widespread nutrient deficiencies and deteriorating soil health are responsible for low nutrient utilization 

efficiency, yields and profitability. Apply site-specific balanced and integrated nutrient management with 

respect to primary, secondary and micro-nutrients, organic fertilizers, bio-fertilizers and supplements. 
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Utilize all locally available nutrient sources to reduce dependence on imports. Development of new efficient 

fertilizer products/approaches. Efficient soil testing service to ensure correct fertilizer application. Educate 

farmers about the benefits of balanced fertilization. 
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Abstract 

The role of India in fruit and vegetable production globally cannot be undermined. The country is blessed 

with diverse agro-climatic zones with distinct seasons, making it possible to grow wide range of vegetables. 

Ranking second next to China with respect to area and production of fruits and vegetables in the world, 

India contributes 12 percent to the global fruit and vegetable production. Fruits and vegetables make up 

approximately 90 percent of the total horticultural production in our country. Speaking of vegetables alone, 

these are regarded as a key component of a rich, balanced diet and their nutritional and protective effects 

on the human body can never be ignored. Most vegetables are annual or biennial in nature and hence 

become remunerative within a short period of time, thus driving farmers towards their cultivation. Supply 

of an optimum quantity of high-quality vegetables needs to be the major focus of the government authorities 

handling this sector. During this process, it also needs to be ensured that the farmer gets maximum benefits 

from his vegetable crop as well as sustainability is maintained. However, India, just like many other 

countries is realizing the importance of dilating and optimising vegetable production and is hence, directing 

efforts towards nutritional security and poverty alleviation of the local vegetable growers and vendors by 

expanding the realm of vegetable cultivation through various policies and programs. 

Introduction 

Vegetables are a key component of a rich, balanced diet and their nutritional and protective effects on the 

human body is immense. Vegetables are a rich source of carbohydrates (sweet potato, potato, onion, garlic 

and fenugreek), proteins (leguminous vegetables, leafy vegetables and garlic), Vitamin-A (tomato, carrot, 

drumstick, leafy vegetables), Vitamin-B (garlic, tomato and peas), Vitamin-C (drumstick leaves, Cole crops, 

leafy vegetables, green-chillies and leaves of radish), and minerals (leafy vegetables, drumstick pods). Most 

of the vegetables have medicinal properties and are very good source of micronutrients that help in 

combating several chronic health problems especially heart diseases and diabetes. In addition, they can 

also contribute for improving soil health and can be used as feed to livestock. Vegetables can be grown in 

backyard of the house as a kitchen garden. Apart from nutritional benefits, the production of vegetables 

improves the economy of a country being very good source of income and employment (Mohan et al., 2021) 

India is the second most densely populated country in the world, closely following China. To be able to 

satiate the hunger of such a substantial population, food and nutritional security needs to be established. 

The total production of vegetables in the country during the agricultural year 2019-20 was 191769 thousand 

MT obtained from an area of 10353 thousand hectares (NHB statistics, 2022).  This rising production needs 

to be maintained and sustained to cater to the needs of 1.5 billion people by 2030 (Horticultural statistics 

at a glance, 2018). As far as modern agriculture is concerned, the focus has shifted to fruit and vegetable 

production from only cereal and pulse production as seen in the early 19th and 20th century. India is the 

leading producer of okra (Abelmoschus esculentus), while it stands second in the production of tomato 

(Lycopersicum esculentum), potato (Solanum tuberosum), brinjal (Solanum melongena), cauliflower 

(Brassica oleracea var. botrytis) and onion (Allium cepa). Further upsurge in the availability, affordability 

and consumption of vegetables can assist to combat malnutrition, improve the living standards and elevate 

the income of the farming communities. 

Problems 

The perishable nature of vegetables, absence of adequate storage, transportation and marketing facilities, 

coupled with the obstructions caused by various biotic and abiotic factors leads to the lowered productivity 

of nutritionally rich and diverse vegetables in our country, as compared to the overall global productivity. 

However, India has been picking up pace in vegetable cultivation over the last few years through techniques 

of vertical expansion, organic farming, crop specific production strategies, etc. and hence is expected to 
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emerge as a global leader in vegetable production. Further upsurge in the availability, affordability and 

consumption of vegetables can assist to combat malnutrition, improve the living standards and elevate the 

income of the farming communities. By incorporating new areas under vegetable cultivation, exploitation 

of the diversified agro-climatic conditions, training of vegetable growers, making available superior quality 

seed and other propagules, etc., a gigantic transformation in the vegetable industry can be expected in the 

near future. 

Although the vegetable industry in India is expanding at a brisk rate, there are various limitations that, 

at one point or the other, deter the productivity as well as quality of the major vegetables available in the 

Indian market. The necessity of vegetables as a core component of a balanced diet has recently been 

explored and thus, not many folks are aware of the copious benefits associated with vegetable intake. As a 

manifestation of this, farmers are not giving the required importance to vegetable gardening, even if they 

have the required provisions, which, for sure limits the production.  For effortless cultivation, easily 

comprehensible and authentic literature is considered a pre-requisite. This literature can provide the 

farmers a clear picture about how, when and where to cultivate a particular vegetable crop so as to derive 

maximum benefits from its cultivation. Currently, ICAR- New Delhi, CFTRI- Mysore and various state 

agricultural universities are constantly issuing and reviewing such literature for several major vegetables, 

but their availability to the farmers still remains a question. 

The most vital pre-condition for vegetable growing is the supply of highly viable, true to type, disease and 

insect free planting material which may be in the form of seeds, tubers or any other such propagules.  The 

vegetable seed industry is primarily dominated by private players, only handful of which have necessary 

skill and material for well organised and knowledge cum research-based production. The outcome of such 

lacunae is the circulation of highly variable and poorly performing seeds in the market. To combat these 

deficiencies in the production system, the National Seed Corporation, New Delhi is emerging in the 

forefront and has initiated the distribution of the hybrid and ameliorated seeds of various traditional as 

well as exotic vegetable crops to the vegetable growers of different regions. But still, a lot needs to be done 

for the standardization and quality control of vegetable seeds and planting material. In a multitude of 

cases, it has been seen that irrespective of using seed of the best calibre possible, the crop performs 

unsatisfactorily, reason being the infestation of pests, diseases and weeds which taking advantage of the 

tenderness and succulent nature of the vegetables express themselves to the fullest and retrograde the 

vegetable performance and edible quality. Improper and poorly managed irrigation can also be the reason 

for the failure of various vegetables. The mandatory inputs for vegetable production including the likes of 

fertilizers, labour, equipment, etc. are not adequately accessible to most local growers in view of capital 

scarcity, which in turn has a negative impact on production. Affordability of inputs is a critical 

apprehension for a huge chunk of vegetable producers in the country. 

The nature of vegetables is considered highly perishable as these too are living beings and thereby, undergo 

various normal metabolic processes including respiration and transpiration. The accumulation of carbon 

dioxide and moisture as a byproduct of these processes can spoil these vegetables within a short span of 

time, if not sold immediately. Certain factors affect the rate and amount of damage caused to these 

commodities depending on their concentration. 

These include temperature, humidity, etc. Various challenges including turbulent weather conditions, 

droughts in some areas and floods in the others, unfortunate cyclones, indiscriminate use of chemical 

fertilizers and pesticides, non-availability of quality planting material, urbanization, industrialization, etc. 

hamper the development of vegetable industry in our country (Neraj et al., 2017). Because of the prevalence 

of such losses, the surplus harvest is bound to be lost if not managed meticulously. If the produce is not 

timely and scrupulously delivered to the point of distribution, it is bound to decay and degenerate enroute 

as well as during storage. Storage losses can easily be mitigated for an ample time period by adopting 

conditions of optimum temperature and humidity.  However, Indian villages are generally devoid of such 

kinds of storage and transportation units which in turn cause the growers to bear huge losses. Also, the 

marketing practices, consisting of diversified steps that make the produce available to the final consumer 

are in many cases, glitched. The chain of vegetable supply is generally interrupted by various middlemen 

due to which the grower cannot enjoy as much profit from the vegetable cultivation as he could have 

expected or demanded. 
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Prospects 

With so many drawbacks and limitations obstructing the development and flourishing of vegetable sector 

in the country, we have been able to identify certain methods and techniques which could fill in the gaps 

and make this industry as successful as it is in various developed countries. India has an upper edge for 

the cultivation of various groups of vegetables in view of its diversified agro-climatic conditions, availability 

of cheap labour and involvement of a considerable section of the population in farming activities. There is 

an ever-increasing scope for vegetable cultivation on account of sundry number of factors. People are now 

realizing the important role vegetables play in the maintenance of human health. It is being emphasized 

that the diet consisting of only cereals and pulses is imbalanced and can never satisfy a person 

nutritionally.  Dieticians have strictly forewarned about the inclusion of a minimum of 200g of leafy 

vegetables and 150g of root vegetables in our daily diet plan, which is far more than our daily intake of 

only about 30g per day. Thus, conscious efforts for improving vegetable production are the need of the hour. 

India being mainly an agricultural country has about 70 percent of its total area under agriculture. 

Strangely, barely 1 to 2 percent of this area falls under vegetable crops. Recognizing the significance of 

vegetable consumption and their role in a salubrious lifestyle, the primary focus needs to be on expansion 

and augmentation of the area under vegetables. Not only are these commodities dietarily fulfilling and 

nutritionally rich, but are also generally quick growing, high yielding and have shorter life cycles. These 

factors can play a key role in the establishment and dispersal of intensive and multiple vegetable cropping 

systems in India. Of late, government is also shifting its focus towards commercialisation of fruit and 

vegetable production and various policies and programmes are being effectuated in this regard. Efforts are 

being made to provide best quality seeds, optimum irrigation facilities, environmentally sustainable 

fertilisers and pesticides and safe and sound transportation and storage provisions to the vegetable 

growers. It is being ensured that the freshness and taste attributes of the harvested vegetables are being 

maintained at each stage of production and distribution. A strong and secure network of cold chains and 

cold stores is building up in the country which provides for long term storage of the produce. The latest 

technologies and upgraded packages of practices for various vegetable crops are also being published and 

widely circulated.   

The demand for vegetables has also risen multifolds in the past few decades because of growing awareness 

about their benefits and uses. People have realised that the realm of a meal lies beyond cereals and pulses 

as well. Fertilisers and pesticides are now being sold at subsidized rates, which aid the grower in enhancing 

production.  Scarcity of rainfall is being mitigated by the introduction of artificial irrigation achieved 

through various new irrigation projects, lifting irrigation schemes and community wells. Processing of 

vegetables is also another new dimension which is slowly and steadily being explored. Canning, 

dehydration, pickling, freezing and other such strategies are being adopted for the preservation of the 

surfeit produce. These techniques prevent decay and deterioration, thus minimizing losses. Taking all 

statements into consideration, it can safely be concluded that irrespective of certain flaws and bottlenecks, 

there is a vast scope for vegetable growing in India. 
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Introduction 

Increasing population, inadequate food coupled with malnutrition are bigger challenges in developing 

countries like India. As per WHO, the vegetable consumption should be 300 g day-1 capita-1 comprising of 

125 g leafy vegetables, 100 g tubers and 75 g of other vegetables. There is deficit of 20 to 50 percent in 

vegetable consumption (Parulekar et al. 2019). Presently, two major concerns of developing countries are 

to overcome hunger and malnutrition. About 43.5 % children in India under the age of five years are 

chronically malnourished. Consumption of vegetables is generally considered to be associated with several 

positive effects on health. It has been shown that low consumption of fruits and vegetables is related to 

more cardiovascular disease and cancer (c). India’s estimated population in 2019 is 1.37 billion as per recent 

UN report. Indian population is increasing at the rate of 1.08 per cent annually (www. 

worldpopulationreview.com).  

Biofortification is the process of increasing the micronutrient content of staple crops to improve the 

nutrition and hence health outcomes of populations whose diets comprise mainly of staple crops. Currently, 

agronomic, conventional, and transgenic biofortification are three common approaches. Agronomic 

biofortification can provide temporary micronutrient increases through fertilizers. In conventional plant 

breeding, parent lines with high vitamin or mineral levels can be crossed over several generations to 

produce plants that have the desired nutrients. Transgenic approaches are advantageous when the 

nutrient does not naturally exist in a crop (example, provitamin A in sweet potato and cassava). Recently, 

there have been several reports on the development of transgenic crops to enhance level of provitamin A 

content in crops like tomato, potato, cassava, sweet potato, beans and other vegetable crops (Gomathi et al. 

2017). 

Malnutrition: Global Status 

1. 2 billion people are malnourished worldwide. 

2. 820 million people are undernourished worldwide. 

3. Children (<5 years) 155 million stunted, while 52 million wasted, and 17 million severely wasted. 

4. Malnutrition contributes to loss in 11% GDP in Asia and Africa. 

5. Highest malnutrition in children (15.9%) is observed in South East Asia. 

Malnutrition: India Status 

1. 189.2 million (14.8%) people are undernourished in India. 

2. About 43.5 % children in India under the age of five years are chronically malnourished, 7.7% of children 

are severely wasted, 19.3% are wasted and 35.5% are stunted. 

3. In the India Maharastra registered the highest number of malnourished children followed by Bihar, 

Gujrat. 

4. Malnutrition contributes to loss in 4% GDP in India. 

Global Hunger Index 

1. Global Hunger Index, 2021 (GHI): India ranks at 101 out of 116 countries. 

2. India is among the 45 countries that have “serious levels of hunger”. 

Vegetable Source of Nutrients 

Nutrients Source 

Carbohydrate Sweet potato, potato, cassava 
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Protein Pea, lima bean, french bean, cowpea 

Vitamin A Carrot, spinach, pumpkin 

Vitamin B1 Tomato, chilli, garlic, leek, pea 

Vitamin C Chilli, sweet pepper, cabbage, drumstick 

Calcium Hyacinth bean, amaranthus, palak 

Iron Amaranthus, palak, spinach, lettuce, bitter gourd 

Vitamin B5 Palak, amaranthus, bitter gourd, pointed gourd 

Phosphorous Pea, lima bean, taro, drumstick leaves 

Iodine Tomato, sweet pepper, carrot, garlic, okra 

Sodium Celery, green onion, Chinese cabbage, radish 

Methods of Biofortification 

Mainly biofortification three methods: 

1. Agronomical biofortification: Several agronomical techniques viz., Seed treatment, foliar application, 

use of organic manures are used for increasing the nutraceuticals values in various vegetable crops. These 

various agronomical approaches are comparatively less expensive and quick as compared to any other 

methods of improvement. However, these techniques are useful for elevating mineral contents in various 

vegetables. The contents of various phytochemicals like terpenes, chlorophylls, polyphenols and 

organosulphur compounds cannot be fortified by using agronomical techniques. In the foliar application 

use the elements they are insoluble in soil like that phosphorus, zinc etc. and through the soil application 

of nutrients are used they are insoluble in plant like that calcium and boron. 

2. Conventional biofortification: Conventional breeding are indigenous/old method of biofortification. 

Popular conventional breeding methods like selection, introduction, and hybridization have been exploited 

for developing nutraceuticals in vegetables as well as tuber crops. Several resistant sources of 

nutraceuticals have been identified and transferred in popular cultivars through traditional breeding 

methods. This method uses intrinsic properties of crop however it may take comparatively very long time 

for developing new variety as well as the success of the breeding programme depends upon the available 

variability (Yadav et al. 2017).  

3. Genetic engeneering/transgenic method of biofortification: The various transgenic approaches 

are becoming popular for developing nutraceuticals in vegetable crops. This method is quite rapid and 

applicable directly for elite varieties. This technique enables the plant breeder to transfer favourable gene 

responsible for particular nutraceutical value to the cultivated variety having wider adaptability. It further 

offers unique opportunities for improving nutritional quality and bringing other health benefits. Many 

vegetable crops have been genetically modified to improve traits such as higher nutritional status or better 

flavour, and to reduce bitterness, slow ripening, higher nutritional status, seedless fruit, increasing 

sweetness and to reduce anti-nutritional factors. Many vegetable crops have been genetically modified 

through various transgenic techniques for several nutritional traits which are enlisted below (Gomathi et 

al. 2014). • Better flavour • Too reduce bitterness • Delay in ripening • More shelf life • Higher nutritional 

status, • Seedless fruit, • Increased TSS, acidity, and sugar: acid blend • Reduce anti-nutritional factors. 

Varieties Released Through Biofortification 

Pusa betakesari (cauliflower)  
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a. This is the first ever indiginiously bredbio-fortified beta carotene (800 – 1000 mg/100gm) rich 

cauliflower variety, an attempt to beta carotene deficiency related to malnutrition problem in India.  

b. Developed by IARI in 2016, through pure line selection. 

Gujarat Greater Yam 1 (Hemlata): 

a. Rich in total soluble sugar (1.68 %), Crude fibre (1.14 %), anthocyanin (0.76 mg/g), phosphorus 

(3.17 %) Potassium (5.84 %), ferrous (0.80 mg/kg) 

b. Zinc (0.08 mg/kg) and copper (0.07 mg/kg)  

c. Released by navsari in 2019 

d. Breeding method: Clonal selection    

e. Flesh colour of tuber: Dark purple 

 

Sweet Potato- Sree kanaka: 

a. Developed through pureline selection 

b. High anthocyanin (90.0 mg 100g-1) 

c. Tolerant to high salinity  

d. Tubers with dark orange flesh colour and very high Beta carotene 

e. Dry matter: 24.0-25.5% 

f. Developing from CTCRI, Thiruvanantpuram. 

 

Sweet potato- Bhu Sona: 

a. Developed through pureline selectio                                 

b. High β-carotene (14.0 mg 100g-1)                                                            

c. As compared to 2.0-3.0 mg 100g-1                                                             

d. 27 – 29% dry matter  

e. Total sugars 2-2.4%  

f. Recommended for cultivation in Odisha  

g. Released in year 2017 

h. Developing from CTCRI, Thiruvanantpuram 
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Cabbage- Kinner Red: 

a. Rich in Anthocyanin 

b. Released from Dr Y S Parmar University of Horticulture and Forestry Solan, Himachal Pradesh 

In March, 2016. 

 

Carrot- Pusa Meghali: 

a. Rich in carotene. 

b. Developed at IARI, New Delhi.                                         

c. Orange flash variety. 

 

Other Varieties Released Through Biofortification 

Crop Variety Attributes 

Amaranthus Amt. 105 Carotene and protein 

Cabbage Kinner red 

  

Anthocyanin 

Carrot Pusa Asita 

Pusa Meghali 

Pusa Rudhira 

Lycopene 

Carotene  

Radish Pusa Jamuni  

Pusa Gulabi 

Anthocyanin 

Lycopene 

Tomato Pusa Uphar, Pusa Rohini, Pusa 

Hybrid 2, Pusa Red Plum 

Vitamin C & Lycopene 

Spinach Pusa Bharati 

Pusa Jyoti 

Vitamin A,C,Fe,Ca 

Bitter gourd Pusa Aushadi 

Pusa Vishesh 

Pusa Hybrid2 

Beta carotene 

Ca & Fe 

Ca & Fe 

Importance of Biofortification 

1. To reduce mortality and morbidity rates related to micronutrient malnutrition and to increase food 

security, productivity, and the quality of life for poor populations in developing countries 

2. To improves the plant or crop quality 

3. To increase the nutritional quality in daily diet. 

4. Application of biofortified crops would benefit farmers by increasing their income in the long term. 

Conclusion 

Biofortification in vegetables enhance the antioxidant compounds as well as reduces the vitamins and 

micronutrient deficiency such as cupper, iron, zine, iodine, selenium etc. This will help to overcome hunger 

and malnutrition in human beings. 



 

 
Volume 04 - Issue 07 - July 2022       175 | P a g e  
 

References 
1. Gonzali, S., Kiferle, C., and Perata, P. 2017. Iodine biofortification of crops: agronomic biofortification, metabolic engineering 

and iodine bioavailability. Current Opinion in Biotechnology, 44: 16-26. 

2. Kiferle, C., Gonzali, S., Holwerda, H. T., Real Ibaceta, R., and Perata, P. 2013. Tomato fruits: a good target for iodine 

biofortification. Frontiers in plant science, 4: 205. 

3. Lawson, P. G., Daum, D., Czauderna, R., Meuser, H., and Härtling, J. W. 2015. Soil versus foliar iodine fertilization as a 

biofortification strategy for field-grown vegetables. Frontiers in plant science, 450. 

4. M. Gomathi, P. Irene Vethamoni and P. Gopinath Vethamoni, P. I. Biofortification in Vegetable Crops–A Review. Chemical 

Science Review and Letters, 6(22): 1227-1237 

5. Parulekar, Y. R., Haldankar, P. M., Dalvi, N. V., Salvi, B. R., and Bhattacharyya, T. 2019. Nutraceuticals and their 

Biofortification in Vegetable Crops: A Review. Advanced Agricultural Research and Technology Journal, 2: 219-229. 

6. Rani Juneius, C. E., Sundari, M., Eswaralakshmi, R., and Elumalai, S. 2018. Seaweed liquid fertilizers: A novel strategy for 

the biofortification of vegetables and crops. In Microbial Biotechnology. 109-117.  

7. Rouphael, Y., and Kyriacou, M. C. 2018. Enhancing quality of fresh vegetables through salinity eustress and biofortification 

applications facilitated by soilless cultivation. Frontiers in plant science, 9: 1254. 

8. Singh, U., Praharaj, C. S., Chaturvedi, S. K., and Bohra, A. 2016. Biofortification: Introduction, approaches, limitations, and 

challenges. In Biofortification of food crops. 3-18.  

9. Singh, V., Yadav, A. K., Upadhyay, A., and Singh, R. 2021. Biofortification of Vegetable Crops. Biotica Research Today, 10: 

819-824. 

10. Thakur, V., Sharma, A., Sharma, P., Kumar, P., and Shilpa. 2022. Biofortification of Vegetable Crops for vitamins, mineral 

and other quality traits. The Journal of Horticultural Science and Biotechnology, 1-12. 

11. White, P. J., and Broadley, M. R. 2005. Biofortifying crops with essential mineral elements. Trends in plant science, 12: 586-

593. 

12. White, P. J., and Broadley, M. R. 2009. Biofortification of crops with seven mineral elements often lacking in human diets–

iron, zinc, copper, calcium, magnesium, selenium and iodine. New Phytologist, 1: 49-84. 

  



 

 
Volume 04 - Issue 07 - July 2022       176 | P a g e  
 

INM for Boosting Lakadong Turmeric Production: The 

Golden Spice of Meghalaya 
Article ID: 37559 

Ventina Yumnam1, Sanjay-Swami1 
1School of Natural Resource Management, College of Post Graduate Studies in Agricultural Sciences, 

Central Agricultural University, Umiam (Barapani) - 793 103, Meghalaya, India. 

 

 
 

Abstract 

The Jaintia hills districts of Meghalaya are native to one of the finest varieties of turmeric in the world, 

the Lakadong, with a very high curcumin content of about 6.0-7.5%. The Lakadong turmeric holds a bright 

golden yellow color due to high curcumin content. Ordinary turmeric, on the other hand, may not give such 

an appeal and flavor to the food as the Lakadong. However, the production of Lakadong in the region is 

declining due to poor soil health management. The Central Agricultural University, Barapani campus has 

initiated the task of developing a suitable integrated nutrient management package to exploit the potential 

of Lakadong turmeric. 

Introduction 

Meghalaya, one of the North-Eastern states, is home to a variety of spices of which turmeric (Curcuma 

longa L.) is one of the prominent. The rhizomes of turmeric contain yellow pigments called curcuminoids, 

the colouring principle of which is curcumin (diferuloylmethane). The curcumin gives turmeric its 

characteristic color and many medicinal properties. Most of the turmeric varieties contain curcumin in the 

range of 2.5 to 3.0%. However, the Jaintia hills districts of Meghalaya are native to one of the finest 

varieties of turmeric in the world, the Lakadong, with uniqueness of containing very high curcumin content 

of about 6.0-7.5% (Jha and Deka, 2012) and volatile essential oil (dry) of about 3.6-4.8%. It is locally known 

as shynrai or shyrmit Lakadong in Khasi. The Lakadong turmeric, due to high curcumin content holds an 

appealing bright golden yellow color (Plate 1) which ordinary turmeric may not have. 

The benefits of Lakadong turmeric make it attractive for pharmaceuticals, cosmetics, food & beverages, 

and culinary uses. For health purposes as with other turmeric varieties, Lakadong turmeric proves as 

beneficial for digestion, liver-related issues, cancer, osteoarthritis, cancer, and other conditions. It also 

possesses anti-inflammatory, antiviral, immune booster, anti-diabetic, antiseptic, antibacterial, anti-

asthmatic, antioxidant, anti-ulcer, insect repellents, blood purifier, carminative and healing properties. 

Due to the high curcumin content along with high medicinal values, people became more aware of 

Lakadong’s health properties during the Covid-19 pandemic to boost immunity. The sale of turmeric was 

doubled after the Covid-19 outbreak and has become the best-selling. The Lakadong turmeric, which 

earned the name and fame for being the finest variety of turmeric, is now gradually finding an international 

market.  

If this uniqueness of the variety is properly exploited, it can change the lives of thousands of small and 

marginal farmers of Meghalaya. Though the crop is grown to an extent of 1928 ha, Jaintia Hills accounts 

for 58.0% and West Garo Hills for 20.2% of the total area due to favourable soil and climate. Each of the 

other five districts has about 4.0 % of the area. The state produces around 16 thousand MT of turmeric, of 

which 72.0% is contributed by Khasi - Jaintia Hills and 28.0% by Garo Hills. Production grew at an annual 

rate of 2.47% and area at 3.14% per annum, indicating declining trend in yield (GoM, 2018).  

One of the possible factors for decline in yield is that majority of the farmers are traditionally growing the 

Lakadong without adding nutrients, either through organic or inorganic sources. Few farmers are using 

little quantities of household waste or farm yard manure (FYM) as nutrient sources. Lakadong turmeric, 

being one of the heavy feeders, extracts abundant quantity of nutrients from the soil. Acidity-induced soil 

fertility constraints coupled with negligible use of chemical fertilizers are generally held responsible for 

lower crop productivity in Meghalaya (Sanjay-Swami and Yadav, 2021). Therefore, soil health or fertility 

is the most crucial factor in deciding the agricultural productivity in the region (Sanjay-Swami, 2021). 
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Keeping in view the limited availability of organic nutrient sources, it is not possible to meet the high 

nutrient requirement of the Lakadong turmeric through organic nutrient sources alone. Similarly, use of 

inorganic fertilizers alone reduces the crop yields over time by affecting the soil properties and depleting 

soil organic matter (Sanjay-Swami and Singh, 2020). Integrated use of organic and inorganic nutrient 

sources can improve crop productivity. 

Methodology 

It is urgent to develop integrated nutrient management package for Lakadong turmeric involving use of 

renewable resources of plant nutrients locally available to the farmers. Although FYM is commonly used 

organic manure but is not adequately available. The huge amounts of farm wastes and weed biomass can 

be recycled effectively by preparing vermicompost (Sanjay-Swami, 2012). Vermicompost application 

improves bulk density, water holding capacity, and humic substances of the soil (Sanjay-Swami and 

Bazaya, 2010). Its application also improves soil biology by increasing population of beneficial microbes 

and enzyme activities. Therefore, School of Natural Resource Management, College of Post Graduate 

Studies in Agricultural Sciences, Central Agricultural University, Barapani is working on developing a 

suitable integrated nutrient management package to exploit the potential of Lakadong turmeric. 

Results 

The results reflected the supremacy of integrated nutrient management through 50% recommended dose 

of nitrogen through urea + 50% nitrogen through vermicompost over chemical fertilization alone as well as 

other combinations with organic manures. Hence, farmers of Meghalaya may be advised to adopt this 

package for getting higher yield of Lakadong turmeric. 

 
Plate 1: Lakadong turmeric having bright golden yellow colour due to high curcumin 

 
Plate 2: Trial on development of integrated nutrient management package for Lakadong 

turmeric 
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Plate 3: Inspection of the trial by Dr. S Ayyappan, Former Secretary, DARE & DG, ICAR 
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Micro-propagation is also known as plant tissue culture. This is widely adopted techniques for the quick 

multiplication of vegetables. By this method, plant tissue culture helps in not only production of large no 

planting material even it produces disease free, healthy and quality seedlings of vegetables under control 

condition. One can define plant tissue culture (Micro-propagation) is process of multiplication where more 

no of plantlets or seedlings are produced by utilizing explant under control condition on a medium called 

plant tissue culture. The main advantage of this technique is it produces disease free and quality planting 

materials. Now days when the population is kept on growing by multiplication and land for the cultivation 

for agriculture crop is shrinking, during such time the plant tissue culture has a great impact on 

agriculture, through providing plants needed to meet the ever-increasing world demand. It has made 

significant advancement in the field of vegetable crops.  

Current and future status of plant tissue culture in vegetable crops are production of improved varieties, 

conservation of endangered species, production of secondary metabolites or plant-made vaccines or 

antibodies through cell suspension culture on large scale. Providing planting material of plants whose 

multiplication is not possible through seed to meet the ever-increasing world demand. Successful 

application of micro propagation has been reported in vegetable for meristem culture, protoplast culture, 

embryo culture, genetic embryogenesis and somatic embryogenesis etc. 

Advantage of Micro Propagation in Vegetable 

Micro propagation is most effective and advantageous when it cost less than the tradition method.  

1. In vitro production in chili: Chili is an economical crop which is daily used in kitchen or table purpose. 

Capsicum annum and capsicum frutescence are two important species. The main problem which is 

encountered in chili is incompatibility which lead to embryo abortion during the transfer of traits which is 

major problem faced by breeder. To overcome this problem in chili embryo culture is very much helpful. 

Embryo culture helps in overcoming the seed dormancy.  

2. In vitro synthetic seed in cauliflower: It has been seen the production of inbreed line in cauliflower 

is very difficult due to high cross pollination and self-incompatibility in cauliflower. In order to produce the 

synthetic seed in cauliflower graded curd is fractioned into the propagule. This propagule is subjected to 

sodium alginate to encapsulation of propagule. These synthetic seed has advantage over on traditional seed 

such as viability, germination and long shelf life.  

3. In vitro growing of sweet potato cuttings: Development of root and shoot is inter dependable so, 

poor root development in a crop is affects its shoot development. It has been reported that plants growth in 

in vitro is increased by the use of various fibrous material such as cellulose, rock wool and vermiculite. 

Similarly, florialite is a mixture of vermiculite and paper pulp, which has the capacity to absorb nutrient 

solution up to 71% of its own volume. The plantlets obtained from floriated shows better growth than that 

of vermiculite because of addition of paper pulp with vermiculite. Another advantage of it is that its 

handling is more convenient and precise as compared to agar or vermiculite. Therefore, the cuttings of 

sweet potato were grown in in vitro vermiculite mixed with paper pulp supporting material. Vermiculite 

mixture with 30% paper pulp stimulates leaf; stem and root growth and also the fine lateral roots emerge 

from the main adventitious roots.  

4. Micro propagation in pointed gourd: The perennial nature and non-availability of adequate planting 

material in pointed gourd gives an opportunity to get desirable and suitable clones through this technique. 

Therefore, as compared to multiple shoot production path way, in vitro layering is more advantageous 
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where single shoot coupled with rooting are produced by micro cuttings. Initiation of culture, multiplication 

and rooting in all genotypes is facilitated by a single medium formulation. Further, the left over rooted 

stumps after the sub-cutting of nodes can be used for establishment of plantlets ex vitro. 

5. In vitro regeneration in tomato: For in vitro regeneration of tomato plant several protocols have been 

published. But formerly reported methods are time consuming, variable efficiency, high production cost 

and time consuming. Media containing growth regulators are implicated in all cases of regeneration 

system. For an effective, rapid and high frequency plant regeneration method of normal tomato plant a 

protocol has been established which works independent of exogenous growth regulators in culture medium. 

Among the regenerated plant there is absence of chromosomal and morphological variations.  

6. Production of super male in Asparagus: Micro propagation offers the advantage of increasing the 

numbers of propagules attainable in a given period as well as advantages unique to each of these crops. 

Asparagus is an example of tissue culture techniques being effectively utilized for cultivar development 

and multiplication of a dioceious species. Specifically, male haploids can be generated from anther culture 

that, when doubled, yield the super-male (YY) genotype. These plants can be micro propagated and used 

as parents in seed production of all male F1 hybrid asparagus seed. Additionally, the perennial nature of 

asparagus affords an opportunity for cost effective commercial micro propagation of superior clonal 

genotypes. 

7. In vitro tuber yield and multiplication rates of potato: For enhancing multiplication rate in potato 

micro propagation of tubers can be a successful tool.  Researchers have been found that under laboratory 

condition the multiplication rate goes 10-25 folds per 8 weeks. It can provide the desired quantity of 

plantlets in short period of time. Some scientists had also reported that the capacity of in vitro plants to 

produce more but small sized tubers than plants grown from in vitro tubers. 

Conclusion 

Micro propagation has the potential of great profit making. It can also give high quality and disease-free 

planting materials. So, to increase the vegetable production and to develop new cultivars of vegetable crops 

this technique can be regarded as a boon to full fill the requirements of growing world population. 
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Introduction 

The global food security is threatened by the adverse climatic impacts that occur due to the rise in carbon 

dioxide (CO2) concentrations in the atmosphere and the emission of other greenhouse gases (GHG) by 

human activities (IPCC Climate Change 2014). The adverse impacts include droughts and more intense 

heat waves, erratic and extreme rainfall patterns, floods and storms caused due to latent energy in water 

vapour. 

This condition is occurring when food consumption is increasing at an unprecedented rate due to dietary 

changes and a growing population that could reach 11 billion by 2100, with agriculture itself becoming a 

major contributor to climate change. Further, crop yields are declining due to loss of cultivable top soil 

exceeding the natural soil formation rates by some magnitude and there is depletion of essential nutrients 

like phosphorous (P) and potassium (K). This depletion of nutrients is addressed with the application of 

fertilizers, but the fertilizers require finite resources for their production and cause price inflation (Beerling 

et al. 2018). 

Global warming is the result of the anthropogenic emissions of GHGs causing the increase in absorption of 

heat by the atmosphere (Myhre et al. 2013). It is now widely acknowledged that anthropogenic warming 

should be limited to no more than 2°C in order to preserve the Holocene mode of operation of the climate 

system and thus avoid potential harm to the humans (Schellnhuber et al. 2016). 

The scientific advice of the Intergovernmental Panel on Climate Change (IPCC) to limit the global warming 

‘below 2°C’ and to find methods to ‘limit the average temperature rise to 1.5°C’ was adopted by the 2015 

Paris Agreement, which was signed by 194 parties and the European Union (United Nations Framework 

Convention on Climate Change, 2015). Because of the Earth's current energy imbalance, thermal inertia 

in the ocean response, and slowly amplifying climate feedbacks such as ice-sheet melt, more warming is 'in 

the pipeline.' Even a more moderate 2 °C warming target is challenging due to the climate system's 

continuous sensitivity to rising GHGs and the practical constraints of switching to carbon-free energy. 

As a result, in the second half of the twenty-first century, effective mitigation policy necessitates a rapid 

phase-out of fossil fuel emissions and the deployment of scalable approaches for CO2 removal (CDR) from 

the atmosphere with so-called negative CO2 emissions in order to meet the United Nations targets. The 

threat of sea-level rise, which would result in the loss of productive coastal marine and agricultural 

ecosystems, inland displacement of people, and the impacts of increased climate extremes, adds urgency to 

the need to reduce CO2 emissions. 

The impacts of climate change in the future can be moderated by reducing immediately the CO2 released 

in the atmosphere from energy generation and through adoption of strategies that remove actively the CO2 

from the atmosphere. One such CO2 removal strategy is the biogeochemical improvement of soils, which is 

done through addition of crushed, fast-reacting silicate rocks to the cultivable lands. This phenomenon is 

known as enhanced weathering, where soils of managed cultivable lands are modified with magnesium 

(Mg) and calcium (Ca)- bearing rocks. It aims to speed up the natural geological process of carbon 

sequestration along with the production of alkaline leachates for reducing ocean acidification. This method 

is believed to improve crop production, increase resistance from pests and diseases, and restoration of soil 

fertility and structure. 
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How the Carbon is Captured? 

In enhanced weathering, the reactions of CO2 with minerals contained in Ca and/or Mg-rich rocks gets 

accelerated, which helps in moderating the atmospheric CO2 naturally and thus, helps in stabilizing the 

climate on geological timescales. Within the elevated CO2 soil environment, the aqueous reactions cause 

the chemical breakdown of carbonate and silicate rocks, which releases basic cations like Ca+2 and Mg+2 

and delivers bicarbonate (HCO3
-) and carbonate (CO3

2-) ions to the surface waters, through runoff, and 

eventually to the ocean (Figure 1). 

 
Fig.1. The pictorial representation of the process of enhanced weathering. 

Therefore, enhanced weathering utilises the oceans for storing the atmospheric CO2 in the form of these 

stable dissolved inorganic alkaline forms. The future storage capacity of the oceans is not a limiting factor, 

as the oceans globally store about 38,000 PgC, which is >45 times the present mass of C in the atmosphere. 

Further, the time of residence of dissolved inorganic carbon in the oceans is about 100,000- 1,000,000 years, 

thus making the oceans a permanent C storage reservoir (Renforth and Henderson, 2017). 

Benefits and Drawbacks of Enhanced Weathering 

Enhanced weathering, through addition of alkaline leachate, allows the ocean to store more C and 

counteracts ocean acidification, the current decreasing state of CaCO3 and protects marine biocalcifiers 

(like corals and shellfish) from the impacts of acidification (18-20). 

The method does not require its own land, nutrients or freshwater, with the latter only needs to be used 

where it becomes necessary for dust avoidance measures from rock deposition. Rock particles can be applied 

upon open ocean places or can be combined with agriculture incurring the benefits of improved crop yields 

and prevention of soil erosion.  

Furthermore, while the proposed technologies for increasing ocean alkalinity may pose significant 

engineering challenges, cost analyses indicate that they are still within the range of other negative emission 

technologies. However, altering or speeding up the course of nature can have disastrous consequences. 

According to scientists, rapid uncontrolled changes in pH, carbonate saturation state, and dissolved 

aqueous CO2 can have an impact on ocean ecosystems. While this process appears to be natural, it is not; 

the substance would be delivered to ecosystems at far higher rates than normal, potentially creating 'dead 

zones,' areas where oxygen levels are too low to support life. Further, the amount of olivine required for 

these applications is extremely large, comparable to current global coal mining, a counterintuitive 

proposition as the world looks to move away from mining. To sequester one billion tonnes of CO2, more 

than 3 billion tonnes of basalt would have to be spread, which is nearly half of current global coal 

production. Also, enhanced weathering on such a large scale could alter the ecology of the water, resulting 
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in an increase in microbial organisms that would produce greenhouse gases like methane and nitrous oxide 

(www.earth.org). 

Conclusion 

Enhanced weathering is a technology that captures carbon, where through deposition of rock particles into 

the ocean cause an increase in ocean alkalinity and to some extent, a reduction in ocean acidification. It 

may appear simple, but still much research is needed, as the risks and benefits are weighed. Enhanced 

weathering may have untapped potential for fulfilling the United Nations Sustainable Development Goals 

(SDGs) announced by 193 nations in 2015, if proven successful and implemented cautiously to prevent 

negative consequences. 
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Plant biotechnology ushers in a new era for plant scientists tasked with keeping plants healthy, increasing 

food yields, and reducing pesticide use. One of agricultural biotechnology's ultimate goals is to feed the 

world's growing population. According to a recent poll by The Economist, the global population has 

expanded by 90% in the last 40 years, yet food production has only increased by 25% per head. Farmers 

globally will have to produce 39 percent more grain by 2020 to feed an additional 1.5 billion mouths (The 

Economist, March 25, 2000). These findings accurately reflect the food production issues confronting the 

worldwide community of farmers and consumers in the new millennium, as well as the scope of the 

discussion over the dangers and rewards of developing countries. 

Genetic engineering has the potential to deliver a plethora of advantageous plant features, including 

increased resistance to plant disease attack. For pathogens that are difficult to manage with current 

methods, new approaches to plant disease control are especially necessary. Plant infections, insect pests, 

and weeds are responsible for 42 percent of crop losses worldwide, causing $500 billion in harm (Oerke et 

al., 1994). Plant infections cause $9.1 billion in crop losses in the United States alone, while plant diseases 

lower crop production by 12% worldwide (Food and Agriculture Organization, 1993). Pesticide applications 

cost $26 billion dollars worldwide each year to control pest losses. 

Plants that have been genetically modified to be resistant to plant infections can help farmers avoid crop 

losses and minimise pesticide use. This feature article offers a current viewpoint on four important areas 

of plant genetic engineering research and application for disease resistance. 

Enhancing resistance with plant genes: Scientists from all over the world are investigating the 

biochemical nature of, and the signals involved in, a plant’s reactions to pathogen invasion and disease 

development. Plant resistance genes and the genes involved in resistance reactions are being identified and 

engineered into crop plants to protect them against plant diseases. This rapidly advancing field of 

investigation is described in this feature under Enhancing a plant’s resistance with genes from the plant 

kingdom. 

Pathogen-derived resistance: Plants can be protected from illnesses by using transgenes (genes 

introduced into plants) that are derived from pathogens themselves. Plant viral transgenes, for example, 

can protect plants from infection by the virus from which they were produced. Genetic engineering of plants 

for viral resistance is a burgeoning field of study that is discussed in this section, with a focus on Cornell 

University's research in Geneva, NY, under Genetic engineering: A fresh and potent weapon to tackle plant 

virus infections. 

Antimicrobial proteins: Another field of research is antimicrobial peptides and proteins produced by 

plants, which have the potential to improve plant resistance to fungal and bacterial plant diseases. 

Antimicrobial substances are encoded by genes in fungi, insects, mammals, and humans. This feature 

discusses the use of antimicrobials to promote plant pathogen resistance, with a focus on research being 

done at Cornell University in Geneva, NY, under the heading Using antimicrobial proteins to boost plant 

resistance. 

Plantibodies: Plants have systems to protect themselves from pathogen attack, but unlike animals, they 

do not have an "immune system" per se. Plants can now be genetically modified to express an antibody 

against a protein involved in disease, resulting in immunity or resistance to the pathogen. Plantibodies: an 

animal tactic translated to the plant kingdom to combat diseases describes this intriguing approach. 

Biotechnology has become a flashpoint for heated debate, with opposing sides claiming both promise and 

danger. (Wambugu 1999, Hails 2000, Ferber 1999, Trewavas 1999, Sagar et al. 2000) The argument 

encompasses not only scientific but also political, socioeconomic, ethical, and philosophical aspects. 
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This feature article is an example of how biotechnology can be used to improve plants. Plant pathology and 

plant protection are about to enter a new age. Biotechnology has changed the field of scientific inquiry, 

opened up new possibilities for resistant plants, and pushed us to take safe and cautious moves. 

Agricultural biotechnology, like any other new technology, has a long way to go before its full potential is 

realised. As more plant biotechnology products become available, research on the dangers linked with 

biotechnology will become increasingly important. The results of these investigations must be readily 

available to the general public. The risks involved with this technology must be considered, as well as the 

benefits. We're up against it. 

We are confronted with biotechnology’s vast perspective and this astounding view has expanded the very 

foundation of our understanding of life. 
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Introduction 

Liriomyza huidobrensis, commonly known as pea leafminer, belongs to the family Agromyzidae, is a serious 

pest of potato and a variety of horticultural and ornamental crops in many parts of the world, sometimes 

leading to complete crop loss. L. huidobrensis was first described by Blanchard in Buenos Aires, Argentina 

in 1926 as Agromyza huidobrensis, which produces mining symptoms in the leaves of Cineraria sp. and has 

reached a peak of maximum infestation. It developed rapidly in Europe and Asia since 1980s. It can now 

be seen as a cosmopolitan species. 

Damage Symptoms 

The presence of feeding punctures and leaf mines were the major symptoms observed in the field. The leaf 

miner larvae (maggots) produce irregular serpentine mines that were found to be restricted to the veins. 

The highly infested field showed burnt appearance. The mining damage was found to be confined in the 

lower leaf canopy. The highly infested lower leaves and sometimes the stem portion were also found to be 

decayed and produced foul smell. 

  
Fig. 1. Mining symptom of  

L. huidobrensis in potato 

Fig. 2. Decayed stem portion of potato 

infested by L. huidobrensis 

Host Range 

It is extremely polyphagous and has been known by 365 host plant species in forty-nine plant families 

worldwide. The foremost infected plants are beans, peas, beets, spinach, potatoes, tomatoes and cut flowers. 

Distribution 

L. huidobrensis seems to have originated in cooler, predominantly mountainous regions of Latin America. 

In South America, it is known from Argentina, Brazil, Chile, Juan Fernandez, Colombia, Peru, Venezuela, 

India, North America California; Hawaii; Europe: Belgium, Netherlands, UK; Middle East: Israel; Central 

America: Panama, El Salvador, Guatemala, Honduras, Costa Rica, Nicaragua, Belize, Caribbean: 

Dominican Republic and Guadeloupe. 

Biology and Life Cycle of L. huidobrensis 

Egg: The female lays eggs that are whitish and translucent. Eggs are laid alone, but often very close and 

on both the leaf surfaces. Leaf stippling and egg/puncture ratios depend on the host plant. Females lay an 

average of 8-14 eggs per day. Eggs are about 0.3 x 0.1 mm in diameter and the egg phase lasts 3-4 days 

depending on host plant and the temperature (Weintraub and Horowit, 1995). 

Larva (Maggot): The eggs hatch into larvae and often feed on the spongy mesophyll of the leaf. The three 

larval instars develop in the leaf and mines enlarge slowly with each molt. Mouth hooks can be used for 
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stage identification and remain in the mines with each successive molt. The larval stage may be 8-11 days; 

the third-instar larva may attain a size of 3.2 x 1 mm (Weintraub and Horowit, 1995). 

Pupae: The larva chews a hole in the surface of the leaf and emerges from the leaf to pupate. There is a 

fourth larval stage between pupation and actual pupation, although it only lasts 4- 5 hours. Pupal size 

varies from 1.6-3.25 mm long x 0.7-1.1 mm wide and may or may not fall to the ground. The pupal stage 

lasts 12-18 days and pupa color varies from light brown to almost black.  

Adult: Adults 2.1 + 0.2mm, females are slightly larger than males, females can live up to 3-28 days and 

males up to 2-6 days. Females make punctures in the surface of the upper leaves with ovipositors, and 

males feed on the puncture sites. The amount of leaf stippling varies s from reported averages of 83 (in 

aster) to 277 (in bean) punctures per day. Eggs are laid in only a small portion of about 5-10% of the 

puncture sites. It has been reported that 87% of eggs laid develop to first instar (Weintraub and Horowit, 

1995). 

 
Fig. 3. Life cycle of L. huidobrensis 

Integrated Pest Management for L. huidobrensis 

Cultural Control: The use of standard cultural practice, reflective plastic mulch, vermicompost were 

found to reduce the population of adult and larvae of L. huidobrensis (Suryawan and Reyes, 2016). 

Physical Control: The yellow sticky traps were found to be effective in attracting adult leafminer and 

found to reduce the population of L. huidobrensis (Chavez and Raman, 1987). 

Biological control: Potential parasitoids like Gronotoma micromorpha, Phaedrotoma scabriventris  and 

Diglyphus isaea are used for pea leafminer fly, Liriomyza huidobrensis management.  

Botanicals: Neem based insecticides like Azadirachtin (1500 ppm), Neem Azal-S and Margosan-O (2%), 

NSKE and extracts of the fruit, Melia azedarach were found to produce promising results in the 

management of leafminer, L. huidobrensis. 

Chemical Control: Insecticides like buprofezin, spinosad, chlorantraniliprole, thiamethoxam, emamectin 

benzoate, cyantraniliprole, cyromazine and profenophos was found to be the most effective insecticides in 

L. huidobrensis management. 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/leafminer
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/liriomyza-huidobrensis
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An accurate disease diagnosis and precise detection of plant pathogenic microorganisms are essential for 

understanding plant diseases and to plan for management practices. The use of conventional methods of 

plant pathogen identification is slow and gives inconclusive results and made to think of alternative 

techniques for detection of plant pathogens. Therefore, a novel, easy to use, quick and accurate on-site plant 

pathogen detection technique has been developed that is Lateral Flow Device. 

What is Lateral Flow Device? 

Lateral Flow Device is a novel detection method also known as immune-chromatographic detection 

technique which involves chromatographic separation of antigen and subsequent recognition is done either 

using antibody or nucleic acid-based probes. The principle involved in this technique is the movement of a 

liquid/sap extracted from the diseased plant sample, or its extract containing the analyte of interest (plant 

parts which are infected by the pathogenic microorganisms), along a strip of polymeric material thereby 

passing various zones where molecules have been attached that exert more or less specific interactions with 

the analyte. 

Principle Involved in Lateral Flow Assay 

A typical Lateral Flow Assay mainly involves a surface layer to carry the sample from the sample 

application pad via the conjugate release pad along the strip encountering the detection zone up to the 

absorbent pad. The device generally consists of a master card where, absorbent pad (0.5 cm), sample and 

conjugate pads (0.4-0.5 cm) are assembled on a polyester backed nitrocellulose membrane. In addition to 

this robustness is achieved by housing the strips in a plastic holder to handle easily, where only the sample 

application window and a reading window are exposed. When specific antibodies are used to detect the 

specific plant pathogenic microorganisms, then the technique is called “lateral flow immunoassay” (LFIA). 

 
Figure 1: Schematic view of Lateral flow device 
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Figure 2: Components involved in lateral flow device 

Types of LFIA 

There are two types of LFIA format are used such as sandwich format and competitive format. 

1. Sandwich format: In sandwich format antibody is dropped at the test line, a mixture of sample analyte 

and labelled analyte is applied at the conjugate pad and the sample analyte and labelled analyte compete 

for binding sites on the antibody at the test line. Two sources of antibody (polyclonal or monoclonal) are 

applied on strips, one of which is immobilised onto a nitrocellulose-based membrane, using a sophisticated 

reagent dispenser, and the other is sensitised onto bluedyed latex or red- nanogold particles. For analytes 

with more than one epitope, the sandwich format is applicable. In this format the test line is prepared using 

one analytespecific antibody. The conjugate release pad contains a second, labelled, antianalyte antibody. 

Analyte in the sample will bind during the initial chromatographic process to the second antibody. The free 

epitope can bind to the immobilised antibody at the test line7. The response is directly proportional to the 

amount of analyte in the sample correlated to the analyte concentration (i.e., more analyte present, less 

signal; no analyte gives the highest signal). 

 
Figure 3: Schematic illustration of sandwich type format of lateral flow assay. 

2. Competitive format: In competitive formate an analyte is dropped at the test line, and a mixture of 

labelled antibody and sample analyte is applied at the conjugate pad, giving the sample analyte a head 

start for binding to the antibody. In the competitive LFIA format the response is negatively correlated to 

the analyte concentration (i.e. more analyte present, less signal; no analyte gives the highest signal). When 

a combination of antigen-antibody interaction and specific tagged doubled-stranded amplicon detection 

after PCR is also possible, and is called “nucleic acid lateral flow immunoassay” (NALFIA). 
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Figure 3: Schematic illustration of competitive type format of lateral flow assay 

Advantages of LFD 

1. It is a novel rapid detection method as well as sensitive as compared to PCR and ELISA based methods 

(time consuming and need costly equipments along with well experienced persons to handle).  

2. Later flow device kits are cheaper and ready to use easily in fields. 

3. Quick review about the disease to take on site decisions about the application of pesticides. 

4. They detect plant virus, bacteria or fungi quickly in the field throughout the growing season, and they 

are easy to use and require minimal training. 

Applications 

Lateral flow immunoassays are currently used for qualitative, semi-quantitative detection and to some 

extent quantitative monitoring in the fields widely applied. The technology offers a powerful new tool for 

phytosanitary inspectors, extension workers, diagnostic laboratories, plant breeders and grower, alike. 

Such tests should be used to complement existing management procedures. On-site detection using lateral 

flow assays have been developed for Rhizoctonia solani, Trichoderma hamatum, Phytophthora ramorum 

and Peronospora destructor. 

Conclusion 

Lateral flow device is a powerful tool for in situ diagnosis, disease monitoring and forecasting to facilitate 

management decision. Development of lateral flow kits is now an active field of research for plant pathogens 

detection and disease diagnosis. 
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Introduction 

The word herbicide has been derived from Latin word “herba” means plant and “caedere” means to kill. 

Thus, herbicides are synthetic chemicals used to kill or suppress unwanted vegetation. Herbicides play a 

vital role in integrated weed management programs. Knowledge of the mechanisms and activity of 

herbicides will improve the impact and sustainability of herbicides as a weed management tactic. The use 

of herbicides is one of the potential factors that make agricultural intensification economically viable, hence 

improve food security. However, when these chemicals are used in an uncontrolled manner, brought 

adverse consequences, since many of them are harmful substances for both man and the environment. They 

cause a lot of damage by killing the non-targeted beneficial insects, can cause impacts on non-target 

organisms, especially on human beings thereby creating more problems in the near future. Additional 

pressure to produce biomass for food, fibre, feed and fuel makes it necessary to think more about the impact 

of herbicides on land productivity and farmers’ environment, and how to ensure the efficient use of 

herbicide. 

Usefulness of Herbicide in Agriculture 

Herbicides are globally the most commonly used crop protection agents. Glyphosate, Atrazine and 2,4-D 

are among the most frequently used herbicides for a number of crops. 

1. Herbicides are often considered a quick, easy, and inexpensive solution for controlling weeds. Herbicides 

particularly pre-emergence one’s control weeds right from the beginning of their germination and thus 

proved to be more efficient than many other methods of weed control. 

2. Herbicide can control weeds having morphology similar to crop plants, e.g., Phalaris minor, Avena fatua, 

Lolium temulentum, etc. in winter cereals like wheat, barley and cultivated oat easily and effectively than 

other methods. 

3. Most herbicides proved to be more economical than mechanical and manual methods particularly were 

manual labourer costs higher. 

4. They can control weeds where other methods are difficult to execute e.g., in wet and marshy soils under 

humid conditions, within or between narrow-rows of crops. 

5. Herbicides prove to be most important tool for weed management under minimum and zero tillage. 

Similarly, under tilled conditions the number of tillages could be reduced by applying herbicides, and they 

save labour and energy. 

6. They offer greater flexibility on the choice of crop management system. For example, using herbicide one 

needs not to depend much on crop rotation, intercropping etc towards weed management. 

7. Herbicides can control weeds at concentration lethal to their growth and development. At sublethal 

concentrations, some herbicides have stimulated effects on growth and development processes. Phenoxy 

acids, triazines, ureas, uracils, etc. show stimulatory effects on plant growth. Usually, sublethal of 

herbicides influence growth and yields of crops, protein, carbohydrate and moisture content, vitamins, oils, 

nitrate and seed germination. For example, sucrose content of sugarcane increase with 2,4-D application. 

Similarly, starch content of potatoes increases with 2,4-D application. Atrazine and diuron at 1.0 ppm led 

to higher total chlorophyll in leaves. Grain yield and protein content of spring wheat increases due to 

application of 0.5 to 1.3 kg/ha of 2,4-D to the soil prior to sowing. Simazine increases in nitrogen content of 

maize plant due to sublethal rates of application. Foliar application of silvex at 1.0 ppm along with 2,4,5-T 

improve the red colour of apples and so on. 
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Toxicity Hazards of Herbicide in Agriculture 

Almost all herbicides have more or less some danger potentials to cause toxicity hazards on agriculture. 

1. Due to the widespread use of herbicides over the years, there has been an accumulation of these residues 

in the environment, which is causing alarming contaminations in the ecosystems and negative damages to 

the biota. 

2. Herbicides can contaminate soil, water and other vegetation. In addition to killing insects or weeds, it 

can cause populations of beneficial soil microorganisms to decline and also pose toxicity to crop grown in 

succession. Atrazine applied to maize has been found phytotoxic to wheat grown in rotation and similarly 

metribuzin at 0.5 kg/ha in sandy loam soil caused phytotoxicity to wheat.  

3. Herbicides used against control of grasses can kill beneficial insects like lady bugs, aphids, among others. 

When the beneficial insects are gone, there is no natural control over the pest, so their populations can 

increase much more quickly after the initial application, requiring further applications of herbicides to 

control the original pest. Herbicides can kill butter flies, moths, spiders, and bees which play other roles in 

the environment such as pollinating plants.  

4. When herbicides are applied to the soil, neighbouring field may be affected by drift. Spray drift is the 

movement of droplets of herbicide spray that through wind are taken away from the target application 

area. Herbicide drift can damage other nearby crops or make them unsellable if the active ingredient is not 

registered for a particular crop. 

5. Continuous use of herbicides particularly narrow-spectrum ones may cause weed flora shift. For 

example, continuous use of benthiocarb in rice field has resulted in spontaneous increase in the population 

of broad-leaved weeds like Monochoria vaginalis. The broad-leaved weed domination in wheat has changed 

to grass weed (wild oat and Phalaris minor) domination due to continuous use of 2,4-D or other 

phenoxyalkanoic acids in the world. 

6. Continuous use of the same herbicides or group of herbicides having similar mode of action may cause 

insurgence of herbicide-resistant weeds. The same reason applies to Phalaris minor developed resistance 

to isoproturon in India. 

7. Some herbicides interfere directly in the cell division of plants, elongation and cell differentiation, 

causing disturbances in the functioning of the roots or vascular tissues. 

Management of Herbicide 

1. Management of herbicide residue in soil: 

a. Use of optimum dose of herbicides: Application of herbicides at the lowest dosage by which 

desired weed control is achieved leads to minimum residue hazards. For example, trifluralin at 0.75 

and 0.96 kg/ha to soybean leaves no adverse residual effect on growth and development of succeeding 

wheat, but at 1.2 kg/ha, the wheat crop will be affected. 

b. Application of FYM: This is an effective method to mitigate the residual toxicity of herbicides. 

Herbicide molecules are adsorbed on colloidal fraction of FYM and make them unavailable for 

plants. Residues of atrazine (0.5 kg/ha) applied to pearl millet affect subsequent green gram and 

cowpea. However application of FYM at 12 kg/ha to pearl millet can mitigate the residual toxicity 

of atrazine. 

c. Crop rotation: Residues of herbicides applied to preceding crop should not be toxic to the 

succeeding crops in rotation. Application of atrazine to maize, diuron to cotton and chloramben to 

soybean do not produce direct or residual effect on succeeding crops in cotton-maize-soybean 

rotation. 

d. Herbicide rotation: Soil applied or foliage applied herbicide or both are used in sequence to 

take care of annual as well as perennial weeds. Herbicide rotation offers several advantages: 

prevention of emergence and occurrence of tolerant weed species, reduction in the rate of application 

of herbicides over years, low level of herbicides residue build up, etc.  

e. Cultural practices: Ploughing with disc plough or inter cultivations reduce the herbicide 

toxicity, as the applied herbicide is mixed with a large volume of soil and get diluted. In the case of 

deep ploughing, herbicide is inverted and buried in deeper layer to avoid its toxicity. Residual 

toxicity of propyzamide, trifluralin and atrazine can be considerably brought down by ploughing. 
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f. Use of non-phytotoxic oil and activated carbon: Atrazine residual hazard can be reduced by 

mixing it with non-phytotoxic oil. Activated carbon has high adsorptive capacity due to its 

tremendous surface area. 

g. Use of herbicide safeners: Safeners (antidotes) can protect the crop from possible damage by 

a herbicide. Napthalic anhydride (NA) is used for seed dressing on rice to protect the crop against 

molinate and alachlor. Another safener cyometrinil is used along with metolachlor in grain 

sorghum. 

h. Leaching the soil: Leaching the herbicide by frequent irrigation is possible especially in the 

case of water-soluble herbicides. Care should be taken to leach the herbicide beyond the root zone 

depth of the crop. 

2. Managing herbicide resistance:  

a. Integrated weed management: The IWM aims at use of a range of weed control techniques 

including physical, chemical and biological methods in an integrated fashion without excessive 

reliance on any single method. 

b. Significance of mode of action: Since most herbicide resistant weed populations are resistant 

only to one herbicide mode of action, control can be achieved with an effective alternate herbicide 

that has different mode of action and use them at appropriate dose. A wiser strategy would lie to 

implement rotation or mixtures between different herbicide modes of action before resistance 

develop so as to prolong the effective lives of both herbicides. 

c. Crop protectants/safeners and synergists may be adopted towards better management of 

herbicides. 

d. Spraying equipment and techniques: Use multi-nozzle booms instead of single nozzle boom 

for uniform coverage of herbicide. Use flat fan nozzle for uniform spray droplets. Use less quantity 

of water 300-350 litres/ha for sticking and better penetration of herbicide. 

e. Use of transgenic herbicide resistant crops: Recent biotechnology advances in plant science 

provided a genetic means of endowing crop species with resistance to herbicides of choice (herbicide 

resistant crops). 

3. Ways to minimize or prevent herbicide drift: Herbicide drift is the movement of pesticide away 

from the target area in the atmosphere. The three main forms of drift are droplet drift, vapour drift and 

particulate drift. Droplet drift is the main cause of off-target damage. Ways to minimize herbicide drift are: 

a. Use larger spray droplets with low pressure. Bigger droplets fall faster, so they are less likely to 

drift with the wind. Invert emulsion are used to increase the size of herbicide spray droplets 

b. Apply herbicides during calm weather conditions. High winds can increase the risk of drift. 

Conclusion 

Herbicide as a management tool for weed control optimum production practices had been a reality to 

increased yield and quality of Agriculture product. With benefits of herbicides control ranking high, 

negative effects on the environment by killing the non-targeted beneficial insects and human health 

generated mainly by lack of knowledge regarding safety parameters on the part of the user has made 

herbicides use in agriculture one of today’s most controversial issues. It is desirable to ensure safe and 

effective use of herbicides by increasing awareness, training and the dissemination of relevant information, 

and by enacting legislation of control sales, distribution, use, production, formulation and disposal. 
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Introduction 

Artocarpus heterophyllus Lam., often known as jackfruit, belongs to the family Moraceae, is a tropical 

climacteric fruit endemic to India's Western Ghats and widely distributed in Asia, Africa, and certain parts 

of South America. The evergreen trees are tall, reaching heights of up to 15-20 metres. The leaves are 

oblong, oval, or elliptic in shape, with a length of 4 to 6 inches and a leathery, glossy, deep green colour. 

Jackfruit is high in carbohydrates, proteins, vitamins, minerals, and phytochemicals, among other 

nutrients. Both the seeds and the meat of jackfruit are eaten in curries and boiling forms, and the flesh can 

be eaten as a fruit when completely ripe. Because of its anticarcinogenic, antibacterial, antifungal, anti-

inflammatory, wound healing, and hypoglycemic properties, the fruits, leaves, and barks of the jack tree 

have been widely utilised in traditional medicine. 

Despite these advantages, the fruit is underutilised in commercial processing in the locations where it is 

cultivated. It is known to be the world's largest edible fruit. When not ripe, this unique jackfruit is green, 

but as it ripens, it turns light brown and emits a powerful scent. Jackfruit is a popular meat alternative 

among vegans and vegetarians due to its high protein content. 

 
Jackfruit plant at profuse fruiting stage 

Benefit of Fruits 

1. Jackfruit has a variety of high-value chemicals with antibacterial, antifungal, antidiabetic, anti-

inflammatory, and antioxidant properties. 

2. Jackfruit has a variety of phytonutrients, including carotenoids, which are antioxidants. 

3. Jackfruit is also high in potassium, which helps to lower blood pressure and reverse the effects of sodium, 

which raises blood pressure and harms the heart and blood vessels. 

4. Jackfruit has useful chemicals that can help with high blood pressure, heart disease, strokes, and bone 

loss, among other things. 

5. Jackfruit is a great source of vitamin A, which is necessary for excellent eye health. jackfruit is a good 

source of calcium so that is great remedy for bones illnesses like as arthritis or osteoporosis. 

6. Jackfruit is high in iron, which helps to prevent RBC deficiency in the body, and the fruit's vitamin C 

concentration aids in iron absorption. 
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7. Jackfruit seeds are high in fibre, which can help to cleanse your system and give you a healthy glow. For 

a healthy glow, apply a paste made from jackfruit seeds and milk to your face. 

8. Copper is an important component found in jackfruit that is necessary for thyroid metabolism and 

hormone homeostasis. 

9. Boiling jackfruit roots and ingesting the extract has demonstrated to be useful in lowering asthma 

symptoms. 

Nutritional Composition of Fruit (100g Edible Portion) 

Jackfruit is high in magnesium, a mineral that aids in calcium absorption and works with calcium to 

strengthen bones and prevent bone diseases such as osteoporosis. Water: 70-80%, Protein: 2-2.5 g, 

Carbohydrate: 10-11 g, Fiber: 2-3 g, Vitamin A: 25-30 IU, Calcium: 30-50 mg, Vitamin C: 12-14 mg, 

Potassium: 280-300 mg. 

 

Uses of Jackfruit (Kathal) 
In Southeast Asian kitchens, jackfruit is a common component. In Bangladesh, jackfruit flesh and seeds 

are used in curries. In some regions of India, the fruit is used to make sweet dishes and pickles, while the 

seeds are roasted and eaten as a snack. Because of its high protein content, jackfruit seeds have also been 

studied as a raw material for ethanol production, which can be regarded a renewable source of energy and 

a protein source in the food business. The jackfruit is also a valuable source of wood. The wood is utilised 

in India to make high-quality furniture and musical instruments, as well as construction materials. The 

wood is highly valued in the Philippines. The leaves of jackfruit tree are useful for curing fever, boils and 

skin diseases. When heated, they prove useful in curing wounds. 

Conclusion 

The tropical fruit jackfruit is high in carbohydrates, proteins, vitamins, minerals, dietary fibre, and 

phytochemicals. However, due to a higher percentage of inedible portion, which results in more waste, 

difficulty peeling and separating edible bulbs from the rind, lack of knowledge about proper postharvest 

practises, and inadequate processing facilities in the regions where they are grown, it is an underutilised 

fruit on a commercial scale. Anticarcinogenic, antibacterial, antifungal, anti-inflammatory, wound healing, 

and hypoglycemic qualities are just a few of the health advantages of jackfruit. 
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A worldwide increase in food production is being attributed to the growing demand for food in developing 

countries. Agriculture is thus an attractive business both in developed as well as developing countries. As 

a result of the multitude of agricultural activities, there is an increase in the number of agricultural 

products and waste generated. It depends on the cultural and geographic factors of a country how activities 

are deployed and waste generated. With advancements in water management, modern agro-technologies, 

and the widespread application of agrochemicals, large stretches of wasteland have been converted to 

arable land. Agricultural waste disposal has become more complex as a result of these measures, resulting 

in global environmental pollution. Residues from crops, specifically field residues, are a natural resource 

that has traditionally been ploughed directly into the soil or composted for soil stability. Managing field 

residues in a sustainable way can also reduce the risk of erosion. However, traditional sustainable practices 

have been limited by economics and practicalities due to mass production and the rapid rate of crop 

production. The practice of burning surplus crop residue is common in many developing countries, 

particularly in Asia. While burning creates environmental issues, ploughing field residue into the ground 

for millions of hectares within a short time requires new and expensive technical assistance. In order to 

substantially meet the nutritional requirements for our crops, it is essential to decompose these wastes 

properly in farms and villages to produce high-quality manures and composts. Recycling resources in this 

way works with the natural world in a harmonious manner. 

 

Crop Residue Burning Status 

Many countries contribute to this so-called global threat of crop residue burning. Each year the amount of 

crop residue produced in the world is about 3758 x 106 Mg per year. Collectively, China, India, and the US 

burn more crop residue than any other country. Other countries that contribute heavily to crop residues 

burning are Brazil, Indonesia, and the Russian Federation. However, Africa has one of the highest residues 

burning rates per hectare of harvested land. Globally, the most intensive burners are Mexico and Tanzania, 

followed by Brazil, the United States, and Nigeria. In countries such as Brazil, Indonesia, Thailand, India, 

and China, burning has progressed substantially over the past two decades. 

In India, crop residue burning in terms of total biomass burned increased from 18 million tonnes to 116 

million tonnes between 1950-51 and 2017-18. The average decadal growth rate of crop residue burning 
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between 1950-51and 2010-11 was 32%. It is estimated that about 500 million tons of crop residues are 

generated in India every year, according to the Ministry of New and Renewable Energy. Punjab (51 million 

tons) and Maharashtra (46 million tons) generate most crop residues (60 million tons). Cereals are 

responsible for generating the most residues (352 million tons), followed by grains (66 million tons), oilseeds 

(29 million tons), beans (13 million tons), and sugarcane (12 million tons). Uttar Pradesh, Punjab, Gujarat, 

Maharashtra, and Rajasthan are states where crop residue is burned most extensively. Last few decades, 

West Bengal emerged as prime residue burning state. Among the districts in which residue burning is 

practiced are East Burdwan, Birbhum, Paschim Medinipur, Jhargram, Hooghly, Purba Medinipur, 

Murshidabad, and Jalpaiguri. Rice, wheat, and sugarcane collectively contribute 82% to India's total 

biomass burned from crops when looking at the contribution of different crops to crop residue burning. 

About 8% of crop residues are burned due to cotton, while 3% of crop residues are burnt due to jute and 3% 

due to maize. 

 
Source: Indian Council of Food and Agriculture 

Impact of Residue Burning in Agriculture 

Despite the fact that burning crop residues may have some short-term benefits, it leads to a steady 

reduction in soil health which will inevitably result in lower productivity, which can't be compensated for 

by increasing mineral fertilizer applications. Some of the adverse effects are described below.  

1. Climate Change/ Global Warming: It is generally accepted that crop residue burning causes global 

warming by emitting greenhouse gases (GHGs), health hazards by increasing particulate matter (PMs) and 

smog, decrease in biodiversity of agricultural lands, and deterioration of soil fertility. As a result of burning 

crop residues, the number of atmospheric pollutants such as CO2, CO, NH3, NOX, SOX, NMHCs, volatile 

organic compounds (VOCs), semi-volatile organic compounds (SVOCs), and PM increase significantly. The 

result is a loss of organic carbon, nitrogen, and other nutrients in the soil that would otherwise remain in 

the soil. Jain et al. reported that 98.4 Mt of crop residue was burned during 2008-2009, resulting in 

emissions of 8.57 Mt of CO, 141.15 Mt of CO2, 0.037 Mt of SOX, 0.23 Mt of NOx, 0.12 Mt of NH3, 1.46 Mt of 

NMVOC, 0.65 Mt of NMHC, and 1.21 Mt of PM, where CO2 represents 91.6% of the total emissions. Of the 

remaining 8.43%, 66% were CO, 2.2% were NO, 5% were NMHC, and 11% were NMVOC. 

2. Nutrient Loss: The loss of Nitrogen, Phosphorus and Potassium is estimated to be 5.5kg, 2.5 kg and 2.5 

kg along with 1.2 kg of Sulphur per tons of rice straw burning. Primarily different crop residues comprise 

80 % of Nitrogen, 25 % of Phosphorus, 50 % of Sulphur and 25 % of Potassium. If the crop residue is 

incorporated or retained in the soil itself, it gets enriched, particularly with organic Carbon and Nitrogen. 

3. Degrading Soil Health: Soil organisms die as the temperature rises from burning residues. In the top 

0-15 cm soil profile, N and C are critical for plant growth. Consequently, frequent residue burning causes 

a complete loss of microbial population and lower levels of N and C. This ultimately results in reduced 

productivity for which mineral fertilizers cannot compensate.   

4. Wastage of Animal Food: For dairy animals, many crop residues can be used as fodder in the form of 

straw. However, once they are burned, they are useless. Considering that animals are experiencing a severe 

shortage of fodder, this loss is even more grave. 



 

 
Volume 04 - Issue 07 - July 2022       199 | P a g e  
 

Major State-Wise Residue Burning in India (2008-09) 

State Amount of 

Residue Burnt 

(Mt/year) 

Amount of Co2 

Generated (Gg/ Year) 

Non-Methane Volatile 

Organic Compound (Gg/ 

Year) 

Uttar Pradesh 22.38 33701.42 349.25 

West Bengal 14.85 8219.30 85.71 

Punjab  13.30 32299.36 334.72 

Andhra Pradesh  12.60 8009.96 83.01 

Maharashtra 10.96 10335.70 107.11 

Gujrat 9.63 6835.92 70.84 

*India 131.86 149240.68 39.40 (Avg.) 

Source: Jain et al., 2014 

Technical Expertise in Crop Residue Management 

1. Adoption of conservation agriculture practices to incorporate crop residue into soil to prevent soil erosion 

from wind and water as well as to increase soil moisture.  

2. Developing bio-enriched composts and vermicompost from crop residues for application as farmyard 

manure.   

3. Crop residues can be used in cultivation of mushroom particularly, Agaricus bisporus (white button 

mushroom) and Volvariella volvacea (straw mushroom) species.  

4. Agricultural implements and machines like Happy seeder, Turbo seeder, Shredder, Balers, Zero-seed 

fertilizer drill, etc. can be used to facilitate in-situ crop residue management and to retain straw as surface 

mulch. 

Recent Govt. Initiatives to Cope with Residue Burning Problem 

Recently, the Government has taken a number of measures to curb crop residue burning in several states. 

Punjab, Haryana, and Uttar Pradesh have received RS. 757.18 crores from the Centre for buying various 

Agri-machinery like Happy seeders, Paddy straw cutters, Mulchers, RMB ploughs, Shrub cutters, zero till 

drills, Super straw management systems on combine harvesters, Rotary slashers, and Rotavators, etc. A 

central fund of RS. 1,151 crores have been approved by the current government led by Prime Minister 

Narendra Modi to control crop residue burning in four major Indian states. RS. 591 crores will be spent in 

the current fiscal year and the remaining funds will spend in the next year. 

Areas that can Help to Curb Residue Burning 

Connecting farmers to companies that utilize crop residues to produce biofuel, paper/board/panel, packing 

materials, feed, bricks, etc. can serve as a valuable additional source of income for farmers. Incentives for 

the purchase of crop residues at farm gates may include transportation subsidies, tax advantages, and 

other special trade schemes. Various national and multinational oil companies including Indian Oil, 

Hindustan Petroleum, ONGC, Reliance, and others can be encouraged to produce more biofuel and use a 

greater quantity of residues from farmers' fields after each harvesting season.  In addition, states are able 

to get financial assistance from Rastriya Krishi Vikas Yojana (RKVY), which offers the state flexibility to 

undertake any intervention necessary to develop agriculture holistically and integrated. During harvesting 

season, the government can work with CHCs and Agriculture Service Centres to promote the establishment 

of such machines for farmers. 
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Need for Sugar Substitute 

Considering the current urge of reducing the sugars i.e., white refined sugars from our daily diet has 

become an appropriate measure for a lot of people for maintaining good health, due to the fact that it 

contains high amount of calories and upon its excessive consumption has been implicated in the onset of 

diabetes, obesity, cardiovascular disease, tooth decay and many more problems. In 2015, the World Health 

Organization recommended that adults and children reduce their intake of free sugars to less than 10%, 

and encouraged a reduction to below 5%, of their total energy intake. 

Introduction 

Keeping this fact and situation in mind, there is a need of replacement of white refined sugars with some 

other alternative with less calories or almost no calories. Stevia, a natural sweeter can be used as an 

alternative to it. Stevia, also called Stevia rebaudiana, is a plant that is a member of the chrysanthemum 

family, a subgroup of the Asteraceae family. It is sugar substitute made from the leaves of stevia plant. It’s 

about 100 to 300 times sweeter than table sugar, but has no carbohydrates, calories, or artificial 

ingredients. Besides this it’s completely natural and therefore good for health. 

Stevia may be used in place of table sugar in your favourite foods and beverages. A pinch of stevia powder 

is equal to about one teaspoon of table sugar. It can be used in tea, coffee, lemonade, cakes, cookies and 

other confectionery items. It tastes like menthol, when tasted raw. In the western countries, people have 

included stevia in their daily diet from many years. Stevia, botanically looks as normal garden plant like 

aster and chrysanthemum. 

 

Nature’s Sugar 

Stevia rebaudiana is native to South America (Paraguay), that is now widely grown among many tropical 

and sub-tropical countries. There are almost 240 varieties of stevia known to exist and provide sweetness. 

Stevia is considered to have zero calories, therefore suitable and ideal for diabetics which struggle with 

their desire to eat sweets and also great for health freaks who maintain their weight and monitor blood 

glucose level. 

The active compounds in stevia are steviol glycosides, which is heat stable, pH stable and not fermentable, 

also it has slower onset and longer duration than that of sugar. Generally, this glycoside is extracted and 

purified in the form that we call stevia leaf extract. Stevia is commonly referred as ‘sweet herb’ and ‘meethi 

tulsi’ in hindi.  

https://en.wikipedia.org/wiki/World_Health_Organization
https://en.wikipedia.org/wiki/World_Health_Organization
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Stevia can also be distinguished from other artificial sweeteners because of being plant based and hence 

numerous global authorities determined that it has no safety issue with the consumption. The sweetness 

is extracted from the leaves and further purified to produce stevia leaf extract that is 95% pure. 

Health Benefits 

The possibly rich source of anti-oxidants that have been found in stevia makes it ideal for dietary 

supplement and prevention of various cancers including pancreas cancer, Dr. Jocelynn E. Thomas and Dr. 

Michael J. Glade published a report in ‘The Open Obesity Journal’, that states that stevia leaf extract 

exhibit high degree of anti-oxidant properties, also the presence of other glycoside compounds like 

quercetin, kaempferol helps in eliminating free radicals in the body, preventing them from mutating 

healthy cells into malignant ones. 

Also, stevia is known to possess antihypertensive, anti-diuretic, anti-diarrheal, anti-hyperglycemic and 

immune-modulatory actions. 

There were many misconceptions about the effects of stevia in the human body, certain allegations were 

put about its ill effects but later on after numerous studies, it was concluded that it is safe for consumption. 

In December 2008, FDA (Food and drug administration, U.S) gave a non-objection approval for GRAS 

(Generally recognised as safe) status. 

Worldwide Acceptance 

Nowadays a lot of companies are manufacturing and marketing stevia leaf extract under their brand name 

as food additives. Japan was one of the first countries that started the use of stevia as an alternative to 

white sugar. The first commercial Stevia sweetener in Japan was produced by the Japanese firm Morita 

Kagaku Kogyo Co., Ltd. in 1971. The Japanese have been using stevia in food products and soft drinks, 

(including Coca-Cola), and for table use. In 2006, Japan consumed more stevia than any other country, 

with stevia accounting for 40% of the sweetener market. In the mid-1980s, stevia became popular in U.S 

Foods and health food industries, as a non-caloric natural sweetener for teas and weight-loss blends. Later 

in 2006, China was the world's largest exporter of stevioside products. In 2007, the Coca-Cola 

Company announced plans to obtain approval for its Stevia-derived sweetener, Rebiana, for use as a food 

additive within the United States by 2009, as well as plans to market Rebiana-sweetened products in 

12 countries that allow stevia's use as a food additive. In May 2008, Coca-Cola and Cargill announced the 

availability of Truvia, a consumer-brand Stevia sweetener containing erythritol and Rebiana, which the 

FDA permitted as a food additive in December, 2008. Coca-Cola announced intentions to release stevia-

sweetened beverages in late December, 2008. From 2013 onwards, Coca-Cola Life, containing stevia as a 

sweetener, was launched in various countries around the world. Shortly afterward, PepsiCo and Pure 

Circle announced PureVia, their brand of Stevia-based sweetener, but withheld release of beverages 

sweetened with rebaudioside A until receipt of FDA confirmation. Since the FDA 

permitted Truvia and PureVia, both Coca-Cola and PepsiCo have introduced products that contain their 

new sweeteners. 
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Vermicomposting is an eco-friendly method of recycling of organic waste into valuable compost with the 

help of earthworms. Earthworms feed on the organic waste materials and produce castings through their 

digestive system and excrete a digested form which is rich in nutrients, minerals, hormones, enzymes and 

micro-organisms and can improve biological, chemical, and physical properties of the soil. According to a 

study conducted by Bordoloi (2021) at Ri-Bhoi District of Meghalaya, the nutrient content of vermicompost 

was very high as compared to simple compost and a good benefit cost ratio was achieved in vermicomposting 

(2.56) as compared to simple composting (1.99) method. Vermicomposting is an important component of 

organic farming in India. Organic farming is a holistic approach for protecting the environment, primarily 

the soil and water quality while boosting up the crop productivity by avoiding hazards to environment. It 

relies on chemical-free farming and its concept builds on the idea of efficient use of locally available 

resources as well as the use of adopted technologies like soil fertility management, closing of nutrient cycles 

as far as possible, control of pests and diseases through management and natural antagonists. 

Vermicomposting technology can be effectively used for increasing the productivity of crops; managing soil 

health and moreover earthworms affect soil formation and development. Various studies conducted in India 

shows the increased crop yield by using vermicompost along with lime and low rate of chemical fertilizers 

for reduction of use of chemicals to the crop field. 

Vermiculture: It means scientific method of breeding and raising of earthworms in controlled condition. 

Vermicomposting: It is a method of preparation of compost using earthworms. The compost is designated 

as vermicompost. 

Vermitechnology: It is the combination of vermiculture and vermicomposting. 

Earthworms 

About 3000 earthworms are available in the world but a few are used for cultivation of crops. Among them 

three are very important for preparation of vermicompost. 

1. Eisenia fetida. 

2. Eudrilus eugeniae. 

3. Perionyx excavatus. 

 
Fig. 1: Earthworms 
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Preparation of Vermicompost 

Vermicomposting is a process of bio-oxidation of organic waste materials which involves the activities of 

microorganisms and earthworms. 

1. Preparation of Partially Decomposed Organic Materials: After collection, the organic materials 

are separated from the non-biodegradable materials like stones, glasses, metals, plastics etc. These organic 

materials are placed in layer of one to two feet for 1-2 days for destroying harmful organisms and removing 

foul smell. This process should be repeated one- or two-days interval with fresh organic materials and cattle 

dung or well rotten FYM are added to each layer to facilitate faster decomposition. When the heap has been 

made, water should be sprinkled over it @ 2L/10kg of waste materials and it should be covered with gunny 

bags to restore the moisture for 7 days. The organic materials can be mixed in a better way by upturning 

the heap at least twice during this period. The partially decomposed materials become ready to transfer to 

the vermibed within about 25 to 30 days. 

2. Preparation of Vermibed and Vermicompost: A shady upland having no chance of water stagnation 

is selected. The selected land is levelled with a gentle slope to one end for providing drainage. The shady 

unit is made with bamboo or concrete pillars along with the straw made roof. The vermibeds of 10 feet 

length, 3 feet width, and 1.5 feet height are to be made under the shade for preparation of vermicompost. 

The bottom layer of vermibed is loosely lying with brick pieces, pebbles to facilitated aeration. Above the 

bottom layer, wood or charcoal ash, neem leaves, paddy or wheat straw, and dry vegetable leaves are given 

to form the second layer to prevent red ants. This layer also provides the housing of earthworms. About 9 

to 12 inches thick layer of partially decomposed organic materials are placed over the second layer. The 

earthworms are released on the top of the vermibed and they move downward. Earthworms feed on the 

decomposed organic materials and excrete it in the form of cast usually in the upper layers of vermibed. 

The process of vermicomposting takes about 30-40 days. 

3. Harvesting of Vermicompost: When the vermicompost is ready for harvesting, vermicasts are 

collected from vermibed and the earthworms move downward. The recovery of compost is about 50-60 % of 

organic materials by volume or weight. After harvesting it is stored for 3-4 days, then sieved with 4-5 mm 

mesh before application. 

Protection from Red Ant 

The partially decomposed organic materials or cattle dung attracts the red ant at the vermicompost 

production unit. Red ants are harmful because they cause damage of cocoons and young earthworms. The 

protective measures from red ants can be taken by- 

1. A mixture of 20 litre water, 100 g chilli powder, 100 g turmeric powder, 100 g salt, and little soap powder 

is prepared and sprinkled over the second layer of the vermibed as well as at the corner. 

2. In case of commercial scale, narrow channels can be made outside the boundary of the vermicompost 

unit. 

Nutrient Content of Vermicompost 

The level of nutrients in vermicompost depends upon the types of raw materials used for preparation of 

compost. It contains around 1.5 – 2.5 % of Nitrogen, 0.9 – 1.7 % of Phosphorus, 1.5 – 2.4 % of Potassium, 

0.5 – 1.0 % of Calcium, 0.2 – 0.3 % of Magnesium, 0.4 - 0.5 % of Sulphur and other micronutrients with 

vitamins, enzymes and hormones are also present in vermicompost. 

 
Fig. 2: Vermicomposting Unit 
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Use of Vermicompost in Agriculture 

Vermicompost can be applied in the field either as basal before sowing or as top dressing in the standing 

crop. The general doses of vermicompost are: 

a. 100 g for a pot containing about 8-10 kg soil. 

b. 1-10 kg vermicompost per tree depending upon the size of the tree. 

c. 2000-5000 kg per ha for agricultural crops. 

Benefits of Vermicomposting 

1. Vermicomposting is a potential source of income generation for the all types of farmers and for the rural 

youth. Large scale vermicomposting can be done at commercial scale by recycling large quantities of organic 

waste materials. On the other hand, small-scale vermicomposting can be done to meet the personal 

requirements of the farmers and the gardeners. 

2. It is helpful for reducing the environmental hazards as earthworms are capable of transforming huge 

amount of waste to valuable compost, which is otherwise a growing concern to our society. It decreases the 

heavy use of chemical fertilizers and pesticides for crop cultivation. 

3. It contains readily available macro and micronutrients, it can enhance plant growth and development, 

can help in root development and germination, suppresses disease in plants and parasitic nematodes, 

improves water holding capacity, porosity and prevents soil erosion. 

4. Vermicompost is useful for growth of aerobic microorganisms. These microorganisms perform several 

important functions like nitrogen fixation, production of enzymes, antibiotics and growth hormones, etc. 
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Introduction 

In order to give global access to high-quality foods, it is critical to improve agricultural production with 

revolutionary insect pest management technology. In agriculture and healthcare, synthetic pesticides have 

taken over the control of pest species (herbivorous and disease-vectoring insects, illnesses, and weeds). On 

the other hand, intensive selection has resulted in widespread pesticide resistance. 

We are living in the genomics era, in which genes, genomes, and DNA sequencing are all within our grasp. 

Genome editing techniques such as ZFN, TALENS, and CRISPR/Cas9 are important and effective ways to 

overcome these constraints. Genome editing is a sort of genetic engineering in which intentionally created 

nucleases, such as Meganucleases, Zinc Finger Nucleases (ZFNs), and Transcription Activators like 

Effector Nucleases ((TALENs)), are used to insert, replace, or remove DNA from a genome. However, due 

to delivery issues, the above technologies were not used, and researchers found a new method known as 

CRISPR/ Cas9 mediated genome editing. 

Keywords: Genome editing, CRISPR/Cas9, Gene drive, MCR. 

CRISPR/Cas9 Genome Editing System 

 
Fig 1: The Mechanism of CRISPR/Cas9 Based Genome Editing (Tavakoli et al., 2021) 
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CRISPR/Cas9 (Clustered Regularly Interspaced Short Palindromic Repeats) is a multipurpose genetic 

engineering technology that relies on the complementarity of the guideRNA (gRNA) to a specific sequence 

and the Cas9 endonuclease activity in a target specific manner to induce a double strand break (DSB) at 

the precise position, which is three nucleotides upstream of Protospacer Adjacent Motif (PAM). The DSB is 

repaired by homologous recombination (HR), which results in gene knock-in, or non-homologous end-

joining (NHEJ), which results in sequence-specific mutagenesis/integration, which eventually knocks out 

gene function and transcriptional control of target genes. 

Gui et al., (2020) investigated that, a CRISPR/Cas9 mediated mutagenesis in Colorado potato beetle 

Leptinotarsa decemlineata. By co-injecting the Cas9 protein and a vest-guide RNA into 539 CPB eggs of <1 

hold, sixty-two successfully developed to adults, among which mutation in the vest loci was confirmed in 5 

of the 18 wingless CPBs (29% phenotypic mutation efficiency). The mutation invest resulted in a clear 

phenotype in the CPBs, which developed to adulthood with no hind wing and elytron formed. 

CRISPR/Cas9 Based Gene Drive For Precision Guided Sterile Insect Technique 

A gene drive is a self-propagating process that allows a desirable genetic variant (trait) to spread more 

quickly through a population than conventional Mendelian inheritance. Endonuclease-based gene drives 

now have new potential because to CRISPR technology. Components of CRISPR can be combined to create 

a "drive allele" that cuts a specific location on a wild type homologous chromosome. The components of 

these sorts of gene drives include the desired trait to be propagated, CRISPR guide RNA, and Cas9, which 

will all be inserted in the plasmid and transmitted to the target organism, editing one allele. It is required 

for gene drive that the double stranded break (DSB) be repaired using homology-directed repair (HDR). 

The drive allele is successfully replicated into the wild type chromosome following the repair, entirely 

replacing the wild type DNA sequence at this point in the genome. This is made feasible by a mechanism 

known as the Mutagenic Chain Reaction (MCR). MCR employs the first mutated chromatid (Allele) on the 

chromosome to generate a mutation in the sister chromatid (Second allele), resulting in the trait's 

homozygozity (Gantz and bier., 2015). 

 
Fig 2: The mechanism of CRISPR/Cas9 based Gene Drive (Brittany Enzmann) 

Gantz et al., (2015) found that the CRISPR-associated protein 9 (Cas9)-mediated gene-drive system in the 

Asian malaria vector Anopheles stephensi, adapted from the mutagenic chain reaction (MCR), resulted in 

a high frequency of germ-line gene conversion consistent with homology-directed repair (HDR) because the 

system copies a 17-kb construct from its site of insertion to its homologous chromosome. Dual anti-
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Plasmodium falciparum effector genes, a marker gene, and the autonomous gene-drive components are 

introgressed into ∼99.5% of the progeny following outcrosses of transgenic lines to wild-type mosquitoes 

and the most important thing is that the effector genes remain transcriptionally inducible upon blood 

feeding. 

Conclusion 

The development of genome editing technology, such as the CRISPR/Cas9 genome editing system and 

CRISPR/Cas9-based gene drive, has transformed the fields of functional genomics, crop improvement, and 

crop protection. It is a novel weapon in the fight against biotic and abiotic stress, as well as genetic 

modification in crop pests. Finally, because it has transformed and metamorphosed our ability to modify 

and regulate prokaryotic and eukaryotic genomes, this technology encourages a promising future in making 

the desired mutation in plants and animals such as invertebrates. Adoption of CRISPR/Cas9 technology in 

agricultural research would allow for unprecedented investigation of agricultural science and the 

development of novel applications in precise crop protection. 
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Abstract 

Foliar micro nutrition is the application of micronutrients to the plants by spraying directly to their leaves. 

It is not economical to spray macro as well as micronutrients through foliar spray. So most of researchers 

prefer soil application of macronutrient and foliar application of micronutrients. Micronutrients are equally 

important in plants as macronutrients. Foliar micro nutrition in vegetables could be evaluated as one of 

the most common methods which is used to deliver the required micronutrient in adequate concentration 

and improve their nutritional status as well as increase yield and quality. The first written evidence of the 

ability of leaves to absorb water from the environment is from the second half of the 17th century. The 

absorption takes place faster through their stomata but total absorption may be great through epidermis. 

Nutrient can be applied directly to the site of metabolism which increases yield by 12% to 25%. The 

application of micronutrients in small amount without causing phytotoxicity, prevent unexpected 

deficiencies and does not need much infrastructure facilities. Various factors like timing of foliar spray, 

endogenous factors (leaf anatomical structure), exogenous factors (nutrient concentration, Soil type, pH) 

and environmental factors (temperature, humidity, wind speed) influence the physical and biological 

aspects of foliar micro nutrition. In general, from literature it is evident that the micronutrients show 

satisfactory results than control conditions and has an immense potential to increase yield and quality in 

vegetable crops. 

Introduction 

It is well known that the plants require different inorganic nutrients in addition to carbon dioxide and 

water for their growth and development. Most of these nutrients inherently exist in soils and these 

nutrients get depleted under different soil conditions. So the soil application of nutrients is necessary and 

it is the most common practice in soil fertilization, but it has many limitations with respect to 

bioavailability of nutrients for plants. The nutrients such as phosphorus (P), Potassium (K) and most of the 

micronutrients, their availability in soil solution is relatively low, because they are mostly fixed on the soil 

complex as insoluble forms. Otherwise, the more soluble nutrients such as nitrogen (N) are easily leached 

down the soil profile. Meanwhile it is well known that the leaves can absorb nutrients as a natural process 

by which plants obtain additional nutrients from rainwater. This procedure is utilized by spraying the 

dilute solutions of particular nutrients on the foliage of the plants. In this case, foliar application of 

nutrients is generally recommended for supplying additional N, magnesium (Mg) and micronutrients as 

well as P, K and Sulphur (S). Crop Fertilization is one of the most common cultural practices and farmers 

employ it to maximize yield. It is now obligatory with intensive land use and by agricultural advancement 

to fertilize farmlands under crop cultivation to achieve satisfactory yield (Williams and Harris, 1986). 

Nevertheless, due to high input costs, inorganic fertilizers have now become exorbitant as these inorganic 

macronutrients are applied through soil feeding and large quantity is required as compared to foliar 

application. All vegetables respond constructively to the application of small quantities of micro as well as 

macro-nutrients (Mallick and Mathukrishnan, 1980; Naz et al., 2012).  

Foliar application of nutrients could be evaluated as one of the most common methods which is used to 

deliver the needed nutrients to plants in adequate concentrations and improve plant nutritional status as 

well as increase the crop yield and quality (Smolen 2012). 

History 

Foliar nutrition is defined as the foliar spray or application of one or more essential plant mineral nutrients 

on above-ground plant parts to supply traditional soil applications of fertilizers (Sabbe and Hodges 2009). 

There are numerous of soluble nutrient fertilizers that may be applied directly to the aerial portions of 
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plants. The applied nutrients can enter the leaves either through many steps by penetrating the cuticle or 

entering through the stomata before entering the plant cell where they can be used in metabolism 

(Oosterhuis and Weir 2010). With regard to the historical origin of foliar nutrition or foliar feeding, it has 

been documented as early as 1844, when an iron sulfate solution was sprayed as possible remedy for 

“chlorosis sickness”. Application of nutrient as foliar nutrition currently has been widely used and accepted 

as an essential part of crop production like horticultural crops. Nutrient reach the leaf cells, after 

penetrating the cuticle and are then transported to other parts through plasmodesmata. Some 

micronutrients are not as freely mobile as the major nutrient elements such as N, P or K. the age of the 

leaf and pH of spray liquid are important for foliar absorption. It is mentionable that, foliar application of 

nutrient feeds the plants not the soils. This previous statement considered one of the most important 

approaches for plant mineral nutrition though foliar applications as reported by Justus von Liebig in the 

19th century. So that, there are many words could be described the supplying mineral nutrients such as 

“foliar nutrition” or “foliar fertilization” or foliar feeding” or foliar application (Smolen 2012). 

Role of Foliar Nutrition 

Foliar fertilization has the ability to improve the efficiency of utilization of a nutrient ungently required by 

the plant for maximum growth and yield (Oosterhuis 1995). The most important use of foliar nutrition is 

the application of micronutrient in small amounts as well macronutrient (e.g., nitrogen, phosphorous, or 

potassium) without causing any phytotoxicity (Oosterhuis and Weir 2010). Among the alternate methods 

of plant nutrient application, foliar spray of micronutrients is one of the possibilities for increasing 

productivity and reducing environmental hazards besides, it is simple and does not need much 

infrastructure facilities (Pandavet al., 2016). 

The potential benefits of foliar nutrition could be concluded as follow: 

1. Supplying nutrients during peak periods of demand when an immediate response is needed. 

2. Providing plants with certain nutrients like Zinc and Iron, that may not be readily available for root 

uptake. 

3. Proving a nutrient source during periods of stress when soil applications are not practical. 

4. Controlling nutrient losses in conditions with high potential loss 

5. Allowing flexibility in supplying nutrients related to improving the quality of the harvest. 

6. Giving a nutritional boost to plants at the same time that other foliar chemicals are being applied, 

therefore minimizing applications expenses (Mikkelsen 2008). 

Soil Nutrition Versus Foliar Nutrition 

Soil nutrient application of nutrient or fertilizers is mainly done on the basis of soil tests, whereas foliar 

nutrient applications are mainly conducted based on visual foliar symptoms or plant tissue tests. Thus, 

correct diagnosis of nutrient deficiency is principles for successful foliar fertilization (Fageriaet al. 2009). 

It is confirmed that, foliar nutrition gives better results if plants cultivation is conducted on soil with 

optimal pH value andlevel of mineral nutrients (Szewczuk and Michałojć 2003a, b). 

Proper Timing of Foliar Nutrition 

The timing of foliar spray, particularly in regard to growth stage, could be considered critical in relation to 

the optimum efficacy of the foliar treatment, and more care should be taken (Alexander 1986). The 

effectiveness of foliar nutrition is affected by numerous endogenous (related to leaf anatomical structure) 

as well as exogenous (nutrient concentration, soil type, pH) and environmental factors. The environmental 

factors include time of day, humidity, temperature, and wind speed influence the physical and biological 

aspects of foliar applications. Plant tissue permeability is an important factor in absorption of nutrients 

into the plant: warm, moist and calm conditions favor highest tissue permeability, conditions found most 

often in the late evening hours and occasionally in the early morning hours. Rainfall within 24 to 48 hours 

after foliar application may reduce the application effectiveness, as not all nutrient materials are 

immediately absorbed into the plant tissue. 

Table 1: Essential requirements for proper foliar application: 

Time of Day Late evening; after 6 p.m. or early morning; before 

9 a.m. 
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Temperature 65-85 F; 70 ideal (21oC) 

Humidity Greater than 70% relative humidity 

Temperature/ Humidity Index 140-160 

Wind Speed Less than mph 

 

Nutrient Time for 50% absorption 

Nitrogen (as urea) ½ - 2 hours 

Phosphorous  5-10 days 

Potassium 10-24 hours 

Calcium 1-2 days 

Magnesium 2-5 hours 

Sulfur 8 days 

Zinc 1-2 days 

Manganese 1-2 days 

Iron 10-20 days 

Molybdenum 10-20 days 

Table 2.  Rates of nutrients absorption or entry into the plant leaf tissue (adapted from MWL 

1994). 

Elements in Plant Nutrition 

An element is considered essential to plant growth and development if: 

1. The element is directly involved in the nutrition of the plant, 

2. A deficiency makes it impossible for the plant to complete its life cycle, and 

3. A deficiency is specific to the element and can only be prevented or corrected by supplying of the element. 

A plant exhibits a visual symptom indicating a deficiency in a specific nutrient, which normally can be 

corrected or prevented by supplying that nutrient. The following terms are commonly used to describe 

nutrient levels in plants (John et al., 2017). 

Deficient: when the concentration of an essential element is low enough to severely limit yield and distinct 

deficiency symptoms are visible. Extreme deficiencies can result in plant death. With moderate or slight 

deficiencies, symptoms may not be visible, but yields will still be reduced. 

Critical range: the nutrient concentration in the plant below which a yield response to added nutrient 

occurs. Critical levels or ranges vary among plants and nutrients but occurs somewhere in the transition 

between nutrient deficiency and sufficiency. 

Sufficient: the nutrient concentration ranges in which added nutrient will not increase yield but can 

increase nutrient concentration. The term luxury consumptionis often used to describe nutrient absorption 

by the plant that does not influence yield. 

Excessive or toxic: when the concentration of essential or other elements is high enough to reduce plant 

growth and yield. Excessive nutrient concentration can cause an imbalance in other essential nutrients, 

which can also reduce yield. 

Table 3: Micronutrients, Source and Function: 

S.No Micronutrient Source Function 

01 Boron  (Na2B4O7.10H2O10.5%B), Boric Acid(H3BO3 

17.0 % B) 

Important in sugar 

transport, cell division and 

amino acid production 

02 Zinc Zinc Chelate EDTA (12% Zn), ZnSO4.H2O 

(33% Zn), ZnSO4.7H2O (21% Zn) 

 

Component of many 

enzymes, essential for plant 

hormone balance and auxin 

activity 

03 Iron Fe-EDTA chelates (NaFeEDTA 12% Fe), 

Ferrous sulfaate (FeSO4 H2O), Ferrous 

Sulfate (FeSO4. 7H2O 20% Fe) 

Component of enzymes 

essential for chlorophyll 

synthesis and photosynthesis 
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04 Copper Copper chelate (Na2Cu EDTA), Copper 

sulphate monohydrate CuSO4.H2O (35% Cu) 

Copper sulfate pentahydrate  CuSO4.5H2O 

(24% Cu) 

Components of enzymes, 

involved with photosynthesis 

05 Molybednum Ammonium Molybdate (NH4)6Mo7O24.2H2O 

52% Mo), Sodium Molybdate (Na2MoO4.H2O 

39% Mo) 

Involved in nitrogen 

metabolism, essential in 

nitrogen fixation by legumes 

06 Chlorine Ammonium chloride (NH4Cl), (CaCl2), 

(MgCl2), (KCl), (NaCl) 

Used in resisting diseases 

and photosynthesis reactions 

07 Manganese Manganese: Manganese sulfate 

(MnSO4.4H2O 30.5 % Mn), Managenese 

chloride (MnCL2 17% Mn), Manganese EDTA 

chelates (5-12% Mn) 

Used in resisting diseases 

and photosynthesis reactions 
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Introduction 

Dairy industry is noted as one of the significant contributors to water pollution. It generates about 2.5 liters 

of wastewater per liter of the milk processed. Dairy wastewater is characterized by strong color, offensive 

odor, high BOD (40–48,000 mg/ l), high COD (80– 95,000 mg/l). It also contains sufficient nutrients like N 

(14–830 mg/l) and P (9–280 mg/l) required for biological Growth. High BOD depletes the dissolved oxygen 

content of the aquatic system and can create anaerobic conditions. Alkaline pH of waste water causes 

damage to aquatic life. Waste water contains phosphorus and nitrogen, which can stimulate eutrophication 

Treatment of Waste Water 

Primary treatment: Waste water passes to sedimentation tanks, to remove the settleable solids 

(represent up to 70% of the total settleable solids) by gravity. A well-designed sedimentation tank can 

remove 40% of the BOD in the form of settleable solids  

Secondary treatment: It aims to reduce the BOD exerted by reducing organic matter. This is mediated, 

by a mixed population of heterotrophic bacteria that utilize the organic constituent for energy and growth. 

Micro-organisms mix freely with the wastewater and are kept in suspension by mechanical agitation or 

mixing by air diffusers. This process aims to remove all organic ions; it can be accomplished biologically or 

chemically 

Tertiary treatment: This process mainly used to remove ammonia, nitrate and phosphate. It is 

approximately four times more expensive than primary treatment. Microalgae cultures can be used in 

tertiary treatment due to its ability to use inorganic nitrogen and phosphorus for their growth to produce 

biodiesel. 

Why Microalgae? 

1. Microalgae can be produced all year round so; quantity of oil production exceeds the yield of the best 

oilseed crops. 

2. Rapid growth, due to exponential growth rates it can double their biomass in short period. 

3. It helps in bio-fixation of waste CO2 with respect to air quality maintenance and improvement. 

4. No need to add nutrients.  

5. Can use to treat waste water as well as to produce biofuels and other products. 

6. Use to remove nitrogen and phosphorus that can cause eutrophication.  

7. Biodiesel from food crop increase the food price and also little impact on greenhouse gas emission. 

8. Algae have capacity to produce 20-40 time more oil productivity than oilseed crops. 

Process 

Cultivation of microalgae 

Biomass production 

Lipid extraction 
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Biodiesel and other value-added products production. 

Cultivation of Microalgae 

1. Open system: Open ponds are the most widely used system for large scale outdoor microalgae 

cultivation. It commercially economical Easy to build and operate. The CO2 fixation in these systems is less 

(10 to 30%) and they are highly susceptible to contamination by other microorganisms, including bacteria 

and other seaweeds. 

2. Closed system: PHOTOBIOREACTER (PBR) - PBR minimize the contamination and it controls the 

variables such as pH, temperature, light and CO2 concentration very efficiently. And also, losses of CO2 

and water by evaporation is smaller and productivity is high in this system in compare to open pond. 

Methods of Harvesting 

1. Flocculation: Microalgae cells carry a negative charge that prevents natural aggregation of cells in 

suspension. Flocculants such as multivalent captions and cationic polymers neutralizes or reduces the 

negative charge and may also physically link particles through a process called bridging, to facilitate the 

aggregation. Commonly used flocculants are ferric chloride (FeCl3), aluminium sulphate (Al2 (SO4)3) and 

ferric sulphate (Fe2 (SO4)3) 

2. Flotation: This method is based on the trapping of algae cells using dispersed micro-air bubbles, unlike 

flocculation; do not require any addition of chemicals 

3. Centrifugation: It is a very rapid and reliable method of recovering suspended algae mass. Centrifugal 

forces are utilized to separate the microalgae mass based on their density differences. Its operating cost is 

very high. 

4. Filtration: A conventional filtration process is used to harvest relatively large (>70 mm) microalgae 

such as Coelastrum and Spirulina. It cannot be used to harvest small algae species (<30 mm) like 

Scenedesmus, Dunaliellaand Chlorella. For recovery of smaller algae cells (<30 mm), membrane 

microfiltration and ultra-filtration are technically viable alternatives to conventional filtration. 

Lipid Extraction 

1. Chemical method: Solvent extraction method: 
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2. Mechanical Methods: 

a. Expeller Press: This is one of the simplest and oldest methods used for extracting oil from 

biomass In this method high mechanical pressure apply for crushing and breaking the cells, to 

squeeze out the oil from the algal biomass. Usually, the oil recovery is in the range of 70–75%. 

b. Bead beating: It is a mechanical method for the disruption of cells, where a direct damage to 

the cells is occurs by the high-speed spinning of the biomass slurry with fine beads. In bead mills, 

the cells are disrupted by the impact of grinding beads against the cells. 

Biodiesel from Microalgae Oil 
Transesterification: Biodiesel from microalgae lipid is produced by transesterification with glycerol as a 

side product. This process occurs in a reactor where the blended methanol and acid or base catalyst react 

with the triglyceride present in the algal oil, and forms methyl ester then upstream products pumped to a 

separator tank. NaOH is well accepted for use, because of its low cost and high production yield. 

 
Chemical reaction for the production of biodiesel 

Conclusion 

Microalgae have been applied to cultivate in many kinds of wastewater to improve water quality for years. 

Especially grow microalgae in agro-industrial wastewater, which rich in nitrogen and phosphorus 

pollutants meanwhile microalgae can be used to reduce the inorganic and organic load of these wastewaters 

and produce biodiesel at a minimal cost. Bioremediation uses naturally occurring microorganisms 

(microalgae) to treat wastewater of its nutrients. This method provides an economical and environmentally 

sustainable and effective treatment method. Algae are an important bioremediation agent, and are already 

being used by many wastewater facilities. 
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Summary 

Accomplishing the food demands of world’s population in a short period of time is the most difficult task. 

Using conventional breeding approach, complete food security cannot be ensured in limited period of time, 

as it requires more time and efforts to develop the high yielding varieties. Apart from this, different crops 

have different crop duration which is also affected by environmental factors, as a result achieving only 1-2 

generations per year through conventional means. So, there is a need of a technique which can accelerate 

the crop improvement by reducing the crop duration and as a result, greater number of generations per 

year could be attained. Speed breeding is a technique which shorten the crop life cycle by altering the 

temperature, light duration and intensity under controlled conditions that activates photosynthetic process 

and accelerates plant development. Speed breeding has several applications in crop improvement such as 

rapid development of varieties, multiple-disease resistance, accelerated genetic gain and plant 

domestication. In addition, speed breeding coupled with other molecular techniques may leads to rapid 

identification of novel genotypes with desirable traits. 

Introduction 

Fulfilling food demands of world’s population is a challenging task, as population increasing day by day. 

To increase food production, conventional approach is not sufficient as it requires lot of time and efforts to 

develop a high yielding variety that eventually delay the crop improvement process. In the early stages of 

breeding cycle, lot of time, space and resources were involved in crossing, generation advancement and 

selection of individual plants. Generally, cereal and legume crops have life cycle of 3-6 months whereas, 

other crops such as cassava requires 15-18 months to complete its life cycle. Hence, genetic improvement 

of such long duration crops is difficult using conventional approach. In addition, there are some 

environmental factors like erratic rainfalls, extreme temperatures, prolonged drought, day length which 

affect the crop growth period and allow only one crop cycle per year. Therefore, to deal with above-

mentioned problems, a modern technology called speed breeding can be used, which has potential to 

accelerate the crop improvement process. It can shorten the time period required for varietal development, 

release and commercialization. Hence, the prime motive of this article is to highlight the potential 

applicability of speed breeding over conventional breeding programmes for rapid development and release 

of new variety.  

Concept of speed breeding was originated from National Aeronautics and Space Administration (NASA), 

United States. It involves adjustment of temperature, light duration and intensity during plant growth 

period to accelerate plant development process and leading to several generations per year. This technology 

involves growing plants in controlled conditions, utilizing an artificial source of light that remained on for 

20-22 hours to activate photosynthetic process, that leads to rapid flowering and seed set as a result crop 

matures significantly earlier than usual. Using this technique, 4-6 generations of wheat can be raised per 

year whereas only 2 generations per year are possible using conventional approach. In addition, several 

breeding methods such as single seed descent, single pod descent, single plant selection etc., coupled with 

speed breeding can increase the resource use efficiency and reduce the breeding cycle (Hickey et al., 2017; 

Watson et al., 2018; Samineni et al., 2019). The potential applications of speed breeding are discussed in 

the next section. 
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Applications of Speed Breeding in Crop Improvement 

There are following possible applications of speed breeding which can accelerate the crop improvement 

process- 

1. Developing new varieties in short span of time: Using speed breeding, depending upon the crop 

duration on an average 3-9 generations per year can be possible; on the other hand, only 1-2 generations 

per year are possible through conventional method. Hence, it results in rapid gain of homozygosity, which 

produces fixed and stable lines in short period of time and eventually it leads to rapid development and 

release of new variety (Watson et al., 2018). In addition, speed breeding along with marker-assisted 

selection performs well for selection of multiple-traits.    

2. Genome editing coupled with speed breeding for crop improvement: Genome editing is a tool 

which involves genetic changes in the genome of a plant species, with an aim to improvement in the 

economic traits. CRISPR/Cas9 is one of the most important tools of genome editing that creates site directed 

mutations at different genetic regions and results into genetic variation in the plant species. Using this 

technique, desirable site directed mutagenesis could be used in varietal development; but it requires several 

years and more efforts using conventional means. Hence, using genome editing technique in combination 

with speed breeding would solve the problem and results into production of multiple generations of 

particular plant species in a year. 

3. Multiple disease resistance: Several experiments using new approaches were carried out by plant 

breeders, to improve crop production, produce quality and to deal with emerging diseases. Speed breeding 

approach has wide scope in rapid development of varieties having multiple disease resistance. For example, 

multiple disease resistance was incorporated in ‘Scarlett’ variety of barley by developing Scarlett 

introgression lines (ILs) through speed breeding approach (Alahmad et al., 2018).  

4. Boosting genetic gain and genomic selection: Short breeding cycle and reduced number of 

generations involved during development of a new variety, helps to make quicker progress in crop 

improvement. Modern technologies such as genetic engineering, genomic-selection, and double-haploid 

technology are extensively used in wheat, rice, and maize, which have shortened the breeding cycle and 

consequently, resulted in improved rates of genetic gain. In addition, when these techniques combined with 

speed breeding, the result was significantly greater than earlier.  

5. Accelerated domestication: Plant domestication is a method of converting wild plant species into 

cultivated one that have economic importance to mankind. Conventional domestication process includes 

hybridization then selective breeding approach which is a time taking process. Thus, to accelerate the 

domestication process, it can be coupled with speed breeding, so that crop duration can be minimized and 

several generations per year could be possible. For example, plant domestication was integrated with speed 

breeding in genetic improvement of polyploids such as groundnut and banana. Compared to normal 

breeding, speed breeding shortens the time span to complete one generation and results multiple 

generations in less time (Hickey et al., 2017). 

Conclusion 

Satisfying food demands of world’s population is a challenging task as population is increasing 

continuously. To increase food production, conventional method is not sufficient as it requires lot of time 

and efforts to develop a high yielding variety. 

So, there is an urgent need to adopt a new technology called speed breeding that solve the problem of food 

scarcity by accelerating the crop improvement programme. Speed breeding is a technique that increases 

the photosynthetic process by changing the light duration, intensity and temperature, resulting into rapid 

crop development. 

It reduces the time, space and resources required for selection and generation advancement of segregating 

plants, leading to accelerated development of high yielding varieties. In addition, speed breeding combined 

with conventional, molecular, and genome-editing breeding procedures can assist to select genotypes with 

advanced features like improved yield, nutritional quality, and tolerance to biotic and abiotic stresses. 
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Introduction 

Waste Decomposer is a product developed by the National Centre of Organic Farming (NCOF), Ghaziabad, 

Uttar Pradesh. It is a consortium of few beneficial microbes which is isolated by Krishan Chandra in 2004 

from native cow dung. Additionally, it is sold directly to farmers in a 30 g bottle costing Rs. 20 / bottle 

through NCOF and Regional Organic Farming Centers (RCOF). It has a shelf-life of 3 years. Besides, it is 

also validated by the Indian Council of Agricultural Research (ICAR). Interestingly, a single bottle of the 

Waste Decomposer could decompose bio-waste of more than 10000 metric tons in 30 days. 

Waste Decomposer – An Essential Requirement 

One of the key causes of concern in developing countries is Municipal Solid Waste Management and Farm 

Waste Management. India generated roughly 62 million tonnes of Municipal solid waste (450 g/capita/ day) 

in 2015 and it is rising with the population explosion. And also, India produces 500 million tons of crop 

residue per year. 

Furthermore, approximately 92 million tons of crop waste is burned every year in India. The burning of 

crop residues has become a major environmental problem that causes health problems and also contributes 

to global warming. Composting is one of the effective sustainable techniques that could help to curtail these 

issues. 

So, Waste Decomposer could help in the reduction of a huge volume of organic waste by converting them 

into compost (in-situ composting of crop residues and quick composting of biowastes) quicker than the 

conventional composting methods. 

Waste decomposer application of 1000 litres per acre changes the biological and physical properties of all 

soil types (acidic and alkaline) within 21 days of application and helps to generate earthworm population 

in the soil up to 4 lakhs in 1-acre soil within six months. It could also be used in various ways such as drip 

irrigation, biofertilizer, biocontrol agents, soil health retriever, foliar spray as a biopesticide for all types of 

agricultural and horticultural crops. 

Protocol for Mass multiplication of Waste Decomposer 

The Waste decomposer could be mass multiplied by a simple technique that is practically applicable to the 

farmers. This protocol is standardized by Krishan Chandra in 2015. 

1. Take 2 kg jaggery and mix it in a plastic drum containing 200 litres of water.  

2. Then take 1 bottle of decomposer (30 g) and pour all its contents in a plastic drum containing jaggery 

solution.  

3. Mix it properly with a wooden stick for uniform distribution of waste decomposer in the drum.  

4. Cover the drum with a paper or cardboard and stir it every day once or twice.  

5. After 5 days, the solution of the drum turns creamy.  

6. The farmers could prepare the waste decomposer solution again and again from the above-formed 

solution by the addition of 20 litres of waste decomposer solution into a drum with 2 kg of jaggery and 200 

litres of water. So, again it would be ready in 7 days. 
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Fig. Mass-Multiplication of Waste Decomposer 

Quick Composting Using Waste Decomposer 

The mass multiplied solution of waste decomposer could be used to decompose bio-waste into organic 

manure.  

1. 18 – 20 cm thick layers of 1-ton bio-wastes such as agricultural wastes, kitchen wastes, cow dung, etc. 

are piled on the ground.  

2.  Wet the waste with the solution of waste decomposer.  

3. Again another 18 – 20 cm thick layer of bio-waste is spread and again wet with waste decomposer 

solution.  

4. The above processes are repeated until the piling goes 30 – 45 cm higher.  

5. Turn the pile at every 7 days interval for uniform composting and add more solution at every turning.  

6. Maintain 60% moisture during the entire period of composting. If required again add a solution.  

7. The compost gets ready to use after 30 – 40 days.  

This tends to a healthy composting process and the high-quality compost could be obtained with high 

organic carbon and other nutrients. 

Application Methods and Benefits of Waste Decomposer 

Benefits Procedure for Use 

In-situ composting of crop residue Approximately, 200 litres of waste decomposer 

liquid could be used for 1 acre crop residue as in-

situ composting. 

Biopesticide The mass multiplied liquid waste decomposer 

culture is cultured in a ratio of 1:3 with water and 

applied as a foliar spray to control all types of soil 

borne, foliar diseases, insects and pests. 

Drip irrigation Approximately, 200 litres of waste decomposer 

solution are enough for 1 acre land and they could 

be applied through irrigation by mixing it with 

water. It could revive soil health and acts as 

biofertilizer. 

Seed treatment Spray the waste decomposer solution uniformly 

over any type of seeds. Leave the seeds under 



 

 
Volume 04 - Issue 07 - July 2022       220 | P a g e  
 

shade for 30 minutes. After 30 minutes, the seeds 

are ready for sowing. It controls the seed borne 

diseases. 

Foliar Spray The mass multiplied liquid waste decomposer 

culture is diluted in the ratio of 1:3 with water 

and applied as a foliar spray to control pests and 

diseases. 

 
Fig. Commercial Product of Waste Decomposer 

 
Fig: Benefits of Waste Decomposer-A Catalyst for Organic Farming 

Farmer’s Views 

1. No need to use any input while using Waste Decomposer and its usage doubled my income – 

Lalit Kumar Sahoo: The happiness of yield increase due to use of Waste Decomposer in his field said Sh. 

Lalit Kumar Sahoo, a farmer of Nishda , Raipur , Chattisgarh District.  

2. Control of root borne diseases- Omveer Singh, An Organic Farmer: Sh. Omveer Singh is a 

Farmer of Kasampur in Saharanpur District in U.P. who experienced heavy loss due to root borne diseases. 
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Then he contacted NCOF Ghaziabad and learned the application of waste decomposer. He applied waste 

decomposer in his field such as berseem, methi etc. and thus prevented his field from root borne diseases. 

Conclusion 

Conclusively, Waste Decomposer has an immense potential to undergo effective organic waste 

management, crop production, and soil health revival due to its beneficial multifunction. It is an eco-

friendly, cost-effective, and beneficial product that could work as a great component for Clean India 

Movement (Swachh Bharat Mission) by converting bio-waste into organic manure. Hence, it could also give 

some additional revenue through the marketing of compost produced by the addition of the Waste 

Decomposer. 
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Introduction 

Root systems are important for anchorage and resource acquisition and utilize more than half of the carbon 

annually fixed by plants. Hence, it is important to know about underground roots in more detail than the 

above-ground shoot portion. Due to the inaccessibility of root systems, special techniques are required to 

investigate the standing stock, distribution, and turnover, as well as to construct belowground carbon 

budgets. Traditionally, various destructive, root sampling methods have been used. In order to overcome 

problems associated with destructive techniques, a non-destructive, cost-effective and efficient 

minirhizotron (MR) camera was developed. It helps researchers to study individual roots both in annual 

field crops as well as in fully established plantations to quantify their dynamic properties (E.g., root 

production, turnover, or lifespan). It facilitates repeated sampling of the same roots at the same location 

whereas it is not possible with earlier destructive techniques. Volumetric units compatible with 

aboveground plant measures make minirhizotron-based estimates of root standing crop, production, and 

turnover more useful.  

This paper explains to readers what is a minirhizotron system, how to install it in the field and various 

applications of MR camera in agriculture. 

Minirhizotron (MR) Camera in Brief 
The minirhizotron camera concept was originally Proposed by Bates in 1937. While working on fruit trees, 

he designed observation trenches in a form of a walled chamber Filled with “root windows”. However, the 

first study with minirhizotrons as we know them today, using transparent tubes and an Imaging device 

was developed by Waddington (1971).  

In the last decade, the evolutionary changes in digital image capturing techniques made the minirhizotron 

technique possible to conduct a faster and more comprehensive study of the rhizosphere and its various 

interactions. A minirhizotron camera can capture the images of living roots with high resolution for several 

growing seasons of crops or trees in a non-destructive manner. 

A Minirhizotron Mainly Consists of the Following Important Components 

1. A transparent tube 

2. A camera system with storage, 

3. A computer/processing unit and 

4. A light source and power supply 

Transparent tubes: The majority of the minirhizotron tubes used in current days are made up of rigid 

materials like plexiglass, cellulose acetate butyrate (CAB), polycarbonate (Lexan), acrylic, and glass with 

an inner diameter of 50mm, 63.5mm, or 100mm. Generally, there are two types of walls 

a. Rigid rhizotron tube and 

b. Fixed rhizotron tube/walls. 

However, rigid-wall polycarbonated minirhizotron tubes are more scratch-resistant than other plastics and 

give a more precise image. The length, buried inside the soil varies from 1 to 2 meters, with 63.5mm inner 

diameter are the most commonly used ones. 

Camera/ Image unit with storage: The camera unit is the Vital component of the minirhizotrons. It is 

important to consider the image resolution capability, why because fine roots are very small in diameter. 
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So, it is difficult to distinguish with low-resolution images. An image with 600 DPI (Dot per inch-Point 

resolution) is the basic requirement to get the details of the roots. For your common minirhizotron tube, a 

depth of one meter and image size per snap of 34 * 24 mm Will give a total of (40*6) 246 pictures for full 

360o Coverage along with the tube length. 

Wireless interface storage unit: In general, there is a need to store image data in a remote server using 

a wireless link or 4G cellular network for real-time availability of data. It may also facilitate an internet-

of-things (IoT) capability. To achieve a fully automated, remote operation of the Imaging system, and to 

control the camera positioning and imaging a high-performance 32-bit single-board computer (SBC) is 

generally used. 

 
Fig 1: Rhizotron camera 

Light source and power supply: 

a. Light source: Two sets of light-emitting diodes (LEDs) are used as a light source for the camera. 

All of them need to be surface-mount-devices (SMDs)or chip-on-boards (COBs) without any lens 

head to reduce reflection on the tube surface. 

b. Power supply:  A 24 HP backup is needed to work with an MR for a long time in situ. Whereas 

the fully automatic (AMR-B Rhizosystems) requires 100Watt for its operation and a generator as a 

backup power source. 

Generally, the power supply must be low cost, and free of maintenance like a green renewable energy source 

for example solar panel. 

How to Install an MR Camera in the Field 

Here, it has been explained briefly how to install a minirhizotron camera under field conditions to take root 

images with the following steps: 

Step 1: Initially select an appropriate site from where we need to take root observations with the help of a 

minirhizotron camera and followed by tube installation. This technique can be used for long-term studies 

in a fully established orchard.  While dealing with our annual crops, we should install them before sowing 

crops in the field. 

Step 2: Determine the number of tubes to be installed Per treatment/plot. In the majority of the cases, the 

recommended number of tubes per treatment is six. 

Step 3: Dig out a hole with the help of an auger or a hand tool at the selected site at the desired angle and 

a depth of one meter to install MR tubes. 
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Step 4: Install transparent tube with tight bottom plug and insulated tap cap into the hole and let allow 

soil and plant roots to settle around the tubes. Nearly a few weeks to a few months will take for full root 

covering on the tube surface. 

Step 5: After a few months when the roots have grown fully then begin scanning with the minirhizotron 

camera by lowering a camera into the transparent tube, using an indexing angle, and lining up the imager 

with “home” position marked on the tube. 

Step 6: By using a computer, determine the desired image resolution and begin scans at various depths 

(360oimages). 

Step 7: After taking desired images, use free root snap! analysis software with PC to calculate-root length, 

root area, root volume, and branching angle. 

Applications of MR Camera in Agriculture 

1. Minirhizotron camera-root studies: The minirhizotron camera is an alternative non-destructive in-

situ technique for observing the root development and recording their growth pattern with the help of 

sequential photographs to allow direct and repeated observations of the roots within the rhizosphere 

a. MR Camera used for estimation of root production and demography. That means we can able to 

differentiate live roots from dead roots based on color change. Whenever the roots become dark 

brown or black color, it is considered that the roots are dead. Whereas the live roots are white.  

b. MR camera for steadying root morphology and the root system architecture (RSA)- MR cameras, 

have been used for assessing root morphology based on root diameter, root pigmentation, and 

branching pattern of roots  

c. MR camera can be used as a qualitative and quantitative observation tool to study different root 

parameters under both controlled as well as abiotic and biotic and abiotic stress conditions. 

d. The same root and the soil profile can be sampled repeatedly with the help of an MR camera to 

reduce the chance of occurrence of experimental errors. Whereas the occurrence of errors is most 

common in manual coring and destructive technique of root sampling. 

e. It is also used to provide necessary information for calculating the rate of fine root longevity, age 

of the root, and the decomposition of root about environmental factors. 

2. MR camera-To study soil physio-chemical properties: The combination of the current MR camera 

techniques with other Optical measurements will help us to study various physio-chemical properties of 

soil like soil water content, soil temperature, pH values, and root growth and development under field 

conditions. 

3. MR for steadying below-ground interactions: MR camera used to study various below-ground 

interactions between roots and their mycorrhizal partners, roots and soil fauna, plant parasites, and its 

competitive interactions.  

a. Mycorrhizal interactions: A single hyphae can be studied with the help of magnifying MR 

image capturing devices. Which helps in density estimation of ectomycorrhizae, rhizomorphs, and 

the colonies of saprophytic fungi.  

b. Root parasitic interactions: MR camera can be used to study parasitic interactions and their 

competition. successfully studied the root parasite Orobanche development and for detecting the 

herbicide effect on the underground stages of parasitic interactions. 

4. MR camera-plant phenotypic studies: An MR camera provides necessary information regarding 

underground root growth and development which is in turn very useful for plant phenotypic research. 

Besides plant phenological Studies, in situ root monitoring becoming important to improve agricultural 

crop yields under changing diverse environments. 

Conclusion 

It is clear that MR camera helps researchers to study individual roots in crop plants in order to quantify 

their dynamic properties like root production, turnover, and lifespan. It also facilitates repetitive sampling 

and study of the same roots. Apart from these, it is useful to study various soil physicochemical properties, 

rhizospheric interactions, and plant phenotypic studies in an effective way. 
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Introduction 

Phyopathogenic fungi cause different types of disease in agricultural crop plants its leads to decrease crop 

yield and quality. Chatterjee et al., 2016 reported annual loss of crop yields around 10-15% due to plant 

disease. Of which 70 to 80 % of losses only due to phytopahtogenic fungi (Li et al, 2017). Several molecular 

techniques which help to develop genetically modified plants and crops. This technique which allows 

researchers to modify or insert the new gene efficiently to divulge function of targeted gene. Development 

of genetically modified fungal strain is breakthrough technique in genetic transformation. Practically 

fungal genetic transformation technique is arduous compare to plants. Because, fungal have complex cell 

wall structure and molecular composition of each fungal cell wall is different as well as cell wall of fungi is 

composed of glucans, chitin, chitosan, and glycosylated proteins. So, species specific protocol is necessary 

to optimize for each strain. For some strain completely new method must be establish for efficient 

transformation.    

In this article we summarize two important methods which involves in genetic transformation for fungi, 

including the Agrobacterium mediated transformation method, protoplast transformation method. 

Transformation Methods 

Genetic transformation is one of the key techniques to transform foreign DNA into fungal system and which 

helps to obtained desired product or character for industrial purposes or varietal development respectively. 

Filamentous fungal system has several advantages over other organism because which has superior 

secretory power their excellent efficiency in manufacturing valuable metabolites. 

For instance, Aspergillus nidulans has been one of the most widely studied species in terms of genetics and 

biochemistry. In addition, Kojic acid, which is synthesis by Aspergillus oryzae, it has non- toxic property, 

also used as an antibacterial effect on aerobic microbes, is an organic acid, food additives, or in cosmetics, 

pharmaceuticals, etc.  

Agrobacterium -mediated transformation (AMT): Agrobacterium is a Gram-negative bacterium 

commonly found in soil.  Which can infect plants and plasmid which induce the tumor in roots of the plants 

is called Ti plasmid (200kb). When the bacterium infects plasmid DNA integrated into the genome of the 

infected plant. The integrated DNA fragment in the Ti plasmid is commonly referred to as transfer DNA 

or T-DNA. The integration of plasmid DNA in plant genome is a random process. The border sequence 

which presents in T-DNA is flanked by directional imperfect repeats called as left and right border which 

contains genes that encode enzymes responsible for the formation of plant hormones, which cause tumor 

growth. Target gene inserted in between the left and right T-DNA binary vector and recombinant plasmid 

transformed in to the Agrobactrium tumifaciens. 

Protoplast‑mediated transformation (PMT): Cell without cell walls is called as protoplast. Protoplasts 

are the cytosolic constituents of fungal cells. The basic technology for protoplast isolation is simple but 

components of the system are subject to variation for different organisms. PMT is the most commonly used 

https://www.frontiersin.org/articles/10.3389/fmicb.2021.670135/full#B12
https://www.frontiersin.org/articles/10.3389/fmicb.2021.670135/full#B54
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fungal transformation method, which relies on a large number of competent fungal protoplasts. Obtaining 

the large amounts of high-quality protoplasts crucial to the success of the method which is difficult for 

many fungal species in PMT method. Large number of competent fungal protoplasts necessary for PMT 

fungal transformation. After isolation of protoplast, PEG is used to promote the fusion of exogenous nucleic 

acids and protoplasts. But the components of the fungal cell wall are highly variable among different 

strains. Even components of the spore coat are significantly different from that of hyphae from the same 

strain. Several researchers report fungal transformation done through PEG mediated transformation both 

myceila and spores. Amala et al., 2022 reported that protoplast transformation in Colletotrichum falcatum 

used osmotic buffer contains (1.2M MgSO4, 10mM NaPO4, pH 5.8) with 10mg/ml lysing enzyme and 5 

mg/ml of beta glucanase which gives best transformants. 

PMT is a frequently, used genetic transformation method. To get higher efficiency transformants PMT is 

most suitable method and for targeting suitable gene loci through gene editing. 
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Mechanization is the process of changing from working largely or exclusively by hand or with animals to 

doing that with machinery. The process of introducing a machine to do something that used to be done by 

hand. Mechanization is the process of improve hand tools, machines and hi-tech technologies are used in 

production and processing of the fruit crops, the yield could be increase and losses could be minimised to a 

great extent (Srivastava, 2010). Levels of Agricultural Mechanization technology in term of Power Source 

(Gozun, 1987). 

 Mechanization means the use of machines for conducting horticultural Operation, replacing the traditional 

method which involve human and animal labour. Mechanization is a term used in a very broad sense. It 

not only includes the use of machines whether mobile or immobile, small or large, run by power used for 

different cultural operations and harvesting but also includes power lifts for irrigation and processing. 

Driving Forces for Mechanization in Horticulture 

1. Increase in area and production of horticulture 

2. Labour costs are increasing 

3. To meet the food safety characteristics 

4. Availability of skilled labour is reducing  

5. To improve the product quality 

6. Increasing competition in the national and international market 

7. Skill availability when it is needed. 

8. Reduce crop losses by harvesting at proper time. 

(Kalatippi and  Hota  2020). 

Machinery for Fruit Harvesting 

Harvesting ladders: These 3 or 4 legged ladders are especially designed to height fruit picking in fruit 

trees. 

Mango harvester: This tool is useful to plucking mango fruits from the trees without fruit damage. It is 

a simple and maintenance free gadget comprising of a metal ring with a fixed knife edge at one end for 

cutting the petiole of the fruit. Nylon net is fixed to the metal ring to hold the plucked fruits. The unit needs 

to be fixed to a long pole of suitable length to reach the fruits on the tree. It has especially handmade cotton 

net design to hold a greater number of mangoes. About 80-100 kg or 750 fruit   of fruits can be harvested 

in one hour. 

Sapota harvester: The sapota harvester has been developed and it is also suitable for harvesting guava. 

The fruits of required size only get harvested while the immature fruits are left on the tree. About 100 kg 

of fruits can be harvested in one hour.  

Lime harvester: has been developed for harvesting limes. It is easy to push the lime harvester in dense 

canopy of the plant. The fruit is held in the hook, harvested and collected in the box while pulling the 

harvester. The developed lime harvester contains fruit catching unit, fruit collection mouth, conveyance 

pipe and collection chamber About 15-20 kg of lime fruits can be harvested in one hour. 
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Ultra-light weight coconut harvester: The harvester developed by CPCRI, which can be used harvest 

up to a height 12 m from the ground. The pipe height can be locked at any desired height on the top end of 

pipe a specially design knife is fitted used to cut coconut. 

Chemberi joseph model: Joseph model has got mainly two Assemblies of similar construction. The steel 

rope wires of both top and bottom assembly need to be looped with the tree and locked. Joseph model of 

climbing machine, the only limitation felt by the climbers is the safety of climbers in case of machines 

failure or from accidental falling. Recently CPCRI has developed a safety attachment to this model of 

climbing machines the safety attachment is independent of the climbing machine and gives fool proof safety 

to the climber from falling. 

TNAU model: Develop by TNAU setting type or push up type model the user has sit on the seat with 

provide on upper frame and lower frame insert the feet rubber roller. The upper frame can be lifted by 

hand. 

Branch shaker: Branch shakers that are used to harvest the fruits. By using branch shaker citrus fruits, 

apricots, peaches and cherries can be harvested (Ajay et al., 2021).  

Canopy shaker: Fruits are harvested in this method by using a vibrating mechanism that causes the 

tines to impact fruit directly or fruit bearing branches. Shaker depth at canopy and force on fruit for 

detachment (Ajay et al., 2021).  

Trunk shaker: Fruits mainly deciduous fruits, olives, nuts, and citrus are used to remove by trunk shaker. 

Mostly a tractor-mounted trunk shaker is used on cultivars of different fruits in comparison to a hand-held 

shaker. Defoliation was high at high shaking frequency and the bark was damaged (Ajay et al., 2021).  

Air blast harvester: Fruit was detached from the tree by using a force generated air blast. Oscillating air 

blast devices are employed in this system, and the fruit detachment rate is maximized by the oscillation 

rate (Ajay et al., 2021).  

Long reach telescopic fruit harvester: The Telescopic adjustment lock helps adjust the 

length of the Fruit Grabber & finally locking it to a desired length for easy grabbing and plucking. 

Apple harvester: This is a new Model 2015 Centipede Harvester that can cover over one and a half acres 

per hour. No need for extra passes down orchard row and no need to blow fruit from between the tree 

trunks. Its range of machines include harvesters that can pick up to 150 tonnes of fruit per day. 

Grapes harvesting: Mechanical harvesting of grapes has been one of the major changes in 

many vineyards in the last third of a century. A mechanical grape harvester works by beating the vine with 

rubber sticks to get the vine to drop its fruit onto a conveyor belt that brings the fruit to a holding bin. 

Banana picking assist: Guangxi University, China, have manufactured a simple banana mechanical 

picking device. The brackets support the banana bunches when picking bananas, and a worm gear 

mechanism and a vertical rod are installed on the frame. When picking bananas, the bunches can be 

protected without damaging the banana plants, which can effectively reduce mechanical damages and 

decrease the labour intensity of workers. 

Crawler banana picker: The Western Australian Department of Agriculture designs and manufactures 

a banana picking machine and this machine is specially designed for picking bananas. The entire machine 

is mounted on a trailer towed by a miniature agricultural tractor. When picking bananas, the manipulator 

moves the bucket container and cutter to an appropriate position and then cuts the banana bunch stalk. 

This banana picker greatly reduces the labour intensity of worker. 

Bunch stalk cutters: South China Agricultural University, China, developed a banana picking machine, 

based on banana planting patterns and the clamping mechanism of the end-effector is driven by a motor to 

rotate the screw, driving the clamping gripper on the manipulator opening and closing to clamp the banana 

bunch stalk and then the cutters to cut the bunch stalk. 

Banana conveying cableway: The invention provides a banana conveying cableway which specifically 

consists of a conveying belt, a bracket, a conveying device and a connecting rod. The banana conveying 

cableway is assembled on a banana processing place. 

https://en.wikipedia.org/wiki/Vineyard
https://en.wikipedia.org/wiki/Vine
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Automatic fruit picking robot (apple): Automation and labour saving in Horticultural have been 

required recently. However, mechanization and robots for growing fruits have not been advanced. This 

study proposes a method of detecting fruits and automated harvesting using a robot arm. 

Advantages of Mechanization in Fruit Production 

1. It increases production. 

2. To improve quality of product. 

3. To remove farm drudgery. 

4. It increases efficiency and per man productivity. 

5. Mechanization increases the yield of land per unit area. 

6. Mechanization results in lower cost of work. 

7. It brings in other improvements in farming techniques. 

8. It leads to commercial fruit culture. 

9. It solves the problem of labour shortage. 

10. It results in better use of land. 

11. It increases farm income. 

12. To improve live hood of farmer. 

13. To increase the economy of country. 

14. Provision of employment opportunities. 

15. To improve irrigation facilities. 

16. With the support of machines farmer can do his work better and quicker. 

Conclusion 

1. The useful fruit production equipment should be identified and imported. 

2. Training related to these machineries and equipments should be given to the farmers so that they can 

understand technology and of particular machinery. 

3. Most of this fruit production machinery can be utilized for extensive cultivation of fruits. 

4. Low-cost machinery should be developed and manufactured so that every farmer can buy it. 

5. Mechanical harvesting can result in an extremely high rate of product output.  

6. These machines can harvest fruit in very less time as compared to the manual harvesting methods. 

Mechanical harvesting methods reduces management problems associated with workers. Reduce crop loss 

by harvesting at proper time. 
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Introduction 

Globally day by day increasing the population size to meet the requirement of food for that population, to 

increasing the crop production also nutritional quality of the food. To get the idea one of the scientists to 

develop the new technology in breeding to reduce the verities releasing time, on that idea is speed breeding.  

One variety releasing takes a more time (minimum 10 years) that is the problem for the breeders. Speed 

breeding is existence into 150 years ago, first NASA was collaboration with Utah state university to expose 

rapid growth cycle of plants under the light condition on the international space station (ISS) on wheat. 

NASA plan was adopted the Dr.lee hickey to produce wheat and pea nut at the station of the University of 

Queensland, John Innes Centre, and the University of Sydney in Australia. In 2017 first spring wheat 

variety was released in Australia. The main aim of the speed breeding to accelerate the photosynthesis and 

provoke the premature flowering, seed maturity, harvesting and to reduce the generation time for the crop 

growth and development. 

 

Main principle in the speed breeding includes adjustment the optimal light to increase crop photoperiod 

utilize additional light with sodium vapor lamps or metal halide and light emitted lighting. these 

substances are useful the increasing the plant photosynthesis and flowering coupled with primal seed 

harvesting and to fasten the life cycle of plant. 

This methodology was reduced the generation of many crop plants such as spring bread wheat (Triticum 

aestivum), durum wheat (T. durum), barley (Hordeum vulgare), chickpea (Cicer arietinum), pea (Pisum 

sativum), canola (Brassica napus), the model grass, B. distachyon, and the model legume, Medicago 

truncatula (Ghosh et al. 2018).and Speed breeding integrated with the Genome editing, Phenotyping, Gene 

mapping, Genome selection, MAS/pyramiding etc, 

 

 

Line Development
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Release
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Speed breeding target here 

Fig.1 Current development pipeline for new cultivar 
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Fig.2 Integration with other breeding technologies 

Advantages 

1. The speed breeding is boosting the genomic editing and genomic selection in crop improvement. 

2. Many environmental trails covering a year. 

3. One of the speedy ways of fix the homozygous lines by SSD. 

4. Phenotypic selection in advance segregation generation. 

5. To study the plant-pathogen interaction. 

6. Speed breeding hasten the domestication. 

7. In one year produces multiple generation. 

Future Prospective 

1. Speed breeding likely to reduce generation time for other crop species, such as sunflower, pepper and 

radish which have been shown to respond well to extended photoperiod.  

2. Direct application of speed breeding protocols to short-day species such as maize or rice are unlikely to 

be successful.  

3. Advance in LED light technologies, provides opportunity to optimize PAR and customize the wavelength 

and intensity to suit different growth stages and plant species. 

Conclusion 

Usually in crop improvement in modern agriculture are mutation breeding, transgenic breeding and cross 

breeding.in these methods more time consuming and laborious and un target breeding programme cannot 

full fil the world food needs. speed breeding can improve to hasten the plant growth to improve the research 

and development by reducing breeding cycle. Speed breeding can combine with other technologies to coming 

the end results faster. In speed breeding is more successful in the wheat crop, in India also fastly developed 

new varieties to the speed breeding. 
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Introduction 

Natural farming is a method of applying natural laws to agricultural practices. This method complements 

the natural biodiversity of each farmed area by encouraging the complexity of living organisms, both plants 

and animals, that shape each ecosystem to thrive alongside food plants. Masanobu Fukuoka (1913–2008), 

a Japanese farmer and philosopher, pioneered the ecological farming approach. Natural farming is a type 

of alternative agriculture system in which plants are grown as natural entities with no soil manipulation. 

It is a farming system that does not use machines, prepared fertilisers, or chemicals while producing normal 

harvests. There are many working natural farming models all over the world, with zero budget natural 

farming (ZBNF) being the most popular in India. 

Zero budget natural farming is a collection of farming methods, a grassroots peasant movement that began 

in Karnataka and has since spread throughout South India. Karnataka Farmers Association and Subash 

Palekar (who put together the zero budget natural farming practices) collaborated to create the movement. 

Small-scale farming has become unviable due to the neoliberalization of the Indian economy. Peasants are 

unable to access and pay for privatized seeds, inputs, and markets. High production costs, high credit 

interest rates, volatile crop market prices, rising costs of fossil fuel-based inputs, and private seeds have 

trapped farmers in debt. The words zero budget in zero budget natural farming denote no reliance on loans, 

no purchased inputs, and reduced production costs, whereas Natural Farming denotes farming with nature 

and without chemicals. 

Zero-Budget Natural Farming Status in India 

It is estimated that approximately 25 lakh farmers in India are already practising regenerative agriculture, 

according to the NITI Aayog website. According to the Economic Survey, more than 1.6 lakh farmers are 

practising the ZBNF with some form of state assistance in nearly 1,000 villages, though supporters claim 

more than 30 lakh practitioners in total. Karnataka was the original pioneer, with the ZBNF being adopted 

as a movement by the Karnataka Rajya Raitha Sangha, a state farmers' association. Farmers were taught 

the method at large-scale training camps. According to an early survey, all ZBNF farmers had small plots 

of land, some access to irrigation, and at least one cow. Andhra Pradesh announced a plan in June 2018 to 

become India's first state to practise 100 percent natural farming by 2024, with the goal of eliminating 

chemical farming on 80 lakh hectares of land. Since 2014, the state has promoted zero-budget natural 

farming through Rythu Sadhikara Samstha, a non-profit organisation. According to the most recent data 

available from the 2019 Lok Sabha response, the programme has reached 5.23 lakh farmers in 13 districts 

of Andhra Pradesh, covering an area of 5.01 lakh acres. Mr. Palekar has also been invited to train farmers 

in Himachal Pradesh, Chhattisgarh, Kerala, Karnataka, and Uttarakhand. The Indian Council of 

Agriculture Research launched an experiment in Modipuram (Uttar Pradesh), Ludhiana (Punjab), 

Pantnagar (Uttarakhand), and Kurukshetra (Haryana) in rabi 2017 to study the impact of zero budget 

natural farming on productivity, economics, and soil health, including soil organic carbon and soil fertility. 

Definition 

ZBNF is a low-input, climate-resilient farming method that encourages farmers to use low-cost locally 

sourced inputs instead of chemical fertilisers and industrial pesticides. Subhash Palekar, a Padma Shri 

recipient and Maharashtrian agriculturist, pioneered it in the mid-1990s as an alternative to the Green 

Revolution's methods of chemical fertilisers, pesticides, and intensive irrigation. It is thought to be 

especially beneficial for smallholder farmers because it reduces their reliance on purchased inputs. It is 
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assumed that it promotes natural symbiotic relationships between soil microflora and crop plants. As a 

result, it is expected to have no or minimal side effects on soil and environmental health. 

Universal Principles of Natural Farming 

1. Soil to be covered with crops 365 Days (living root) 

2. Minimal soil disturbance 

3. Use of biostimulants as necessary catalysts 

4. Use of indigenous seed 

5. Diverse crops and trees 

6. Integrate livestock into farming 

7. Increase organic residues on the soil 

8. Pest management through the use of botanical extracts 

9. Avoid synthetic fertilizers, pesticides and herbicides. 

Pillars of Natural Farming 

ZBNF aims to reduce input costs by encouraging farmers to use natural products instead of spending money 

on pesticides and fertilisers. It encourages the use of low-cost inputs such as cow dung, aged cow urine, 

jaggery, pulse flour, and other plant-based extracts. The ZBNF is founded on four pillars (Duddigan et al., 

2022) : Bijamrita, Jiwamrita, Acchadana (Mulching), and Waaphasa, which are briefly discussed below. 

1. Bijamrita: It is a seed treatment solution that is used to treat seeds, seedlings, and other planting 

materials. It works well to protect young roots from fungus, as well as soil-borne and seed-borne illnesses 

that are common in crops. Seed germination, seedling length, and seedling vigour are all improved. 

Ingredients required (For 100 kg seed treatment): 

• Water – 20 litres 

• Desi cow dung – 5 kg 

• Desi cow urine – 5 litres 

• Lime – 50 g 

• Soil from bund of farm or forest - one handful 

Preparation steps: 

• Step 1: Take 20 litres of water 

• Step 2: Then collect 5 kg desi cow dung 

• Step 3: Mix cow dung by using hand 

• Step 4: Wrap cow dung in a cloth and tie it together with a small rope to form a small bundle. 

• Step 5: Soak this bundle of cow dung overnight in 20 litres of water (12 hours) 

• Step 6: Take one litre of water and mix 50 gm of lime; set aside for the night. 

• Step 7: The following morning, squeeze this bundle of cow dung into the water three times in a 

row, so that all of the essence of cow dung accumulates in that liquid 

• Step 8: Then, add a handful of soil to the water solution. 

• Step 9: Then add 5 litre Desi cow urine or human urine to that solution 

• Step 10: Finally add the lime water and thoroughly mix it well 

• Step 11: Leave it overnight to ferment properly 

• Step 12: Now Bijamrita is ready to treat the seeds. 

Application: 

• Bijamrita should be used within 48 hours of preparation 

• Spread the seeds on the surface and sprinkle the Bijamrita on top and gently apply it to the 

seeds with your hands. 

2. Jiwamrita: Jiwamrita is a fermented microbial culture that promotes the activity of microorganisms 

and earthworms in the soil by acting as a catalytic agent. It contains approximately 500 billion 

microorganisms capable of converting all necessary non-available nutrients into available form. 

Ingredients required: 

• Water – 200 litres 

• Desi cow dung – 10 kg 

• Desi cow urine – 5 to 10 litres 
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• Jaggery – 1 to 2 kg (or) Sugarcane juice – 4 litres (or) Ripen fruit pulp – 2 kg 

• Flour of any pulses -2 kg 

• (Beans, blackgram, bengalgram, cowpea, pigeonpea,  

• Soil from bund of farm or forest - one handful 

Preparation steps: 

• Step 1: Collect 200 litres of water in a barrel for one-acre crop 

• Step 2: Hand mix10 kg cow dung into the water 

• Step 3: Use a stick to stir it well clockwise 

• Step 4: Add few pieces of jaggery 

• Step 5: Give it another good stir 

• Step 6: Then add the pulse flour 

• Step 7: Then add desi cow urine 

• Step 8: Finally add a handful soil from the bund or forest in that solution 

• Step 9: Stir it well 

• Step 10: Cover the barrel with jute bag 

• Step 11: Allow this solution to ferment for three days (Note: During fermentation, poisonous 

gases such as ammonia, methane, carbon monoxide, and carbon dioxide are emitted. Through 

the openings in the jute bag, these gases are released into the atmosphere, and the aerobic 

fermentation process proceeds at a rapid pace). 

• Step 12: Stir this solution three times a day with a tree branch (Note: Keep the barrel in the 

shade or shadow. Jiwamrita should not be exposed to direct sunlight or rain.) 

• Step 13: Jiwamrita is now ready for use. 

(Note: You can use this Jiwamrita after three days. Jiwamrita is completely saturated by microbial 

count after three days) 

Application: 

• Jiwamrita can be applied to crops twice a month at a rate of 200 litres per acre 

• Jiwamrita can be supplied along with water 

• For drip irrigation, filter the Jiwamrita thoroughly with a cloth and then apply it 

3. Waaphasa: Waaphasa refers to the soil microclimate in which soil organisms and roots can live freely 

due to the availability of sufficient air and essential moisture. Waaphasa is a condition in which the soil 

contains both air molecules and water molecules. It refers to a mixture of 50% air and 50% water vapours 

in the cavities between two soil particles. A plant root does not require a lot of water, reducing our reliance 

on irrigation and electricity. 

4. Mulching (Achhadana): It is the application of a layer of organic material to the soil surface to prevent 

water evaporation and contribute to soil humus formation by covering the topsoil with cover crop and crop 

residues. Mulching can take several forms in ZBNF. Intercropping is the most common form of live 

mulching, and it aims to supply potassium, phosphorus, and sulphur using monocotyledons (such as rice 

and wheat) and nitrogen using dicotyledons (such as legumes). 

Straw mulching with dry crop residue is also promoted. Mulching with dried biomass typically employs 

mulch from previous crops, with the goal of rapidly decomposing and increasing soil organic matter while 

releasing nutrients as a result of increased microorganisms from jiwamrita application. Microorganisms, 

insects, and earthworms can only function in a favourable microclimate, which includes temperatures 

ranging from 25 to 32 degrees Celsius, 65 to 72 percent humidity, darkness, and warmth. 

Soil mulching entails tillage of the soil as usual, but only to a depth of 10–15 cm. This microclimate is 

created automatically when we mulch the soil. When water availability is low, traditional practises such 

as mulching the soil with biomass or keeping the soil covered with green cover around the year ensure 

sustained productivity even in the first year of adoption. 

Palekar advises using specific 'Agniastra,' 'Bramhastra,' and 'Neemastra' mixtures based on desi cow urine 

and dung, plus pulp from neem, white datura, papaya, guava, and pomegranate leaves for pest and disease 

control in ZBNF. The steps involved in making these mixtures are outlined below. 

5. Agniastra: It is used to control pests such as leaf roller, stem borer, fruit borer and pod borer. 

Ingredients required: 
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• Cow urine – 10 litres 

• Tobacco leaves – 1 kg 

• Green chilli – 500g 

• Garlic – 500g 

• Neem leaves – 5 kg 

Preparation method: 

• Pour 10 litres of desi cow urine into an earthen pot 

• Then add 1 kg of crushed tobacco, 500 grams of crushed green chilli, 500 grams of crushed local 

garlic, and 5 kg neem leaves pulp, and boil this prepared solution well 5 times 

• Allow this solution to ferment for about 24 hours before filtering with muslin cloth 

Application: 

• For 1 acre of land, mix 6-8 litres of agniastra with 200 litres of water and spray on crop 

• Morning and evening are the best times to apply 

6. Bramhastra: It is used to control all the sucking pests i.e., pod borer, fruit borer etc. 

Ingredients required: 

• Cow urine – 10 litres 

• Neem leaves – 3 kg 

• Sitafal leaves – 2kg 

• Papaya leaves – 2kg 

• Pomegranate leaves – 2kg 

• Guava leaves – 2kg 

• Lantana camara leaves – 2 kg 

• White datura leaves – 2 kg 

Preparation method: 

• Fill a mud pot with 10 litres of desi cow urine 

• Crush 3 kg of neem leaves and add neem pulp, followed by 2 kg pulp of Sitafal (Custard apple) 

leaves, 2 kg pulp of papaya leaves, 2 kg pulp of pomegranate leaves, 2 kg guava leaves or pulp, 

2 kg Lantana camara leaves pulp, and 2 kg white datura leaves pulp (use Lantana camara and 

Datura leaves only if available during Bramhastra preparation). 

• Boil this solution 5 times and strain through a muslin cloth. 

• Allow this solution to ferment for 24 hours before using the natural pesticide. 

Application: Use bramhastra by diluting 2 litres with 100 litres of water or as a 2% spray on plants 

to control all sucking pests, pod borers, fruit borers, and so on. 

7. Neemastra: Neemastra is used to control nymph-sucking insects and mealybugs 

Ingredients required: 

• 200 litres water for one acre of land 

• Cow urine - 50 ml per litre of water 

• Cow dung - 10 grams per litre of water 

• Crushed neem leaves (with thin stems) or neem seed powder - 50 gm per litre of water 

Preparation method: 

• Step 1: In a plastic or cement tank, mix all the ingredients with a wooden stick. The wooden 

stick should be rotated clockwise to spread positive energy throughout the mixture. 

• Step 2: Use a jute cloth or a poly net to cover the tank. The tank should be kept in the shade 

and not exposed to direct sunlight or rain water. Allow the mixture to ferment for 48 hours. 

• Step 3: Every day, in the morning and evening, use a wooden stick to stir the mixture in a 

clockwise direction for at least 1 minute 

• Step 4: Filter the mixture before using it. 

Application: 

• The mixture should be sprayed on plants without mixing water 

• It can be stored for a period of 6 months. 
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Benefits of Zero Budget Natural Farming 

1. While conventional farming practices are based on the use of chemicals, zero budget natural farming 

promotes the use of low-cost inputs such as cow dung, aged cow urine, jaggery, pulse flour, and other plant-

based extracts. 

2. Because there is no need to spend money or take out loans for external inputs in ZBNF, production costs 

could be reduced and farming could become a "zero budget" exercise. This would break the debt cycle for 

many small farmers and contribute to the goal of doubling farmer income by 2022. 

3. A zero-cost environmentally-friendly farming method is definitely a timely initiative at a time when 

chemical-intensive farming is causing soil and environmental degradation. 

4. The ZBNF method encourages soil aeration, minimal watering, intercropping, bunds, and topsoil 

mulching while discouraging heavy irrigation and deep ploughing. 

5. Traditional practices such as mulching the soil with biomass or keeping the soil covered with green cover 

throughout the year, when water availability is low, are practices that expert say ensure sustained 

productivity even in the first year of adoption. 

6. It is appropriate for all crops in all agro-climatic zones. 

7. It is a one-of-a-kind model based on agro-ecology. 

8. It aims to reduce production costs to near zero and return farming to pre-green revolution style 

9. It claims that expensive inputs such as fertilisers, pesticides, and intensive irrigation are unnecessary. 

10. A small 2017 study in Andhra Pradesh claimed a significant decrease in input costs and an increase in 

yields. 

Issues Related to ZBNF 

1. Sikkim (India's first organic state) has seen a drop in yields as a result of the transition to organic 

farming. 

2. Many farmers have returned to conventional farming after seeing their ZBNF returns fall after a few 

years, casting doubt on the method's efficacy in increasing farmers' incomes. 

3. While ZBNF has undoubtedly helped to preserve soil fertility, its role in increasing productivity and 

farmer income has yet to be proven. 

4. Studies initiated by the ICAR-Indian Institute of Farming System Research (IIFSR), Modipuram in 

several locations across the country have clearly indicated that yield levels in the rice-wheat cropping 

system (the backbone of national food security) have been drastically reduced by 59 percent in wheat and 

32 percent in basmati rice (NAAS, 2019). 

5. The University of Agricultural Sciences (UAS), Dharwad conducted a three-year Natural Farming 

Experiment that revealed a yield decline of at least 30 percent in soybean-wheat, groundnut-sorghum, and 

maize-chickpea cropping systems, while it was 17 percent in cotton-groundnut intercropping system. These 

trials have clearly demonstrated that if ZBNF is implemented, food security and farmer income will be 

seriously jeopardised (NAAS, 2019). 

6. Because soil has a limited nutrient supply capacity, the ZBNF cannot provide an adequate quantity of 

nutrients required for higher crop productivity. 

7. ZBNF advocates forbid the use of modern varieties with high yield potential, instead recommending the 

use of only traditional varieties/land races with nearly half the yield potential of modern high yielding 

varieties. 

8. ZBNF promotes the need for an Indian breed cow, which is in short supply. The total population of 

indigenous and nondescript cattle in the country has decreased by 8.1 percent, according to the Livestock 

Census. 

9. The National Academy of Agricultural Sciences, an Indian think tank of agricultural scientists, stated 

in a policy brief that zero-budget natural farming is a "unproven technology" due to a lack of data. 

10. Low expenditure by the government. The Rashtriya Krishi Vikas Yojana, a flagship Green Revolution 

scheme, was launched last year with a budget of Rs 3,745 crore for fiscal year 2019-20. Only Rs 325 crore 

was allocated to the Paramparagat Krishi Vikas Yojana, which was designed to promote organic farming 

and soil health. 
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Organic Farming Vs Zero Budget Natural Farming 

Organic farming Zero-budget natural farming 

Farmers in organic farming also use non-chemical 

fertilizers/manure, bio-fertilizers, and bio-

pesticides sourced from outside sources. 

Nothing from outside the farm can be used in 

natural farming. Everything, including cow dung 

and urine formulations/cultures, must come from 

the same farm. 

Organic farming makes use of natural fertilisers 

and manures. 

Natural farming does not rely on purchased 

inputs and does not utilise chemical or organic 

fertilisers. 

Organic farming is still costly because it 

necessitates the use of a large amount of manure. 

Natural farming is less expensive as it is entirely 

dependent on local biodiversity. 

Central Government Initiatives to Promote Zero-Budget Natural Farming 

1. Prime Minister Narendra Modi emphasised natural farming as a "promising tool" for improving farmer 

conditions in his speech to the National Summit on Agro and Food Processing on December 16, 2021. 

2. The Union government has begun to promote the concept of zero-budget natural farming as an initiative 

that will work to make farming more sustainable as well as improve farmers' income by lowering input 

costs, in addition to other areas such as better market access and improved product returns to farmers. 

3. The ICAR issued a circular to all central and state universities encouraging them to promote natural 

farming. 

4. In order to promote organic farming for the benefit of farmers, the Indian government launched the 

Paramparagat Krishi Vikas Yojana in 2015-16, under which state governments can get funds for 

agricultural development projects and use any model of organic farming they want, including zero-budget 

natural farming. 

5. Additionally, in 2020-21, the government renamed the Paramparagat Krishi Vikas Yojana to Bhartiya 

Prakritik Krishi Padhati as a sub-scheme of the Paramparagat Krishi Vikas Yojana for the promotion of 

traditional indigenous practises for farmers, including small and marginal farmers. 
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Summary 

An improved approach of coating powder particles on a food surface is electrostatic powder coating. The 

size, shape, and flowability of powder materials have a significant impact on the coating process. Corona 

discharge charges the powder, which is then placed on the surface to be coated. The forces that operate on 

charged particles during transportation and deposition influence the coating efficiency. Electrostatic 

powder coating has been used with conveyor belt and tumbler drum coating in the food industry for various 

goods such as potato chips, pork, chocolate, popcorn, and others due to its increased efficiency and fewer 

time and material losses. 

Introduction 

Coatings with powder material are commonly used in the snack food industry. Snack foods are often coated 

with 30-50% more seasonings or flavourings for even distribution. Electrostatic coating enhances the 

adhesion by applying charge to food powders. Adhesion force is work done in separating two surfaces that 

are in contact with each other. Adhesion is caused by long-range attractive interactions such as Van der 

Waals forces and electrostatic forces. 

Electrostatic forces include both electrostatic image force and electrical double-layer forces. Charged 

particles add an additional electrostatic image force to the total adhesion. The charged particles repel due 

to same charge. Once the charged particles deposit onto the grounded food product, they adhere to the 

product via electrostatic image forces. It works on Coulombe’s law, states charge is inversely proportional 

to the distance. The charged powder coats the material with a single layer on the surface, thus required 

less quantity. Higher resistivity of the powder helps in keeping the charge longer and thereby improve the 

adhesion. 

Conventional Food Powder Coating 

In food industry, powder-coating are done mostly either by fluidisation or gravity fed on substrates. In 

pneumatic transport, air flow drags the powder from a feed hopper and spread over the target surface. 

Powder may apply with the help of screw feeder. At the outlet of the feeder, gravity force conveys the 

powder to the target surface and coats the product (Biehl and Barringer, 2004). The conventional methods 

have lower spreading efficiency of coating. Two different properties, one is particle size and shape, another 

is flowability influence the efficiency of powder coating in food industries (Khan et al., 2012). 

1. Particle size and shape: Particles which are smaller in size exhibits higher distribution but lower 

transportation efficiency. Transfer efficiency increased with increasing particle size (Ratanatriwong et al., 

2003). Combination of different properties, such as aerodynamic and gravitational forces help in directing 

the powder particles to the target and efficiency of the operation can be increased. Particle shape is also 

important as surface area and geometrical shape determine adhesion to a food product. Author reported 

that crushed flake shaped particles were found to coat more efficiently than particles having pyramid or 

cube shapes of the same size (Niman, 2000). 

2. Flowability: Flowability is the ease of flow under specific conditions. It strongly depends on the chemical 

composition of powder materials. Free flowing powders exhibits greater coating efficiency. In cohesive 

powders, particles adhere, make clumps and choke container outlets, stop powder flow. These lead to 

uneven distribution. Due to their high surface to volume ratio, powders with small particles are more 

cohesive with poor flowability (Ratanatriwong and Barringer, 2007). Free flowing powders are preferred 

for powder coating which gives uniform application. 
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Electrostatic Powder Coating 

Coating of dry powder with the help of electrostatic charge is the process of three different steps; corona 

development, charging of powder particles and powder deposition and layer formation. In the first step, a 

sharp non-uniform electric field is created between a charge development device and target by applying 

high voltage potential. This process is called corona discharge. The powder particle is than passed through 

this field where it gets charged due to electrons is captured by particle’s field of polarization. Field strength, 

powder particle size and shape and the length of time the particle spends in the charge area affect charging 

of particles. Figure illustrates forces affecting a charged powder particle as it travels from the spray gun to 

the grounded part, target product. Major force affects the deposition of powder is the electric force. 

Uncharged particles bounce off from the surface or flow away with gravity and aerodynamic forces. 

 
Forces affecting a charged powder particle as it travels 

Applications in Food Processing Industries 

Coating of powder on food items has been carried out in combination with different system to improve the 

efficiency and reduce the losses. A belt system with a corona charging applicator has been used. Product, 

such as French fries have been coated with glucose powder and smoke extract, resulted in more uniform 

colour and texture with charged powder (Amefia et al., 2006). Electrostatic powder coating has been carried 

out without any pre-treatments of powder and target surface, ultimately reduces steps, time and cost of 

the processing. Potato chips are coated with spices using charged powder. Meat is coated with charged 

smoke to improve flavour uniformity. Candy and chocolates are also coated with charged flavour particles 

for higher efficiency and better uniformity. Charged coating improves shelf life by applying bactericides.  

In tumbler drum process system equipped with a corona charging powder applicator, popcorn has been 

coated with sugar and starch at high transfer efficiency (Biehl and Barringer, 2003). 

Comparison of Powder Coating Technologies  
Scarf Feeder Paddle Augur Spinning Disc Electrostatic 

Powder Saving 10% 0% 0% 0% 10–45% 

% Coverage 75% 75% 40% 40% 100% 

Drop Off 60% 60% 65% 60% 5% 

Line Contamination 75% 80% 70% 90% 20% 

Packer Contamination 75% 80% 70% 90% 20% 

Drum Contamination 60% 75% 75% 90% 15% 

Conclusion 

Electrostatic powder coating emerges as a novel technique for coating of target surface with charged powder 

particles. It can be used in the food industry in combination with conveyer belt, tumbler drum and other 
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techniques. Coating procedures can be improved through higher transfer efficiency, better adhesion, low 

energy usage, less waste production and air borne dust. 
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Introduction 

(PVS) is an easy way for breeders / farmers to find out which varieties are working well at stations and 

farms. The Breeding and Variety Referral Program produces and evaluates many varieties. While these 

varieties can produce high yields in research station tests, they may not work well in the farmer's field or 

may lack quality characteristics that are important to the farmer. Introducing PVS into various 

development programs increases the likelihood that the product will be accepted. Crop improvement or 

breeding is the art and science of developing plant species that have been used to enrich people's economies. 

It was a science-led creative process of developing new plant varieties. The basic methods of plant 

improvement are domestication, introduction, mating and selection. Improving crops by applying genetic 

principles and practices to develop more suitable varieties to meet human needs. It uses knowledge from 

agriculture, botany, genetics, cell genetics, molecular genetics, physiology, pathology, entomology, 

biochemistry, bioinformatics and statistics (Schlegel, 2003). Initially, plant breeding was an art rather than 

a science. But now it's also technology. The Green Revolution's centralized plant breeding technology has 

produced good results in a more favourable agricultural environment. However, most resource-poor farmers 

in the surrounding area do not benefit from these varieties. As an alternative to intensive breeding, a 

participatory farmer approach using Participatory Cultivar Selection (PVS) and Participatory Plant 

Breeding (PPB) can be used. 

Participatory Varietal Selection (PVS) 

Participatory Varietal Selection (PVS) is a simple way for breeders/ agronomists to learn which varieties 

perform well on-station and on-farm. It is a means for social scientists to identify the lines/varieties that 

most men and women farmers prefer, including the reasons for their preference. PVS needs information on 

the social, economic and cultural aspects of the variety selection process. It also presents participants with 

many ways to integrate sociocultural aspects into various activities to determine the optimal variety. PVS 

runs when the state of the station is significantly different from the state of the farm. PVS testing conducted 

on the farm under full farmer supervision provides information on the performance of new varieties in the 

real-life situations faced by farmers. Traits such as weed competitiveness and yield under low fertility 

conditions can be assessed in PVS trials (Atlin et al 2002). The PVS test includes formal procedures for 

farmers to express their opinions and preferences regarding the varieties to be evaluated. Farmers' 

opinions are gathered on the characteristics of both production and end use, using tools that can highlight 

the characteristics that are important to them. This input is very helpful in predicting if a farmer is likely 

to adopt a variety. PVS research is cheap. This setting is considered an effective way to expose farmers to 

new genetic resources. Farmers often voluntarily adopt varieties that they observe or grow on their farms 

as part of their PVS testing. In some situations, breeding cultivars is one of the goals of the PVS test. 

However, the main purpose of PVS is to provide information on the performance and acceptance of 
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cultivars. In addition, PVS will strengthen partnerships between farmers and researchers (social scientists, 

plant breeders, farmers, plant physiologists) and receive strong support from development workers and 

other interested parties for emphasizes the importance of this collaborative and consultative method. 

PVS has two trials 1. Researcher-managed trials/mother trials 2.  Farmer-managed trials/baby trials 

1. Researcher-managed trials/mother trials: The mother trial is an on-farm trial in which a set of new 

lines or introduced varieties is compared with local checks using farmer’s crop management practices.  In 

this step, plant breeders and agronomists measure yield and other important agronomical and grain quality 

traits.  Groups of farmers are invited to visit the researcher managed trial and evaluates the varieties using 

a simple technique like voting the preferred and non-preferred varieties or by scoring the varieties called 

as preference analysis. The varieties in mother trial should not have its original name, instead of that 

dummy numbers or code can be given for each variety. In this RM trial can conducts as similar as 

demonstration trials in which data are collected, or even advanced on-station multi-location trials at 

several research centres, farmers can be invited to visit the trial site and perform PA. After farmers visit, 

PA analysis was conducted and based on that result few varieties were forward to baby trial or FM trial.i.e., 

farmer managed trials. 

2.  Farmer-managed trials/baby trials: Varieties that perform well and are preferred by farmers in the 

mother trial are evaluated by farmers on their own farms in baby trials.  Through PA, farmers select lines/ 

varieties that they observed to perform well and that can be suitable to their own conditions and needs. 

These trials are called farmer-managed as these lines/varieties are tested by farmers in their own fields 

using their resources and level of management. Baby trials are small trials of 2 to 5 varieties that are given 

directly to farmers. Researchers do not have any role in these trials. All activities from planting upto 

harvest will take care by farmers.  Researchers can visit and give ideas or may take crop cuts to measure 

yield if resources permit, but farmer ratings, comments, and yield reports have been shown to be highly 

reliable and are the main output of the baby trial.  Farmers rate the varieties in comparison to their 

own.  More attention is given to postharvest quality, cooking and eating quality, grain quality, and other 

traits important to farmers (Atlin 2004). Baby trials can have two main purposes: To assess performance 

of varieties on a large number of farms & to help disseminate new varieties 

This mother-baby trials approach in plant breeding is found to be an effective strategy in developing and 

disseminating improved crop varieties in stressed environments by many international agricultural 

research centres (IARCs) under the Consultative Group on International Agricultural Research (CGIAR) 

(Bellon and Reeves 2002). 

 

Sensory Evaluation 

The most preferred varieties selected by farmers during the PA were evaluated for their cooking and eating 

quality. Quality characters like (size, colour, shape and texture of grain, eating, cooking, aromatic, 

glutinous,). Farmers rank according to taste and cooking quality. 

Conclusion 

The benefits from farmer participation PVS are: Adaptation of varieties on farmer’s field, Suitability of 

varieties to farmer’s condition and needs. Inclusion of farmers own innovation and local knowledge. Farmer 

participation in breeding can improve the selection of suitable varieties for exact environments conditions 

because farmers are given the opportunity to screen new varieties on their specific environment rather in 

controlled experiment stations. However, the main purpose of PVS is to provide information on the 

performance and acceptance of cultivars. Other mechanisms, especially large seed distribution systems, 

can lead to rapid dissemination of farmers' preferred varieties. Currently, PVS trail is a new technique that 

employs cultivars and is popular with growers. Meeting farmer needs may be better tackled by creating 

different varieties rather than trying to produce multi-purpose varieties. 

         [No. of positive votes – No. of negative votes] 

 PS  =                                

    Total no. of votes casted 
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Abstract 

Good health and good nutrition are highly essential components in today’s life. Most of that is fulfilled by 

vegetables. Vegetables are an indispensable part of a balanced diet and it is the cheapest source of natural 

protective food. The demand for growing vegetables is increasing day by day. According to FAO (2019-20), 

India produces about 193.61 million tonnes of vegetables from an area of 10.35 million hectares. India’s 

share is in the world production 11.78% respective. India is the second-largest producer of vegetable crops 

in the world followed by China. The important factor for vegetable growing is the climate. The alteration 

of climatic conditions is possible through the use of various protected structures such as poly houses, 

polytunnels, trench greenhouses, net houses, and shade nets and use the modern of improved agro- 

techniques and bringing additional area under vegetable crops using hybrid seed. This has demanded the 

production of vegetables growing out of the season which is called off-season. The off-season production of 

tomato, brinjal, chilli, capsicum, cucumber, Cole crops (cabbage, cauliflower, broccoli, kale), radish, carrot, 

spinach, summer squash, and lettuce have been possible. Another potential of the off-season vegetable 

approach is perfection and the promotion of protected cultivation of vegetables. 

Introduction 

Off-Season vegetable production is a type of agricultural technology in which vegetables are cultivated and 

produced fresh before or after their normal regular season.  Vegetables are important for human health 

because of their rich source of vitamins, minerals, phytochemical compounds, and dietary fiber content. 

Especially antioxidant vitamins (vitamin A, vitamin C, and vitamin E) and dietary fiber content have 

important roles in human health.  This raised the demand of production of vegetables. Production of 

vegetables under open field condition is not sufficient to feed the increasing population of world. This has 

raised the concept of off-season cultivation of vegetables. Another potential of the off-season vegetable 

approach is perfection and the promotion of protected cultivation of vegetables. Even though off-season 

vegetable production has various disadvantages and flaws then also there are many opportunities for 

growing off-season vegetables. It provides fresh vegetables all month of the year of the consumers and 

provides opportunities for a more open market for farmers and traders. 

Concept of Off-Season Vegetable Production 

Off-season vegetable cultivation refers to the production of fresh vegetables outside of their typical cropping 

cycle, i.e. when supply is low and prices are high. The concept of off-season vegetable growing is new to the 

growers, and they don't know everything there is to know about it. This is one of the modern practices 

which can give farmers higher profits and satisfy the requirement of consumers at any time anywhere with 

more choices. 

Off-Season vegetable production technology can be gained by: 

1. Taking use of and utilizing various agro-climatic conditions 

2. Maintaining or adjusting planting time 

3. Selecting improved varieties 

4. Creating an artificial and controlled environment through the use of tunnels, polythene houses, 

permanent glass houses, hotbeds, etc. 

Techniques of Off-Season Vegetable Production 

Adjusting Planting Time: Some vegetables can be grown by altering the time of cultivation. e.g summer 

vegetables like cucurbitaceous are sown about two months earlier than the normal season for early crop. 

Generally, the cucurbitaceous crops are forced in late winter at the seedling stage and transplanted in open 
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field for early crop. Similarly, tomato, eggplant, sweet potato, cucumber, and squash are also forced at the 

young stage during late winter in mid and hills. 

Using Different Agro-climatic Region: The Planning Commission has categorized 15 agro-climatic 

zones in India Generally, vegetables are grown during normal season in one climatic region and marketed 

as off-season in other climatic regions. 

Selection of Varieties: Selection of hybrid varieties of vegetables are widely used for producing vegetables 

in early, late season. Use of these varieties has created the longer availability of vegetables production and 

year around production. 

Creating Controlled Environment 

Most important factor of off-season vegetable production is climate, so maintain climatric condition like 

temperature, moisture, humidity etc, different types of structure are used: 

1. Plastic Tunnel: A plastic tunnel is easily made by draping plastic sheeting over a series of sturdy wire 

or plastic hoops to create an enclosed growing space. A plastic tunnel works much like a cold frame. The 

temperature inside a clear or opaque plastic tunnel can be heated by the sun 2.8-12 0C warmer than the 

outdoor temperature during the day. The residual solar heat inside a plastic tunnel can keep plants 1.1-3.9 
0C warmer than the outdoor temperature at night. 

 

2. Polythene House: Polythene house can be prepared in various sizes according to our requirement 

through the use of polythene sheets, bamboo stakes or galvanized iron pipes. In this type of structure 

mainly tall growing plants like cucurbits, tomatoes are grown. 

 

3. Glass House / Green House: In such houses, temperature, humidity, soil moisture and light are 

managed as per the requirement of the crops. It is highly capital intensive and yields are very high and of 

excellent quality. In the tropics, the main constraints of vegetable production are high temperature, heavy 

rainfall and insect pests and diseases. A greenhouse is a structure with walls and roof made of transparent 

material, such as glass or plastic, in which plants requiring regulated climatic conditions are grown (Smitha 

et al., 2016). 
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4. Hot Bed: Hot bed is a pile of organic manure which provides heat due to the metabolism of 

microorganisms. The principle on which the hot bed works is that fresh manure (cow dung/sheep yard 

manure and poultry manure) ready for fermentation generates heat which is actually utilized to quick the 

germination by providing suitable conditions for germination and faster growth of the seedlings which 

result in early maturity of the crop (Singh., 2012). It is practiced in cool seasons. 

 

Earlier Research 

The growing of lettuce under plastic tunnel helps to catch the year-round production (Olasupo et al. 2018). 

The production of bitter gourd in late kharif season was adopted in research which is taken as off-season 

cultivation (Asati et al. 2018). The planting of cabbage, cauliflower, broccoli fetches good yield and quality 

when grown under shadenet (Santosh et al. 2017). The growing of hybrid cucumber under naturally 

ventilated greenhouse during off season is being practised. This gives higher yield as well as good amount 

of ascorbic acid reported from research (Phookan and Barua 2016). Higher biomass production of coriander 

is possible under naturally ventilated poly house (Issac 2015). The growing of capsicum under off season 

under shade net gives good yield as compared to open field condition (Ghosal and Das 2012). 

Tips for Off Season Vegetable Farming 

1. Individuals should have some practical knowledge of this strategy before attempting to implement it. 

2. Vegetable cultivation timing must be precise. 

3. In order to get a better profit margin, the market demand for the vegetable should be considered and 

grown correspondingly. 

4. Under the plastic sheet, the farmer must ensure that the plant they are producing has the potential to 

self-pollinate. 

5. Land used for off-season vegetable production should be examined to determine the quality of the land 

for agricultural purposes. 

Off-Season Vegetable Planting has Various Advantages like 

1. It helps in the more effective and efficient use of land and farm resources. 
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2. The per-unit result of off-season planting is excellent. 

3. It helps to ensure food scarcity. 

4. Consumers nowadays prefer fresh vegetables even when they are not in season, and off-season vegetable 

cultivation can meet this need. 

5. It is sometimes feasible to gain foreign exchange by exporting fresh vegetables. 

6. Profit from Off-Season planting per unit cultivation is high. 

7. It is a great source of preventive food that also contributes to nutritional security. 

8. Seed production is suitable through this technology. 

Some Disadvantages of Off-Season Vegetable Production like 

1. Vegetable production costs are higher. 

2. The cost of constructing the plastic houses is higher. 

3. It requires costly seeds. 

4. On a commercial scale, it is possible, but only in places where marketing is not a problem. 

5. It requires ongoing supervision. It requires a higher level of expertise than usual season production. 

6. It can also be dangerous due to the chance of disease and pest infestation. 

7. It has the tendency to pollute the environment. 
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Introduction 

Many important aspects of plant development are regulated by abscisic acid (ABA), including the synthesis 

of seed storage proteins and lipids, seed desiccation tolerance and dormancy, and the inhibition of phase 

transitions from embryonic to germination and vegetative to reproductive growth (reviewed by Leung and 

Giraudat, 1998; Rock, 2000; Rohde et al., 2000b). Furthermore, ABA facilitates several physiological 

responses to environmental stresses, including as stomatal closure produced by drought or osmotic, the 

induction of tolerance to water, salt, hypoxia, and cold stress, and wound or pathogen response (Leung and 

Giraudat, 1998; Rock, 2000). 

ABA Signalling Pathway is Involved in Seed Development 

In the absence of ABA: Receptors PYLs release and activate protein phosphatase 2C (PP2C) such as ABI1/2 

and AGH1/3. Downstream SNF1-RELATED PROTEIN KINASE subfamily (SnRK2s) genes are inactivated 

by active PP2C which leads to premature germination and the non-dormant seed through repression of lots 

of transcription factors such as ABI1/2/3/4/5 and bZIP67. 

 

In the presence of ABA: Receptors PYR/PYL/RCAR bind ABA and PP2C together to inhibit the activity of 

PP2C, which release the activity of SnRK2s and downstream transcription factors such as ABI3 by protein 

phosphorylation, then regulate downstream genes SGR1/2 function to mediate seed de-greening process. 

Additionally, the active LAFL (ABI3, FUS3, LEC1, and LEC2) network by ABA along with WRI1 regulates 
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the At2S3 gene; an active bZIP22 function downstream of SnRK2s to promote gene transcription of 27-kD 

γ-zein for protein reserve accumulation in the seed. 

Along with seed de-greening and storage product accumulation, SnRK2s function upstream of ABI3/5 and 

ABFs to regulate LEAs and HSPs that are pivotal for desiccation tolerance. In other branches, DOG1 also 

plays a role upstream of ABI3/5/ABFs as well as functions as a repressor of PP2Cs (AHG1/3) to involve 

seed desiccation tolerance acquirement. In combination, all key ABA signaling components (SnRK2s, ABI3, 

ABI4, ABI5, ZmbZIP22, bZIP67, and ABFs) are involved in storage product accumulation, de-greening, and 

desiccation tolerance with different function pathways to provide a mature and dormant seed. Letters “P” 

and “T” in the color circles indicate the two manners of protein phosphorylation and gene transcription 

regulation, respectively. 

Far-Red Light Inhibits Germination through DELLA-Dependent Stimulation of ABA 

Synthesis and ABI3 Activity 

Far-red (FR) light represses seed germination by inactivating phytochrome photoreceptors. This elicits a 

decrease in gibberellins (GA) levels and an increase in abscisic acid (ABA) levels. GA promotes germination 

by enhancing the proteasome-mediated destruction of DELLA repressors. ABA prevents germination by 

stimulating the expression of ABI repressors. Repression of germination by FR light involves stabilized 

DELLA factors GAI, RGA and RGL2 that stimulate endogenous ABA synthesis. In turn, ABA blocks 

germination through the transcription factor ABI3. The role of PIL5, a basic helix-loop-helix transcription 

factor stimulating GAI and RGA expression, is significant, provided GA synthesis is high enough; 

otherwise, high GAI and RGA protein levels persist to block germination. Under white light, GAI and RGA 

driven by the RGL2 promoter can substitute for RGL2 to promote ABA synthesis and repress germination, 

consistent with the recent findings with RGL2. The three DELLA factors inhibit testa rupture whereas 

ABI3 blocks endosperm rupture. (Piskurewicz et al., 2009). 

Seedling Growth 

Unlike the antagonistic effects of low sugar vs ABA on germination, high sugar concentrations (300 mM) 

can restrict seedling growth in an ABA-dependent manner that cannot be explained only by sugar's osmotic 

effects (reviewed by Gibson, 2000). New alleles of ABI4 and two ABA biosynthetic loci have been discovered 

in several sugar-resistant seedling growth tests. Furthermore, similar screenings have found additional 

ctr1 alleles that improve ABA-resistant germination. Although these findings reveal ABA, ethylene, and 

sugar signaling interactions, they appear to be rather specific because abi1, abi2, and abi3 mutants have 

essentially normal sugar responses.  

After germination, ABA and ethylene signals interact in a complicated way. Both of these hormones restrict 

root growth, despite their antagonistic actions during germination. Chemical or genetic disruption of 

ethylene signaling resulted in lower sensitivity of root growth to inhibition by ABA, which is consistent 

with a paradigm in which they work in the same or parallel pathways governing root growth. However, 

ethylene-overproducing mutants exhibit lower ABA sensitivity, and blocking ethylene production with 

aminoethoxyvinylglycine increases ABA sensitivity, revealing another antagonistic relationship. 

Post Germination Seedling Establishment by ABA in Response to Light 

Abscisic acid (ABA), is implicated in reversible inhibition of seed germination (emergence of radicle) and 

post-germination seedling establishment (formation of green open cotyledons) during unfavorable 

conditions. Yadukrishnan et al. (2020) analyzed the role of light in ABA- mediated inhibition of post 

germination seedling growth. 

In dark, ABA mediated inhibition of post germination seedling establishment is enhanced and is dependent 

on the CONSTITUTIVELY PHOTOMORPHOGENIC1 (COP1) gene that encodes an E3 ligase. Further, 

they showed that in regulating the post germination seedling growth, COP1 acts downstream of ABSCISIC 

ACID INSENSITIVE5 (ABI5), an ABA responsive gene that encodes a basic leucine zipper transcription 

factor. At the protein level, COP1 helps ABI5 bind to the promoters of ABA responsive genes. Thus, in the 

dark, COP1 works with ABA to inhibit post-germination seedling establishment. 
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Introduction 

A tennis court is the venue where the sport of tennis is played. It is a firm rectangular surface with a low 

net stretched across the center. The same surface can be used to play both doubles and singles matches. A 

variety of surfaces can be used to create a tennis court, each with its own characteristics which affect the 

playing style of the game. 

Types of Tennis Court 

Clay courts are made of crushed shale, stone or brick. The French Open is the only Grand Slam tournament 

to use clay courts. Clay courts slow down the ball and produce a high bounce in comparison to grass or hard 

courts. For this reason, the clay court takes away many of the advantages of big serves, which makes it 

hard for server-based players to dominate on the surface. Clay courts are cheaper to construct than other 

types of tennis courts, but a clay surface costs more to maintain. Clay courts need to be rolled to preserve 

flatness. The clay's water content must be balanced; green clay courts generally require the courts to be 

sloped to allow water run-off. Clay courts are more common in Europe and Latin America than in North 

America, and tend to heavily favour baseline players. Historically for the Grand Slams clay courts have 

been used at the French Open since 1891 and the US Open from 1975 to 1977. 

Grass courts are the fastest type of courts in common use. They consist of grass grown on very hard-packed 

soil, which adds additional variables: bounces depend on how healthy the grass is, how recently it has been 

mowed, and the wear and tear of recent play. Points are usually very quick where fast, low bounces keep 

rallies short, and the serve plays a more important role than on other surfaces. Grass courts tend to favour 

serve-and-volley tennis players. Grass courts were once among the most common tennis surfaces, but are 

now rare due to high maintenance costs, as they must be watered and mown often, and take a longer time 

to dry after rain than hard courts. Historically for the Grand Slams grass courts have been used at 

Wimbledon since 1877, the US Open from 1881 to 1974, and the Australian Open from 1905 to 1987.  

Hard courts are made of uniform rigid material, often covered with an acrylic surface layer to offer greater 

consistency of bounce than other outdoor surfaces. Hard courts can vary in speed, though they are faster 

than clay but not as fast as grass courts. The quantity of sand added to the paint can greatly affect the rate 

at which the ball slows down. The US Open is played on Laykold while the Australian Open is played on 

Green Set, both acrylic-topped hard court surfaces. Historically for the Grand Slams hard courts have been 

used at the US Open since 1978 and the Australian Open since 1988.  

"Carpet" in tennis means any removable court covering. Indoor arenas store rolls of rubber-backed court 

surfacing and install it temporarily for tennis events, but they are not in use any more for professional 

events. A short piled form of artificial turf infilled with sand is used for some outdoor courts, particularly 

in Asia. Carpet is generally a fast surface, faster than hardcourt, with low bounce. Notable tennis 

tournaments previously held on carpet courts were the WCT Finals, Paris Masters, U.S. Pro Indoor and 

Kremlin Cup. Since 2009, their use has been discontinued on the top tier of the ATP. ATP Challenger Tour 

tournaments such as the Trofeo Città di Brescia still use carpet courts. The WTA Tour's last carpet court 

event, the International-level Tournoi de Québec, was discontinued after 2018. 

Recommended Grasses for Tennis Court 

1. Warm season grasses: Bermuda grass is best choice – Overseeded during winter. Hybrid vegetative 

varieties such as tiffine and Princess 77. 

https://en.wikipedia.org/wiki/Point_(tennis)
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2. Transitional grass: Creeping Bentgrasses or Bermudagrass is best choice with overseeding of Bermuda 

with Perennial ryegrass in fall. 

3. Cool season grass: Creeping Bentgrasses are best choices. Penncross best variety. 

Establishment of Grass Courts 

Seed or sod are used. Sod soil must be compatible to the surface soil. If the sod is not bound to the soil 

surface sod will be moved and causes injury to the players. Sod soil should not be removed or washed. If 

washed sod is used it must be top dressed with soil. Seeding takes longer time to establish. Turf formed is 

of greater quality. Hence seeding is recommended rather than sod. Seed sown during spring comes into 

play in the following spring  

Maintenance: During spring rolling is the main operation. Rolling helps in curing heaving caused by frost. 

First light rolling is done with roller of 1,016kg. Gradually increase the weight of the roller to 2,032kg. Do 

not roll when the court is wet – ridging 

Mowing: 

a. 1st mowing height – 13 mm. Gradually mowing height is decreased 

b. 2nd mowing height – 10 mm 

c. 3rd mowing height – 8 mm  

d. 4th mowing height – 6 mm  

e. 4th mowing is suitable for tournaments 

f. Mowing height varies for grass species. 

g. Courts are most often mowed lengthwise and crosswise to ensure an even growth pattern. 

Fertilizing: 

a. Fertilize the courts in spring: Good amount of nitrogen gives good green colour. Addition of 

too much nitrogen results in the lushyness of the grass so that it will become slippery. 

b. Aerating: Long-tined Garden fork. Grass needs 10 % air volume  

c. De-thatching: Removal of thatch. 4-10 times can be done. Cleaning is done by mowing to a height 

of 6 mm. brushing with stiff bristled brush – remove dead materials 

d. Reseeding: Thick application of seed should be applied approximately 9kg per 1,000 square feet 

(93m2). Applied in two or three perpendicular passes. Seed mixture chosen must be appropriate. 

Treat stress areas with additional seed   

e. Top dressing: Top dress with soil, brushing it well into the surface with a drag mat. Apply iron 

a little later in the year. Iron toughens the turf, makes it resistant to disease and gives it good color. 

Equipment: 

a. Aerators.  

b. Rollers. 

c. De-thatchers. 

d. Mowers. 

e. Spreaders. 

f. Scarifiers and brushes. 
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Introduction 

The production of fruits and vegetables will have significance only when they reach the consumer in good 

condition and at a reasonable price.  At present there is a considerable gap between the gross production 

and net availability of fruits & vegetables due to heavy post-harvest losses.  

The success of production lies in: 

1. Loss reduction. 

2. Prevention of market gluts.  

3. Proper distribution of the produce. 

4. Subsequent use by adopting both traditional and modern post-harvest technologies. 

a. 100% utilization of the production in one form or the other should be the motto.  

b. This can only be achieved by adopting Integrated Post Harvest Management (IPHM) system. 

5. Post-harvest handling steps are from farm to packhouse, then wholesaler to retailer and customer. 

Reasons for Postharvest Losses 

Lack of Clear concept of packing house operations, Awareness among the growers, contractors and even 

the policy of makers, Infrastructure, Inadequate post-harvest quality control, Unorganized marketing, 

Absence of precooling and cold storage, Inadequate market facilities, market intelligence and market 

information services (MIS), Poor storage facilities. 

 
(Financial Express, 2019) 

IPHM Components 

1. Pack house / On farm Collection & Storage unit. 

2. Integrated pack house with facilities for grading, sorting etc. 

3. Pre-Cooling Unit. 

4. Mobile Pre-Cooling Unit. 

5. Cold Storage Units (Construction/Expansion and modernization) (Maximum 5000 MT capacity). 

6. Ripening Chamber (maximum of 300 MT). 
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Pre-Packaging Treatments of Stored Fruit and Vegetables 

Pre-packaging treatments combined with suitable packaging and storage conditions have the capacity to 

extend the shelf life and enhance fruit quality. Some of the common prepackaging treatments applied to 

fruits and vegetables include: surface coating and waxing; heat treatments; application of 1- 

methylcyclopropene; and low temperature conditioning. Waxes are used to tackle water loss problems by 

allowing higher turgidity, water retention and maintaining fruit weight for longer periods. An example of 

a wax used on many perishable fruits, as an inhibitor to ethylene action, is 1- methylcyclopropene (1-MCP). 

Heat treatment of avocados to 38°C for periods of 24-, 48- and 72-hours improved appearance and reduced 

the effects of chilling injury compared with untreated fruits. Furthermore, weight loss was reduced as the 

number of days of heating increased, leading to better quality maintenance and an improved shelf life. 

Packaging of Stored Fruit and Vegetables 

Consumers expect “fresh” produce throughout the year and packaging fresh and unprocessed produce poses 

many challenges for packaging technologists. Unlike other chilled perishable foods, fresh produce continues 

to respire after harvest and, hence, packaging is required to suppress respiration and maintain produce 

quality for a reasonably long time. The following are some of the packaging technologies available for fruits 

and vegetables 

Packaging films: Packaging films have been established to extend the shelf life and maintain the quality 

of produce. It is often preferable to generate an atmosphere with lower O2 and/or higher CO2 to influence 

the metabolism of the product being packaged in order to increase storability. Most individual films used 

in modified atmosphere packaging (MAP) do not give all the required properties for a modified atmosphere 

pack. Therefore, they are combined via processes like lamination and co-extrusion in order to provide films 

with a wide range of physical properties. Polyethylene is the most commonly used film that provides a 

hermetic seal and a medium of control for properties. Thus, it is able to maintain the freshness quality of 

fruits and vegetables. 

Modified Atmosphere Packaging 

MAP extends the shelf life of produce. The production of ethylene from the respiring produce aids ripening 

and softening of tissues, and the respiration rate has been established by researchers to increase for every 

10°C increase in temperature by a factor of 3–4. High CO2 and low O2 concentrations, combined with low 

temperature, reduces respiration in an atmosphere. If the O2 concentration is reduced above a critical level, 

anaerobic respiration results, which is associated with undesirable flavours, odours, and depends on the 

species and cultivars. However, high concentrations may damage some species and cultivars. Mehlhorn 

reported an increase in ascorbate peroxidase activity in response to ethylene. In general, MAP is a highly 

commercialized technology proven to be effective in maintaining produce quality especially when combined 

with cooling. 

Controlled Atmosphere Storage 

A modified atmosphere is defined as one that provides an optimum atmosphere for extending the storage 

length and quality of food/produce by altering the normal composition of air. This can be achieved by using 

controlled atmosphere storage (CAS) and/or MAP. However, MAP is used on smaller quantities of produce 

and the atmosphere is only modified initially at the start of storage.  

Workneh and Osthoff reported that CAS is a capital-intensive operation and is suited for prolonged storage 

periods and bulk storage of produce. O2 concentrations below 8% reduced the production of ethylene, a key 

element of the maturation and ripening process 

Postharvest technologies for handling fresh horticultural produce to: Reduce postharvest losses 

due to water and weight loss, decay and physical damage. Maintain produce quality (color, flavor, texture, 

appearance, nutritional value, etc.) and economic value during postharvest handling, storage and 

transport. Increase shelf life with proper temperature and relative humidity management. Assure food 

safety during fresh handling. Increase income by adopting those postharvest technologies that are most 

profitable for your small-scale operations.  

Low-Cost Appropriate Techniques of Preservation: Most of the commercial methods of preservation 

are expensive and beyond the means of the common people. Therefore, it is necessary to adopt low-cost 
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methods of preservation so that it can reach the grass root level. In this respect the following techniques 

are suggested: 

a. Zero energy cool chamber 

b. Sun/Solar drying  

c. Home/cottage/small scale processing  

d. Lactic fermentation 

e. Primary/semi/minimal Processing. 

Utilization of fruit and vegetable Waste: A large amount of unmarketable as well as physically 

damaged fruit and vegetables that are without infection but would be spoiled on storage can be made into 

durable and value-added products. In addition, huge quantity of waste generated by fruit and vegetable 

processing factory could be utilized gainfully otherwise they would be converted into garbage creating 

environmental pollution. 

Price stability of horticultural produce: Prices of seasonal fruits and vegetables fluctuate greatly and 

during the period of maximum availability the prices are unremunerative to the farmer. At other times, 

these commodities are so highly priced that the ordinary consumer finds it beyond his purchasing power. 

Another problem is that fruits and vegetables are not uniformly available throughout the country and some 

areas suffer from inadequate supply even when there is a glut in other parts. Integrated Post Harvest 

Management (IPHM) system would play a vital role in price stability of perishable horticultural produce. 

Conclusion 

It is very difficult to quantify the losses in different regions of the country; however, it may be stated that 

the losses depend on the post-harvest infrastructure facility of the region. The losses are more in remote 

areas compared to places close to cities. Post-harvest loss has to be gradually cut down by adopting 

appropriate storage and processing in order to achieve the target of meeting the food and nutritional 

requirements of the country. 
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Every housewife in our country can save a substantial amount of horticultural produce, primarily fruits 

and vegetables, by adopting simple techniques of preservation. In addition to reducing wastage the village 

women/unemployed youth can be engaged in post-harvest management/ processing activities for economic 

benefit. If adequate steps are not taken immediately then there is a danger of increasing the loss with the 

increase in production. Integrated Post-Harvest Management (IPHM) will fulfill the objectives set by the 

National Horticulture Mission (NHM) for the XIth plan, (i) Post-harvest loss reduction, (ii) Value addition, 

(iii) Export orientation, (iv) Quality improvement, (v) Strengthening agri-business. This will in turn achieve 

poverty alleviation, employment generation, environment protection and economic transformation of rural 

India. 
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Introduction and History 

Earliest mention of chrysanthemum in ancient scriptures dates back to 3000 B.C. Modern chrysanthemum 

(C. Morifolium Ramat) were evolved from hybridization and selection from several species of 

chrysanthemum which were wild in China and Japan. Cultivation of chrysanthemum started in about 500 

B.C. 

In about A. D 750, cultivated chrysanthemum were exported to Japan from China. Declared as Japanese 

National flower in A.D. 797. Introduction Chrysanthemum into various European countries Holland 1668. 

First show cased in USA in 1941. 

Improvement started at several places. 1961 -- Year-round chrysanthemum production in glasshouse in 

the Netherlands. 1969 -- Occupied second most important cut flower after rose.1995 – 15% of the total cut 

flower turnover at Dutch auctions is represented by spray chrysanthemums. The name of Chrysanthemum 

morifllium has been changed to Dendranthema grandiflora. 

Origin 

Chrysanthemum is native to the northern hemisphere mainly Europe and Asia.  

1. Botanical name: (Dendranthema grandiflora)  

2. Basic Chromosome number: 2n=36   Family: Asteraceae 

3. Common name: Mum, Guldaudi, Queen of east, Autumn Queen, Glory of east. 

Importance and Uses 

1. Garden decoration: Chrysanthemum is grown in gardens in all parts of the world. It can be grown for 

an effective display of color in the shrubbery, rock gardens, mounds and borders and it will continue to 

flower during the late autumn and early winter when the winter annuals are yet to show their best display. 

2. Pot Plants: Chrysanthemum in pots is very useful in decorating steps, porches, garden paths and 

beautifying grounds for ceremonial purpose. The flowers stay well in sun and shade and the buds continue 

to open for a long period. All types of chrysanthemum grow and flower well in pots. 

3. Cut flower: Chrysanthemum is considered as one of the best cut flowers which often remains in good 

condition for 7 to 10 days. The flowers are displayed in attractive manner in bowls and vases. The flower 

decorators in all parts of the world find various types of Chrysanthemums very useful for floral 

arrangements in different styles. 

4. Exhibition: Exhibition of potted plants and cut flowers are also popular features in cities and towns 

and the competition to grow plants of outstanding quality and merit has caused marked improvement in 

cultural practices. 

Culinary Uses 

1. Yellow or white chrysanthemum flowers of the species C. morifolium are boiled to make a sweet drink 

in some parts of Asia. The resulting beverage is known simply as "chrysanthemum tea. In Korea, a rice 

wine flavored with chrysanthemum flowers is used. 

2. Chrysanthemum leaves are steamed or boiled and used as greens, especially in Chinese cuisine. Other 

uses include using the petals of chrysanthemum to mix with a thick snake meat soup to enhance the aroma. 

Small chrysanthemums are used in Japan as a garnish. 

http://en.wikipedia.org/wiki/Chrysanthemum_tea
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Insecticidal Uses 

Pyrethrum (Chrysanthemum cineraria folium) is economically important as a natural source 

of insecticide. 

Environmental Uses 

Chrysanthemum plants have been shown to reduce indoor air pollution by the NASA Clean Air Study. 

Cultural Significance and Sympolism 

In some countries of Europe (e.g., France, Belgium, Italy, Spain, Poland, Hungary, Croatia), incurve 

chrysanthemums are symbolic of death and are used only for funerals or on graves, similarly, in China, 

Japan and Korea, white chrysanthemums are symbolic of lamentation and/or grief. In some other countries, 

they represent honesty. In the United States, the flower is usually regarded as positive and cheerful, with 

New Orleans as a notable exception.  

1. The plant is renowned as one of the Four Gentlemen of China .  

2. Adopted by the Japanese Emperor as his official seal- The Chrysanthemum Throne. 

3. The "Festival of Happiness" in Japan celebrates the flower. 

4. Chrysanthemums entered American horticulture in 1798 when Colonel John Stevens imported 

cultivated variety known as 'Dark Purple' from England.  

5. Chrysanthemums may have originated in Japan, China, southern Europe and northern Africa.  

6. In Australia, the chrysanthemum is traditionally given to mothers for Mother's Day. 

7. A chrysanthemum festival is held each year in China.  

8. An ancient Chinese city (Xiao a Town of Zhongshan City) was named Ju-Xian, meaning 

"chrysanthemum city". The plant is particularly significant during the Double Ninth Festival. 

9. Official flower of the city of Chicago  and the city of Salinas, California. 

Botanical Description 

Chrysanthemum species are herbaceous perennial plants growing to 50–150 cm tall, with deeply lobed 

leaves with large flower heads that are generally white, yellow or pink in the wild. Anthers are 

syngenesious, i.e., with the stamens fused together at their edges, forming a tube. The calyx (sepals) of the 

florets are modified to form a pappus, a tuft of hairs, which often appears on the mature fruit. The ovary 

has basal arrangement of the ovules. One ovule per ovary. The fruit is an achene. The chrysanthemum is 

a composite inflorescence with the individual flowers borne on a flat or convex receptacle called a capitulum. 

The capitulum is surrounded by an involucres of bracts. A single flower head has one or more outside rows 

of ray flowers, which are pistillate and a center (brown or green "eye") composed of disk flowers, which are 

dioecious. 
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Chrysanthemum blooms are composed of many individual flowers (florets), each one capable of producing 

a seed. The disk florets are in the center of the bloom head, and the ray florets are on the perimeter. The 

ray florets are considered imperfect flowers, as they only possess the female productive organs, while the 

disk florets are considered perfect flowers, as they possess both male and female reproductive organs. 
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Species Wealth 

The number of species under the genus Chrysanthemum varies from 100 to 200 (Crater, 1980). Description 

of some important species of chrysanthemum is mentioned here. 

1. Chrysanthemum boreale (Abura-Giku): It is believed to have also been involved in the evolution of 

florist’s chrysanthemum due to the morphological resemblance. 

2. C. carinatum (Tricolor chrysanthemum): It is a winter season annual producing yellow and white 

blooms, and is often used for garland making. 

3. C. coronarium (Garland chrysanthemum): It is another winter season annual producing yellow and, 

white blooms often used for garland making. 

4. C. cinerariifolium (Dalmation pyrethrum): It is grown in temperate regions for making an insecticide 

called pyrethrum. 

5. C. coccineum (painted daisy): It is grown in temperate countries for seeds. Plants are 30-90 cm tall and 

bear blooms about 5 cm across with white, pink and red colors and look like anemone chrysanthemum. It 

is a perennial. 

6. C. fruitescens (Marguerite or Paris daisy): It is a shrub growing 60-90 cm tall, bearing white and soft 

yellow flowers and is quite popular as pot plant also. 

7. C. indicum: Although it belongs to China and Japan, it was appropriately named as indicum. It is 

supposed to be one of the ancestral species involved in the evolution of modem florist’s chrysanthemum. It 

is bearing yellow flowers. 

8. C. japonicum: It is found growing in the Pacific coastal region of Japan and widely used as an 

ornamental plant. 

9. C. maximum (Shasta daisy):  

a. It is grown as a popular cut flower bearing white and yellowish blooms. It is a perennial.  

b. C. maximum (Shasta Daisy) and some its best varieties are: Mount Shasta (double white), The 

Speaker (single white), Astrid (double white), Marconi (double white, frilled flowers), Alaska (white), 

Majestic (immense white flowers), Mark Riegal (large, white of distinct form) and Cobham Gold 

(cream, yellow center). 

10. C. morifolium (Florists chrysanthemum): This is a hybrid species which is the result of repeated cycles 

of inter specific crossing among elemental species extending over a period of more than 2500 years. Its 

plants are terminal, bear blooms which are actually composite inflorescence, with two types of florets 

arranged on a flattened axis called capitulum. The outer florets are called ray florets and the inner ones 

with different morphology are called disc florets. The ray florets have only female parts, and a tubular 

corolla made up of five united petals. 

11. C. amatum: Allied to C. indicum and C. sinense it is also supposed to have involved in the evolution of 

florists Chrysanthemum. 

12. C. rubellum: It is exceptionally sturdy and used by breeders for its hardiness.  

13. C. satsumense (Satsuma-nogika): It is ancestor of the present day cultivars mentioned by Japanese 

workers. 

14. C. sibiricum: This is said to be one of the parents of Korean hybrids evolved in early 1930. 
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15. C. Sinense: This is also supposed to be one of the sources (with indicum) of today's florists' 

chrysanthemum. It is native of China and bears blooms with white ray florets. 

Varietal Wealth 

Varieties: 

Variety Parentage Colour Type 

IIHR Varieties: 

Kirti Angela x G.P.I White Double Korean 

Pankaj Selection Pink Decorative 

Red Gold Flirt x Valentine Grayish orange Double Korean 

Chandrakant  White Decorative 

Chandrika Angela x G.P.I White Decorative 

Indira O. P. S. of Lord Doonex x (Flirt 

x Valentine) 

Yellow Double Korean 

Arka Swarna 'Nanako x CO -1' Yellow Pompon 

Nilima Flirt x Valentine Purple Decorative  

Arka Ravi Mundial x Hybrid 87-17-1 Peach  Semi Double 

Arka Ganga Flirt x Red Gold White with pink tinge  

Usha Kiran Induced mutant of Kirti.   Yellow Semi Double 

Punjab Agricultural University Varieties 

Baggi  Snow White Decorative 

Birbal Sahani O. P. S. of Nanako Snow White Pompon 

Ratlam Selection  Creamish-white Decorative 

Punjab Gold Flirt x Gul-e-Sahir Golden -Yellow Semi Double 

IARI Varieties 

Pusa Anmol  Yellowish pink  

Pusa Centenary  Yellow   

Pusa Aditya O. P. S. of Jaya.  Yellow with orange red 

in center 

 

Pusa Chitraksha O. P. S. of Lal Pari Deep Magenta  

Pusa Kesari Mutant of Thai Chen Queen Red Semi Double 

Pusa Sona O. P. S. of Sadbhawana Yellow  

Pusa Arunodya Mutant of Thai Chen Queen Pink Semi Double 

NBRI, Lucknow Varieties 

Vijay Kiran Bud sport of Vijay Orange with yellow 

center 

Double Korean 

Mini Queen Seedling selection of NBRI 

Little Darling 

Dark terracotta Pompon 

Rangoli Seedling selection of NBRI 

Diana 

Dark red Double Korean 

NBRI Kaul Lal Pari x Vijay  Purple  Single Korean 

NBRI Little Orange Seedling selection of Little 

Darling 

Yellowish orange Pompon 

NBRI Pushpangadan Mutant of A-22 Yellow Anemone 

TNAU, Coimbatore 

CO-1:  

a. Selection from Hosur type 

b. Flowers are attractive canary yellow  

c. Single flower weight 2.5 g 

d. Flower yield 16.7 t/ha. 
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CO-2: 

a. Selection from the variety Jaya from Lucknow. 

b. Flowers are purple coloured. 

c. Flower yield 20.3 t/ha. 

 
MDU-1 

MDU-1: 

a. Selection from germplasm  

b. It is an early type, coming to first flowering in 104 days as against 120 days by the local type. 

c. The flowers are large and attractive Sulphur yellow in colour. Yield: 30.59 t/ha. 
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Soil and Climate 

Chrysanthemum has shallow but fibrous root system sensitive to water logging. It requires well-prepared 

land and the soil should be sandy loam with a pH of 6.2 to 6.7, having good tilth with proper aeration and 

drainage facility. EC should be 1.0 to 1.5 with low levels of NaCl and Sulphate. Chrysanthemum requires 

long days for good vegetative growth and short days for flowering. The critical day length is 14-15 hours 

for flower initiation and 13-14 hours for flower development. The rate of vegetative growth is affected by 

temperature. The best temperature for growing chrysanthemum ranges 20-28 °C for day and 15-20 °C for 

night. 

According to Temperature Requirement for Flowering Chrysanthemum has been 

Divided into 3 Groups 

1. Thermo positive cultivars: Varieties belonging to this group require at least 16°C temperature for 

flowering and 27°C rapid flowering occurs. 

2. Thermo negative cultivars: In these cultivars, bud initiation occurs at temperature between 10 - 27°C, 

but high temperatures delay bud forming. 

3. Intermediate/Thermozero cultivars: Varieties which flower between 10 - 20°C temperatures, but 

most constantly at 15.6°C night temperature. 

Propagation 

1. Suckers: Cuttings back of stem just above ground after flowering induces formation of side suckers. 

These are separated from mother plant and directly planted in the field or pot. Optimum time of separation 

is, when 5 to 6 green leaves appear. 

2. Terminal cuttings: Cuttings of 5-7cm length are taken from healthy, disease-free plants. Dipping of 

basal portion of cuttings in IBA 2500 ppm improves rooting percentage. 

3. Seeds: Annual chrysanthemums can be propagated by seeds. Their sowing time depends upon climate. 

It varies in different parts of India. In the northern plains, winter season annual chrysanthemums are 

sown during September–October. The seeds are sown in nursery beds, earthen pots, seed pans or wooden 

seed trays. 

Field Preparation 

Ploughing 2 to 3 times. Basal dose: FYM 5kg sq. Proper soil sterilization with Carbendazim should be done 

before planting to avoid soil borne diseases. 

Planting 

Planting in May – June is found ideal. From the view of planting cost and market returns, plant density of 

32 cuttings per square meter has been reported to be ideal. Close spacing at 20x30 cm gives better yield 

than 30x30 cm or 40x40 cm. 

Irrigation 

Chrysanthemum not only needs small amount of water during its growth period but also needs prevention 

against water logging conditions. Water requirement of plants reduces as it approaches to flowering stage. 

In field conditions, generally twice a week irrigation is required in summer. The height and the vigor of the 

plant can be influenced by regulating quality and frequency of irrigation. 
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Nutrient Requirement 

Recommended dose: 25t FYM AND 125:120:25 kg NPK/ha. Basal dose: half of N + entire P and K. Top 

dressing – half of N applied 30 days after planting. 

Plant Growth Regulators 

GA3 – 50ppm on 30, 45 and 60 days after planting promotes flowering. NAA at 100ppm delays flowering. 

Intercultural Operations 

Weed control: Regular hand weeding in early stages is essential. Pre-emergence herbicides can be used. 

Herbicides like Alachlor, Oxadizon and Oxyfluorfen are also found effective.   

Pinching: It is an operation done to induce branching and to increase the number of flowers in stem. 

a. Soft pinching: this is done to reduce the plant size by removing tips of branches. Shoot along 

with 2-3 open leaves are kept initial stages. 

b. Hard pinching: It is done in pot plants. It removes a longer plant portion to keep the plant 

compact. 

c. Roll out pinching: It is practiced only in short plants, two pinching is required, first at 4 weeks 

after planting and second 7 weeks after planting. In spray chrysanthemum regular pinching is done 

to produce maximum number of leaves per stem. 

Desuckering: During the vegetative growth phase, plant grows upward and new suckers continue to 

develop from the base of the plants. For preventing improper and vigorous growth of the plant, suckers are 

removed from time to time. Without desuckering the plant will lose vigour and becomes weak. 

Harvest and yield: The duration is 6 to 8 months for plant crop. For ratoon crop the duration is 4 months. 

Harvesting of the flower starts from the third month onwards on 4 days interval. Harvesting is done at ¾ 

to full open stage for nearby markets and ½ open stage for distant markets. Harvesting is done early in the 

morning.  

a. Average yield of plant crop – 20t/ha. 

b. Average yield of ratoon crop – 10t/ha. 

Plant Protection 

Diseases: 

S.no Disease Causal organism Management 

1. Fungal Wilt Fusarium oxysporum f.sp. 

trachiphilum 

1.5g/l of water Thiram/soil drenching 

Carbendazim 

2. Rust Puccinea chrysanthemi Captan at 0.15%, sanitation and 

clean cultivation is essential. 

3. Leaf spot 1. Septoria chrysanthemella 

2. Cylindrosporium 

chrysanthemi 

Mancozeb 0.2%, avoid wetting of 

leaves during watering. 

4. Bacterial Blight Erwinia chrysanthemi Using disease free cutting for 

planting, Streptomycin 

5. Crown gall Agrobacterium tumefaciens Destruction of infected plants 

6. Chrysanthemum 

mosaic disease 

Viral disease Monocrotophos to control the vector 

Pests: 

S.no Pest Scientific name Management 

1. Aphids Myzus persicae, Aphis gossypii Malathion 0.2%, neem oil 1% 

2. Hairy caterpillars Diascrisia oblique Tjiodon 35 EC at 1.25ml/l 

3. Red spider mite Tetranychus urticae Wettable sulphur 0.3% 

4. Thrips Thrips tabaci Dimethoate 0.05% 
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Introduction 

Microbial pesticides are those pesticides, which contain microorganism like a fungus, virus, nematode or 

bacterium as the active ingredient. Microbial pesticides are another kind of biopesticide. They come from 

naturally occurring or genetically altered bacteria, fungi, viruses, protozoans, and they suppress pests by 

producing a toxin specific to pest, causing disease and preventing establishment of another microorganisms 

through competition. Microbial insecticides have taken the form of living microbes or spores applied directly 

to the field. 

Entomopathogenic Fungi 
Among the most common microbial insecticides are the entomopathogenic fungi, or EPFs, which are used 

in half of all classical biological control programs. 

Pathogen Target Pest(s) Mechanism 

 

Commercial 

application(s) 

Citiation(s) 

 

Beauveria 

bassiana  

 

Aphids, mealy bugs, 

mites, thrips, 

whiteflies  

 

Condia land on host 

and germinates into 

cuticle; mortality 

caused by fungal 

toxicity and 

colonization of vital 

tissue. 

Spore suspension, 

promotion of 

existing natural 

populations 

 

Lacey et al., 2015 

 

Metarhizium 

anisopliae  

 

termites, beetles; root 

weevils, flies, thrips, 

white grub.  

 

Conidia land on 

host and germinate 

into cuticle; 

mortality caused by 

fungal toxicity and 

colonization of vital 

tissues. 

Spore suspension, 

promotion of 

existing natural 

populations 

 

Lacey et al., 

2015; Aw and 

Hue, 2017 

 

Verticillim 

lecanii  

 

Greenhouse whitefly, 

aphids  

 

Conidia land on 

host and germinate 

into cuticle; 

mortality caused by 

fungal toxicity and 

colonization of vital 

tissues 

Spore suspension 

 

Sinha et al., 2016 
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Infection to Lepidoptera larva Soybean loopers killed by  B. bassiana 

Entomopathogenic Bacteria 

Most of the bacterial insecticidal products are derived from a small number of species, more significantly 

Bacillus thuringenesis (Bt), a Gram-positive, spore-forming species common in soils. Bt was first discovered 

in 1901, as the causal agent of sotto disease in silkworms, Bombyx mori. 

Pathogen 

 

Target pest(s) 

 

Mechanism 

 

Commercial 

application(s) 

Citation(s) 

Bacilius 

thuringenesis 

various strains  

Lepidoptera, 

Coleoptera, and 

Diptera  

 

Colonization and 

perforation of midgut 

epithelium 

Spore suspension 

(liquid and 

granular), Cry 

protein expression 

in GM crops 

Sanchis, 2011; 

Lacey et al., 2015 

 

Bacillus 

popilliae, 

Bacillus 

lentimorbus  

Larvae (grubs) of 

Japanese beetle 

(Popillia japonica) 

Spores germinate in 

the larval gut, 

vegetative cells 

penetrate into the 

haemocoel leading to 

death 

Soil-applied spores 

 

Rippere et al., 1998 

 

 

 
Bt-infected Lepidoptera larva 

Entomopathogenic Viruses 

Over 700 insect-infecting viruses have been isolated, about a dozen of these viruses have been 

commercialized for use as biopesticides. Virus coming under family Baculoviridae cause disease in 

lepidopteran larvae. 
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Pathogen Target pest(s) Mechanism Commercial application(s) Citation(s) 

Nuclear 

polyhedrosis 

viruses (NPV)  

Lepidoptera  

 

Capsid 

dissolves in the 

alkaline 

midgut of 

Lepidoptera 

to release the 

virus particle 

causing cell 

lysis.  

Suspension 

concentration of virus  

 

Chiu et al., 

2012  

 

Cd GV (Cydia  

pommonella 

granulosis  

virus) 

Codling moth 

(Cydia  

pomonella) 

 Suspension 

concentration of virus  

Sauer et al., 

2017  

 

Ag NPV 

(Anticarsia  

gemmatalis 

nuclear 

polyhedrosis 

virus)  

 

Velvet bean 

caterpillar  

 

Capsid 

dissolves in the 

alkaline 

midgut to 

release the 

virus particle 

causing cell 

lysis.  

 

Suspension 

concentration of virus  

 

Chiu et al., 

2012  

 

 

  
NPV infected Helicoverpa in chick pea Looper infected with NPV 

Entomopathogenic Nematode 

Commonly used nematodes in pest management belong to the genera Steinernema and Heterorhabditis 

which attack the hosts as infective juveniles. 

Micro-organism  Target pest  

Steinernema carpocapsae  Lepidopterous larvae  

Heterorhabditis bacteriophora  White grubs (scarabs), cutworms, black vine weevil, 

flea beetles 
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Entomopathogenic Protozoa 

Two genera, Nosema and Vairimorpha of protozoa have some potential as they attack lepidopteran and 

orthopteran insects. 

Micro-organism  Target pest  

Nosema locustae Canning  Grasshopper, cricket, European corn borer  

Vairimorpha necatrix  Armyworm 

Spinosad is another successful commercial insecticide derived from microbial natural products (NPs). It 

is the result of a natural product discovery program, conducted in the mid-1980’s by Dow Agrosciences. The 

program involved exposing larval mosquitoes and Lepidoptera to fermentation broths derived from soil 

samples.  

One particular soil sample collected at a Virgin Islands rum distillery showed insecticidal activity toward 

both taxa, which was determined to be caused by secondary metabolites produced by an unknown 

actinomycete, described later as Saccharopolyspora spinosa. These metabolites, the spinosyns, were found 

to be broad-spectrum insecticides with low toxicity to vertebrates. 

Conclusion 

In recent years, crop protection based on biological control of crop pests particularly with microbial 

pathogens like viruses, bacteria, fungi and nematodes has been recognized as a valuable tool in pest 

management. Microbial pesticides evidently have a potential role to play in development of future 

integrated pest management strategies. Microbial pesticides are effective, ecofriendly, biodegradable and 

do not leave any harmful residue on environment so it is used widely. 
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Introduction 

Low rainfall or monsoon rain failure is a recurring feature in India. The term "drought" generally refers to 

a region's scarcity of water. Even though aridity and drought are caused by a lack of water, aridity is a 

permanent climatic feature that is the result of several long-term processes. Drought is a temporary 

condition caused by insufficient precipitation for vegetation, river flow, water supply, and human 

consumption. Drought is caused by an abnormality in atmospheric circulation. 

Definition of Drought 

Drought has no universally accepted definition. Drought is defined by India's Irrigation Commission as a 

situation in which annual rainfall is less than 75% of normal rainfall. A relevant definition of agricultural 

drought appears to be a period of dryness during the crop season that is long enough to reduce yield. The 

extent of yield loss is determined by crop growth stage and stress level. It does not begin when the rain 

stops, but rather when the plant roots are unable to obtain soil moisture quickly enough to replace 

evapotranspiration losses. 

Major Terms Related to Drought 

1. Relative drought: A drought situation for one crop may not be a drought situation for another. This is 

due to a mismatch between soil moisture and crop selection. As an example: A condition may be a drought 

situation for growing rice, but it may not be a drought situation for growing groundnuts.  

2. Physiological drought: High osmotic pressure of soil solution due to increased soil concentration, as 

in saline and alkaline soils, causes crops' inability to absorb water from the soil even when water is 

available and not because of a lack of water. 

Major Causes of Drought 

Inadequate precipitation, erratic distribution, long dry spells in the monsoon, late monsoon onset, early 

monsoon withdrawal, and a lack of proper soil and crop management. 

Periodicity of Drought 

The Indian Meteorological Department examined the incidence of drought from 1871 to 2021 and concluded 

the occurrence of 22 major droughts, with more than 40% of the total area experiencing drought in 1877, 

1899, 1918, and 1972. General observations on the periodicity of drought in different meteorological sub-

divisions of India, such as Assam have a very rare recurrence of drought, around once every 15 years. West 

Bengal, Madhya Pradesh, Konkan, Coastal Andhra Pradesh, Kerala, Bihar, and Odisha have a period of 

recurrence of drought once every 5 years. Droughts occurred once every three years in South interior 

Karnataka, Western and Eastern Uttar Pradesh, Gujarat, Maharashtra's Vidarbha region, Rajasthan, 

Tamil Nadu, Kashmir, Rayalaseema, and Telangana, and once every 2.5 years in Western Rajasthan. 

Effect of Drought on Crop Production 

Drought affects water status by affecting absorption, translocation, and transpiration. Moisture stress 

reduces photosynthesis by lowering the photosynthetic rate, chlorophyll content, and leaf area, and 

increasing assimilate saturation in leaves (due to lack of translocation). Drought reduces water content 

and respiration. The size of the cells and intercellular spaces shrinks, the cell wall thickens, mechanical 

tissue develops more rapidly, and the number of stomata per unit leaf increases. Water deficits affect 

almost all metabolic reactions, decreasing the activity of growth-promoting hormones like cytokinin, 

gibberellic acid and indole acetic acid while increasing the activity of growth-regulating hormones like 
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abscisic acid, ethylene, and so on. Nitrogen fixation, uptake, and assimilation are affected; because dry 

matter production is significantly reduced, NPK uptake is reduced, resulting in decreased growth of leaves, 

stems, and fruits. Drought also has an impact on nutrient absorption, carbohydrate and protein 

metabolism, and ion and metabolite translocation. Protein breakdown, rather than protein deficiency, 

harms drought-stressed plants by accumulating toxic by-products of protein breakdown such as ammonia. 

Plant water deficits during droughts can cause leaf, fruit, and seed abscission. Maturity is delayed if there 

is a drought before flowering, but it advances if there is a drought after flowering. The number of fruits 

and individual grain weight is determined by drought during flowering and grain development, 

respectively. Panicle initiation in cereals is critical, while drought during anthesis may cause pollen drying. 

Drought reduces yield during grain development, whereas the vegetative and grain filling stages are less 

sensitive to moisture stress. The effect on yield is highly dependent on what proportion of total dry matter 

is regarded as useful material to be harvested. The effect of drought on aerial and underground parts is as 

sensitive as total growth. Moisture stress at flowering is detrimental when the yield consists of seeds, as 

in cereals. When the yield is fibers or chemicals, and the economic product is a small fraction of total dry 

matter, moderate growth stress has no adverse effect on yields. 

Crop Adaptations 

Drought adaptation refers to a crop’s ability to grow satisfactorily under water stress. Adaptation is the 

structural or functional modification of plants for them to survive and reproduce in a specific environment. 

Crops survive and grow under moisture stress conditions primarily through two mechanisms:  

1. Drought resistance: The ability of a crop species or variety to grow and yield satisfactorily in areas 

with periodic water deficits.  

2. Drought evasion/ escape: the ability of a plant to complete its lifecycle before serious soil and plant 

water deficits develop. 

Strategies for Drought Management 

Adjusting the plant population: In dryland conditions, the plant population should be lower than in 

irrigated conditions. Under dryland conditions, whenever moisture stress occurs as a result of prolonged 

dry spells, the plant population can be adjusted by:  

1. Increasing the inter-row distance: Adjusting the number of plants within the row and increasing the 

distance between the rows reduces competition throughout the crop's growing season.  

2. Increasing the intra-row distance: The distance between plants is increased here, allowing plants to 

grow luxuriantly from the start. During the crop's reproductive period, there will be competition for 

moisture. As a result, it is less advantageous than the alternatives discussed above in conditions of limited 

moisture supply. 

Mid-Season Corrections 

Mid-season corrections are contingent management practices used in the standing crop to overcome 

unfavorable soil moisture conditions caused by prolonged dry spells. These practices include the following:  

1. Thinning: This can be accomplished by removing every alternate row or every third row, which will 

save the crop by reducing competition.  

2. Spraying: During prolonged dry spells, crops such as groundnut, castor, red grams, and others can be 

saved by spraying water at weekly intervals or 2 percent urea at week to 10 days intervals.  

3. Ratooning: Ratooning can be used as a mid-season correction measure in crops such as sorghum and 

bajra after a dry spell breaks. 

Mulching 

It is the practice of applying any covering material to the soil's surface to reduce evaporation losses. 

Mulches will extend the availability of moisture in the soil and save the crop during drought conditions. 

Weed Control 
Weeds compete with crops for different growth resources and can be a serious problem in dryland 

conditions. The majority of weeds require more water than crop plants. As a result, they compete for more 

soil moisture. As a result, weed control, particularly during the early stages of crop growth, reduces the 
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impact of a dry spell by conserving soil moisture. Tillage Practices Mechanically manipulating land to 

minimize runoff and evapotranspiration. 

Water Harvesting and Life-Saving Irrigation 

Water harvesting is the collection and storage of run-off water during peak periods of rainfall. During long 

periods of drought, the stored water can be used to provide life-saving irrigation. 

Other Strategies 

Drought-tolerant crops with increased row spacing without affecting final yield can be identified and 

practiced. Adjusting the sowing dates so that the crop's reproductive stage, in addition to other critical crop 

growth stages, does not pass through the drought. Effective pest and disease control, as well as optimal 

fertilizer dozes, should be ensured, and proper and recommended techniques for correcting nutrient 

deficiencies, should be used. 

Conclusion 

Drought is a significant phenomenon that occurs in agriculture, and its impact cannot be underestimated 

because it is one of the most important entities that influence agricultural productivity, particularly in a 

developing country like India, where a significant portion of farming still depends on suitable climatic 

conditions, particularly precipitation. If not properly mitigated, it hurts plant growth both economically 

and physiologically, and several methodologies are used to ensure proper growth of plants/crops under 

stress, which include: adjusting plant populations, mid-season corrections, and other equally important 

strategies. 
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Dragon fruit was introduced in India during the late 1990 and still, the area under its cultivation is 

gradually increasing. Being a cactus family and requires a long day for flowering, dragon fruit cultivation 

is well suited in the agro-climatic regions of Southern, Western and North-Eastern India that are dry and 

frost-free. Due to high demand both in domestic and international markets, dragon fruit production could 

be an economical avocation to both backyard growers as well as entrepreneurs of medium and large-scale 

plantations. Farmers in the Indian states of Mizoram, Nagaland, Karnataka, Gujarat, Andhra Pradesh, 

Maharastra, West Bengal, Telangana, Kerala, Uttar Pradesh, Odisha, Tamil Nadu and Andaman & 

Nicobar have already taken up its cultivation and the total estimated area in these regions is 2841.5 ha 

(HAPIS Portal, 2019-20). 

Nutrient composition per 100 g: Composition of White flesh dragon fruit and Red flesh dragon fruit 

Energy (kcal) 130 ,283, Protein(g) 0.5, 0.2-1.1, Fat(g) 0.1, 0.6-0.9, Carbohydrates(g) 9.5, 11.2, Glucose(g) 

5.5, 4.7-5.7, Fructose (g) 1.9, 1.8-3.2, Crude fiber(g) 0.3, 0.7-1.3 Calcium(mg), 3.1- 6, 2.3-10.2 Sodium(mg) 

3.3, 7.3-8.9, Pottasium (mg) 399.5, 272-328.4, Iron(mg) 0.4 0.6-3.4 Megnesium (mg) 26.6, 31.3-38.9, 

Phosphorous(mg) 19, 27.5-36.1 (Gunasena et al., 2007). 

Health Benefits 

Anti-cancer, Controls blood glucose level in diabetic patients, aiding in healing of wounds etc., Promote the 

growth of probiotics in the intestinal tract, Neutralize toxic substances (Zainoldin and Baba, 2009). 

Processed Products of Dragon Fruit 

Dragon fruit is enjoyed as a fresh fruit or juice, but also is valued as a natural food colorant. The dragon 

fruit cactus fruit is perhaps most common as the red dragon fruit (the red dragon fruit cactus fruit has red 

flesh or red pulp). Sweet dragon fruit have a creamy pulp and a delicate aroma. 

The product processed from fruits have special importance in daily diet of human beings. The main 

objective of fruit processing is to supply wholesome, safe, nutritious and acceptable food to consumers 

throughout the year. 

Dragon fruits can be converted into juice, jam, RTS beverage, nectar, squash, red wine, etc. It is used as a 

flavour in beverages. Used to prepare Wine (Malaysia), Red and pink pulp of dragon fruit can be used as 

Coloring agent. Peel- dried to extract pectin and antioxidant. It also used to produce industrialized products 

such as preserve, ice cream, sherbet syrup, yogurt, candy, pastry, spread, ketch up, fruit juice as well as 

wine (Anonymous, 2006). 

Dragon Fruit Jam 

Materials requires: Ripe fruits 1kg, sugar 450g, citric acid 5g, Pectin 5%. 

Technological flow sheet for the preparation of dragon fruit jam: Select ripe fruits (1kg)-Washing 

-Pulping-Addition of sugar (500g)-add pectin-Boiling (20-30 mins)-Addition of citric acid (0.6%)-Judging of 

end point by further cooking upto 105 ℃ or 68-70% TSS or by sheet test-Filling hot jam into sterilized 

bottles-Cooling-Capping storage (at ambient temperature) 

Dragon Fruit Jelly 

Materials required: Ripe fruits 1kg, sugar 750g, citric acid 2g. 

Technological flow sheet for the preparation of dragon fruit jelly: Ripe firm fruit- Washing-peeling-

cutting into small slices-boiling with water for 1 ½ times the weight of fruit for about 20-30 minutes-
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addition of citric acid 2g/kg fruit during boiling- staining of extract-Addition of sugar and pectin solution-

Boiling (TSS 55 °Brix)- Judging of end point (68-70%TSS)- Filling hot into sterilized bottle Capping and 

storage at ambient temperature. 

Dragon Fruit RTS 

Materials required: Ripe fruits 1kg, sugar 1.5kg, citric acid 28g, water 7.7 lit 

Technological flow sheet for the preparation of dragon fruit RTS: Select ripe fruit- washing- 

peeling-pulping -mixing with strained syrup solution-addition of citric acid Heating (85 °C for 3 min) 

Centrifuged at 7000 rpm/10min-Filling hot into sterilized bottles-Pasteurization at about 90 C for 10 

minutes -Cooling and Storage. 

Dragon Fruit Smoothie 

Materials required: Dragon fruit, frozen banana, mango, protein powder, cold water 2 cups 

Technological flow sheet for the preparation of dragon fruit smoothie: Select ripe fruits- washing- 

peeling-chop into slices-add protein powder—add 2 cups cold water-add sweetener honey/sugar-blend until 

it smooth- pour in to glass. 

Conclusion 

Good quality dragon fruit products can be prepared from fully ripened variety. • Hence, there is a great 

potential to develop a highly nutritious product from dragon fruit A number of locally processed fruit 

products are now available in the market. If quality products from dragon fruit are developed, it might be 

welcomed by the consumers who have affinity for dragon fruit round the year due to rich in nutritive value 

which could help to improve economic status of farmers. 
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Introduction 

The succulent nature of fruits and vegetables are highly perishable in nature. Immediate after harvest, 

fruits and vegetables are continuous physiological, chemical and microbial processes that invariably lead 

to deterioration and loss. The correct harvesting and handling are reducing the losses due to physical 

damage and spoilages due to insect damages and microbial growth. 

The following techniques are to be reduce or minimize the postharvest losses viz., Washing, Fungicide 

treatment, Grading, Sorting, Pre-cooling, Waxing and Nano coating. 

Pre-Cooling 

Removal of field heat immediate after harvesting. The whole produce is pre-cooled as early as possible to 

the recommended storage temperature and relative humidity. Pre-cooling is done just above chilling and 

freezing temperature. 

Merits of Pre-Cooling 

1. Removes the field heat  

2. Reduces the rate of respiration and ripening  

3. Reduces the loss of moisture  

4. Reduce bruise damage during transits  

5. Reduces the production of ethylene. 

Pre-cooling include room cooling, forced air cooling, water cooling, vacuum cooling and package icing. 

Curing 

Done immediately after harvesting. It strengthens the skin. Exposure the produce to relatively higher 

temperature and humidity involving sterilization of outer tissues followed by the development of wound 

periderm which acts as an effective barrier against infection and water loss. Potato, sweet potato, colocasia, 

onion, garlic are cured prior to storage or marketing.  In Sweet potato this condition is most rapid at 330C 

and relative humidity of 95%. Potato tubers are held at 18oC for 2 days and then at 7oC-10oC for 10-12 days 

at 90% relative humidity. Curing also reduces the moisture content especially in onion and garlic. Drying 

of superficial leaves of onion bulbs protects them from microbial infection in storage. Maximum safe 

temperature for onion curing at field is 37.8oC for 3-5 days. Artificial curing of onions in crates at 40oC for 

16 hours reduces rot losses in storage. 

Washing 

The Fruits and vegetables are usually washed to remove the soil, sticking dirt or deposits of wax on the 

surface. Washing not only helps in cleaning and making the fruits/vegetables fresh and also improves the 
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appearance. Washing also helps in extending the shelf life of the produce. Washing is done manually under 

tap water or in a wash tank. Produce should be thoroughly washed with clean water preferably with 100 – 

150 ppm hypochlorite/chlorine or calcium hydroxide or sodium metabisulphate as disinfectant. After 

washing the produce is then wiped with dry muslin cloth or air dried to remove excess surface moisture. 

Thumb rule is to use 1 to 2 ml of chlorine bleach per liter of water (100-150 ppm of chlorine). pH of the 

water must be 6.5 to 7.5. 

Methods of Chemical Application 

Dipping: for effective control of diseases chemical may be used with hot water at 550C for about 10 min. 

Eg. Citrus, apples, pineapple, root vegetables.  

Spraying: Spraying is more effective than dipping, because fungicide effectiveness is reduced if the crop 

has been washed and is still wet and many pesticide chemicals are formulated so that they are not in a 

solution, but rather in a fine suspension. Eg. Citrus, apple  

Electrostatic Sprays / Thin film of Coating: Breaking up the pesticide’s solution into fine droplet and 

then giving them an electric charge to obtain uniformity of application. Eg.: Potato and crown rot of banana  

Dusting: With wood ash and lime in case of yam. Fungicides along with talc on potato.  

Fumigation / Vapour treatment: Fumigation is to eliminate insects, either adults, eggs, larvae or pupae 

and pathogen inoculum. Fumigant such as sulphur dioxide (SO2) is used for controlling postharvest disease 

in grapes.  

Sanitation: Sanitation is essential, both to control the spread of disease from one item to another and to 

limit spore buildup in wash water. Fungicide may be used as postharvest dip to control diseases and 

disorder. Excess water should be removed from the produce to avoid rotting. In crops where water dipping 

is possible, differential floatation could be used to separate rejects. Root and tuber vegetables are often 

washed to remove adhering soil. 

Dry cleaning: Few fruits and vegetables are just wiped with clean dry cloth. In some cases cleaning is 

done by dry brushing instead of washing eg. Removal of white cottony mealy bugs attached in between the 

surface holes of custard apple fruits. Few fruits and vegetables are not suitable for washing eg. Onion, 

garlic, okra, grapes, strawberry and mushrooms. 

Dressing: Removal, trimming and cutting of all undesirable leaves/ stem/ stalks/ roots/ other non-edible 

or unmarketable parts is called dressing. Dressing makes vegetables attractive and marketable. Trimming 

is done especially in vegetables to remove unwanted, discolored, rotting and insect damaged parts (e.g., 

cabbage, cauliflower, spinach, lettuce etc.) or parts that may favour deterioration or damage during later 

handling. In case of grapes, trimming of bunches is done to remove the undersize, immature, dried, split 

and damaged berries.  

Biological control: 

a. The yeast Candida guilliermondii is used against Penicillium spp. incorporated into citrus waxes  

b. Bacillus subtilis is used against mango anthracnose and stem end rot  

Water spray: Produce starts losing water as soon it is detached from the plant. Water spray helps in 

compensating that water loss and maintaining the quality for longer period. Produce can also be covered 

with gunny sack soaked in cold water, if it has to store for longer period before sale eg. green leafy 

vegetables 

Sorting: Sorting is done mainly to remove the foreign or undesirable items from desirable product. 

Grading: Grading is the classification of cleaned product into various quality fractions depending upon 

various commercial values. It is done according to the weight or dimension. The grading of fruits plays an 

important role in domestic and export marketing of fruits. Different fruits have different grades on the 

basis of their size and weight.  

Waxing: Fruits and vegetables have a natural waxy layer on the whole surface, which is partly removed 

by washing. Waxing is especially important if tiny injuries and scratches on the surface of the fruit or 

vegetable are present and these can be sealed by wax. Waxing generally reduces the respiration and 

transpiration rates, but other chemicals such as fungicides, growth regulators, preservative can also be 
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incorporated specially for reducing microbial spoilage, sprout inhibition etc. A protective edible coat on fruit 

and vegetable which protect them from transpiration losses and reduce the rate of respiration is called 

‘waxing’. Waxing is artificial application of a very thin film of wax or oil or other material to the surface of 

the fruits or vegetables as an addition to or replacement for the natural wax coating.  

Types of Waxing:  

a. Natural waxing Ex: Apple, Pear, Plum, Mango and Grapes.  

b. Artificial waxing Ex: Carrot, Brinjal, Snake Gourd, Potato, Cucumber, Coccinia, Capsicum, 

Ribbed Gourd, Pine Apple, Guava and Papaya, Mango and Musk Melon. 

Packaging: Packaging Proper or scientific packaging of fresh fruits and vegetables reduces the wastage 

of commodities by protecting them from mechanical damage, pilferage, dirt, moisture loss and other 

undesirable physiological changes and pathological deterioration during the course of storage, 

transportation and subsequent marketing. For providing, uniform quality to packed produce, the 

commodity should be carefully supervised and sorted prior to packaging. Various type of package are 

wooden boxes, baskets woven from bamboo or twigs, sack/jute bags and corrugated fibre board (CFB) boxes.  

Storage: Storage A number of storage techniques (ground storage, ambient storage, refrigerated storage, 

air cooled storage, zero energy storage, modified atmospheric storage, hypobaric storage and controlled 

atmosphere storage) are being used for fruits and vegetables depending upon the nature of the commodity 

and the storage period intended. 
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Abstract 

Spiny gourd or teasel gourd (Momordica dioica) is a perennial climber of cucurbitaceous family with 

dioecious nature. In common it is also referred as kakrol, teasle or spiny gourd. This cucurbitaceous 

member is native to Asia with a wide distribution in India and Bangladesh. 

Over thousands of years, it is used as a major ingredient in ayurvedic medicines to cure neurological 

problems, ulcer, cancer and so on. Apart from medicinal properties, it is rich in vitamins and minerals 

compared to well-known food materials that we are consuming regularly. 

Being not used widely its curative properties and nutritional value is still unknow to many peoples. This 

article is to create awareness among scientific community to do more research works in this crop to explore 

its hidden potential.  

Keywords: Momordica dioica, curative properties, nutritional value, underutilized. 

Introduction 

Momordica dioica Roxb. is a perennial climber of cucurbitaceous family. Among the 80 species of genus 

Momordica, this species is of dioecious in nature. This species is well identified in India, Srilanka, 

Myanmar, Bangaladesh, China, South East Asia, Japan, South America and Tropical Africa. 

Besides tropical in growing habit, its cultivation is possible even upto 1500 m altitude in Assam and 

Megalaya (Garo Hills) according to the reports. Worldwide it is commonly referred as teasel gourd, spiny 

gourd, miniature bitter gourd whereas in India it is called as kantoli, bhat-kerela, mezhku pakal, karot, 

kakrol, kankada and in many names. 

Kakrol is ubiquitously distributed in India except in north-eastern region. The vine is about 5 to 7 meters 

in length, along with fruit, leaves and roots are also used as vegetable. It flowers in June-July and the 

fruiting will be observed from September – November. This gourd is a tiny vegetable of about 3-5 cm in 

long, densely covered with spines and sharply beaked at the tip. 

Nutritional Properties 

Content Quantity 

Crude protein 05.44 % 

Protein 19.38 % 

Crude Lipid 03.25 % 

Carbohydrate 59.31 % 

Crude Fiber 22.90 % 

Fat 4.70 % 

Carotene 162 mg/ 100g 

Ascorbic acid 4.63 mg/ 100 g 

Calcium 7.37 mg/ 100 g (dry weight basis) 

Iron 5.04 mg/ 100 g 

Total Phenolic compounds 3.7 mg/ g 
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Medicinal Use 

Spiny gourd parts Medicinal use 

Root Diabetes 

Stimulant 

Antiulcer agent 

Antioxidant 

Bowel infection reducer 

Antiperspirant  

Seed Prevents skin inflammation 

Fruit Hypertension 

Diabetes 

Skin problems 

Laxative 

Anti-inflammatory agent 

Antileprosy agent  

Antidepressant 

Leaf Prevents bronchitis inflammation 

Reduces skin disease 

Reduces hemorrhoid discomfort 

Antiparasitic drug 
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Tuber Antihelminthic  

Act against hemorrhoids 

Reduces bowel infection 

Antifertility agent 

Spermicide 

Variety 

Indra kantola -1 (RMF 37) a variety of kakrol released by Indra Gandhi Agricultural university, Raipur is 

being cultivated widely in Orisha, Uttar Pradesh, Maharashtra and Jharkhand. For vegetable purpose 

fruits will be ready to harvest in 35–40 days while for seed purpose it can be harvested in 70–80 days. This 

variety is resistant to major pest and disease of kantola. It gives a yield of around 1 t/ha in the first year of 

cultivation, 1.5 t/ha in second year and 2 t/ha in third year. 

Propagation 

Both vegetative and sexual propagation can be followed for the cultivation of spiny gourd. In sexual 

propagation, seeds will be dormant upto 6 months. Soaking of seeds in warm water of 300 C for 24 hrs 

promotes the germination. In vegetative propagation, terminal cuttings with 2-3 nodes favors better 

rooting. 

Cultivation Aspects 

It is a warm- humid seasonal crop requires an optical temperature of 270 – 320 C. sandy loam to clay soil 

with a pH of 5.5 – 7.0 will be suitable for the growth of kakrol.  Well ploughed organic matter rich soil favors 

the root growth. Plants should be spaced at 1-2 m. it is highly susceptible to water stagnation also affected 

by drought. Irrigation management is needed. Fruit fly, red pumpkin beetle, cucumber moth, leaf eating 

caterpillars and hairy caterpillars are common pest in spine gourd. Fruit fly is the most devasting pest in 

spine gourd as well as all cucurbitaceous vegetables. First harvest will be after 75 to 80 days of sowing. In 

second year of cultivation, harvest will be at 35 -0 days after flowering. Fruits are harvested at tender 

stage. Fruits can be harvested at alternate days. For seed purpose, ripened fruits are harvested. Upon good 

cultivation 7.5 – 10 t per hectare can be obtained. 

Conclusion 

India, one of the richest sources of rare medicinal plants having significant folk uses but not commercially 

utilized. Vast chances are available to utilize the medicinal value of those underutilized therapeutic foods 

including spine gourd. As it is rich in vitamins, minerals, antioxidants and other major ingredients, it will 

be useful to fight against several immuno- and neuro diseases. As the fruits are seasonal and limited, more 

processed nutritional products can be produced. Hence, this crop creates an opportunity for the breeders to 

explore its pool of hidden potential. 
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Plants employ two distinct layers of immunity to encounter pathogen invasion viz., PAMP-triggered 

immunity (PTI) and effector-triggered immunity (ETI). The first layer involves the perception of 

evolutionarily conserved pathogen structures termed as pathogen associated molecular patterns (PAMPs) 

by pattern recognition receptors (PRRs) at the plant plasma membrane that activate PAMP-triggered 

immunity (PTI) and prevent further colonization of the host during infection (Ioannis and Pierre, 2009). 

The most well characterized PAMPs are lipopolysaccharides, flagellin and chitin whereas PRRs include 

ERF, FLS2 and CEBiP. In fact, pathogens must initially overcome the first layer of plant immune system 

i.e. PTI to enter the cellular cytosol. In next round of host-pathogen conflict, several adapted pathogens 

escape from detection or suppress PTI by passing effector proteins inside host cells to incite disease, known 

as effector-triggered susceptibility (ETS). In response to these pathogen effectors, plants have acquired 

additional receptors that precisely recognise the effectors, establishing a second layer of immunity known 

as the effector-triggered immunity (ETI). ETI is often associated with a hypersensitive response (HR), at 

the infection sites, in many cases it is followed by systemic acquired resistance (Jones and Dangl, 2006). 

Important cellular processes which are targeted by various pathogen effectors comprise stomatal 

manipulation by bacterial effectors and Pep1 effector secretion by Ustilago maydis, aiding effective 

penetration and early invasion of host tissues; Augmentation of tissue colonization by cytosolic effectors 

like PWL2 and BAS1 from M. oryzae via cell to cell movement (Khang et al., 2010). Virulence promoting 

effectors Pslsc1 and Vdlscl are secreted by Phytophthora sojae and Verticillium dahliae respectively. These 

are isochorismatases, enzymes that hydrolyze the SA precursor isochorismate and disrupt SA metabolism 

(Liu et al., 2014). TALE PthXo1 delivered by Xanthomonas oryzae pv. oryzae binds to the promoter region 

of OsSWEET11, a sucrose transporter gene and induce its expression and promote bacterial pathogenicity 

(Yang et al., 2006). 

Scientists have gained knowledge to effectively integrate ETI into crop improvement programs in different 

ways with the research in molecular plant pathology for over  last three decades, ‘Effectoromics’ is a large-

scale screening approach which utilizes effector candidates to identify host resistance (R) genes. This 

approach is relied on transient expression of candidate effectors in plant leaves, e.g., by agroinfiltration 

and/or a virus vector such as Potato virus X. 

Subsequently, plants are screened for the manifestation of hypersensitive cell death responses (HR), 

signifying the recognition of the effector by a matching plant immune receptor. Decoys can be employed to 

maximize the recognition specificity of a plant NLR (NOD-like receptor), with prospective for rational 

engineering of disease resistance. Synthetic TALE nucleases and CRISPR/Cas9 mediated genome editing 

were used to develop resistance against plant SWEET sugar transporters, which are TALE targets (Jiang 

et al., 2013). TAL effectors based antiviral approaches could be achieved in transgenic plants expressing 

one or more TAL DNA binding domains targeted against origin of replication sequence. Furthermore, TAL 

nucleases could be designed to slice one or more sequences within the viral genome. Existing NLRs can 

also be mended to either expand recognition or tune responsiveness. An early effort at modifying NLR 
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specificity is by mutation of Rx CNL to expand recognition of Potato virus X (PVX) strains (Farnham and 

Baulcombe, 2006). 

New strains of plant pathogens carrying novel effectors are expected to generate due to accelerated climate 

change demanding swift responses by plant breeders. Rational design of plant immune systems will be one 

tool of many that empowers agricultural systems to keep pace with pathogens. Thus, It will be necessary 

to utilize concept of effectors and receptors to improve plant immunity in combination with different types 

of resistance acting at different stages in pathogen infection. 
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Introduction 

Jeevamrut is combination of two words: Jeevan + Amrut; where Jeevan means life and Amrut means 

medicinal potion. It is available in two forms: Liquid and Solid (Ghana-jeevamrut). It is excellent source of 

natural carbon, nitrogen, phosphorus, potassium and other micronutrients which are mainly used as 

natural manure in organic farming. Jeevamrut has proven to be effective and can be used along with other 

manures. The product is meant for fermentation process, which constitutes efficient living soil 

microorganisms that improves the plant growth, productivity and supply sufficient amount of nutrients.    

It is very easy and quick to prepare in comparison to compost and vermicompost. Jeevamrut is a microbial 

culture, prepared especially from dung and urine of Indian cow and is generally suggested to use in organic 

farming to meet the nutritional requirement of crops. Laboratory studies and field experiments were 

conducted to know the microbial composition and nutrient content of jeevamrut and its effect on crops. 

Jeevamrut is cost effective and ecofriendly bio-inoculants having great potential to enhance agricultural 

production in a sustainable way. It can reduce excessive use of chemical fertilizers in the soil which causes 

low fertility of the soil. Therefore, Jeevamrut is the best alternative to chemical fertilizers and is completely 

organic. Therefore, it can be used in organic farming, serves as rich source of microorganisms that fixes the 

nitrogen and solubilize phosphorous and it is a rich sorce of carbon, nitrogen, phosphorous, potassium and 

many micronutrients. 

History 

Growing inclination towards zero budget natural farming (ZBNF) in India to reduce expenditure on 

external input and to reduce indebtness of farmers, a study was made on evaluation of jeevamrut by Shri 

Subhash Palekar who is an Indian agriculturist who practiced and wrote many books about zero budget 

natural farming (ZBNF). 

Ingredients Required for the Preparation of Jeevamrut 

Ingredients Quantity 

Cow urine  10 Liter 

Cow dung 10 kg 

Jaggery 1-2 kg 

Gram flour 1 kg 

Fertile soil 1 kg 

Water 200 Liter 

Barrel  

Steps for Preparation of Liquid Jeevamrut 

1. Take 200 l of water in a barrel or drum. 

2. Take 10 kg local cow dung (Indian breed) and 10 l cow urine (Gomutra) and add water. 

3. Add 2 kg jaggery (gud), 2 kg gram flour and fertile soil 1 kg in barrel. 

4. Then stir the solution well and need to keep for 48 hrs in shadow. 

5. The mixture needs to be stirred couple of times for minimum 10 minutes.it get fermented. 

6. After 48 hrs. Jeevamrut is ready to use. It can be used for 2-3 days. 
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Steps for Preparation of Solid Jeevamrut (Ghana Jeevamrut) 

1. Take 100kg of cow dung,1kg jaggery (gud),1kg gram flour, 1 kg fertile soil. 

2. Mix it by adding small amount of cow urine and spread it in shadow for drying. 

3. After drying make it as powder and it will be ready to use. 

Nutrient Composition of Jeevamrut 

Jeevamrut is acidic in nature (pH 4.93) and is a good source of macro and micro nutrients. 

Nitrogen 1.97% 

Phosphorus 0.172% 

Potassium 0.29% 

Manganese 47 ppm 

Copper 50 ppm 

Microbial Population of Jeevamrut 

Jeevamrut contains good population of naturally occurring beneficial microorganisms predominantly 

Bacteria, Yeast, Actinomycetes, Photosynthetic bacteria and certain fungi. 

Organisms Colony count (cfu/ml) 

Bacteria 20.4x10*5 

Fungi 13.8x10*3 

Actinomycetes 3.6x10*3 

PSB** 4.5x10*2 

Free living N fixing bacteria 5.0x10*2 

**Phosphate Solubilising Bacteria. cfu/ml: colony forming unit per ml. 

Application 

1. In liquid form – Spray 5-10 % of Jeevamrut in water at the time of irrigation. 

2. For one acre, 100 – 200 l of Jeevamrut is needed. 

3. It is beneficial when used once in 7- 10 days. 
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Beneficial Effects of Jeevamrut on Soil Health 

Jeevamrut is a rich source of microbial population. Maximum microbial population was found from 8th to 

13th day after preparation. Jeevamrut also enhances the growth of nitrogen fixing bacteria in locally 

available such as farm yard manure (FYM), composts, biogas slurry, etc. Many scientists studied and found 

that rise in count of nitrogen fixing bacteria on 11th day further resulting in decrease from 12th day up to 

20th day. It also helps in increasing earthworm population. 

The quality of the Jeevamrut depends upon the breeds of cow, milk and type of pulses. Higher microbial 

population of the liquid formulation made them a potent source to maintain soil fertility and enhance the 

nutrient availability by faster decomposition of bulky organic manures. 

Durability of Jeevamrut 

Jeevamrut has to be kept in shade and should be kept covered. Care should be taken that no insect falls in 

the mixture and lays eggs in it. To prevent this, container should always be covered with wire mesh or 

plastic cover. 

It can be stored for 60 to 75 days without any effect in quality, provided that it is kept in shade and is being 

stirred twice a day. The solution thickens over the time, so water has to be added appropriately. 

Effectiveness on Crop 

1. Helps in increasing yield of crop. 

2. Improves soil health. 

3. Improves plant health. 

4. Helps in maintaining plant diseases, like; Alternaria leaf spot of mung bean caused by Alternaria 

alternata. 

5. Timely maturity of crops. 

6. Crops remain healthy and free from insect and pest infestation. 

Advantages 

1. Acts as an agent to increase the microbial count and friendly bacteria in the soil. 

2. Improves pH of the soil. 

3. It can be made within 4-5 days so it can be used effectively and frequently. 

4. Suitable for all crops and increases the yield. 

5. Reduces cost of chemical fertilizer. 

6. It is easily used with irrigation water as fertigation. 

Disadvantages 

1. It is prepared from animal remains and naturally it has a very foul smell. 

2. It is in liquid state thus not used for broadcasting. 

Current Scenario of Jeevamrut 

1. In recent years research was conducted on Jeevamrut for evaluating its constituents and composition 

and its effectiveness under cage house condition in Rajasthan against Alternaria leaf spot of Mung bean 

(causal organism: Alternaria alternata.  

The information obtained from this is useful to manage the diseases by natural means and can be used for 

similar diseases of other crops. The attempts to manage the diseases through on farm by products or ITKs 

like Jeevamrut, cow dung cow urine in present study were found to be effective. There is need to study the 

inclusion of these on farm by products to develop natural management strategy for effective and sustainable 

management of Alternaria leaf spot by mungbean in eco-friendly approach.  

2. Jeevamrut used in soyabean – wheat cropping system to check its effect on quality and yield of soya bean 

and wheat and also its effect on soil using Random block Design (RBD). 

For higher productivity and profitability of soyabean-wheat cropping system, application of 100%GRDF, 

followed by 50% RDN through farmyard manure +50% RDN through vermicompost + Jeevamrut two times 

to soyabean – wheat cropping system is advisable. (Nitin Shivaji Rao, 2014). 
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Conclusion 

Jeevamrut is a low-cost liquid organic manure which is an excellent source of natural carbon, beneficial 

microorganisms such as nitrogen fixing and phosphate solubilizing bacteria, macro and micro nutrients 

which is efficiently used between 8th and 12th days of preparation. 

Thus, the use of Jeevamrut is the best alternative for organic source of nutrients instead of chemical 

fertilizer and better bio-enhancer to improve the fertility status of soil and increases the sustainable crop 

productivity, quality, profitability, nutrient use efficiency and resources use efficiency. 
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Introduction 

The normal functioning of cells is dependent on a proper balance of prooxidant and antioxidants. The 

former promotes the release of oxygen to provide energy needed for cell functioning. In this process, 

different biochemical reactions take place, which continuously produce various free radicals. If these free 

radicals are not satisfied by antioxidants, they cause damage to the cells, protein, DNA and RNA. 

Cumulatively tissue injury thus caused as cancer, atherosclerosis, and radiation damage and accelerated 

ageing.  

Thus, the USDA definition of an antioxidant can be defined can be extended in a nutritional context to 

include “compounds that protect biological systems against the potentially harmful effects of processes or 

reactions that can be causes excessive oxidation.” In other word: An antioxidant is a molecule that 

inhibits the oxidation of other molecules. Oxidation is a chemical reaction that can produce free radicals, 

leading to chain reactions that may damage cells.  

Antioxidant’s biological role in the body is very important for protection against oxidative damage, thus 

prevention from cardiovascular, carcinogenic, neurological diseases and delaying chronic health problems 

like cataracts. Antioxidants can inhibit the production of ROS (Reactive Oxygen Species) by direct 

scavenging and have the capability of stabilizing or deactivating free radicals. Free radicals can also 

damage the DNA of the cells. Thus, all cells duplicated from the original damaged cell will have the same 

genetic damage. Some diseases that may develop due to free radicals are cancer, heart disease, ageing etc. 

Low intake of certain antioxidants can cause many problems. The risk of many diseases, including heart 

disease and certain cancers can be reduced by a diet high in antioxidants. 

Dietary Sources of Antioxidants 

1. Vitamin C: It is also known as ascorbic acid, found in all body fluids, so it may be one of our first lines 

of defense. This antioxidant cannot be stored by the body, so it’s important to get it regularly by eating 

fruits and vegetables. Important sources are green leafy vegetables, strawberries, green peppers, citrus 

fruits, broccoli, raw cabbage, and potatoes. 

2. Vitamin E: A fat-soluble vitamin that can be stored with fat in the liver and other tissues. The Important 

sources include seeds, whole grains, green leafy vegetables, wheat germ, nuts, fish oil, vegetable oil etc. 

3. Beta-Carotene: There are more than 600 different carotenoids present in dark green, yellow and orange 

vegetables and fruits are protected from solar radiation damage by beta-carotene (lycopene, carotenes). 

Broccoli, Carrots, tomatoes, sweet potatoes, peaches, fruits and apricots are particularly rich sources of 

beta-carotene. 

4. Selenium: Selenium can probably interact with every nutrient that affects the antioxidant balance of 

the cell. It also helps to fight cell damage caused by oxygen-derived compounds and thus may help protect 

against cancer. It is best to get selenium through foods like red meat, fish, shellfish, grains, chicken, eggs, 

garlic etc. 

5. Polyphenol Antioxidants: It is believed that in human health these compounds are, instrumental in 

combating oxidative stress. The main source of polyphenol antioxidants are most legumes; fruits such as 

apples, blackberries, cherries, cranberries, grapes, pears, plums, raspberries, and strawberries; and 

vegetables such as broccoli, cabbage, celery, onion, and parsley are rich in polyphenol antioxidants.  

https://en.wikipedia.org/wiki/Molecule
https://en.wikipedia.org/wiki/Redox
https://en.wikipedia.org/wiki/Chemical_reaction
https://en.wikipedia.org/wiki/Radical_(chemistry)
https://en.wikipedia.org/wiki/Chain_reaction
https://en.wikipedia.org/wiki/Cell_(biology)
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6. Glutathione: Glutathione protects cells from free radicals and is produced in human body from the 

synthesis of three key amino acids-glycine, cysteine, and glutamic acid. Food sources with the highest 

amounts of naturally occurring glutathione include; avocado, asparagus, potato, watermelon, squash, 

grapefruit, peach, spinach, broccoli, strawberries etc. 

7. Peroxidase: It is an enzyme which occurs especially in plants, milk, and leukocytes and consisting of a 

protein complex with hematin a group which catalyzes the oxidation of various substances.  

8. Cysteine: It is an important antioxidant in cellular systems which blocks oxidants of the free radical. It 

is also incorporated in the cellular glutathione, which works along with vitamin E and is synthesized in 

the liver from methionine. Animal protein and beans are higher in sulfur amino acids than grains. 

Excessive intake of cysteine can result in kidney stone formation, liver damage or even some forms of 

schizophrenia.  

9. Flavonoids: They play an important role in promoting antioxidant activity, cellular health, normal 

tissue growth and renewal throughout the body. More than 4,000 unique flavonoids are present and they 

are most effective when several types are consumed together. The rich sources are oranges, lemons, kale, 

beets, cranberries berries, red and black grapes, grapefruits, green tea etc. 

Antioxidant Relation with Metabolic Disorder 

1. Alzheimer’s disease: In Alzheimer's free radicals attack phospholipids molecules in neuronal 

membrane. It was hypothesized by scientist that free radial upset the delicate membrane machinery that 

regulates ion channels. Inclusion of foods rich in vitamin C and beta-carotene in diet might prevent the 

onset and development of Alzheimer's disease.  

2. Cataract: Protein present in the lens of the eye is highly susceptible to photo oxidation and thus lead to 

production of cataract. In the eye, oxidation affects proteins and fats in the lens to the extent that the lens 

becomes damaged and cloudy, creating a cataract. Preventing free radical damage with eating antioxidant 

rich vitamin A, C and E, lutein and zeaxanthin Consumption of fish, which is high in omega-3 fatty acids, 

also has been linked to potentially reduced risk of cataracts or their progression. 

3. Diabetes mellitus:  Many studies have shown that oxidative stress is strongly associated with diabetes 

and particularly with the complications of diabetes. The use of antioxidants either from food sources or as 

a supplement may help prevent or potentially reverse damage from oxidative stress is by reducing damage 

to the endothelial lining of blood vessels. 

4. Pulmonary Disorders: Cellular damage caused by free radicals is thought to be partly responsible for 

the bronchial inflammation. It has been suggested that increasing antioxidant intake may help to reduce 

oxidant stress and help to prevent or minimize the development of asthmatic symptoms. Vitamin C, 

vitamin E, and beta carotene supplementation has been associated with improved pulmonary function.  

5. Parkinson’s Disease: Parkinson's disease is pathologically characterized by loss of catecholaminergic 

neurons in the brainstem. Number of biochemical processes involved in pathogenesis and progression of 

neurological disorders. The concept of oxidative stress and antioxidants may be directly or indirectly 

involved in the pathogenesis of Parkinson's disease and they have role to protect cell from pathogenic 

oxidation. Enzymatic antioxidants like superoxide dismutase, glutathione peroxidase, glutathione 

reductase and catalase, and non-enzymatic antioxidants ceruloplasmin, vitamin A, vitamin E and vitamin 

C play an important role in prevention of Parkinson's disease. Trace elements are required in a small 

concentration for activation of antioxidant enzyme. 

  

http://www.allaboutvision.com/nutrition/fatty_acid_1.htm
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Abstract 

Biochar application as a soil amendment has improved crop productivity, soil properties, and long-term 

carbon (C) storage in soils. Increased crop yields by applying biochar can be attributed to enhanced soil 

aggregation and water holding capacity and increased nutrient cycling and uptake by plant roots. Biochar 

has the potential to mitigate the impacts of climate change and soil degradation by simultaneously 

sequestering C in soil and improving soil quality. arbuscular mycorrhizal fungal abundance, microbial 

biomass C, and functional richness increased with biochar addition. Controlling biochar load and 

production conditions would be a direct way to regulate the effect of biochar application on soil microbial 

function and increase the capacity to sequester C. 

Introduction 

Soil organic carbon (SOC) sequestration, i.e., the process of capturing atmospheric carbon-di-oxide and 

converting it into soil carbon for an extended period, has been considered as a possible solution to mitigate 

climate change. The global soil carbon pool estimated at 2500 Pg C is about 2.8 times the atmospheric CO2 

concentration of 405 ppm or a carbon equivalent of 850 Gt. An increase in soil C stocks can be achieved by: 

(a) adding C at a higher rate by offsetting atmospheric CO and (b) 2 reducing C emissions (as CO) via 

decomposition from 2 soils. A relatively small increase in C stocks could exert a significant role in 

mitigating greenhouse gas emissions. Tropical agricultural soils have considerable potential to act as CO 

sinks through 2 improved land management practices that include the addition of organic manures and 

the use of altered agricultural waste material/by-products. One of the approaches for efficient utilization of 

wastes generated from agriculture, forests, wastelands, and agro-industries involves carbonization of 

biomass to a highly stable carbon compound known as biochar and its use as a soil amendment. Biochar 

acts as a soil conditioner by improving the physical properties like- bulk density, aggregation, water 

retention, chemical properties like cation exchange capacity, and biochemical properties viz microbial 

activity, nutrient recycling of soils, thereby enhancing plant growth The use of biochar in agricultural 

systems reduces farm waste, improves soil quality and crop yields, and promotes soil carbon sequestration 

due to its long residence time. The success of biochar as a soil amendment is attributed to its highly porous 

structure, resulting in increased soil surface area and improved water retention. Short-term assessments 

of biochar application on the yields of staple grain crops have also been extensively reported. Vertisols, an 

important soil order in semi-arid agriculture, are more productive soils under proper management. 

However, they are prone to climatic aberrations, particularly uncertain rainfall and frequent droughts. The 

primary factor contributing to the productivity of Vertisols in semi-arid environments is their high water-

holding capacity; however, high clay content renders these soils sticky and unworkable when wet and very 

hard when dry.. Considering the potential benefits of biochar in terms of C sequestration, improvement in 

soil physical properties, and enhancement of crop yields, a six-year field study was conducted with the 

following objectives viz., (a) to study the effect of one-time biochar application on run-off and soil loss, 

sorghum yields, and soil properties, and (b) to assess the changes in quantum of carbon stored in the soil 

after the completion of the study. 

S. No. Parameter Value 

1 Moisture content (%) 1.68 

2 pH (2.5:1) 7.7 

3 EC (2.5:1) dS m-1 1.3 

4 Catain Exchange Capacity (cmol (p+) kg-1 16 

5 Organic Carbon (g kg-1) 750 

6 Total Nitrogen (g kg-1) 11.5 

7 C:N ratio 65.0 
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8 Phosphorus (g kg-1) 1.5 

9 Total Potassium (g kg-1) 15.6 

10 Sodium (g kg-1) 3.1 

11 Calcium (g kg-1) 11 

12 Magnesium (g kg-1) 0.45 

Increased crop yields by the application of biochar can be attributed to a multitude of factors, including 

enhanced soil aggregation and water holding capacity and increased nutrient retention on biochar surface 

and exchange/uptake by plant roots. A meta-analysis by pointed out yield gains up to 25% by biochar 

additions to soils under tropical agroecosystems. The positive response of crops to combined application of 

biochar along with chemical fertilizers and FYM. Except for soil organic carbon and CEC (data not shown), 

there was not much difference among the treatments in respect of soil physical and chemical properties 

were determined during 2013 and 2019. 

Stored soil organic carbon is essentially the balance between C inputs or additions (e.g., crop residues, 

manures, compost) and outputs or removals (e.g., decomposition). Soil erosion is considered by some as a 

carbon loss mechanism, while others see it as an addition. As mentioned in the previous section, there -1 

occurred a cumulative soil loss of 20 t ha from the control plot where no biochar was applied. This also 

resulted in the loss of soil organic carbon. This possibly explains the negative carbon balance in the soil 

after six years of experimentation. In all other treatments, there was an increase in SOC stock in both 0- 

15 and 15-30 cm depths due to the soil application of biochar. The increase was higher in the upper 15 cm. 

Higher SOC content in the 15-30 cm layer after six years of biochar addition is attributed to the physical 

migration of biochar particles through the deep and wide cracks formed in the black soil during the summer 

season and mixing thereafter due to the “churning” of soil during the swell-shrink stages. An increase in 

SOC stock occurs due to a combination of factors such as reduced CO removals 2, interaction with native 

organic matter and clay to form stable organo mineral associations or complexes, carbon sequestration in 

macro-aggregates, active carbon content of biomass and increased crop biomass additions.  

This process of 'negative priming', predominant in soils with high clay content reduces the decomposition 

of native soil organic matter, thereby enhancing soil organic carbon stock. In our case, the experimental 

soil is well supplied with available nitrogen, due to which priming or immobilization can be considered 

negligible. the addition of external carbon sources to a soil that undergoes frequent wetting and drying 

cycles could result in carbon sequestration. It is generally agreed that although there is an upper or 

“saturation” level of C concentration in mineral soils, there technically exists a significant potential for C 

sequestration in soils.  

Biochar is a carbon (C)-rich compound formed by the controlled pyrolysis of agricultural waste and other 

biomass. It has attracted worldwide attention as a soil amendment that could sequester C and improve soil 

fertility biochar soil amendments improve soil quality and crop yield adoption of biochar management 

practices have the potential to deliver significant economic as well as ecological benefits. 

Soil microbes are key drivers of soil biological and chemical processes and critical for maintaining 

terrestrial ecosystem stability and ecological function. These processes include C decomposition, N 

transformation, and nutrient uptake by plant roots bacteria, these groups include gram-positive (G+), 

gram-negative (G−), and actinomycetes (ACT), whereas major functional groups of fungi include 

saprotrophs, arbuscular mycorrhizal fungi (AMF), and other major mycorrhizal groups (e.g., 

ectomycorrhizal fungi). G+ and G− bacteria have different functions due to structural differences in their 

cell walls. For example, the cell walls of G+ bacteria possess teichoic acids, a family of phosphate-rich 

polymers that binds cations such as magnesium and sodium. Teichoic acids can also contain D-alanine 

ester substitutions, giving the molecule zwitterionic properties  

While the effects of biochar on soil microbial communities have been previously examined with studies 

mainly focused on changes in the taxonomic groups using next-generation sequencing or phospholipid-

derived fatty acid (PLFA) analyses (The application of biochar has also been correlated with increases in 

the abundance of Actinobacteria and readily available C sources Bacterial and fungal abundances and their 

ratios are also responsive to biochar amendments as biochar may affect microbial C use efficiency and 

facilitate fungal growth Various biochar pyrolysis temperatures produce different amounts of organic 
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residues that can differentially affect fungal relative to bacterial growth, and the biochar pyrolysis 

temperature has been found to be positively associated with the bacteria/fungi ratio  

The abundances of gram-positive (G+) and gram-negative (G−) bacteria and their ratios (G+/G−) are 

important indicators of change in the soil microbial community because they respond differently to different 

C sources. The effects of biochar on G+, G−, and G+/G− ratio are associated with environmental stress 

biochar load, soil textures and nutrient conditions. The high exchange capacity of some biochars promotes 

ion retention in some soils and is beneficial for the growth of G+ bacteria and increased G+/G− ratios. The 

growth of G- bacteria is also affected by biochar. G− bacteria favor soils with easily degradable organic 

matter and, thus, become dominant immediately after biochar application. However, with time, there is a 

shift toward G+ as C availability decreases. 

Biochar can be a source of labile or extractable C and can also serve as a structural refugium that protects 

microbial growth, leading to an increase in microbial biomass C. 

The changes in the microbial community upon biochar amendments may also affect their C metabolic 

activity and functional diversity, which are indicators of the functional response of soil microbes. The Biolog 

technique is another quantitative method for determining functional diversity and C utilization rates of 

microbes that have been increasingly applied to biochar. 

To unravel the complex effects of biochar amendments on microbial community structure, function, 

diversity, and C metabolic utilization, mixed linear models and structural equation modeling (SEM) were 

utilized to: (a) analyze the effects of biochar application on AMF, ACT, G+, G− abundance, G+/G−, C 

utilization based on Biolog studies; (b) quantitatively determine the change slope of the soil MBC and MBN, 

soil respiration, and functional diversity with different biochar loads and times since application; and (c) 

clarify the associations of soil properties, biochar pyrolysis temperatures, and properties with the microbial 

response to biochar. We hypothesized that: (a) changes in the soil microbial community after biochar 

addition affects microbial C utilization and metabolic activity; (b) functional attributes (C metabolic 

activity) of soil microbes are more sensitive to biochar load than time since application; (c) the response of 

soil fungi depends on biochar properties, but the bacteria community is more depending on soil condition. 

Our third hypothesis stems from some observation that the mechanisms through which biochar affects 

bacteria and fungi are different. 
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Introduction 

Modernization of agriculture is a process of transforming agriculture from traditional labor-based 

agriculture to technology-based agriculture. The process of agriculture modernization includes 

mechanization and chemicalization. Chemicalization infers that farmer adopt practices that increase the 

efficiency in the use of fertilizer and chemicals required to produce a certain level of outputs whereas 

mechanization comes with higher capital intensity. 

 

Goals of Modernizing Agriculture 

1. Improving productivity and income of farmers and smallholders 

2. Developing energy-saving and environment-friendly agriculture 

3. Promoting Agri-cultural structural reforms 

4. Intensifying policy and financial supports 

5. Making good use of both domestic and overseas markets. 

Modernizing Agriculture: The Solution to Historical Problems 

1. The amount of arable land is likely going to remain constant. As the population steadily grows, we will 

need to produce more crops from existing resources. 

2. By the year 2050, there will be 9 billion people on the planet. To feed this growing population, food 

production must increase by at least 70%. 

3. If the agriculture industry does not look beyond traditional strategies, future generations will not be able 

to produce and take advantage of our arable land. 

Benefits of Taking a Leap Towards Modernizing Agriculture 

1. There are real advantages to committing to the development of technologically driven agricultural 

practices, and advanced weather data and analytics will help us get there.  

2. Here are few ways that will help to modernize the agriculture scenario in the country: 

Which crops grow best where? 

It is important to be well versed with the fact that every crop requires a different land and atmospheric 

conditions to grow; but how can he decide which land is suitable for the growth of which crop? 

a. A small airplane called an unmanned aerial vehicle (UAV) is used to monitor and observe 

important data like multispectral imagery, visual and thermal imagery, humidity, the weather 

condition at a resolution of up to 1 cm/pixel, and air pressure.  
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b. This data will help the farmer make an informed decision. 

 
Irrigate the fields in a smart way: Crops require a right quantity of water at the right time for its 

optimal growth. Therefore, it is important to manage the irrigation of the field. While it can be a challenging 

task, owing to shortage of water, it should be kept at priority. 

a. Buying agriculture equipment in India such as humidity sensors and water monitoring system 

can make irrigation a simple task.  

b. With smart irrigation, it becomes possible to waste less water and regularly water the field which 

will help in the optimal growth of the crops. 

c. Moreover, in drought-prone areas, it is important to uptake water management and detects any 

unauthorized water consumption. 

 

Use the Right Equipment: Instead of doing farming with the help of animals, farmers must get their 

hands on the right equipment. Introduction of the latest agriculture equipment such as tractors, front-end 

loaders, backhoe and more will help farmers to increase their productivity.  

a. Apart from the equipment, taking care of the crops is also important. 

b. Instead of relying on animals such as oxen, buffalo, and camels, the farmers should opt for 

mechanized farm equipment that will produce great results and help the farmer to use less manual 

power.  

c. Instead of manually seeding, opting for seed drill can reduce work load while increasing efficiency. 

 

Evaluate the performance of the product: Despite having optimal weather condition, right irrigation 

facility, modernized equipment, and the right pest management in place, there may be some chances when 

the plant refuses to grow well.  Therefore, it is important to constantly measure and evaluate the 
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performance of the produce. This is when smart technology can help and make it convenient to evaluate 

different parameters with sensors. 

a. To check humidity, pressure, soil and air temperature, and various other issues, you will need 

remote sensors in place.  

b. Getting his hands on the above-listed data will help a farmer to take the necessary steps and plan 

his moves accordingly.  

c. When breeding of the plants is done in an optimal environment, it will definitely yield better crop 

quality and increase the production. 

 

Control the pests: Healthy crops often fall prey to pests and thus farmers have to suffer great loss. 

Therefore, it is important in the crop production cycle to find out when the pests are more likely to attack 

and what measures need to be taken. 

a. Here you can install pest sensors to monitor the pest’s behavior, their population and analyze 

different parameters that attract pests.  

b. Based on the collected data, the sensor will automatically spray pesticide in the fields whenever 

it is required and in the right quantity. 

 

Smart Greenhouses: Traditionally, micro-climate parameters have been recorded in a very manual and 

inconsistent manner. There’s a limit to what farmers can measure and these practices are usually done on 

a pre-defined, assumption-based schedule. 
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Thanks to recent technological advancements, smart greenhouses have emerged and today’s farmers are 

leveraging the connected devices to create a self-regulating microclimate beneficial to crop production. 

These controlled environments equipped with wireless sensors eliminate the struggles of extreme weather 

while delivering real-time insights to farmers for improved efficiency. These insights from data and 

analytics help farmers regulate irrigation, lighting, temperature and more to optimize yield and reduce 

manual intervention. 

Apart from the above-listed points, the farmers need to be educated. One of the major difficulties faced by 

Indian farmers is the lack of education. Till date, they are using old-fashioned and outdated farming 

practices which results in depletion of valuable resources, high rate of crop damage and over farming. 

Conclusion 

Agricultural modernization prepares conditions for industrialization by boosting labor productivity, 

increasing agricultural surplus to accumulate capital, and increasing foreign exchange via exports. 

Modernization also helps achieve humanitarian goals by raising incomes and productivity of farmers, 

lowering food prices, and improving nutrition. 
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Introduction 

Natural farming is a method of applying natural laws to agricultural practices. This method complements 

the natural biodiversity of each farmed area by encouraging the complexity of living organisms, both plants 

and animals, that shape each ecosystem to thrive alongside food plants. Masanobu Fukuoka (1913–2008), 

a Japanese farmer and philosopher, pioneered the ecological farming approach. Natural farming is a type 

of alternative agriculture system in which plants are grown as natural entities with no soil manipulation. 

It is a farming system that does not use machines, prepared fertilisers, or chemicals while producing normal 

harvests. There are many working natural farming models all over the world, with zero budget natural 

farming (ZBNF) being the most popular in India. 

Zero budget natural farming is a collection of farming methods, a grassroots peasant movement that began 

in Karnataka and has since spread throughout South India. Karnataka Farmers Association and Subash 

Palekar (who put together the zero budget natural farming practices) collaborated to create the movement. 

Small-scale farming has become unviable due to the neoliberalization of the Indian economy. Peasants are 

unable to access and pay for privatized seeds, inputs, and markets. High production costs, high credit 

interest rates, volatile crop market prices, rising costs of fossil fuel-based inputs, and private seeds have 

trapped farmers in debt. The words zero budget in zero budget natural farming denote no reliance on loans, 

no purchased inputs, and reduced production costs, whereas Natural Farming denotes farming with nature 

and without chemicals. 

Zero-Budget Natural Farming Status in India 

It is estimated that approximately 25 lakh farmers in India are already practicing regenerative agriculture, 

according to the NITI Aayog website. According to the Economic Survey, more than 1.6 lakh farmers are 

practicing the ZBNF with some form of state assistance in nearly 1,000 villages, though supporters claim 

more than 30 lakh practitioners in total. Karnataka was the original pioneer, with the ZBNF being adopted 

as a movement by the Karnataka Rajya Raitha Sangha, a State farmers' association. Farmers were taught 

the method at large-scale training camps. According to an early survey, all ZBNF farmers had small plots 

of land, some access to irrigation, and at least one cow. Andhra Pradesh announced a plan in June 2018 to 

become India's first state to practise 100 percent natural farming by 2024, with the goal of eliminating 

chemical farming on 80 lakh hectares of land. Since 2014, the state has promoted zero-budget natural 

farming through Rythu Sadhikara Samstha, a non-profit organisation. According to the most recent data 

available from the 2019 Lok Sabha response, the programme has reached 5.23 lakh farmers in 13 districts 

of Andhra Pradesh, covering an area of 5.01 lakh acres. Mr. Palekar has also been invited to train farmers 

in Himachal Pradesh, Chhattisgarh, Kerala, Karnataka, and Uttarakhand. The Indian Council of 

Agriculture Research launched an experiment in Modipuram (Uttar Pradesh), Ludhiana (Punjab), 

Pantnagar (Uttarakhand), and Kurukshetra (Haryana) in rabi 2017 to study the impact of zero budget 

natural farming on productivity, economics, and soil health, including soil organic carbon and soil fertility. 

Definition 

ZBNF is a low-input, climate-resilient farming method that encourages farmers to use low-cost locally 

sourced inputs instead of chemical fertilisers and industrial pesticides. Subhash Palekar, a Padma Shri 

recipient and Maharashtrian agriculturist, pioneered it in the mid-1990s as an alternative to the Green 

Revolution's methods of chemical fertilisers, pesticides, and intensive irrigation. It is thought to be 

especially beneficial for smallholder farmers because it reduces their reliance on purchased inputs. It is 
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assumed that it promotes natural symbiotic relationships between soil microflora and crop plants. As a 

result, it is expected to have no or minimal side effects on soil and environmental health. 

Universal Principles of Natural Farming 

1. Soil to be covered with crops 365 Days (living root) 

2. Minimal soil disturbance 

3. Use of biostimulants as necessary catalysts 

4. Use of indigenous seed 

5. Diverse crops and trees 

6. Integrate livestock into farming 

7. Increase organic residues on the soil 

8. Pest management through the use of botanical extracts 

9. Avoid synthetic fertilizers, pesticides and herbicides. 

Pillars of Natural Farming 

ZBNF aims to reduce input costs by encouraging farmers to use natural products instead of spending money 

on pesticides and fertilisers. It encourages the use of low-cost inputs such as cow dung, aged cow urine, 

jaggery, pulse flour, and other plant-based extracts. The ZBNF is founded on four pillars (Duddigan et al., 

2022): Bijamrita, Jiwamrita, Acchadana (Mulching), and Waaphasa, which are briefly discussed below. 

1. Bijamrita: It is a seed treatment solution that is used to treat seeds, seedlings, and other planting 

materials. It works well to protect young roots from fungus, as well as soil-borne and seed-borne illnesses 

that are common in crops. Seed germination, seedling length, and seedling vigour are all improved. 

Ingredients required (For 100 kg seed treatment): 

• Water – 20 litres 

• Desi cow dung – 5 kg 

• Desi cow urine – 5 litres 

• Lime – 50 g 

• Soil from bund of farm or forest - one handful 

Preparation steps: 

• Step 1: Take 20 litres of water 

• Step 2: Then collect 5 kg desi cow dung 

• Step 3: Mix cow dung by using hand 

• Step 4: Wrap cow dung in a cloth and tie it together with a small rope to form a small bundle. 

• Step 5: Soak this bundle of cow dung overnight in 20 litres of water (12 hours) 

• Step 6: Take one litre of water and mix 50 gm of lime; set aside for the night. 

• Step 7: The following morning, squeeze this bundle of cow dung into the water three times in a row, 

so that all of the essence of cow dung accumulates in that liquid 

• Step 8: Then, add a handful of soil to the water solution. 

• Step 9: Then add 5 litre Desi cow urine or human urine to that solution 

• Step 10: Finally add the lime water and thoroughly mix it well 

• Step 11: Leave it overnight to ferment properly 

• Step 12: Now Bijamrita is ready to treat the seeds. 

Application: 

• Bijamrita should be used within 48 hours of preparation. 

• Spread the seeds on the surface and sprinkle the Bijamrita on top and gently apply it to the seeds 

with your hands. 

2. Jiwamrita: Jiwamrita is a fermented microbial culture that promotes the activity of microorganisms 

and earthworms in the soil by acting as a catalytic agent. It contains approximately 500 billion 

microorganisms capable of converting all necessary non-available nutrients into available form. 

Ingredients required: 

• Water – 200 litres 

• Desi cow dung – 10 kg 

• Desi cow urine – 5 to 10 litres 
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• Jaggery – 1 to 2 kg (or) Sugarcane juice – 4 litres (or) Ripen fruit pulp – 2 kg 

• Flour of any pulses -2 kg 

• (Beans, blackgram, bengalgram, cowpea, pigeonpea,  

• Soil from bund of farm or forest - one handful 

Preparation steps: 

• Step 1: Collect 200 litres of water in a barrel for one-acre crop 

• Step 2: Hand mix10 kg cow dung into the water 

• Step 3: Use a stick to stir it well clockwise 

• Step 4: Add few pieces of jaggery 

• Step 5: Give it another good stir 

• Step 6: Then add the pulse flour 

• Step 7: Then add desi cow urine 

• Step 8: Finally add a handful soil from the bund or forest in that solution 

• Step 9: Stir it well 

• Step 10: Cover the barrel with jute bag 

• Step 11: Allow this solution to ferment for three days (Note: During fermentation, poisonous gases 

such as ammonia, methane, carbon monoxide, and carbon dioxide are emitted. Through the 

openings in the jute bag, these gases are released into the atmosphere, and the aerobic fermentation 

process proceeds at a rapid pace). 

• Step 12: Stir this solution three times a day with a tree branch (Note: Keep the barrel in the shade 

or shadow. Jiwamrita should not be exposed to direct sunlight or rain.) 

• Step 13: Jiwamrita is now ready for use 

• (Note: You can use this Jiwamrita after three days. Jiwamrita is completely saturated by microbial 

count after three days). 

Application: 

• Jiwamrita can be applied to crops twice a month at a rate of 200 litres per acre 

• Jiwamrita can be supplied along with water 

• For drip irrigation, filter the Jiwamrita thoroughly with a cloth and then apply it. 

3. Waaphasa: Waaphasa refers to the soil microclimate in which soil organisms and roots can live freely 

due to the availability of sufficient air and essential moisture. Waaphasa is a condition in which the soil 

contains both air molecules and water molecules. It refers to a mixture of 50% air and 50% water vapours 

in the cavities between two soil particles. A plant root does not require a lot of water, reducing our reliance 

on irrigation and electricity. 

4. Mulching (Achhadana): It is the application of a layer of organic material to the soil surface to prevent 

water evaporation and contribute to soil humus formation by covering the topsoil with cover crop and crop 

residues. Mulching can take several forms in ZBNF. 

Intercropping is the most common form of live mulching, and it aims to supply potassium, phosphorus, and 

sulphur using monocotyledons (such as rice and wheat) and nitrogen using dicotyledons (such as legumes). 

Straw mulching with dry crop residue is also promoted. 

Mulching with dried biomass typically employs mulch from previous crops, with the goal of rapidly 

decomposing and increasing soil organic matter while releasing nutrients as a result of increased 

microorganisms from jiwamrita application. Microorganisms, insects, and earthworms can only function in 

a favourable microclimate, which includes temperatures ranging from 25 to 32 degrees Celsius, 65 to 72 

percent humidity, darkness, and warmth. Soil mulching entails tillage of the soil as usual, but only to a 

depth of 10–15 cm. 

This microclimate is created automatically when we mulch the soil. When water availability is low, 

traditional practises such as mulching the soil with biomass or keeping the soil covered with green cover 

around the year ensure sustained productivity even in the first year of adoption.  

Palekar advises using specific 'Agniastra,' 'Bramhastra,' and 'Neemastra' mixtures based on desi cow urine 

and dung, plus pulp from neem, white datura, papaya, guava, and pomegranate leaves for pest and disease 

control in ZBNF. The steps involved in making these mixtures are outlined below. 
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5. Agniastra: It is used to control pests such as leaf roller, stem borer, fruit borer and pod borer 

Ingredients required: 

• Cow urine – 10 litres 

• Tobacco leaves – 1 kg 

• Green chilli – 500g 

• Garlic – 500g 

• Neem leaves – 5 kg 

Preparation method: 

• Pour 10 litres of desi cow urine into an earthen pot 

• Then add 1 kg of crushed tobacco, 500 grams of crushed green chilli, 500 grams of crushed local 

garlic, and 5 kg neem leaves pulp, and boil this prepared solution well 5 times 

• Allow this solution to ferment for about 24 hours before filtering with muslin cloth. 

Application: 

• For 1 acre of land, mix 6-8 litres of agniastra with 200 litres of water and spray on crop 

• Morning and evening are the best times to apply 

6. Bramhastra: It is used to control all the sucking pests i.e., pod borer, fruit borer etc. 

Ingredients required: 

• Cow urine – 10 litres 

• Neem leaves – 3 kg 

• Sitafal leaves – 2kg 

• Papaya leaves – 2kg 

• Pomegranate leaves – 2kg 

• Guava leaves – 2kg 

• Lantana camara leaves – 2 kg 

• White datura leaves – 2 kg 

Preparation method: 

• Fill a mud pot with 10 litres of desi cow urine 

• Crush 3 kg of neem leaves and add neem pulp, followed by 2 kg pulp of Sitafal (Custard apple) 

leaves, 2 kg pulp of papaya leaves, 2 kg pulp of pomegranate leaves, 2 kg guava leaves or pulp, 2 kg 

Lantana camara leaves pulp, and 2 kg white datura leaves pulp (use Lantana camara and Datura 

leaves only if available during Bramhastra preparation). 

• Boil this solution 5 times and strain through a muslin cloth. 

• Allow this solution to ferment for 24 hours before using the natural pesticide. 

Application: Use bramhastra by diluting 2 litres with 100 litres of water or as a 2% spray on plants to 

control all sucking pests, pod borers, fruit borers, and so on. 

7. Neemastra: Neemastra is used to control nymph-sucking insects and mealybugs 

Ingredients required: 

• 200 litres water for one acre of land 

• Cow urine - 50 ml per litre of water 

• Cow dung - 10 grams per litre of water 

• Crushed neem leaves (with thin stems) or neem seed powder - 50 gm per litre of water 

Preparation method: 

• Step 1: In a plastic or cement tank, mix all the ingredients with a wooden stick. The wooden stick 

should be rotated clockwise to spread positive energy throughout the mixture. 

• Step 2: Use a jute cloth or a poly net to cover the tank. The tank should be kept in the shade and 

not exposed to direct sunlight or rain water. Allow the mixture to ferment for 48 hours. 

• Step 3: Every day, in the morning and evening, use a wooden stick to stir the mixture in a clockwise 

direction for at least 1 minute 

• Step 4: Filter the mixture before using it 

Application: 

• The mixture should be sprayed on plants without mixing water 

• It can be stored for a period of 6 months. 
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Benefits of Zero Budget Natural Farming 

1. While conventional farming practises are based on the use of chemicals, zero budget natural farming 

promotes the use of low-cost inputs such as cow dung, aged cow urine, jaggery, pulse flour, and other plant-

based extracts. 

2. Because there is no need to spend money or take out loans for external inputs in ZBNF, production costs 

could be reduced and farming could become a "zero budget" exercise. This would break the debt cycle for 

many small farmers and contribute to the goal of doubling farmer income by 2022. 

3. A zero-cost environmentally-friendly farming method is definitely a timely initiative at a time when 

chemical-intensive farming is causing soil and environmental degradation. 

4. The ZBNF method encourages soil aeration, minimal watering, intercropping, bunds, and topsoil 

mulching while discouraging heavy irrigation and deep ploughing. 

5. Traditional practises such as mulching the soil with biomass or keeping the soil covered with green cover 

throughout the year, when water availability is low, are practises that expert say ensure sustained 

productivity even in the first year of adoption. 

6. It is appropriate for all crops in all agro-climatic zones. 

7. It is a one-of-a-kind model based on agro-ecology. 

8. It aims to reduce production costs to near zero and return farming to pre-green revolution style 

9. It claims that expensive inputs such as fertilisers, pesticides, and intensive irrigation are unnecessary. 

A small 2017 study in Andhra Pradesh claimed a significant decrease in input costs and an increase in 

yields. 

Issues Related to ZBNF 

1. Sikkim (India's first organic state) has seen a drop in yields as a result of the transition to organic 

farming. 

2. Many farmers have returned to conventional farming after seeing their ZBNF returns fall after a few 

years, casting doubt on the method's efficacy in increasing farmers' incomes. 

3. While ZBNF has undoubtedly helped to preserve soil fertility, its role in increasing productivity and 

farmer income has yet to be proven. 

4. Studies initiated by the ICAR-Indian Institute of Farming System Research (IIFSR), Modipuram in 

several locations across the country have clearly indicated that yield levels in the rice-wheat cropping 

system (the backbone of national food security) have been drastically reduced by 59 percent in wheat and 

32 percent in basmati rice (NAAS, 2019). 

5. The University of Agricultural Sciences (UAS), Dharwad conducted a three-year Natural Farming 

Experiment that revealed a yield decline of at least 30 percent in soybean-wheat, groundnut-sorghum, and 

maize-chickpea cropping systems, while it was 17 percent in cotton-groundnut intercropping system. These 

trials have clearly demonstrated that if ZBNF is implemented, food security and farmer income will be 

seriously jeopardised (NAAS, 2019). 

6. Because soil has a limited nutrient supply capacity, the ZBNF cannot provide an adequate quantity of 

nutrients required for higher crop productivity. 

7. ZBNF advocates forbid the use of modern varieties with high yield potential, instead recommending the 

use of only traditional varieties/land races with nearly half the yield potential of modern high yielding 

varieties. 

8. ZBNF promotes the need for an Indian breed cow, which is in short supply. The total population of 

indigenous and nondescript cattle in the country has decreased by 8.1 percent, according to the Livestock 

Census. 

9. The National Academy of Agricultural Sciences, an Indian think tank of agricultural scientists, stated 

in a policy brief that zero-budget natural farming is a "unproven technology" due to a lack of data. 
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10. Low expenditure by the government. The Rashtriya Krishi Vikas Yojana, a flagship Green Revolution 

scheme, was launched last year with a budget of Rs 3,745 crore for fiscal year 2019-20. Only Rs 325 crore 

was allocated to the Paramparagat Krishi Vikas Yojana, which was designed to promote organic farming 

and soil health. 

Organic Farming Vs Zero Budget Natural Farming 

Organic farming Zero-budget natural farming 

Farmers in organic farming also use non-chemical 

fertilizers/manure, bio-fertilizers, and bio-

pesticides sourced from outside sources. 

Nothing from outside the farm can be used in 

natural farming. Everything, including cow dung 

and urine formulations/cultures, must come from 

the same farm. 

Organic farming makes use of natural fertilisers 

and manures. 

Natural farming does not rely on purchased 

inputs and does not utilise chemical or organic 

fertilisers. 

Organic farming is still costly because it 

necessitates the use of a large amount of manure. 

Natural farming is less expensive as it is entirely 

dependent on local biodiversity. 

Central Government Initiatives to Promote Zero-Budget Natural Farming 

1. Prime Minister Narendra Modi emphasised natural farming as a "promising tool" for improving farmer 

conditions in his speech to the National Summit on Agro and Food Processing on December 16, 2021. 

2. The Union government has begun to promote the concept of zero-budget natural farming as an initiative 

that will work to make farming more sustainable as well as improve farmers' income by lowering input 

costs, in addition to other areas such as better market access and improved product returns to farmers. 

3. The ICAR issued a circular to all central and state universities encouraging them to promote natural 

farming. 

4. In order to promote organic farming for the benefit of farmers, the Indian government launched the 

Paramparagat Krishi Vikas Yojana in 2015-16, under which state governments can get funds for 

agricultural development projects and use any model of organic farming they want, including zero-budget 

natural farming. 

5. Additionally, in 2020-21, the government renamed the Paramparagat Krishi Vikas Yojana to Bhartiya 

Prakritik Krishi Padhati as a sub-scheme of the Paramparagat Krishi Vikas Yojana for the promotion of 

traditional indigenous practises for farmers, including small and marginal farmers. 
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Fungi, including mushrooms which are distinct group of organisms of great importance for the humans and 
environment. In nature they are essential for the cycling of organic matter. Mushrooms have been 
important in the human diet and in traditional medicine since prehistoric times, especially in Asia, as well 
as America, Africa and Europe. Two mushroom species, birch polypore and tinder fungus have been found 
with 5300-year old mummy, Otzi the iceman, discovered in the Tyrolian Alps which were presumable used 
for the medicinal purposes. In Ancient Greece, Hippocrates, the founder of modern medicines, described 
the use of tinder fungus for cauterization. The mushrooms has traditionally also been used to reduce 
physical and emotional stress, and to treat a variety of disease, including hepatitis, dermatitis, 
osteoporosis, peptic ulcers, as well as digestive and cardiovascular disorders. 

There are some species of mushrooms which have medicinal value that are: 
1. Cordyceps spp. (Caterpillar Fungus): Therapeutic Application: Vitality, Against Fatigue, Physical 
Performance, Sexual Function Cordyceps is a genus of fungal species that are parasitic primarily on insect 
species ,and including two species ,Cordyceps sinensis and Cordyceps militaris which are predominantly 
used in traditional medicines .these medicinal mushroom species have been higher valued remedies due to 
their remarkable therapeutic properties like they have antioxidants and regulates blood cholesterol, thus 
can help prevent cardiovascular disease. It also protects against diabetes by regulating insulin function 
and reducing blood sugar level. Cordyceps increased the effectiveness of radiation and chemotherapy and 
reduces the side effects. 

2. Fomes fomentarius (Tinder Fungus); Therapeutic Application: Antiviral, Antimicrobial. It is an 
inedible polypore fungus, the fruiting bodies of which have traditionally been used as tinder or as a styptic 
to stop bleeding for treating wounds. Hippocrates the founder of modern medicines, first described its 
medicinal uses. In traditional medicine, Fomes fomentarius was also used to relieve pain, treat 



 

 
Volume 04 - Issue 07 - July 2022       303 | P a g e  
 

rheumatism, painful menstruation (dysmenorrhoea), haemorrhoids and bladder disorders. Furthermore, 
oesophageal, gastric and uterine cancers were treated with the fungus in addition, compounds with 
potential antitumour, immune modulatory andanti- inflammatory activity were identified in Fomes 
fomentarius, which have also shown potential for the treatment of diabetes. 

3. Ganoderma lucidum (Reishi, Lingzhi): Therapeutic Application: Overall Health, General Immunity, 
Anti-Ageing, Various Diseases. Ganoderma lucidum is the most famous and highly regarded of all 
medicinal mushrooms due to its wide range of medicinal properties. It has been used in traditional East 
Asian medicine for thousands of years to promote health and longevity and is still considered a superior 
remedy. In China and Japan it is called lingzhi or reishi, respectively, which means miraculous divine or 
mushroom of immortality. Because of its remarkable therapeutic properties and rarity, reishi used to be so 
precious that was reserved only for emperors and nobility. However, since the second half of the last 
century, the development of techniques for the cultivation of Ganoderma lucidum has made the mushroom 
more accessible, thus becoming one of the most widespread and studied medicinal mushrooms worldwide. 

 

4. Monascus purpureus (Red Yeast Rice) Therapeutic Application: Cardiovascular Protective, Cholesterol 
Control. Monascus purpureus is a fungus that has been used for centuries in East Asian cuisine as a natural 
food colouring, preservative, and for the fermentation of rice to produce a traditional food product called 
red yeast rice. In addition to its culinary use, the fungus has also been known in traditional medicine for 
its therapeutic properties. Scientists have identified a number of pharmacologically active compounds in 
Monascus purpureus, of which the most important and studied are statins – monacolins and related 
compounds, which lower cholesterol levels in the blood; furthermore, a variety of pigments with other 
biological activities have also been found in the fungus. Nowadays,various dietary supplements in the form 
of extracts or encapsulated powder are prepared from red yeast rice. They have been shown to possess 
medicinal properties, which are presumably the result of the synergistic action of the compounds contained, 
without eliciting adverse side effects. Monascus purpureus is most notable for its beneficial effects on the 
cardiovascular system, since it regulates blood cholesterol levels, has anti-inflammatory and antioxidant 
properties, thus preventing cardiovascular disease, such as coronary heart disease and stroke. Moreover, 
the fungus has shown potential for treating diabetes, cancer, osteoporosis, fatty liver disease, fatigue, 
dementia or Alzheimer’s disease. 
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Introduction 

Climate change has enhanced the pest population and their damage potential by increasing the 

distribution, improving survival rates and developing the adaptability of insect pests. The change in 

population, mobility, and insect pest behaviour is caused by increasing temperatures, changed precipitation 

patterns and disrupted gaseous composition of the atmosphere etc. 

1. Impact of climate change on insect pests: Temperature is said to cause direct effects among the 

abiotic factors. For example, increasing temperatures, from 1.5 to 2.5°C, will surely increase the winter 

survival and prolong the range of pink bollworm, Pectinophora gossypiella. During extended periods of 

drought, followed by heavy rainfall oriental armyworm, Mythimna separata, the populations raise due to 

the undesirable effects of drought on the activity and abundance of natural enemies of this insect pest. 

2. Impact of climate change on beneficial insect: Plants grown under higher temperatures and CO2 

and lower precipitation provides various nutritional opportunities for different insect pests, eventually 

affecting the fitness of insect pest- feeding predators and parasitoids. Parasitism of mealy bug is reduced 

under conditions of water stress combined with dry conditions in cassava, Manihot esculenta.  

Similarly, in feeding upon the aphid, Aphis gossypii, the coccinellid predator, Leis axyridis, was found to 

be more successful at higher CO2 levels. In hot summers rather than in moderate summers, ladybird beetles 

(Coccinella septempunctata) reduce aphid populations (Sitobion avenae) more effectively. Ex: At 40°C BPH 

is 17 times more tolerant than its natural enemies Cyrtorhinus lividipennis and spider, Pardosa 

pseudoannulata.  

3. Impact of climate change on invasive insect species: According to the Convention on Biological 

Diversity (CBD) invasive alien species are considered to be the greatest threat to biodiversity loss 

worldwide and by altering their geographical structure, function and diversity, inflicts high costs on 

agriculture, forestry and aquatic ecosystems. For example, during 2018 and 2019, fall armyworm, 

Spodoptera frugiperda which is a recent invasive insect from Africa. From the end of 2019 to early 2020, a 

desert locust (Schistocerca gregaria) outbreak has posed a significant risk to food security and livelihoods 

across many East African nations.  

Changes in climate such as increasing temperatures and precipitation over desert areas, and heavy winds 

combined with tropical cyclones can provide a new environment for reproduction, growth and migration of 

pest. This means that global warming played a role in establishing the conditions needed for the growth, 

outbreak and survival of the locust. In neighbouring areas, this warming has increased the frequency and 

intensity of extreme climate events and thus favoured the movement of locust plague to various countries 

like Pakistan, India etc. 

4. Impact of climate change on plant –pollinators interactions: Climate change is directly linked to 

the loss of habitat, nutritional deficiencies and lack of various diets, as the abnormal climate affects the 

growth of plants and flowers. A study conducted in Spain between 1952 and 2014 found that from the mid-

1970s, (Apis mellifera) populations appeared early in the spring, as they have adapted quickly to warmer 

temperatures.  

Climate change however, has the ability to disrupt the mutualism between plants and pollinators and thus 

lead to potential mismatches, placing plant and pollinator species at risk of extinction. 

5. Impact of climate change on insect –plant interactions: In many ways, global climate changes are 

reported to influence the interactions between insects and plants. They could directly influence insects, 

through changes in parameters of physiology, behavioural and life history, as well as indirectly, by means 
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of change in their morphology, biochemistry, physiology and patterns of richness, diversity and abundance 

experience by the host plants.  

By functioning as herbivores, pollinators, predators and parasitoids, insects play major roles in ecosystem 

services and by altering their abundance and diversity, have attained the capacity to modify the services 

they offer. 

 
Potential impacts of global warming on plant-pollinator interactions 

Conclusion 

It is important and challenging in agriculture to understand abiotic stress reactions in plants, insect pests, 

invasive insect species, natural enemies and pollinators. 
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Introduction 

The first chitin synthesis inhibitor, diflubenzuron, belonging to the benzoylphenyl urea class of chemistry, 

was discovered serendipitously by Philips-Duphar Company in the 1970s. There are two groups of CSIs, 

benzoylphenyl ureas and compounds not related to benzoylphenyl ureas. 

Benzoylphenyl Urea Compounds 

Diflubenzuron belongs to the BPU group of compounds. This discovery sparked the research on 

benzoylphenyl urea as a new class of insecticides leading to the development of a number of BPU 

derivatives as successful chitin synthesis inhibitors. Benzoylphenyl urea compounds may have a common 

mode of action and block a postcatalytic step of chitin synthesis. 

Non-Benzoylphenyl Urea Compounds as CSI 

Among the CSIs not related to the benzoylphenyl urea class of compounds, buprofezin, etoxazole, 

cyromazine, and dicyclanil have been widely used for pest control in agricultural crops and public health 

management systems. 

Buprofezin belonging to the group of thiadiazines is found efficacious against the homopterans, such as 

mealybugs, scale insects, and whiteflies. Its actions on insects include inhibition of cuticle deposition and 

chitin biosynthesis in the brown planthopper, Nilaparvata lugens (Stål) prevention of formation of a 

lamellate cuticle in nymphs of greenhouse whitefly, Trialeurodes vaporariorum Westwood and inhibition 

of cholinesterase activity in insects.  

Etoxazole belonging to the chemical class of oxazolines was synthesized by Ishida et al. (1994). 

Experimental findings suggest that benzoylurea and etoxazole have similar modes of action by blocking a 

postcatalytic step of chitin synthesis.  

Etoxazole has been found especially effective against plant-feeding spider mites and is reported to have 

insecticidal action as well against crop pests such as rice leafhoppers, diamondback moth of crucifers, and 

peach aphids. Cyromazine and dicyclanil, which do not inhibit chitin synthesis but interfere with cuticle 

formation, are also considered as molt inhibitors. 

Mode of Action of Chitin Synthesis Inhibitors (CSIs) 

Most CSIs are primarily used as larvicides. Treated larvae develop until molting, but fail to ecdyse due to 

inhibition of the synthesis of new cuticle, specifically, chitin biosynthesis. Diflubenzuron, for instance, when 

directly applied to Manduca epidermal cells in vitro, inhibited endocuticular deposition. 

Use in Insect Pest Management 

Chitin Synthesis Inhibitor: 

BPU derivatives Trade names Target pests 

Diflubenzuron Dimilin  Helicoverpa armigera and R. dominica  

Chlorfluazuron  Aim®, Helix®  Spodoptera litura; Spodoptera littoralis   

Chlorbenzuron  Chlorbenzuron® Migratory locust, L. migratoria) 

Flufenoxuron  Cascade® S. litura  

Hexaflumuron  Consult®  H. armigera  

Lufenuron Match®, Lufenox® H. armigera; Musca domestica  
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Novaluron  Rimon®, Diamond®  Codling moth, Cydia pomonella, and the oriental 

fruit moth, Grapholita molesta  

Noviflumuron Recruit III® and Recruit 

IV® 

Termite 

 

Teflubenzuron  Nomolt® Diamondback moth, Plutella xylostella  

Triflumuron  Starycide®  Tomato leafminer, Tuta absoluta  

Flucycloxuron  Andalin® Armyworm, Mythimna separata  

Non-BPU derivatives: 

Non-BPU derivatives Trade names Target pests 

Buprofezin  Applaud®, Courier® Brown planthopper, Nilaparvata Lugens, 

Californian red scale, Aonidiella aurantii, 

Amrasca biguttula biguttula  

Etoxazole  Barok® Red spider mite, Tetranychus urticae  

Cyromazine Trigard®, Larvadex® Stable flies, Stomoxys calcitrans  

Dicyclanil  Clik® Blowfly on sheep and lamb 

Conclusion 

Rigorous efforts by chemists have shaped the development of improved analogues of CSIs to cater to diverse 

pest management programs. CSIs have devastating effects on their target insects. 
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Abstract 

Basal application of Hydrogel polymer enhances the water and nutrient use efficiency in arid and semi-

arid regions. It acts as a soil conditioner by high swelling and the slow water retention. It also improves 

the conducive atmosphere around the root zone for efficient growth of plants and finally increases the crop 

yield. 

Introduction 

In the early 1980’s, water absorbing polymers or hydrogels were introduced for agricultural use. These 

polymers are cross linked structures and formed a three-dimensional network. Depending on synthetic 

conditions, type and density of covalent bonds that from cross-links, these polymers can absorb up pure 

water and form gels. 

Most of the hydrogels marketed for agriculture come from cross-linked Polyacrylamides and cross-linked 

acrylamide-acrylate copolymers, as they remain active for a much longer time. The major thrust of dryland 

crop production system in arid and semiarid region is increasing efficiency of water use. Climate of these 

regions is characterized by seasonal rainfall, intermittent dry spells, recurrent drought years and high 

evaporative demand. 

Soils in arid and semiarid regions are often characterized by low clay and organic matter contents which 

result in low water holding capacity (Abdelfattah, 2013; Mandal et al., 2015), and soils often have inherently 

low-fertility and are vulnerable to erosion (Falkenmark and Rockstrom, 2004). One of the means to increase 

the water content in this soil is the use of super absorbent synthetic polymers as soil conditioners, which 

increase water retention in root zones region of the soil. 

These super absorbent polymers or hydrogels are compound that absorb water and swell into many times 

of their original size and weight and are used in soil to create a water reserve near the rhizosphere zone 

(roots) and benefit agriculture (Zohuriaan-Mehr and Kabiri, 2010; Han et al., 2010). The hydrogel polymers 

lead to increased water use efficiency since water that would have otherwise leached beyond the root zone 

is captured. 

When these polymers are incorporated into the soil, it is presumed that they retain large quantities of 

water and nutrients, which are released as required by the plant (Bhardwaj et al., 2010). In horticulture 

crops hydrogel are used in different ways, in vegetable crops, for seed germination, used with the potting 

media in floriculture, in the fruit’s crops used to retention of water to long time, using in turf grasses, green 

house etc. 

Characteristics of Hydrogel 
1. They are non-toxic material having no color and odour present.  

2. They have high-water absorption capacity.  

3. They perform very well even at high temperature therefore suitable for arid and semi-arid conditions. 

4. Improves the physical condition of soil such as porosity, bulk density, water holding capacity and 

permeability. 

5. It is a cost-effective material.  

6. The high durability and stability in the swelling environment and during the storage.  

7. High biodegradability without formation of toxic species following the degradation.  

8. PH become neutral after swelling in the water. 

9. Hydrogel gives desired rate of absorption as per the application requirement.  



 

 
Volume 04 - Issue 07 - July 2022       310 | P a g e  
 

10. Hydrogel is a photo stable material. The hydrogel has to be able to give back the imbibed solution or to 

maintain it; depending on the application requirement. 

11. High absorption capacity in saline and hard water conditions  

12. High durability and stability in the swelling environment and during storage 

13. The PH neutrality after swelling in water   

14. Photo stability  

15. Gradual biodegradability without formation of toxic elements. 

Classification of Hydrogels 

1. On the basis of source: 

a. Natural hydrogels. 

b. Synthetic hydrogels.  

2. On the basis of polymeric composition: 

a. Homopolymer hydrogels: Polymer network derived from a single species of monomer, which 

is a basic structural unit comprising of any polymer network. Cross-linked skeletal structure 

depends on the nature of the monomer and polymerization technique in such hydrogels.  

b. Copolymeric hydrogels: Two or more different monomer species with at least one hydrophilic 

component, arranged in a random, block or alternating configuration along the chain of the polymer 

network.  

c. Multipolymer Interpenetrating polymeric hydrogel (IPN): Two independent cross-linked 

synthetic and/or natural polymer component, contained in a network form. In semi IPN hydrogel, 

one component is a cross-linked polymer and other component is a non-cross-linked polymer.  

3. On the basis of configuration: 

a. Amorphous (non-crystalline)  

b. Semi crystalline: A complex mixture of amorphous and crystalline phases.  

c. Crystalline. 

4. On the basis of type of cross linking: 

a. Chemical cross-link: such cross-linked networks have permsanent junctions.  

b. Physical cross-link: have transient junctions that arise from either polymer chain entanglements 

or physical interactions such as ionic interactions, hydrogen bonds, or hydrophobic interactions. 

5. On the basis of physical appearance: Hydrogel sapper either as matrix or as film and depending on 

the technique of polymerization in the preparation process.  

6. On the basis of charge on cross-linked chain:  

a. Non-ionic (neutral).  

b. Ionic (including anionic or cationic).  

c. Amphoteric electrolyte (ampholytic) containing both acidic and basic groups.  

d. Zwitter ionic (polybetaines) containing both anionic and cationic groups in each structural    

repeating unit. 

Application Methods of Hydrogel in Soil 
One kg of hydrogel can absorb water up to 500-600 times of their weight base on salt content of water. 

Hydrogel are often applied wet (liquid) formulation or dry (granules) formulation. 

1. Dry application: For proper functioning of hydrogel, it should be kept in a very dry place, so that it 

cannot absorb water. Mix the required amount of hydrogel (5kg/ha) with dry, fine sand of less than 0.25 

mm size in an exceedingly 1:10 ratio. For better result in field crop, the hydrogel should be placed near the 

seeds. For nursery bed transplants 2g per m2 of hydrogel should be applied uniformly 2 inches above the 

nursery field. Hydrogel should be applied in row line. 

2. Wet application: Mix the hydrogel granules in water and permit them to rest for 60-90 min. Once the 

polymer is soaked properly, apply it in the field and the rate of application must be one part of soaked 

polymer to four parts of soil. 
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While transplanting, liquid hydrogel should be applied. Before transplanting dip the roots in the solution, 

then it should be transplanted in the field. Some hydrophilic polymer used in agriculture are Pusa hydrogel, 

fasal amrit, Agrosoak and Soil moist etc. 

Application Rate of Hydrogel 
Type of Soil Suggested dosage of Hydrogel 

Arid and Semi-arid Regions  4-6 g/kg soil 

For all level of water stress treatment and 

improved irrigation time 

2.25-3 g/kg soil 

To slow down permanent wilting point in sandy 

soils  

0.2-0.4 g/kg OR 0.8% of soil whichever is more 

To lower the irrigation water requirement by 50% 

in loamy soil  

2-4 g/ plant pit 

To enhance relative water content and leaf water 

use efficiency  

0.5-2.0 g/pot 

To minimize drought stress 0.2-0.4 % of soil 

To prohibit drought stress totally  225-300 kg/ha of cultivated area 

To minimize water stress  3% by weight 

Hydrogel Uses in Horticulture 

In greenhouse: Cabrera et al., 2019 reported that hydrogel granules applied in root zone of greenhouse     

tomato improved the water and fertilizer use efficiency. 

In vegetables: Neethu et al., 2018 reported that positive effect of saturated hydrogel on the seedlings of 

vegetable crops and it enhance seedlings to better tolerate deteriorating climatic conditions and increases 

their resistance in arid climate. Further, Rivera et al., 2018 revealed that used of hydrogel 2 to 2.5 g/plant, 

significantly reduced the depth, water efficiency and making water use more efficient in pepper crops, 

without affecting plant development in capsicum annum. 

In fruit crops: Solanki et al., 2021 reported that the application of 50g hydrogel polymer + 30% water 

depletion has significant effect of increase in plant height, canopy spread E-W direction and N-S direction, 

shoot length, leaf length, leaf width and leaf area, fruit length, fruit width and chlorophyll content in lime. 

However, De Araujo et al., 2022 reported that application of 2.0 g dm-3 hydrogel doses increased 

photosynthetic rate of yellow passion fruit plants, whereas their transpiration rate increased with the use 

of mulching and doses of hydrogel and variables analyzed were chlorophyll indices, fluorescence (initial, 

maximum and variable) and gas exchange. 

In floriculture: Verma et al., 2013 reported that application of CPV (Cocopeat: Perlite: 

Vermiculite) + PHG (Pusa hydrogel 0.25%) + VC (vermicompost 20%) media and sprayed with 20% of 

vermiwash produced the highest number of leaves during the entire period, maximum leaf length and 

width, maximum number of primary roots, highest flowers per plant, stalk length and flower head diameter 

in gerbera. 

In turf: Hadam et al., 2011 reveal that hydrogels amendment has increase the grass reactions (turfs height, 

fresh matter content and level of membranes injury) on three levels of salinity in turf grass.  Moreover, 

Jankowski et al. 2013 reported that the application of superabsorbents (hydrogel) in the subsoil contributes 

to significant water savings and all tested turf lawns the best leaf fineness achieved by placing the hydrogel 

in the ground at a depth of 5 cm. however Agaba et al., 2011. Reported that the application of 0.4% hydrogel 

in sand increased the water use efficiency of grass eight-fold with respect to the control and development 

of a dense root network and root aggregation that increased contact of the roots with moisture thus 

improving water use efficiency and improve sandy soil properties for plant growth by absorbing and keeping 

water longer in the soil matrix thus reducing watering frequency in Agrostis stolonifera. 

Merit of Hydrogel in Horticulture 

1. Implement water-holding capacity of the soil. 

2. Increasing soil permeability.  

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/perlite
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/pusa
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3. Improving water retention on different soil types.  

4. Increase the water use efficiency.  

5. Increase irrigation intervals due to increasing the time to reach a permanent wilting plant 

6. Minimizing soil erosion and water run-off.  

7. Implement soil penetration and infiltration. 

8. Decrease soil compaction tendency.  

9. Improving soil drainage.  

10. Support crop growth performance under reduced irrigation conditions.  

11. Hydrogels have good transport properties 

12. They are biocompatible, biodegradable and are also injectable. 

Demerit of Hydrogels 

1. They are high in cost and possess low mechanical strength.   

2. They are non-adherent and may need to be secured by secondary dressing.  

3. They may cause a sensation similar to that which is felt by movement of maggots.  

4. They can be hard to handle.  

5. Difficulty to load with drugs/nutrients can be experienced. Hydrogels used as contact lenses causes lens 

deposition, hypoxia, dehydration and red eye reactions. 

Conclusion 

The application of hydrogel in arid and semi–arid regions improve soil properties, increases the water 

holding capacity of the soil (hydrogel absorb water up to 500-600 times of their weight and swell to many 

times to their original size in pure water and form gels), enhance of the soil water retention, improving 

irrigation efficiency, increasing the growth of various crops and enhancement water productivity of the 

crop. 
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Dragon Spots 

The stems of many dragon fruit cacti have spots on them, which could indicate an infection. Other ailments 

that aren't diseases, such as scarring from physical trauma or sunburn, might have a similar appearance. 

The major characteristics of the most frequent Dragon Fruit diseases will be outlined in this article. Most 

importantly, knowing this information will assist you in avoiding the purchase of diseased plants. Many of 

the same pitaya diseases that are discussed here can also afflict other plants besides cacti. As a result, the 

following information may be useful to your other garden companions. The best way is to avoid it from 

happening in the first place, which involves maintaining your Dragon Fruit cacti healthy and trimming 

them with sterile techniques. 

Stem Soft Rot Caused by Enterobacteria 

The ends of dragon fruit branches are usually infected with this wet rotting disease. Enterobacteria, a 

gram-negative bacterium, is responsible for this infection. I've seen this type of thing burn out on its own 

and also take over a plant. To be cautious, I'd chop off the infected branch(s) at a place where no evident 

signs of disease were present. When you're through, gently dispose of the infected branch and sanitize your 

cutting instruments. According to studies, the rotting begins 15 days after the bacteria is inoculated. Plants 

that are low in calcium and nitrogen appear to have more severe symptoms. 

 

Botryosphaeria dothidea: Botryosphaeria dothidea is the scientific term for a fungal infection that forms 

blotchy red/brown markings on the stems of Dragon Fruit cacti. These locations are usually flat, but slightly 

raised when compared to the surrounding normal lands. These dots can sometimes resemble a bulls eye. 

This infection can also cause many abnormal patches to merge together at times. This disease may start 

out as yellow spots on a branch before progressing to the darker spots discussed before. Although this 

disease does not appear to be fatal, it has been shown to reduce plant vigour and fruit output by up to 44%. 

This illness has grown quite common in many regions of the world as a result of non-sterile pruning 

practices. 

Other plants with this Botryosphaeria dothidea infection: This pathogen appears to affect a wide 

range of plants. "The same fungus has been linked to panicle and shoot blight, as well as canker diseases 

in pistachio, peach, apple, forest trees, chaparral bushes, and a variety of other plant species." Heat stress 

and drought will make the disease more severe in rhododendron plants. We could look at how this fungal 

infection is managed in other plants for insight because we don't have a lot of data on dragon fruit. 

Botryosphaeria dothidea spread: Trimming/pruning instruments that have not been sanitized between 

plants might spread this fungus (and other plant illnesses). Direct touch between plants can potentially be 

a source of disease transmission. Sap sucking bugs, on the other hand, can transfer disease. Bugs in the 
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Leptoglossus genus (also known as leaffooted bugs) have been identified as a vector for the Botryosphaeria 

dothidea fungus to spread to other plants. 

 

Colletotrichum gloesporiodes: Another fungus that can infect dragon fruit cacti is Colletotrichum 

gloesporiodes (also known as Anthracnose). On stems and fruit, the lesions caused by this fungal infection 

resemble concentric haloes. 

 

Bipolaris cactivora: Bipolaris cactivora is the scientific name for yet another fungal infection. On dragon 

fruit blooms and fruit, this disease can create black-brown patches. Branch/stem rot can also be caused by 

this virus. 

 

Cactus Virus X 

On the stems of dragon fruit cactus, 'Cactus Virus X' causes blotchy chlorotic patches, mottling, necrosis, 

and yellowing (see picture below). A mosaic pattern is occasionally used to describe the pattern of bright 

and dark green sections on a branch. 
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Disease Transmission 

Pruning/trimming tools can and will spread all infectious illnesses from plant to plant. There is also a 

significant chance that these illnesses can be transferred by direct contact between roots and stems. Insects 

(like the one stated above, Leptoglossus sp.) can also carry infectious illness from plant to plant. Many 

people have advocated destroying sick plants and starting over in a new place for some challenging 

illnesses. Prevention is your best bet; check plants before buying them and keep your instruments clean. 

Sterilize your Pruners 

1. Between plants, it's critical to sanitize your trimmers/pruners. Many contagious plant diseases are 

transferred from plant to plant unintentionally by cutting/trimming devices. This is true for any plant, but 

it's especially true for Dragon Fruit cacti, which have been plagued with systemic diseases as a result of 

poor sanitation. There are a many sanitizing options including household cleaning solutions, alcohol, 

and hydrogen peroxide. These chemicals only need to be applied to the cutting blade. Many of these liquids 

require some application time before they are adequately sterilized. 

2. Heat sterilizing of your cutting blade with something like a small hand-held torch is another faster 

method. The torch method is convenient and quick, but it does result in your trimmers' tips becoming hot. 

Which is a potential burn hazard for you and your plants, as well as a fire hazard in general. If you live in 

a fire-prone location, don't try to burn objects in your garden or yard. 

3. Interestingly, I recently discovered another instrument that squirts sterilising solution into your hand 

pruners with each cut. I'm not sure how well this product works, but it's an intriguing approach to the 

problem. 

Noninfectious Injury 

Sunburn: Sunburn might resemble the symptoms of several of the diseases listed below. When a plant is 

transferred fast from a shady to a full sun site, sunburn might occur. Sunburn can also occur when plants 

are grown in locations with more strong sunshine, such as the desert. Yellowing, corking, scabbing, and 

pealing are all symptoms of this damage. This injury is most likely to appear on the plant's most sun-

exposed sides (the south and top). On that regard, sunburn can resemble Botryospaheria dothidea infection 

in appearance. The stem lesions should, however, is distributed differently. It is not sunburn if anything 

suspicious appears on the underside of a plant. In this case, one of the infectious diseases listed above 

should be suspected as the cause. 

Phototoxicity: Increased sensitivity to sunlight caused by topical chemicals can potentially cause sunburn 

symptoms similar to those described above. Spray chemicals such as horticultural oils, fungicides, 

insecticides, and other chemicals that might increase sensitivity to the sun cause phototoxicity. This form 

of heightened sensitivity to the sun, for example, can occur in humans as a result of topical contact to citrus 

oils and juice. A scar on a branch result after a short-term chemical exposure + sun on this topical cactus 

damage. The problem should not spread once the problematic agent has been removed. Another approach 

to distinguish between solar harm and infection is the lack of spread after the chemicals are removed. 

Corking: Corking is a natural aspect of the ageing process for cacti. Lower sections of the plant often 

mature-change to a hard, dry, grey bark-like appearance during this phase. This should start at the very 

bottom of a plant and gradually work its way up. If a process does not develop slowly from the bottom up, 

it is most likely not corking. 
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Weeds can be considered a significant problem because they tend to decrease crop yields by increasing 

competition for water, sunlight, and nutrients while serving as host plants for pests and diseases. Since 

the invention of herbicides, farmers have used these chemicals to eradicate weeds from their fields. In 

addition, some herbicides are capable of destroying weeds that are harmless to crops, resulting in a 

potential decrease in biodiversity on farms. It is important to understand that under an organic system of 

weed control, weeds will never be eliminated but only managed. Organic weed management is a holistic 

system involving an entirely different approach to managing a farming system. The organic farmer is not 

interested in eliminating all weeds but wants to keep the weeds at a threshold that is both economical and 

manageable. Optimizing the biological terrain of the soil for the crop will create an unfavourable 

environment for many weeds, effectively reducing weed numbers and vigour. Contrast to this the weed-

control strategies of conventional farming, with heavy use of salt fertilizers, herbicides, monoculture and 

imbalanced cation saturations. Indeed, that environment could accurately be described as one of cultural 

weed enhancement. The conventional field environment presents heavy pressure to select for herbicide-

resistant weeds that thrive under these conditions. Different weeds present problems at different times of 

year, or with different crops. Some weed control strategies, such as disking a field infested with quack 

grass, may even increase the prevalence of certain species of weeds under specific conditions. Grassy weeds 

often require different control measures than do broad-leafed weeds. Correctly identifying the species of 

weeds that are causing major problems in your fields is critical to choosing and timing effective control 

measures. 

Organic Methods of Weed Management 

Thermal weed control: Thermal weed control involves the use of flaming equipment to create direct 

contact between the flame and the plant. This technique works by rupturing plant cells when the sap 

rapidly expands in the cells. Sometimes thermal control involves the outright burning down of the weeds. 

Flaming can be used either before crop emergence to give the crop a competitive advantage or after the 

crop has emerged. However, flaming at this point in the crop production cycle may damage the crop. 

Although the initial equipment cost may be high, flaming for weed control may prove cheaper than hand 

weeding. 

Soil solarization: During summer and fall, organic farmers sometimes sterilize their soil through 

solarization. During this process, a clear plastic film is placed over an area after it has been tilled. 

Solarization works when the heat created under the plastic film, which is tightly sealed at the edges, 

becomes intense enough to kill weed seeds. 

Mulch: Mulching or covering the soil surface can prevent weed seed germination by blocking light 

transmission preventing seed germination. Allelopathic chemicals in the mulch also can physically 

suppress seedling emergence. There are many forms of mulches available. Living mulches, Organic and 

Inorganic mulches are used.  

Mechanical weed management: Managing weeds mechanically is both time consuming and labour-

intensive but it is also one of the most effective methods for managing weeds. The choice of implementation, 

timing, and frequency will depend on the structure and form of the crop and the type and number of weeds. 

Cultivation involves killing emerging weeds or burying freshly shed weed seeds below the depth from which 

they will germinate. It is important to remember that any ecological approach to weed management begins 

and ends in the soil seed bank. The soil seed bank is the reserve of weed seeds present in the soil. Observing 

the composition of the seed bank can help a farmer make practical weed management decisions. 
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Stale seedbed: The stale or false seedbed technique of flushing out weed seeds from the soil works by 

depleting the seed bank. After the soil is cultivated two to three weeks before sowing, emerging weeds are 

killed by flaming or light cultivation. By helping to reduce the seed bank. This technique reduces 

subsequent emergences of weeds. 

Crop rotation: Crop rotation has been at the heart of the organic weed management system since 

medieval times and has persisted well into the 20th century due to its proven effects on weed populations. 

The goal of a crop rotation is to create an unstable environment that discourages weeds from becoming 

established in the field. Deciding on the sequence of crops, a farmer must take into account the type of soil 

he or she is working with, the climate, and the crop. Diverse crop rotations are essential to build a healthy, 

sustainable organic system and break pest and weed cycles. Careful use of cover crops during times when 

the ground would be bare adds valuable nutrients (especially nitrogen), adds organic matter, improves soil 

microbial diversity, and prevents erosion. Maintain a long-term balance of diverse crops on a farm, taking 

into account any necessary soil conservation practices, livestock requirements, time constraints and market 

profitability. 

Crop establishment and competition: Sow crops close together by reducing the row spacing. Since the 

crop will take up more space, it shades the weeds, reducing the weeds’ ability to compete. Another technique 

involves increasing the seeding rate of a crop. This increases the competitive ability of the crop by 

increasing the odds that the crop will survive in greater numbers than the weeds. The most effective way 

to control weed growth is to have highly competitive crops. A vigorously growing crop is less likely to be 

adversely affected by weed pressure. Using high-quality, vigorous seed, well-adjusted planting equipment, 

adapted varieties, optimal soil fertility, good soil drainage and tilth, and proper soil preparation will usually 

result in rapid, vigorous crop growth. 

Sanitation: Using clean seed will prevent the introduction of new weed problems and will avoid planting 

a generous crop of weeds with your desired crop. Mowing weeds around the edges of fields or after harvest 

prevents weeds from going to seed. Hand rouging weeds in problem areas, and thoroughly composting 

manure can reduce the spread of weed seeds and difficult weed species. It is important to maintain proper 

sanitation on the farm to reduce the introduction and spread of weed seeds. There are several ways to keep 

weeds and weed seeds from entering the farm. First, any animal manure that will be used on the farm 

should be composted because weed seeds can pass through an animal’s digestive system unharmed, it is 

important to compost the manure. Composting results in temperatures that become high enough to kill 

many weed seeds. Second, purchase certified seed that is guaranteed to be free of weed seeds. If you are a 

farmer interested in saving your own seed, be diligent about collecting clean seed so you do not contaminate 

your collections. Also make sure to remove weeds before they set seed. Once a weed is allowed to set seed, 

the number of weed seeds in the seed bank is increased. Last, keep tillage and other equipment clean when 

moving between fields to reduce the spread of weed seeds. 

Allelopathy: Allelopathy is an alternative and organic approach to weed control that uses chemicals that 

are excreted from a plant to cause either direct or indirect harm to weeds by negatively affecting their 

germination, growth, or development. Nearby weeds can be affected by allelopathic chemicals entering the 

rhizosphere from the roots or the aerial parts of the crop plant. Crop residues from cover crops, such as fall 

rye, or other organic mulches can also be used to suppress weeds through such allelopathic interactions. 

This “allelopathy” is one of nature’s most effective techniques of establishing plant dominance. Allelopathic 

crops include barley, rye, annual ryegrass, buckwheat, oats, sorghum, sudan-sorghum hybrids, alfalfa, 

wheat, red clover and sunflower. Selecting allelopathic crops can be useful in particularly weedy fields with 

reducing overall weed pressure. 

Soil Fertility & Condition: Successful organic fertility management should primarily feed the soil 

microbial life in a long-term manner, rather than simply feeding the plants. Soil organic matter is a 

tremendous source of plant nutrients and water holding capacity. Soil tests can be useful, but only if the 

results are interpreted appropriately for an organic system. Careful attention to the balance of key 

nutrients can often reduce weed problems and enhance crop plant growth. One common mistake made by 

many organic farmers is the improper application of manure or improperly finished compost. This can 

throw off the balance of certain soil nutrients and microbial life and can often increase weed growth. Some 

soil fertility amendments, such as gypsum, can increase the looseness and tilth of the soil. This improves 
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success for mechanical-cultivation operations, but it also seems to reduce the pressure from certain weed 

species that are favoured by hard, tight soils. 

Variety Selection: It is important to consider planting disease-resistant varieties if certain pathogens are 

prevalent in the area. Any crop variety that is able to quickly shade the soil between the rows and is able 

to grow more rapidly than the weeds will have an advantage. Deep shading crops, which intercept most of 

the sunlight that strikes the field and keeps the ground dark, will prevent the growth of many weed species. 

Alfalfa, clover and grasses are particularly good shading crops because any weeds that grow in them will 

usually be cut when hay is harvested, thereby preventing weed seed production. 

Mycoherbicides: Herbicides especially soil applied, have harmful effects on both human and animal 

health. In this context, fungal pathogens control specific weeds and continue to survive on the weeds year 

after year unlike herbicides that are to be applied every year. Fungal pathogens as a bioagent in controlling 

weeds are more popular than bacterial, viral or nematodes because, most of the plant pathogens are fungi, 

which are destructive and widely prevalent, and they can be safely used in organic farming. 

Phytopathogens normally initiate diseases in specific weeds and produce phytotoxins killing the weeds 

within 3-5 weeks. 
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Abstract 

The entomopathogenic fungus Metarhizium anisopliae is widely used for biocontrol of pest insects, and 

many commercial products are on the market. This article reviews characteristics of M. anisopliae, its 

natural occurrence and host range, the target pest species, identity, biological properties. Investigations on 

this fungus demonstrate that M. anisopliae can be an efficient biocontrol agent. 

Key words: Metarhizium anisopliae, Biocontrol, Entomopathogenic fungi. 

Introduction 

In recent years, there has been an increasing interest in the use of native and non-native beneficial 

microorganisms to improve plant health and productivity. In this context, beneficial microorganisms are 

now integrated into a wide variety of growing systems as part of integrated pest and productivity 

management practices, which allow a significant reduction in the use of synthetic chemicals. 

Entomopathogens are among the natural enemies of insect pests in agroecosystems. M. anisopliae, it has 

been reported that it is capable of colonizing the plant rhizosphere. It produces a variety of 

metabolites/toxins, mainly destruxins, which have diverse biological activities. However, no toxic effects 

due to these metabolites have been reported when M. anisopliae was used for biocontrol purposes. M. 

anisopliae is safe with minimal risks. 

M. anisopliae is associated exclusively with hosts on or below the soil surface in temperate agroecosystems. 

For about 130 years, entomopathogenic fungi have been used for biocontrol of pest insects. M. anisopliae is 

one of the most widely used fungus and mycoinsecticide throughout the world, mainly as an inundative 

control agent. It is an important entomopathogenic fungus which has been a long-standing model for the 

study of biological control of pest insects by fungi. It has been used in investigations on virulence and the 

biochemical mechanism of pathogenicity. 

Morphological Characters of Metarhizium anisopliae 

M. anisopliae is a Deuteromycetous fungus, i.e., only an asexual, conidial form is known. The fungus can 

be identified easily by the green, cylindrical conidia which are produced in chains which form a dense, 

compact layer of spores. 

 
Fig 1: Metarhizium anisopliae A) Mature colony B) Spore 

Occurrence 

Metarhizium anisopliae has a worldwide distribution from the arctic to the tropics on insects as well as in 

the soil. M. anisopliae occurs world-wide and is probably part of the natural soil flora, as shown from studies 
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with insects as bait for entomopathogenic fungi. M. anisopliae can be isolate from forest soils, bean and 

cornfields, grassland soils, wheatfields, forest soils after burning, organic detritus in unpolluted streams, 

river sediments, a mangrove swamp, lead mine, spoil heaps and from healthy strawberry roots. 

Mode of Action 

The mechanism of antagonist by M. anisopliae is similar to other entomopathogenic fungi, i.e., the infection 

pathway consists on the following steps:  

1. Attachment of the spore to the cuticle 

2. Germination and formation of appressoria 

3. Penetration through the cuticle  

4. Overcoming of the host response and immune defence reactions of the host 

5. Spreading within the host by formation of hyphal bodies or blastospores, i.e., yeast like cells  

6. Outgrowing the dead host and production of new conidia.  

The incubation period depends on the host, the host stage, the temperature and the virulence of the fungus 

strain. In aphids it may take 3-4 days, in white grubs 2-4 weeks. 

Metarhizium anisopliae is a mesophilic fungus with a temperature range generally between 15 and 35oC, 

and the optimum for germination and growth between 25 and 30oC. 

 
Fig 2: Dead larvae of Oryctes rhinoceros infected by M. anisopliae 

 
Fig 3: Dead grasshopper infected by M. anisopliae 

Major pests of agricultural and horticultural crops pests controlled by M. anisopliae are listed in the given 

table: 

Crops Host Scientific Name 

Coconut Grub of Rhinocerous beetle Oryctes rhinoceros 

Coconut Scale insects Aspidiotus destructor 

Maize Army worms Spodoptera spp. 

Rice Rice ear bug Leptocorisa oratoria 

Rice Grasshoppers Caelifera sp 

Grapes European grapevine moth Lobesia botrana 

Sugarcane White grubs Holotrichia serrata 

Cotton Mealy bug Phenacoccus solenopsis 

Ground nut White grubs Holotrichia parallela 
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Mass Production of Metarhizium anisopliae 

PHASE 1 

Preparation of pure culture and propagation 

of mycelia 

  

   Growing the pure fungal culture on PDA agar 

↓ 

 Propagation of fungal mycelia in liquid media 

                                         ↓ 

 

PHASE 2 

Preparation of solid substrate and 

production of spores 

 

    Preparation of solid substrate by washing and soaking 

in water 

↓ 

Inoculation of solid substrate by fungal mycelia 

↓ 

   Fermentation of inoculated substrate at 28oC for 30-35 

days 

 

 

 ↓ 

PHASE 3 

Harvesting, collecting, drying and grinding 

of spores 

 

  Separation of spores from media by washing with water 

plus weak solution of wetting agent 

↓ 

    Collection of spores by filtration method 

↓ 

  Drying of spores at low temperature of 10oC-15oC 

↓ 

Grinding of spore cake to powder 

Conclusion 

M. anisopliae has already been used as a biocontrol agent in several countries and against many pest 

insects. Since the isolation and identification of M. anisopliae nearly 130 years ago, this fungus is 

considered one of the most important entomopathogenic fungi used for biocontrol of many pest insects 

throughout the world. M. anisopliae is a typical soil-borne fungus and consists of several genotypes which 

have a worldwide distribution from the arctic to the tropics. It has a large host range as a species; however, 

strains and certain genotypes generally are more specific. 
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Introduction 

Generally, climate change, refers to an increase in average global temperatures. Climate change has been 

recognized globally as the most impending and pressing critical issue affecting mankind survival. The fifth 

assessment report (AR5) by the `Intergovernmental Panel on Climate Change` (IPCC) reported that each 

of past three decades has been successively warmer at the Earth’s surface and the decade of 2000’s has 

been the warmest. The globally averaged combined land and ocean data as calculated by a linear trend, 

showed a warming of 0.85 (0.65-1.06)ºC over the period 1880 to 2012 (IPCC 2013). The major cause of 

climate change is increase in the concentration of greenhouse gases (GHG) viz., carbon dioxide (CO2), 

methane (CH4) and nitrous oxide (NO2) as a result of human activities from pre-industrial era. These gases 

keep the earth warm and cause global warming or greenhouse effect. Global warming is caused by natural 

as well as human activities. There are number of natural factors responsible for climate change. Some of 

the most prominent are volcanoes, ocean currents, forest fire etc. Among human activities, emissions of 

greenhouse gases, industrialization, deforestation, fuel burning, etc. are most important factor contributing 

towards global warming. It is not new that global warming can affect agriculture through their direct and 

indirect effects on the crops, soils, livestock and pests. Changed climatic conditions will also change the 

current crop pest scenario. 

Impact of Global Warming on Pest Population 

Global warming impacts on pest population include change in phenology, distribution, community 

composition and ecosystem dynamics that finally leads to extinction of species. Climate change effects could 

either be direct, through the influence that weather may have on the insects’ physiology and behaviour. In 

addition, indirect effects can occur through the influence of climate on the insect’s host plants, natural 

enemies and interspecific interactions with other insects.  

Increased temperature has resulted in increased northward migration of some insects, insect development 

rate and oviposition, potential for insect outbreaks, invasive species introductions and insect extinctions. 

On the other hand, it has reduced effectiveness of fungi in controlling insects, reliability of current economic 

threshold levels, insect diversity in ecosystems and parasitism. 

Elevated CO2 concentration increases food consumption by caterpillars, reproduction of aphids while it 

decreases insect development rates, response to alarm pheromones by aphids, parasitism and effectiveness 

of transgenics developed with Bacillus thuringiensis. 

An increase in extreme climate events, changes in moisture conditions, temperature rise and elevated CO2 

concentrations are expected to magnify pest pressure on agricultural systems through:  

Effects of increased temperature on insects: Insects are cold-blooded organisms - the temperature of 

their bodies is approximately the same as that of the environment. The effect of rising temperature on 

insect can be direct, through the influence of climatic factors on the insects’ physiology and behaviour or 

indirect, as mediated by host plants, competitors or natural enemies. Therefore, temperature is probably 

the single most important environmental factor influencing insect behaviour, distribution, development, 

survival and reproduction. Some researchers believe that the effect of temperature on insects largely 

overwhelms the effects of other environmental factors. It has been estimated that with an increase of 2 0C 

temperature, insects might experience one to five additional life-cycles per season. Based on evidence 

developed by studying the fossil record some researchers conclude that the diversity of insect species and 

the intensity of their feeding have increased historically with increasing temperature. At higher 
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temperatures, aphids have been shown to be less responsive to the aphid alarm pheromone they release 

when under attack by insect predators and parasitoids-resulting in the potential for greater predation.  

Climate change will have a major effect on geographic distribution of insect pests and low temperatures 

are often more important than high temperatures in determining geographical distribution of insectpests. 

Increasing temperatures may result in a greater ability to overwinter in insect species limited by low 

temperatures at higher latitudes, extending their geographical range and sudden outbreaks of insect pests 

can wipe out certain crop species, and also encourage the invasion by exotic species. 

Increased temperature has resulted in increased northward migration of some insects, insect development 

rate and oviposition, potential for insect outbreaks, invasive species introductions and insect extinctions. 

Global warming has lead to earlier infestation by Helicoverpa zea in North America (EPA, 1989), and H. 

armigera in North India resulting in increased crop loss. Rising temperatures are likely to result in 

availability of new niches for insect-pests. Temperature has a strong influence on the viability and 

incubation period of H. armigera eggs. 

Effect of global warming on insect biology: The life span of Japanese beetle, Popillia japonica a major 

pest of soybean, is prolonged by 8.25% when fed on foliages developed under elevated CO2. Also, females 

fed on such foliages laid approximately twice as many eggs as compared to females fed on foliages grown 

under normal ambient conditions. 

Life cycle of Aphis gossypii Glover ranges from 20-22 days at 10-25 0C, but at 30 0C it will take only 6-9 

days to complete the life cycle. In the cricket, Gryllus texensis, 6 days of elevated temperatures resulted in 

increased egg laying, faster egg development and greater mass gain. Global climate change is projected to 

increase temperature of the upper soil (0-5 cm) by 1.6– 3.4 0C, which is likely to have several effects on soil 

insects such as Sitona spp, root weevils that are important in lentil in West Asia. Higher temperatures 

could speed up egg development, resulting in more than one generation per year of the pest. 

Effect on insect population dynamics: Global warming has great importance regarding to population 

growth, development, distribution and outbreak of insect pests. New research shows that because of higher 

metabolic rates and reproduction, insect species living in warmer areas are more likely to undergo rapid 

population growth. Lower winter mortality of insects due to warmer winter temperatures could be 

important in increasing insect populations. Lower winter mortality of insects due to warmer winter 

temperatures could be important in increasing insect populations. 

Effect on parasitism: Higher temperatures increase the probability of parasitoid killed by the host. 

Parasitism of the caterpillar Spodoptera littoralis by the parasitoid Microplitis rufiventris is less at 27 0C 

(80.6 0F) than at 20 0C (68 0F). Natural enemies of the spruce budworm, Choristoneura fumiferana, are less 

effective at higher temperatures. Temperature not only affects the rate of insect development, but also has 

a profound effect on fecundity and sex ratio of parasitoids. Heavy rainfall because of the adverse effects of 

drought on the activity and abundance of natural enemies of this pest. 

Effect on emerging pests: Emerging pests are often plant pests of related species known as “new 

encounter” pests, which come into contact with new hosts that do not necessarily have an appropriate level 

of resistance, or are plant pests introduced without their biological control agents (in particular, insect 

pests, nematodes and weeds). For example, the expansion of maize production driven by climate change 

will make more areas vulnerable to entry, establishment and spread of the corn root worm (Diabrotica).  

Effect on migratory pests: Migratory plant pests, in particular locusts, are totally dependent on rain, 

temperature and vegetation and their habitats change rapidly. The desert locust (Schistocerca gregaria), 

like other locusts, can change its behaviour and physiology from solitary grasshoppers to gregarious stages 

that form swarms. 

Solitary desert locusts occur at low density in the recession area, which covers North Africa, the Sahel, the 

Red Sea countries and parts of India, Pakistan, Iran and Afghanistan. The outbreak area reaches from 

Mauritania to India and from southern Europe to Cameroon and Tanzania. Outbreaks and plagues 

originate in the recession areas when there are several cycles of good breeding conditions. Although the 

effects of climate change on this system are difficult to judge, climate scenarios with more winter rain in 

the Sahel may provide better breeding conditions. 
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Conclusion 

Global warming and climate change will have serious consequences on diversity and abundance of 

arthropods, and the extent of losses due to insect pests, which will impact both crop production and food 

security. Prediction of changes in geographical distribution and population dynamics of insect pests will be 

useful to adapt the pest management strategies to mitigate the adverse effects of climate change on crop 

production. Pest outbreaks might occur more frequently, particularly during extended periods of drought, 

followed by heavy rainfall. Some of the components of pest management such as host plant resistance, 

biopesticides, natural enemies, and synthetic chemicals will be rendered less effective as a result of increase 

in temperatures and UV radiation, and decrease in relative humidity. Climate change will also alter the 

interactions between the insect pests and their host plants. 
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Introduction 

Nutrition Smart Agriculture is an approach to ensure production of variety of nutritious, culturally 

appropriate, safe and affordable foods in adequate quantity and quality to meet dietary requirements of 

people in a sustainable manner. For making agriculture and food system nutritionally rich requires actions 

to address input quality, production, post-harvest handling, processing, retailing and consumption and 

deliver safe and nutrient rich foods throughout the year to the consumer. Agriculture sector growth has 

contributed mainly to economic growth in India over the past several decades but improvements and 

nutrition remains a major concern. Increase crop and milk production, increased overall food production as 

well as productivity have enabled the country to achieve food security. 

A food should comprise of balance minerals and nutrients as very imperative for proper mental growth of 

a child. India is been suffering from poverty, hunger and malnutrition especially in the rural area from 

many past years and the data has not changed to the greater extent as if we talk about the present time. 

Around 250 million people lives in poverty and about 47 million children below 5 years are suffering from 

malnutrition. The growing number of malnourished, under with and stunted children, leaving them 

vulnerable to the chronic and often as reversible effect of poor nutrition issues has to be resolved yet. 

According to NFHS-5 data, India has more stunted children in rural areas (37.3%) than in urban areas 

(30.1%), possibly due to the lower socioeconomic status of rural households. To address the high burden of 

stunting, the intergenerational cycle of malnutrition must be addressed with effective interventions for 

both mother (pre- and post-pregnancy) and child. 

The program is focused on empowering farm women with key areas like innovative practices to promote 

nutrition sensitive agriculture, aware and capacity development of various stakeholders, value chain, little 

campaign, will be emphasized. In the present time food security and improved nutrition status is a major 

issue to the growing population and food system must deliver more nutritious food to the people of the 

country. This can be possible through strengthening of the value change for micronutrient rich foods and 

make it available at affordable prices to the consumers. Despite of gaining the food security in India, 

nutritional security is still a challenge due to the low access of the healthy foods, lack of nutritional literacy 

among the people, and hygienic conditions etc. 

Agriculture developments are being made with the goal of improving nutrition. The program aims to 

improve links and implementation in the agriculture food system. There is a requirement for more nutrition 

developments for good health and for development of agricultural value chains rich in nutrients through 

nutritional research. The agricultural researches are majorly focusing on addressing the nutritional 

deficiencies and the critical role of small-scale farmers in nutritional security. Keeping poor households on 

target, promoting gender equity, and providing nutrition education to people, as well as interventions that 

can promote healthy diet and nutrition, as well as product diversification, with a dedicated budget. 

Where Do We Stands Globally? 

1. According to the global huger index India ranks 101th out of 119 countries. 

2. India ranks 114th out of 132 countries in stunting among children aged below 5 years. 

3. According to Global Multi-Dimensional Poverty Index India stands on 66th position out of 103 countries. 

4. With 41 million obese people, India is the third most obese country in the world, trailing only the United 

States and China. 
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5. According to the National Family Health Survey (NFHS)-5, India has unacceptably high levels of 

stunting, despite marginal improvement over the years. In 2019-21, 35.5 per cent of children below five 

years were stunted and 32.1 per cent were underweight. 

6. 57 per cent of women anaemic in 2019-21, this will have lasting effects on their future pregnancies and 

children. 

Approaches to Empower Changes 

1. Social Mobilization: It is an approach to bring people together and form allies to raise awareness and 

demand towards Nutri-smart agriculture, assist delivery of resources and services and strengthen 

community participation for sustainable and Nutri-rich production of foods. 

2. Food & Nutrition Security: Its emphasis on ensuring that all people throughout the year have access 

to the food in sufficient quantity and quality to meet their daily food requirements and preference whereas 

nutrition security ensures the accumulation and presence of adequate nutrients and its absorption by 

people to be able to live a healthy and active life.   

3. Managing Natural Resources: This includes making best of the nature’s gifts, limited use of 

insecticides, pesticides and chemical inputs in farming which is negatively impacting the health of humans 

as well as other living beings. The focus should be more on growing organic food which is nutritious and 

also free from harmful residues of chemicals fertilizers and pesticides. The inclusion of husbandry products 

is necessary in day-to-day life as it contains high nutrients especially recommended for the diet of children 

and adults. 

4. Livelihood and Market Linkages: Social enterprises play a unique role in intervening and creating 

livelihood opportunities through market connections while addressing basic infrastructure and resource 

challenges in rural India. The interventions are grounded locally, inclusively designed, and combine 

market-based links and business philosophies. Interventions in financial inclusion, agriculture, and, most 

recently, social commerce have all been used to increase income opportunities in villages. Social businesses 

invest in micro entrepreneurs, particularly women, in areas such as skill development, digital inclusion, 

market linkages, capital investments, and local employment, addressing challenges while also bringing 

larger market systems to the table. 

 

Nutri Smart Villages and Madhya Pradesh 

This initiative was launched by the Madhya Pradesh State government with the belief that will ages can 

be relieved of malnutrition by fulfilling the needs of villages with local harvest through agriculture and 

subsidiary activities like animal husbandry and fisheries work on this system has been started the plan is 
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to achieve or develop one village in each project as nutrition smart village in coordination with the Krishi 

Vigyan Kendra. 

The state government of Madhya Pradesh has job doubt an ambitious plan to develop nutrition smart 

villages to control malnutrition. Many causes of poor nutrition are rooted and attitude and practices that 

can be influenced by education, food taboos, long-established dietary and snacking habits, agricultural 

production decisions, food distribution in the family, ideas about child feeding, misleading food 

advertisement, ignorance of food hygiene all negative attitude towards fruit and vegetable .Nutrition 

education is also becoming critically necessary in countries experience in a dangerous dietary 

transition  two cheap processed food rich in sugar fat and salts. Extension education, training and research 

in this direction and educating farmers and Consumers through exchange and services can be helpful in 

understanding and helping to change the scenario. 

 
Fig.1. Schematic Diagram of Nutri Smart Village 

Agriculture proves to be a source of food pathway when it is practiced in a holistic manner farming system 

for nutrition approach. M.S.Swaminathan, defined agriculture in the nutritional aspect as  “the 

introduction of agricultural remedies to the nutritional maladies prevailing in an area through 

mainstreaming nutritional criteria and the selection of the components of a farming system involving crops, 

farm animals and wherever required, fish cultivation”. 

Nutrition sensitive agriculture advocating that “grow the food” which we eat and “eat the food” which we 

grow for the household level so that seasonal scarcity and micronutrient deficiency could be fulfilled 

particularly among the rural people. Ruling out the nutritional smart agricultural technologies and 

practices by community-based adaptation strategies should be a potential solution to food security and 

nutritional challenge that we are facing today. Nutritional smart agriculture ensures food production in 

adequate quantity and quality to meet the daily requirements of minerals and nutrients in a sustainable 

manner. 

A food should comprise of balance minerals and nutrients as very imperative for proper mental growth of 

a child. India is been suffering from poverty, hunger and malnutrition especially in the rural area from 

many past years and the data has not changed to the greater extent as if we talk about the present time. 

Around 250 million people lives in poverty and about 47 million children below 5 years are suffering from 

malnutrition. In the present time food security and improved nutrition status is a major issue to the 

growing population and food system must deliver more nutritious food to the people of the country. This 

can be possible through strengthening of the value change for micronutrient rich foods and make it 

available at affordable prices to the consumers. Despite of gaining the food security in India, nutritional 

security is still a challenge due to the low access of the healthy foods, lack of nutritional literacy among the 

people, and hygienic conditions etc. 
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Conclusion 

Micronutrient deficiencies, particularly of iron, vitamin A, and iodine, are common in the developing world 

due to inadequate vegetable consumption. Pesticides contaminate vegetables that reach the market. The 

Nutrition sensitive agriculture plays an important role in promoting and providing vegetables available all 

year, production of nutritious and safe vegetables. It is important to recognize the emphasis of diet quality 

and diversity to ensure your household nutritional security, rather than solely focusing on increasing food 

production income and food intake of people. It has been suggested that for achieving successful nutritional 

security as well as the food security narrowing the nutritional gap is necessary, which would require 

increasing availability and access to the food necessary for a healthy diet and ensuring the intake of these 

foods at recommended quantity. 
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Introduction 

Insects rely on chemical communication to adjust their behaviors in response to the environment. These 

behaviors include foraging, mating, hazard avoidance, kin recognition, and social interactions. Chemicals 

that convey signals between organisms leading to changes in the behavior of recipient organisms are 

referred to as semiochemicals. 

Microbial Semiochemicals 

Pheromone-baited traps are used in both monitoring and control of a variety of agricultural, forestry, and 

urban pests, such as the cotton boll weevil Anthonomus grandis, the gypsy moth Lymantria dispar, and 

the house fly Musca domestica.  

Field application of synthetic sex pheromones has also been shown to effectively control multiple 

Lepidopteran pests, including codling moth Cydia pomonella, pink bollworm Pectinophora gossypiella, and 

diamondback moth, by inhibiting their ability to find mates, a process known as mating disruption.  

Many commercially used insect semiochemicals are not insect pheromones, but rather, plant or microbial 

volatile organic compounds (VOCs). VOCs are a large class of low-molecular weight compounds signified 

by high volatility and low vapor pressure. VOCs can be produced through different metabolic pathways, 

such as fermentation, amino acid catabolism, sulfur reduction, and terpenoid biosynthesis.  

Besides acting on insects directly, microbes can influence insect behavioral interactions with plants by 

altering plant VOC emission profiles. Lima bean plants colonized with Rhizobia emitted a different VOC 

profile from the non-colonized plant in response to stimulation by jasmonic acid (JA), an important plant 

hormone involved in anti-pest defense, growth, and development. 

Many VOCs are effective semiochemicals, requiring only small quantities to elicit responses from insects, 

which tend to have highly sensitive chemosensory (especially olfactory) systems. VOCs permit ranged 

communication by traveling through the air and serve as important means of environmental perception. 

Applications of microbial-based attractants or repellents in pest management have been backed by 

laboratory studies and field trials. For example, the invasive Drosophila suzukii is a major pest of small 

fruits and distinct from other non-pest Drosophila species in that it attacks intact, ripe, and ripening fruits. 

Research has shown that Drosophila species are strongly attracted to fermentation products, and by adding 

fermenting sugar-yeast mixture to a commonly used non-microbial trap bait (apple cider vinegar + 10% 

ethanol), D. suzukii capture rate increased by up to 15-fold in both laboratory and field conditions. 

Push-Pull System 

Microbial-based insect attractants or repellents produce more diverse, effective, and versatile products for 

agricultural applications. One of the applications is to incorporate microbial based semiochemicals into 

push-pull strategies. In a typical push-pull system, a target pest is repelled or deterred away (“push”) from 

a protected source (a valuable crop or farm animal) using stimuli that make it unattractive. In parallel, the 

pest is diverted to attractive stimuli (“pull”) placed outside of the protected source. 

Stimuli commonly in use include different crop plants (intercrops or trap crops), visual signs, pheromones, 

synthetic volatiles, phagostimulants/repellents, and antifeedants. Microbial products can replace or be used 

in conjunction to these stimuli to improve the efficacy of future push-pull strategies. 
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Puss-Pull system

 
Conclusion 

A sustainable approach to pest management is to harness these semiochemicals to manipulate insect 

behavior. There is an increasing demand for natural products in agricultural pest management, as such 

products are generally better perceived by the public than synthetic chemicals in terms of safety and 

environmental sustainability. These approaches will prove to be highly valuable for agricultural 

innovations. 

References 
1. Ballhorn, D. J. Kautz, S. and Schädler, M. (2013). Induced plant defense via volatile production is dependent on rhizobial 

symbiosis. Oecologia 172, 833–846. 

2. Cardé, R. T., and Minks, A. K. (1995). Control of moth pests by mating disruption: successes and constraints. Annu. Rev. 

Entomol. 40, 559–585. 

3. Choudoir, M., Rossabi, S., Gebert, M., Helmig, D., and Fierer, N. (2019). A phylogenetic and functional perspective on volatile 

organic compound production by actinobacteria. MSystems. 4, e00295–18. 

4. Cook, S. M., Khan, Z. R., and Pickett, J. A. (2006). The use of push-pull strategies in integrated pest management. Annu. Rev. 

Entomol. 52, 375–400. 

5. Davis, T. S., Crippen, T. L., Hofstetter, R. W., and Tomberlin, J. (2013). Microbial volatile emissions as insect semiochemicals. 

J. Chem. Ecol. 39, 840–859. 

6. Lemfack, M. C., Gohlke, B.-O., Toguem, S. M. T., Preissner, S., Piechulla, B., and Preissner, R. (2017). mVOC 2.0: a database 

of microbial volatiles. Nucleic Acids Res. 46, D1261–D1265. 

7. Qadri, M.,  Short, S., Gast, K., Hernandez, J. and Wong, A. C. N. (2020). Microbiome innovation in agriculture: Development 

of microbial based tools for insect pest management. Frontiers in Sustainable Food Systems, (4) 547751. 

8. Witzgall, P., Kirsch, P., and Cork, A. (2010). Sex pheromones and their impact on pest management. J. Chem. Ecol. 36, 80–

100. 

  



 

 
Volume 04 - Issue 07 - July 2022       332 | P a g e  
 

Pseudomonas fluorescens: A Promising Biocontrol Agent 
Article ID: 37610 

Medlin Benisha K. S1, Sincy Joseph1, Rajasekar. G2 
1Research Scholar, S. Thangapazham Agricultural College, Vasudevanallur, Tenkasi. 

2Assistant Professor, Department of Plant Pathology, S.Thangapazham Agricultural College, 

Vasudevanallur, Tenkasi. 

 

 
 

Abstract 

Indiscriminate use of chemicals as fertilizer and pesticide caused incredible harm to the environment and 

ecosystem including animals and humans. To replace such type of hazardous agrochemicals, biological 

solution is provided by nature in the form of microorganisms having capacity to promote the plant growth 

without substantially harming the environment. One of the biological approaches for the control of 

phytopathogens is the use of P. fluorescens a biocontrol plant growth-promoting rhizobacteria, which 

is capable of suppressing or preventing the phytopathogens. The best characterized biocontrol PGPR belong 

to the bacteria genus Pseudomonas. 

Keywords: Biocontrol, Plant growth-promoting rhizobacteria, Phytopathogen, Pseudomonas. 

Introduction 

P. fluorescens, a naturally derived bacterial antagonist isolated from rhizosphere soil that are used to 

suppress plant pathogens. Microbial biocontrol agents are having different modes of action for dealing with 

pathogens. 

The application of biocontrol agents and disease suppressing chemicals can reduce the possibility of 

resistance development among pathogen representing an integrated pest management strategy with the 

goal of minimizing the use of chemicals. Biocontrol agents of P. fluorescens are rather nonspecific in their 

ability to protect plants from soil phytopathogens. 

Indeed, each biocontrol strain can typically act in more than one pathosystem, i.e., protect more than one 

plant species from often distinct pathogens, provided the rhizosphere is successfully colonized. Disease 

suppression by these bacteria often entails inhibition of phytopathogens in soil or on roots, by competition 

and ⁄ or antagonism. 

Pseudomonas as Biocontrol Agent 

Species of the genus Pseudomonas embodies an attractive biocontrol agent because of their catabolic 

adaptability, their outstanding root-colonizing abilities, and their capacity to produce a wide range of 

antifungal metabolites. Among various Pseudomonas species fluorescent pseudomonads have received 

particular attention as biocontrol agent of choice. Pseudomonas exerts its biocontrol activity through direct 

antagonism of phytopathogens and induction of disease resistance in the host plant. 

Pseudomonads possess many traits that make them well suited as biocontrol and growth promoting agents. 

These include their ability to: 

1. Grow faster which makes them easy to be mass produced in the laboratory  

2. Readily consume seed and root exudates  

3. Colonize and multiply in the rhizosphere and spermosphere environments and in the interior of the plant  

4. Produce a wide spectrum of bioactive metabolites (i.e., antibiotics, siderophores, volatiles, and growth-

promoting substances) 

5. Compete aggressively with other microorganisms  

6. Adapt to environmental stresses  

7. Easily colonize plants upon subsequent reinoculation in soil by seed bacterization. 
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Fig. 1 Colony of Pseudomonas fluorescens Fig. 2 Pseudomonas fluorescens (Scanning 

Electron Microscope) 

The effective Pseudomonas fluorescens as biocontrol agents against the plant pathogens given in the table 

1. 

Table 1: Pseudomonas fluorescens as biocontrol agent: 

S.No Crop Diseases controlled Causal organism 

1. Paddy Blast Pyricularia oryzae 

Sheath blight Rhizoctonia solani 

2. Ragi Blast Magnaporthe grisea 

3. Groundnut Root rot Sclerotium rolfsii 

Wilt Fusarium oxysporum 

4. Gingelly Root rot Fusarium oxysporum f.sp.sesami 

5. Sunflower Stem rot Sclerotinia sclerotiorum 

6. Redgram Root rot Rhizoctonia bataticola 

Wilt Fusarium udum 

7. Greengram Root rot Rhizoctonia solani 

8. Blackgram Root rot Rhizoctonia solani 

9. Cotton Root rot Rhizoctonia bataticola 

Wilt Verticillium dahliae 

Bacterial blight Xanthomonas citri pv. malvacearum 

10. Tomato Damping off Pythium aphanidermatum 

11. Potato Dry root rot Gibberella pulicaris 

12. Chillies Damping off Pythium aphanidermatum 

13. Cabbage Club root Plasmodiophora brassicae 

14. Cauliflower Club root Plasmodiophora brassicae 

15. Mango Anthracnose Colletotrichum gloeosporioides 

16. Banana Wilt Fusarium oxysporum f.sp cubense 

Anthracnose Gloeosporium musarum 

17. Apple Scab Venturia inequalis 

18. Peach Crown gall Agrobacterium tumefaciens 

19. Safflower Root rot Macrophomina phaseolina 

20. Lentil Wilt Fusarium oxysporum f.sp. lentis 

Mode of Action 

Many biocontrol agents from P. fluorescens and closely related species are well characterized for their 

ability to produce antimicrobial compounds, including 2,4-diacetylphloroglucinol (DAPG), phenazines, 

hydrogen cyanide and surfactants. The biosynthetic pathways involved in their production, as well as their 

regulation and the signals involved have received extensive attention, and these bacteria have become 

prominent models for analysis of bacterial secondary metabolism. 
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Fig. 3 Overview of plant-protection mechanisms of Pseudomonas fluorescens 

Mass Production of Pseudomonas fluorescens 

The King’s B medium is prepared and poured into the fermentor 

↓ 

Sterilization is done at 15 lb pressure for 15 minutes 

↓ 

Broth is allowed to cool 

↓ 

Mother culture of P. fluorescens is added to the fermentor at the rate of 3 lit for 40 lit of the broth 

↓ 

Incubation for 2 days with frequent mixing of the broth by operating the stirrer 

↓ 

The broth containing the bacterial growth is collected in plastic buckets 

↓ 

It is mixed with talc powder for commercial formulation 

Conclusion 

Unlike chemical pesticides, biocontrol agents need support even after their application to get established 

in targeted niche. Therefore, for the success of biological control, one has to ensure not only the quality of 

biocontrol agent applied but also its establishment in natural ecosystem to thrive and compete well with 

the pathogens. Development of better formulations to ensure survival of activity in the field and 

compatibility with chemical and biological seed treatments is another area of focus. P. fluorescens as 

bioagent has good prospectus in the future as it gives very high-cost benefit ratio. 
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Introduction 

The term lectin originates from the Latin phrase ‘Legere’ which means select (Peumans and Van Damme, 

1995). Lectins are plant defence proteins with excessive affinity carbohydrate-binding properties through 

non-covalent and reversible, interactions that could apprehend loose sugars (monosaccharides, 

disaccharides, and polysaccharides) in addition to oligosaccharide moieties of glycoconjugates. 

Furthermore, lectins also can show extra domain names, beyond the sugar-binding domains such as the 

kinase domain that confers one-of-a-kind biological activities (Van Damme et al. 2003). These bioactive 

proteins are determined in all types of organisms viz., animals, mushrooms and plants etc. but a massive 

quantity had been remoted from plants (So-called phytolectins). Presently plant lectins are labelled into 12 

different families, with distinct carbohydrate-binding domains. 

Structural Significance of Lectins 

In general, the third-dimensional shape of lectins consists of high content of β-sheets with little contribution 

from α-helixes. The β-sheets are related through loops forming antiparallel chains. Carbohydrate-binding 

sites in lectin can be grouped into three overlapping regions viz., (a) the central region - constituted with a 

conserved core wherein the residues engage with metal ions (Mn2+ and Ca2+), required for carbohydrate 

interactions. This core despite offering a little contribution to the lectin’s carbohydrate specificity provides 

necessary binding energy. (b) Encircling the core, aromatic residues occupy variable horseshoe shape 

positions that provide the lectin’s monosaccharide specificity. (c) The outer zone consists of higher 

variability residues that are involved in interactions with larger oligosaccharide ligands (Sharon and Lis, 

1990; Young and Ooomen, 1992). Seeds and vegetative storage tissues (e.g., bubs, rhizomes and bark) in 

the plants act as the store houses of these classical and inducible lectins in which they typically 

concentrated about 0.1% - 10% of total proteins (Van Damme et al. 1998; Van Damme et al. 2003; Macedo 

et al. 2014). 

Lectins as Insecticidal Genes 

The biotechnological capability of lectins may be very wide given that those molecules may be hired in 

biosensors and histochemistry, in addition to appearing as antimicrobial, antiviral, anticancer, and 

insecticidal agents (Coelho et al. 2017). The ability of these phytolectins as natural insecticides has been 

said in opposition to pests belonging to numerous orders consisting of Coleoptera, Diptera, Homoptera, 

Hemiptera, Lepidoptera, and Isoptera (Napoleao et al. 2019). These proteins also can be ruinous on non-

feeding ranges of development (eggs and pupae) as well can promote modifications in behaviour throughout 

oviposition (Oliveira et al. 2016). Van Damme et al.1987 reported the first lectin with insecticidal properties 

having the binding affinity towards mannose from the snowdrop bulb (Galanthus nivalis) and identified as 

Galanthus nivalis agglutinin (GNA). The non-selective mode of action of these bioactive proteins made 

them to be successfully engineered in the insect’s environment through transgenic plants (Table 1). 

Action Mechanisms of Lectin Transgene 

The action mechanism under the insecticidal activity of lectins (Figure 1), chiefly orient towards their 

intraspecific variations in the binding targets (due to the direct proportionality between the diversity of 

glycan structure in insect bodies and different sugar binding domain specificities in lectins) and resistance 

against the proteolytic degradation in the target insect gut, which may cause the destabilization in the 

insect normal metabolism by affecting the number of physiological process viz., disorganization of 
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midgut/mesentron structures, disturbance to the peritrophic matrix integrity, reduced viability of the 

epithelial columnar cells, impairing the enzymatic activities and nutrient absorption, cytotoxic effect on 

midgut cells due to the interaction of lectins with membrane proteins (either glycosylated or non – 

glycosylated) and finally induction of mitochondria activated apoptotic cell death and oxidative stress due 

to the lectin binding ability to the membrane receptors. Further to this mode of actions some lectins causes 

the systemic effects by entering into the insect haemolymph and damaging effects on symbionts due to 

their antimicrobial activity (Vandenborre et al. 2011; Agra-Neto et al. 2014; Macedo et al. 2014; Walski et 

al. 2014; Oliveira et al. 2015; George et al. 2018: Napoleao et al. 2019). 

 
Figure 1. Action mechanism under the insecticidal activity of lectins 

As a Proof of Concept 

Table 1. Different insecticidal lectins, their targeted insect pests along with targeted action 

site: 

SL. No Lectins – As 

Transgenes 

Origin of 

transgenes 

Feeding 

source/Tran

sgenic plant 

source 

Targeted 

Insect 

pests 

Action 

mechanism/Tar

geted 

structures 

References 

1. FCL 

(Fasciospongi

a cavernosa 

Lectin) 

Marine 

sponge 

(Fasciospong

ia cavernosa) 

– Oldest 

multicellular 

metazoan 

Ingestion 

through 

artificial diet 

Aphis 

craccivora 

Galactose 

specific lectin. 

 

After 72 h 

exposure, 

artificial diet 

with 1 mg/ml of 

FCL showed 

100% mortality. 

Sadanandan 

and Rauf, 

(2021) 
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2. WSMoL 

(Water-

Soluble 

Moringa 

oleifera 

Lectin) 

 

Moringa 

oleifera 

seeds 

Ingestion 

through 

artificial diet 

Sitophilus 

zeamais 

Thermo stable 

lectin. 

 

Imbalance of 

digestion 

processes (anti-

nutritional 

effects) and 

uncontrolled 

proteolysis 

De Oliveira 

et al. (2020) 

3. ASAL  

(Allium 

sativum Leaf 

Agglutinin) 

Allium 

sativum leaf 

Transgenic 

maize plant 

Corn leaf 

aphid, 

(Rhopalos

iphum 

maidis) 

Mannose-binding 

lectin. 

 

Maximum aphid 

mortality of 71% 

was observed. 

 

Inhibition of 

nutrient 

absorption by 

stimulating the 

endocytosis and 

swelling of 

epithelial cells. 

Bhatti et al. 

(2020) 

4. MvRL 

(Microgramm

a vacciniifolia 

Rhizome 

Lectin)  

Microgramm

a 

vacciniifolia 

rhizome 

Ingestion 

through 

artificial diet 

Sitophilus 

zeamais 

Chitin-binding 

lectin. 

Strongly 

inhibited the ᵦ- 

glucosidase and 

α-amylase 

activities. 

De 

Albuquerque 

et al. (2020) 

5. NICTABA 

(Nicotiana 

tabacum 

Agglutinin) 

Nicotiana 

tabacum 

leaves 

Transgenic 

Tobacco plant 

Spodopter

a littoralis 

and 

Manduca 

sexta 

The first 

nucleocytoplasmi

c lectins 

Walling, 

(2008) 

Conclusion 

The genetic engineering of crop species aided with the introduction of lectin insecticidal genes offeres wider 

protection against destructive crop pests and is expected to provide efficient bio insecticide which will throw 

new insight to future pest management programme. 
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Abstract 

As we’re living in the era of genomics where genes, genomes and DNA sequencing are within our reach. To 

enhance agricultural production through innovative breeding technology is urgently needed to increase 

access to nutritious foods worldwide. Researchers require tools that can help them manipulate genomes of 

organisms to meet the needs the society. Genome editing is one such tool. Here, we discuss the use of 

various site-specific nuclease systems for different plant genome-engineering applications. These cutting-

edge genome-editing technologies are thus poised to reshape the future of agriculture and food security. 

Keywords: Genome editing, Genetic engineering, Genomics. 

Introduction 

Genome editing is a type of genetic engineering in which DNA is inserted, replaced or removed from 

a genome using artificially engineered nucleases, such as Meganucleases, Zinc Finger Nucleases (ZFNs), 

Transcription Activator like Effector Nucleases (TALENs) & Clustered Regularly Interspaced Short 

Palindromic Repeat (CRISPR/Cas9). CRISPR technology used widely as a novel approach from “methods 

of the year” in 2011 to “breakthrough of the year” in 2015 for their captivated genome editing. 

Why Genome Editing? 

In some organisms, it is difficult or impossible to perform site specific mutagenesis, and therefore more 

indirect methods must be used, such as silencing the gene of interest by short RNA interference (siRNA). 

But sometime gene disruption by siRNA can be variable or incomplete. Nucleases such as CRISPR can put 

any targeted position in the genome and introduce a modification of the endogenous sequences for genes 

that are impossible to specifically target using conventional RNAi. 

Advancements in Genome Editing 

 
Figure 1: Advancement in genome editing (CRISPR Handbook, GenScript). 
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Principle 

Nucleases respond in a target-specific manner and induce a double strand break (DSB) in gene sequence. 

The DSB is repaired either by homologous recombination (HR) or non-homologous end-joining (NHEJ) 

mechanisms. NHEJ is error-prone repair mechanism and usually creates insertion or deletion (indel). 

Which may lead to disruption of gene function. In the presence of a suitable repair template containing 

homology arms directly upstream and downstream of the double stranded break, the recombination-based 

homology directed repair mechanism is used. In this way precise changes—be it additions or deletion—can 

be made anywhere in the genome. 

 
Figure 2: The basic working principle of major genome-editing technologies 

Meganucleases are engineered restriction enzymes that recognize long stretches of DNA sequences. Each 

zinc finger nuclease recognizes triple DNA code whereas each TALE recognizes an individual base. Unlike 

protein–DNA recognition in ZFNs and TALENs, simple RNA–DNA base pairing and the PAM sequence 

determine CRISPR targeting specificity. All these tools result in DNA double-strand breaks, which are 

repaired either by error-prone non-homology end joining or homology-directed repair. While NHEJ results 

in random indels and gene disruption at the target site, HDR can be harnessed to insert a specific DNA 

template (single stranded or double stranded) at the target site for precise gene editing (Adli, 2018). 

Tools of Genome Editing 

1. Meganucleases: It is a first tool used for double strand break-induced genome manipulation. It Occur 

naturally eg. I-Scal in Yeast recognize 18 nucleotide sequence and I- CreI in Chlamydomonas. In these 

enzymes binding site and restriction site occur within same unit hence difficult to modify (on average only 

one potential target every 1,000 nucleotides).  

2. Zinc Finger Nuclease (ZFNs): They were first identified as a DNA-binding motif in Transcription 

factor TFIIIA from African clawed frog (Xenopus laevis). It is an artificial bipartite enzyme that consist of 

a modular DNA-binding domain and Fok1 nuclease domain. Small protein structural motif that is 

characterized by the coordination of one or more zinc ions in order to stabilize the fold Contain multiple 

finger-like protrusions that make tandem contacts with their target molecule.  

3. Transcription activator like effector nucleases (TALENs): First time reported by Ulla Bonas in 

Xanthomonas oryzae (2011). These are dimeric enzyme similar to ZFNs. Each subunit consists of DNA 

binding domain & Fok1 nuclease domain. Molecular structure of effector: - TALEs are organized into three 

sections  

 

A stretch of 34 amino acid repeated at 15.5 - 19.5 times. In each repeat amino acid at the position 12 and 

13 varies thus form a Repeat variable diresidues (RVDs). The amino acid identity of the RVDs is responsible 

for DNA nucleotide recognition, enabling the design of TALENs to target unique DNA sequences. 
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4. Clustered Regularly Interspersed Short Palindromic Repeats (CRISPR) & associated (Cas) 

protein: It is a multipurpose technology for genetic engineering that relies on the complementarity of the 

guideRNA (gRNA) to a specific sequence and the Cas9 endonuclease activity in a target specific manner 

and induce a double strand break (DSB) at the precise position i.e., three nucleotides upstream of 

Protospacer Adjacent Motif (PAM). The DSB is repaired either by homologous recombination (HR) resulting 

in gene knock-in or by non-homologous end-joining (NHEJ) mechanisms results in sequence-specific 

mutagenesis/integration ultimately knock-out gene function and transcriptional control of target genes. A 

CRISPR locus is defined as an array of short direct repeat interspersed with spacer sequences. It is a 

mechanism of interference based on RNA-mediated DNA targeting in which Cas9 (interacting with crRNA 

+ tracrRNA) helps in introducing DSBs at a precise position i.e., three nucleotides upstream of PAM.  

Targeted genome editing using CRISPR Cas9 technology has two components: 1) an endonuclease; and 2) 

a short guide RNA. The endonuclease is the bacterial Cas9 nuclease protein from Streptococcus pyogenes. 

The Cas9 nuclease possesses two DNA cleavage domains (the RuvC1 and HNH-like nuclease domains) that 

cleave double-stranded DNA, making double strand breaks (DSB). The gRNA is an engineered single-

stranded chimeric RNA, combining the scaffolding function of the bacterial tracrRNA with the specificity 

of the bacterial crRNA. The last 20 bp at the 5’ end of the gRNA acts as a homing device, which recruits 

the Cas9/gRNA complex to a specific DNA target site, directly upstream of a protospacer adjacent motif 

(PAM), through RNA-DNA base pairing. The PAM sequence differs between different strains and types of 

CRISPR Cas proteins, and the sequence for the S. pyogenes Cas9 is 5’-NGG. The adapted CRISPR Cas9 

system available today can, therefore, be directed towards any 5’-N20-NGG DNA sequence and create a 

precise double strand break. The DSB is then repaired by one of two universal repair mechanisms found in 

nearly all cell types and organisms: the non-homologous end-joining (NHEJ) or the homology-directed 

repair (HDR). 

Applications of Genome Editing Tools 

 
(Sedeek et.al., 2019) 
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Tools of Genome Editing in Nutshell 

 
Fig. 3: - (A) Zinc-finger nucleases (ZFNs) act as dimer. Each monomer consists of a DNA 

binding domain and a nuclease domain. Each DNA binding domain consists of an array of 3–6 

zinc finger repeats which recognizes 9–18 nucleotides. Nuclease domain consists of type II 

restriction endonuclease Fok1. (B) Transcription activator-like nucleases (TALENs): these are 

dimeric enzymes similar to ZFNs. Each subunit consists of DNA binding domain (highly 

conserved 33–34 amino acid sequence specific for each nucleotide) and Fok1 nuclease 

domain. (C) CRISPR/Cas9: Cas9 endonuclease is guided by sgRNA (single guide RNA: crRNA 

and tracrRNA) for target specific cleavage. 20 nucleotide recognition site is present upstream 

of protospacer adjacent motif (PAM). (Arora and Narula, 2017) 

Conclusion 

Genome editing is an innovative breeding technology that boasts a promising future in making the desired 

mutation in plants aimed to enhance agricultural production and to increase nutritious food worldwide. 

Advancement in genome editing technology like CRISPR/Cas9 have revolutionised the field of functional 

genomics and crop improvement. 
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Whiteflies are small tiny sap insects of family Aleyrodidae (Homoptera). They are phloem feeders and 

resemble small adult moths. Their body is covered by powdery wax layer. They are key economic pest of 

most of the vegetables and ornamental crops and their population is abundant especially in warm weather. 

The recent introduction of invasive whitefly species in India become a major cause of concern for the 

agricultural sector of the country. 

Origin 

Aleurodicus rugioperculatus  Caribbean islands and Central America and its incidence are 

limited to Belize, Mexico, Guatemala and Florida in Central and 

North America. 

Aleurothrixus floccosus  Neotropical origin 

Aleurotrachelus atratus Neotropical origin 

Paraleyrodes bondari Neotropical region 

First Report in India 

Aleurodicus rugioperculatus  Coimbatore District of Tamil Nadu, 2016 

Aleurothrixus floccosus  Kozhikode district in Kerala, during November, 2019 

Aleurotrachelus atratus Mandya and Mysore districts of Karnataka during February, 2019 

Paraleyrodes bondari Kerala during 2018 Karnataka and The Andaman and Nicobar 

Islands 

Distribution in India 

Aleurodicus rugioperculatus  Tamil Nadu, Karnataka, Kerala, Andhra Pradesh, Goa and 

Assam 

Aleurothrixus floccosus  Ramanagara, Mandya and Bangalore districts in Karnataka and 

Coimbatore district in Tamil Nadu 

Aleurotrachelus atratus Karnataka 

Paraleyrodes bondari Lakshadweep islands and different districts of Tamil Nadu and 

Andhra Pradesh 

Host Range 

Aleurodicus rugioperculatus  Wide range of host plants including palms, woody ornamentals 

and fruits. Guava, citrus, mango, sapota, bhendi, custard apple, 

coconut, banana, jatropha, and hibiscus etc. Coconut and banana 

are among the most preferred host plants. 

Aleurothrixus floccosus  Guava and citrus 

Aleurotrachelus atratus Coconut and areca palm 

Paraleyrodes bondari Coconut and Cassava 

Biology 

Whitefly 

species 

Aleurodicus 

rugioperculatus  

Aleurothrixus 

floccosus  

Aleurotrachelus 

atratus 

Paraleyrodes 

bondari 

Egg Elliptical, Creamy 

white to yellow in 

Sausage shaped, pale 

white in colour and 

Stalked, initially 

creamy white and 

Stalked eggs laid in  

clusters. 



 

 
Volume 04 - Issue 07 - July 2022       344 | P a g e  
 

colour with very 

short stalk and laid 

in a spiralling 

pattern on the 

under surface of the 

leaves. 

turn to brown before 

hatching. Eggs are 

laid with stalks in a 

circular or semi-

circular  

pattern on the under 

surface of the leaves. 

later turn into dark 

brown before 

hatching. 

 

Nymph Light to golden 

yellow in colour. 

Five instars with 

first instar called 

as crawlers. 

Produces dense 

cottony wax as well 

as long thin waxy 

filaments. 

Flattened oval shaped 

nymphs. Four instars 

with first instar, light 

green in colour and 

subsequent instars 

turn brownish in 

colour with wool like 

wax filaments.   

Black in colour with 

four nymphal 

instars. First instar 

nymph with four 

pairs of wax plumes 

excreted at the base 

of dorsal setae. 

Nymphs are creamy 

yellow, transparent, 

oval shaped,   

absolutely flat up to 

0.9 mm. The margin of 

the nymph is covered 

with a band of white 

wax and short setae 

are observed all 

around 

Pupa Dorsal 

reticulations, 

apical acute 

lingula, rugose 

operculum with a 

pair of 

ventromedial fine 

setae. 

The fourth instar 

serves as the pupal 

stage. Adult emerged 

from the pupae by 

vertical splitting.  

Elliptical/elongated 

oval puparium, 

black in colour. 

Pupae with large 

marginal white wax 

fringe and wax 

filaments and 

contains marginal 

teeth hairy 

crenulations on the 

sides. 

The dorsum of the 

pupa possesses large 

compound pores 

aligned along the sub 

margin. Also, the 

vasiform orifice and 

lingula are well 

developed. 

Adult Two pale brown 

coloured wavy 

marking on the 

forewing at medial 

and apical margin. 

Males have large 

pincers at the end 

of the abdomen. 

Yellow white coloured 

body. Wings are 

covered with a white 

waxy powder on the 

under surface of the 

leaves. 

Adults do not have 

any wavy markings 

on the wings. 

Adults 

are powdery white, 

about 0.95 mm long, 

with two 

conspicuous oblique 

grey bands across the 

forewings 

together forming a 

typical ‘X’ pattern. 

Natural Enemies 

Aleurodicus rugioperculatus  Parasitoids - Encarsia guadeloupae Viggiani (Hymenoptera: 

Aphelinidae) 

Predators - Pseudomallada sp. (Neuroptera: Chrysopidae), 

Cybocephalus sp. (Coleoptera: Nitidulidae), Diadiplosis sp. 

(Diptera: Cecidomyiidae), Jauravia pallidula, Scymnus nubilus, 

Menochilus sexmaculatus and Scymnus coccivora (Coleoptera: 

Coccinellidae) 

Aleurothrixus floccosus  No natural parasitism either by any indigenous parasitoid or its 

known potential parasitoid, Cales noacki (Hymenoptera: 

Aphelinidae) is observed so far in India. 

Aleurotrachelus atratus Parasitoids - Encarsia spp. (Hymenoptera: Aphelinidae) 

Predators - Dichochrysa astour (Neuroptera: Chrysopidae), 

Cybochephalus spp. (Coleoptera: Nitidulidae), Chilocorus nigrita 
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and Jauravia pallidula (Coleoptera: Coccinellidae) Aleurodicus 

rugioperculatus  

Paraleyrodes bondari Chrysopids and coccinellids have been reported to be effective 

predators of P. bondari though no parasitoid has been identified 

so far. 

 

 
Aleurodicus rugioperculatus | Picture courtesy: Kumar et al., 2013 

 
Aleurothrixus floccosus | Picture courtesy: 

https://www.forestryimages.org/browse/subthumb.cfm?sub=8097&desc=58&fam=14# 

 
Paraleyrodes bondari | Picture courtesy: Josephrajkumar et al., 2019 
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Introduction 

Intensification of crop production in recent decades has heightened the infestation of pests on crops. 

Farmers across the world especially, in the developing countries have been using an enormous amount of 

pesticides to keep the pest infestation menace in control. This indiscriminate use of pesticides has resulted 

in the degradation of the soil and environment. Excessive use of chemical pesticides has also destroyed the 

natural enemies of the pests causing a greater surge of pest outbreaks. With the development of DNA-

based technologies, fitting replacement for pesticides has been found. Meta’omics is one such emerging 

molecular technology used in Integrated Pest Management.  ‘Omics’ in simple words means ‘the study of 

the totality of something’. The term ‘meta-omics’ stands for a defined group of techniques used to 

characterise communities of organisms. Meta’omics is a broad term which comprises various approaches 

such as meta-genomics (identification of genes), meta-transcriptomics (identification of respective RNA of 

the genes), meta-proteomics (Identification of proteins) and meta-bolomics (Identification of metabolites) 

(Malacrinò, 2018). Omics technologies produce a comprehensive view of the total expression of the 

molecules from the samples and interpret how these molecules interact with one another to produce a 

phenotype or a function. The application of meta’omics technique in pest management has opened a new 

area of applied science known as ‘IPM-omics’ (Rong et al., 2016), which often integrates meta’omics with 

GIS data. 

Genomics in Pest Management 

Genomics tools have emerged with a broad range of practical applications. It is used in developing new 

pesticides and also to identify host-plant resistance factors which will be detrimental to the development 

of insect pests. Genomics reveals the genes which are known to be critical for the survival of insects. Such 

genes may be silenced using transgenic and RNAi techniques. Population genomics helps to identify the 

intra-species variation of pest populations and track their place of origin. Control measures can be targeted 

at the original place to prevent the spread. 

Characterising the Pathogenicity of Entomopathogenic Fungus (EPFs) 

Omics technologies provide a key to deciphering the mechanisms of pathogenicity of entomopathogenic 

fungi. The EPF Beauveria bassiana infects an insect host in three stages which occurs in a sequence viz., 

host arthropod adhesion, penetration of arthropod cuticle and arthropod haemocoel colonisation. In each 

stage, the EPF changes its structure with a different gene, protein and metabolite to successfully overcome 

the host defences and colonise it (Harith-Fadzilah et al., 2021). 

With the knowledge of genes, proteins, metabolites and toxins involved in the host infection process of B. 

bassiana, genetic manipulation attempts are being done to produce transgenic B. bassiana that yields 

greater insect-killing potency and also to produce transgenic crops expressing B. bassiana pathogenicity-

related genes. 
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Deciphering the Role of Insect Gut Microbes 

Insect gut microbes play an important role in maintaining insect’s fitness by increasing the availability of 

nutrition and it regulates insect’s interaction with the environment. Modifying the gut microbes could be 

an effective tool to control the insect menace. Several insects use insect gut microbes to overcome the host 

defence. Meta-omics techniques-based sequencing of Diamond back moth (Plutella xylostella Linnaeus) 

metagenome revealed the important role of endosymbionts to detoxify the plant defence compounds (Xia et 

al., 2017). Gut microbes also play a role in detoxifying the pesticides and thereby leading to the development 

of pesticide resistance in insect pests. Targeting the microbes which impart immunity in insects could 

increase the efficacy of pest management attempts. 

Pesticide Resistance 

Metagenomics analysis of larval S. litura and S. frugiperda revealed the major role played by microbes in 

detoxification and metabolism processes in them. The relative abundance of detoxification-related microbes 

was more abundant in S. frugiperda. Transcriptomic studies confirmed the detoxification-related pathway 

of S. frugiperda was richer than that of S. litura (Tang et al., 2021). Metabolomic studies reveal several 

pathways and metabolites by which the detoxification of pesticides occurs in the insect body. 

Bio-Surveillance Program 

Omics technologies could be used to improve the surveillance programs to detect the arrival, origin, 

invasion pathways and adaptation traits of invasive species. The conventional quarantine techniques are 

time-consuming which causes unnecessary delays in the products reaching the consumers. Using 

meta’omics techniques, the entire genetic pool of a few samples or trap collection can be done, which will 

reveal the presence of invasive insect pests as well as pathogens. 

Exploiting the Host-Plant Resistance 

Using host plant resistance to insect pests has been proven to be an effective technique traditionally. Omics 

technologies can improve plant defence for the better control of insect pests. Apart from the morphological 

characteristics which deter the attack or prevent the survival of insect pests, the plants produce several 

secondary metabolites which affect the development of insects on them. Meta-bolomics approach identifies 

the metabolites produced by plants through various biochemical pathways and also identifies their 

functions. Similarly, proteomics identifies and characterises the protein which plays role in developing 

plant resistance. New pathways, chemicals, proteins and genes identified through omics techniques can be 

modified in such a way to improve the plant resistance to insects. 

Insect Vector-Borne Plant Diseases 

Omics technologies are being increasingly used by vector biologists to understand the biochemical and 

molecular basis of vector-borne diseases. Plant virus transmission by insects is done systematically in 

temporally regulated protein interactions among virus, vector, and the plant host, all of which can be 

detected and measured quantitatively by omics technologies. 

The Discovery of virus and insect proteins involved in disease transmission, tritrophic interactions has led 

to developing novel techniques which would prevent the virus transmission into and between the plants. 

Recently, omic technologies helped in identification of direct protein interactions facilitating virus 

transmission as well as indirect effects, such as host and vector manipulation (involuntary manipulation 

or hacking of host behaviour by the parasite for its better survival and transmission) (Wilson et al., 2019). 

Conclusion 

Meta’omics technologies have been found useful in various arenas of entomology and pest management. 

While population genomics (i.e., meta-genomics) is more feasible with DNA sequencing facilities available 

commonly, functional genomics including meta-transcriptomics, meta-bolomics, meta-proteomics needs 

highly equipped laboratories and investments. Despite that, the omics technologies are proven to be a 

successful alternative to chemical pesticides as evidenced by the release of new resistant plant varieties 

and safer pesticides developed through omics technologies. 
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Summary 

The medicinal and aromatic plants resources of India are known as a source of economy, sustainable 

livelihood, and employment for many rural communities. However, perhaps the recognition for medicinal 

and aromatic plants as a source for sustainable economy generation without linking sustainable marketing. 

Problems such as market constraints, lacking financial support, poor transport facilities, and 

infrastructure are faced by Non-timber forest products (NTFPs) actors throughout the world especially in 

backward areas (Kar and Jacobson, 2012; Yadav and Misra, 2012). World trade in medicinal and aromatic 

plants accounts for about 30 per cent of the total drug market. The current value of global trade of the 

medicinal and aromatic plants products has been put over US$ 75 billion per year and is growing at the 

rate of 12.50 per cent annually, expecting to reach $5 trillion by 2050. This percentage excludes plants used 

for non-medicinal and aromatic purposes. Bulk of the raw material (90 per cent) is produced in developing 

countries (Asia, Africa and Latin America) and 60 per cent is imported or processed and used in the 

developed countries. 

Introduction 

Undivided Andhra Pradesh was one of the largest producers of medicinal crops in the country. However, 

after bifurcation in 2014, almost the entire area under medicinal plant cultivation went to new Andhra 

Pradesh territory, leaving very little area under medicinal crops in Telangana. The Govt. of Telangana, 

through Telangana State Medicinal Plant Board (TSMPB), has been encouraging farmers to take up 

medicinal plant cultivation through various incentives in the form of subsidies and market facilitation 

activities. 

About 15,000 species or 21 per cent of all medicinal and aromatic plant species are at risk, according to the 

report by the Medicinal Plant Specialist Group of the IUCN's (International Union for Conservation of 

Nature) Species Survival Commission that has come out with the new standards. In India, due to over-

exploitation or extinction through over-harvesting and habitat loss at least, 319 medicinal plants are on 

the endangered species list of IUCN. Valuable wild medicinal and aromatic plants which are found in India 

will be protected for the first time as the government is bringing them under an international standard of 

sustainability. "The new International Standard for Sustainable Wild Collection of Medicinal and Aromatic 

Plants (ISSC-MAP) which aims to promote sustainable management and trade of wild medicinal and 

aromatic plants globally is being implemented in India for the first time," head of 'Traffic' Samir Sinha 

said.  

India’s domestic herbal industry is represented by 8610 licensed herbal units, thousands of cottage level 

unregulated herbal units and millions of folk healers and household level users of thousands of herbal raw 

drugs on one hand and a complex trade web on the other that channels the herbal raw drugs from various 

supply sources to the end users. Thus, to understand the marketing and trade of the sector, a focus on 

demand and supply of medicinal plants is very important. The canvas portraying demand and supply of 

medicinal plants in the country is itself very complex. 

Under this tie-up with the unit of Defence Research & Development Organisation, Dabur will also impart 

training to the villagers on sustainable cultivation of herbs. India has enjoyed a pre-eminent position in 

the manufacture of superior perfumes and aromatics since ancient times and the industry has flourished 

and grown considerably. The famous Chinese traveller Fa-Hien described India as the land of aromatic 

flowers, fruits, woods, roots, resins and grasses. 

Kochi: A study by the Confederation of Indian Industry (CII) said the Ayurveda sector in the country will 

achieve a gross market size of $ 4.4 billion, or roughly Rs 30,000 crore by the end of 2018. To add to the 
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bullish outlook, the Indian Ayurveda industry is projected to record a compounded annual growth rate of a 

robust 16 % until 2025.  

The National Medicinal Plants Board has been established by Government of India to coordinate with all 

matters relating to Medicinal Plants and Support Policies and Programs for growth of trade, export, 

conservation and cultivation. The board is working under Ministry of Ayurveda, Yoga & Naturopathy, 

Unani, Siddha & Homeopathy. 

Top 10 herbal mandies are situated in Amritsar, Bengaluru, Chennai, Dehradun, Delhi, Jaipur, Kolkata, 

Lucknow, Mumbai and Neemuch. The monthly prices of 50 high trade medicinal plants are sourced from 

these mandies for reference.  

Recently, WHO (World Health Organization) estimated that 80 per cent of people worldwide rely on herbal 

medicines for some aspect of their primary health care needs. According to WHO, around 21,000 plant 

species have the potential for being used as medicinal plants. 

Over the past two decades, there has been a tremendous increase in the use of herbal medicine; however, 

there is still a significant lack of research data in this field. Therefore since 1999, WHO has published three 

volumes of the WHO monographs on selected medicinal plants. 

Currently Marketing of Medicinal Plant produce happens through Mandis and other wholesale 

markets. There are numerous intermediaries. National Medicinal Plants Board has been initiating many 

steps in order to fill this gap.  

National Medicinal Plants Board (NMPB) has launched an online virtual platform www.e-charak.in and a 

mobile application e-charak, with a view to provide an online market portal for trade of medicinal plants. 

The online portal could be accessed either through internet browser or the mobile app which could be 

downloaded in google play store in any android mobile phone. In this application and online platform, 

farmers and collectors could display their produce in possession & buyers like traders, manufactures, 

exporters could able to look into their requirements. This application and online platform would create 

vivid transparent, workable trade linkages among the producers & purchasers. Creation of e-charak is a 

way forward of Digital India Programme. 

Schemes/Proposals 

1. Generating information on wholesale prices, arrivals and trends in different markets to benefit both 

growers and buyers. 

2. Establishing communication network for speedy collection and dissemination of market data for its 

efficient and timely utilization. 

3. Preparing farmer’s advisories and issuing the same for the benefit of farmers towards optimizing returns.  

4. Developing databases of cultivators and cultivars.  

5. Integrating and mainstreaming of medicinal plants through call centres including Kisan call centres 

initiatives of Ministry of Agriculture. 

6. Networked Agri-Mandis for MAPs.  

7. Database of cultivators. 

8. Contract Extractions (PHM)  

9. Speciality Warehousing & Supply Chain development.  

10. Integration of all Portals with techno Trade Exchange.  

11. Integration with Kisan Call Centres, KVKs etc. 

12. Promotion of primary producer companies (PPCs) would be taken-up in a focussed manner. 

Average Market Price of Last 6 Months (Rs / Kg) – 2020 -2021 Period 

Botanical name Part used Average price (Rs/Kg) 

Acomitum heterophyllum Root            6380.57 

Acorus calamus Root            121.02 

Adhatoda vasica Leaf            42.27 

Aegle marmelos Fruit            58.37 

Alpinia galanga Root            209.61 

Andrographis paniculata Upper Part             47.06 
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Azadirachta indica Leaf             44.33 

Cinnamomum cassia Bark 235.72 

Cinnamomum tamala Leaf 61.56 

Glycyrrhiza glabra Root 173.49 

Gmelina arborea Bark 122.47 

Hibiscus rosa sinensis Flower 256.52 

Moringa oleifera Leaf 217.92 

Ocimum sanctum Seed 131.76 

Rauwolfia serpentina Root 681.61 

Plantago ovata Husk 403.9 

Terminalia arjuna Bark 36.76 

Strychnos nux-vomica Seed 76.69 

Terminalia chebula Fruit 170.9 

Withania somnifera Root 289.56 

Vinca rosea Leaf 167.96 

Vetiveria zizanioides Root 202.02 

Viola odorata Aerial Part 2611.17 

Rubia cordifolia Root 900.34 

Santalum album Wood 5427.41 

Sapindus mukorossi Fruit 84.92 

Piper longum Fruit 480.02 

Piper cubeba Fruit 1757.79 

Pongamia pinnata Seed 96.28 

Nardostachys jatamansi(oil) Root 1128.35 

Picrorhiza kurroa Root 1725.82 

Parmelia perlata Lichen 393.44 

Commiphora mukul Gum 870.08 

Cassia angustifolia Leaf 88.44 

Source: https://echarak.in/echarak/avgmarketprice.do. 

Highlights of Exports of Medicinal Plants During 2004-05 

Sl. 

No. 

Item code Items Value  

(Rs. in 

lakh) 

% of total 

value (04-

05) 

Quantity 

in MT 

% of 

quantity  

(04-05) 

1 12119013 + 

12119032 

Psyllium (Seeds + Husk) 16775.80 32.53 20578.59 35.56 

2 12119022 Senna (Leaves & pods) 2911.40 5.64 10924.05 18.87 

3 14041011 + 

14014019 

Henna (Leaves & 

powder) 

2878.00 5.58 4089.44 7.06 

4 14041061 + 1404169 Myrobalans 1974.00 3.82 4009.86 6.93 

5 12119050 Sandalwood chips & 

dust 

1422.40 2.76 105.47 0.18 

6 13019016 Karaya gum 984.30 1.91 832.10 1.44 

7 12119015 Jojoba seed 927.50 1.80 867.22 1.50 

8 9041110 Pepper long 696.80 1.35 812.77 1.40 

9 12119026 Pyrethrum 374.00 0.73 759.67 1.31 

10 9109915 Cassia tora seeds 298.10 0.58 1572.46 2.72 

11  - Others (All 

Miscellaneous) 

6236.20 12.09 12036.17 20.8 

12 13021400 to 

13021919 

All extracts 16098.80 31.21 1291.71 2.23 

Total 51577.30 100.00 57879.51 100.00 
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Quantity wise analysis of Exports (2004-05) 

Highlights of Imports of Medicinal Plants During 2004-05 

S. No. HS code Items Value  

(Rs. in lakh)  

% value Quantity 

in MT 

% quantity 

1 9041110 Pepper long 5439.49 31.41 9067.19 24.19 

2 13012000 Gum Arabic 2623.37 15.15 12730.93 33.96 

3 12119096 Garcinia 479.96 2.77 655.60 1.75 

4 12111000 Liquorice roots 218.52 1.26 1603.20 4.28 

5  - Others 7089.20 40.95 13384.87 35.71 

6  - All Extracts 1465.72 8.46 41.76 0.11 

Total 17316.26 100.00 37483.55 100.00 

 

 
Source: Previous Studies / Projects - Demand and Supply of Medicinal Plants in India (2006-

07) https://www.nmpb.nic.in/content/ongoing-and-completed-project-studies. 

On-Going Projects/Studies 

1. Promotion of Farmer Producer Companies (FPCs) for Medicinal and Aromatic Plants. 

2. Assessing Market Potential and Demand -Supply Scenario of Medicinal and Aromatic Plants from North 

–East Region of India. 

3. E-CHARAK: e-Channel for Herbs, Aromatic, Raw Material and Knowledge. 
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Conclusion 

As our lifestyle is now getting techno-savvy, we are moving away from nature. While we cannot escape 

from nature because we are part of nature. As herbs are natural products, they are free from side effects, 

they are comparatively safe, eco-friendly and locally available. There is a need to promote them to save the 

human lives. The herbal products are today are the symbol of safety in contrast to the synthetic drugs, that 

are regarded as unsafe to human being and environment. Although herbs had been priced for their 

medicinal, flavouring and aromatic qualities for centuries, the synthetic products of the modern age 

surpassed their importance, for a while. However, the blind dependence on synthetics is over and people 

are returning to the naturals with hope of safety and security. It’s time to promote them globally. Even to 

date, about 80% of the world’s inhabitants rely mainly on traditional medicines for their primary health 

care, while medicinal plants continue to play an important role in the health care systems of the remaining 

20%. The area of medicinal & aromatic plant research is fast developing. 
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Summary 

Annona muricata is a member of the Annonaceae family and is a fruit tree with a long history of traditional 

use. A. muricata, also known as soursop, graviola and guanabana, is an evergreen plant that is mostly 

distributed in tropical and subtropical regions of the world. The fruits of A. muricata are extensively used 

to prepare syrups, candies, beverages, ice creams and shakes. A wide array of ethnomedicinal activities is 

contributed to different parts of A. muricata, and indigenous communities in Africa and South America 

extensively use this plant in their folk medicine. 

Introduction 

Soursop is a tropical fruit that shows a number of various health benefits when consumed as a part of a 

healthy balanced diet. Other than being a great source of energy, it also helps improve digestive tract 

health. Hanuman fruit has anti-inflammatory, anti-microbial, and anti-parasitic properties. Soursop has 

widely been considered to be able to prevent the onset of cancer. It helps to combat age related disorders. 

Hanuman fruit keeps your skin and hair healthy, and keeps you looking and feeling healthy. Hanuman 

fruit, or soursop, is the fruit of an evergreen tree belonging to the custard apple family, Annonaceae. It is 

a prickly green fruit growing on a tropical evergreen plant, with an edible white pulp and multiple seeds. 

It is used for consumption in a variety of forms worldwide. Hanuman fruit unique flavor has led to it being 

used to make confectioneries of various kinds. Apart from a number of other uses, this fruit has been one 

of the contenders in the cancer research worldwide, and has been suggested to be an alternative remedy 

for the same. 

Natural products, especially those derived from plants, have been used to help mankind sustain its health 

since the dawn of medicine. Over the past century, the phytochemicals in plants have been a pivotal 

pipeline for pharmaceutical discovery. The importance of the active ingredients of plants in agriculture and 

medicine has stimulated significant scientific interest in the biological activities of these substances. 

 

https://www.lybrate.com/topic/benefits-of-apple-and-its-side-effects
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Nutritional Value of Hanuman Fruit (Soursop) 
Soursop is a moderate to high calorie fruit, producing about 66Kcal per 100gm of fruit, with almost nil fat 

content, and no cholesterol. It contains a large amount of Vitamin C, along with Vitamins B6, B12, and A. 

Hanuman fruit contains essential minerals such as potassium, sodium, iron, magnesium, and calcium. It 

also contains about 3 to 4gm of dietary fibers per 100gm of fruit. 

Uses of Hanuman Fruit (Soursop) 
Soursop is used worldwide for consumption, either directly as the fruit, or made into different types of 

confectionaries, including puddings, ice creams, cakes, etc. 

Some rare instances of the fruit being fermented to make alcoholic beverages are documented. Extracts 

from leaves are used to make various traditional medicines. The tree provides good quality timber. 

Health Benefits of Hanuman Fruit (Soursop) 
Energy producing food- Like its close relative custard apple, soursop also contains a large amount of simple 

sugars. These, combined with abundantly present electrolytes, help to keep you charged up for those long 

and strenuous activities of daily life. Hanuman Fruit contains no harmful fats or cholesterol, so the calories 

do not cause long term adverse health effects. 

Hanuman Fruit improves eye health Vitamin A, and other antioxidants present in the fruit contributes to 

increased formation of visual cells, and provides a solid barrier to the onset of macular degenerative 

diseases that damages the visual cells slowly over time. It also reduces the risk of developing cataracts.  

Hanuman fruit improves immunity- Vitamins present in the fruit provides a boost to the immune system 

to fight against day to day ailments caused by microbial infections, such as common 

cold, measles, influenza, etc. It has been shown to be effective in the treatment of herpes. 

Hanuman fruit prevents diabetes soursop has been shown to be effective in the prevention & treatment 

of diabetes by significantly altering the blood sugar and triglyceride content when taken as a part of a 

healthy balanced diet. Hanuman fruit also prevents oxidative damage to liver and kidneys in diabetics 

because of its antioxidant properties. 

Hanuman fruit leaves for cancer treatment soursop is said to be able to target and destroy a number of 

different types of tumor cells pertaining to different types of cancer. While it cannot be considered a 

medicine, regular intake of the hanuman fruit as a part of a balanced and healthy diet can actually reduce 

the risk of development of cancer due to the large amount of antioxidants present, which removes harmful 

free radicals from the body. 

Conclusion 

A. muricata is a coveted tropical tree, and a wealth of phytochemical investigations has been conducted for 

this fruit plant. In addition to being an important source for the food industry and an indigenous medicinal 

plant, A. muricata is proven to possess a wide spectrum of biological activities. Among all former studies 

on this plant, the most promising activities are found to be its anticancer, antiparasitic and insecticidal 

activity. Annona muricata is one of the most delicious arid fruits known mostly for its dessert and 

confectionery values. 
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Introduction 

It is a new plant breeding method designed to produce the parental lines for heterozygous plant. The 

concept was proposed by Rob Dirks in 2009. It accelerates the breeding process and it will increase the 

available genetic combinations. Fixation of unknown heterozygous genotypes is not possible in traditional 

plant breeding. Reverse breeding is one of the techniques used to change the future plant breeding. 

Need 

1. Hybrid stability is maintained 

2. To improve the parental lines genetically to enhance the hybrid performance 

Two Essential Steps Involved 

1. Suppression of cross over recombination. 

2. Regeneration of double haploids from the spores containing non recombinant chromosomes. 

Mechanism 

 

Fig 1: Flow chart of RB for regeneration of starting hybrids (adopted from Wijnker and Jones. 2014). Firstly, 

two transgenic lines at different chromosomes viz. DMC1: RNAi are developed; crossing of resulting a 

chaismatic lines with second accession to develop starting hybrids; haploids are generated using haploids 

constructs like GFP-Tailswap; generation of DHs and intercrossing of chromosome substitution lines 

(CSLs) to regenerate starting hybrids and WT- type hybrid with no transgene. 

Marker Assisted Reverse Breeding 

1. Chip based Single Nucleotide Polymorphism Genotyping is used. 

2. This technique is applied in Maize crop. 

3. Fastest molecular breeding tool. 

4. No RNA Interference Silencing is used. 

Advantages 

1. Large population is generated and screened 

2. Breeder will give opportunity to produce new varieties based on farmers need 

3. Facilitates the selection of superior hybrid plants 

4. Recombinant DNA is not used here 

5. Plant varieties produced is similar as that of conventional plant breeding 

6. Non genetically modified, so there is no bioethical use 

7. Varieties are safe to use 

8. Complete homozygosity of plants is received. 
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Disadvantage 

The technique is limited to the crops with a haploid chromosome number of 12. This technique is used in 

crops of double haploid production. 

Application 

It is applied in the crops like Maize, Rice, Pea, Sorghum, Cucumber, Watermelon, Brinjal, Tomato, Onion, 

Cauliflower, Broccoli, Sugarbeet. 

Conclusion 

This method is used in the crop breeding to generate homozygous parental lines from complex genotypes. 

Research is needed still in reverse breeding to remove the technical issues and to show its full potential. 
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Abstract 

Bamboo usage as soil bioengineering techniques can be stresses upon due to strength of bamboo culms and 

roots and their straightness, lightness combined with hardness, range and size of hollowness make them 

potentially suitable for a variety of both structural and nonstructural applications. With good physical and 

mechanical properties, low shrinkage and good average density, bamboo is well suited to replace 

wood/timber in soil bioengineering applications but also to act on its own as a living material providing 

rapid ground coverage and sediment trapping, increasing surface roughness, increasing soil strength and 

decreasing pore-water pressures in the soil by evapotranspiration. 

Introduction 

Bamboo is woody grass belonging to the sub family Bambusoideae of the family Poaceae. Bamboo is fast 

growing species and therefore, known as “Green Gold”. This green gold is sufficiently cheap and plentiful 

to meet the vast needs of human populace from the “child cradle to the dead man’s bier” that is why 

sometimes known as “poor man’s timber.” 

India occupies one of the leading positionin world's richest resource of bamboo, have approx 130 species a

nd covering 9.57 million ha. India has a 19 percent share of the World’s area under bamboo cultivation and 

its market share in the sector is only 6 percent” The same report highlights the current demand for bamboo 

in India is estimated at 28 million tons, which means if this demand can be filled by the farmers within the 

country, a whopping 98 billion man-days can be generated – a sufficient figure to address rural 

unemployment. In India, approximately 10 million hectares of area is covered by Bamboo out of which 28% 

is in the NER. There are more than 125 species belonging to 23 genera of bamboos found in India. Out of 

this, only 30 species are commercially important. They grow naturally up to 3500 m above mean sea level. 

66% of India’s bamboo resources exist in NER and hence, the potentialities.  

Bamboo is a globally distributed group of plants with more than 1400 species distributed worldwide in 

tropical, equatorial and semitropical biomes. It builds important and diversified habitats with different 

specificities, according to the nature of the species and the general ecological conditions. Most bamboo 

species show a very strong development and colonization ability, determining that in some temperate 

habitats, they can assume an invasive character. The nature and characteristics of some bamboo 

communities can present an important ability to soil and slope protection and stabilization, as one can 

easily confirm by observing developed bamboo forests in mountainous areas with very steep slopes. The 

structural characteristics offered by some woody bamboo species make bamboo a valuable basic 

construction material in many regions such as India, China and Southeast Asia. They can be used 

integrated and fostering natural communities, ensuring efficient soil cover and reinforcement functions 

through their high, lightly dense culms and their dense and resilient root systems. 

These functions are also of particular interest for soil bioengineering because bamboo has biological 

characteristics such as a high vegetative propagation ability (making its reproduction very easy) and a 

rapid growth (allowing for a quick effect on soil cover and root consolidation). Moreover, the structural and 

physical characteristics of the stems of certain bamboo species turn them into a very effective construction 

material for complementary soil bioengineering support structures. Therefore, bamboo in its different 

forms and associated communities, and also in terms of particular species, is of high interest for nature 

and biodiversity protection (and therefore ecosystem restoration) as well as for slope protection and 

stabilization. 

Soil bioengineering comprises a diversified group of techniques and land management systems developed 

by mankind throughout the millennia to use natural systems and elements in order to ensure the safety 
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and functionality of land uses in a context of restricted availability of materials and, particularly, energy. 

Its goal, as referred therewith, is mainly functional in terms of protecting and integrating within the 

infrastructure, as well as landscape protection and restoration. The main concerns for soil bioengineering 

are related to soil support, cover, and consolidation, as well as the regulation of the forces and processes 

(mainly hydrological, hydraulic, and wind-related) that act as disturbance factors. The main functions 

fulfilled by the bioengineering approach are the following: 

1. Support functions, in terms of building or fostering the development of structures able to stabilize slopes 

affected either by an increase on their slope angle or by an increase of the external or internal acting forces 

2. Cover functions in terms of protection against erosion and trampling 

3. Consolidation functions in terms of soil protection, structuring, and reinforcement 

4. Regulation functions in terms of hydrological processes such as interception, evapotranspiration, 

infiltration, and runoff control 

The use of bamboo to make retaining structures for soil mass or for stream bank erosion control has been 

practiced in traditional way in various places around the world for long time. Live bamboo stakes, wattle 

fence, hedge brush layering techniques and bamboo crib walls are most commonly used bioengineering 

techniques. A live bamboo crib wall is a three-dimensional structure created from untreated bamboos, fill 

material and live cuttings. The crib wall is ‘a specialized form of gravity-retaining structure using on-site 

fill material, held within a constructed framework, to provide most of the necessary mass to resist 

overturning by the weight of both the slope and the materials. This crib structure, once filled, acts as a 

retaining structure and supports the slope. The bamboo and other installed plants provide immediate 

protection and stability to the structure.  

Hence, considering these facts it can be believed that the bamboo bioengineering may be a most useful and 

effective technology for slope stabilization and soil conservation because the technology is simple, low cost, 

effective, requires little to no maintenance, environmentally friendly, and sustainable. 

Common bioengineering techniques: 

a. Bamboo fencing: Bamboo fencing can be used to prevent soil creep or surface erosion on a slope 

to hinder gully extension, particularly in seasonal water channels, and to control flood waves along 

a river bank.  

b. Crib walls: The crib wall as ‘a specialized form of gravity-retaining structure using on-site fill 

material, held within a constructed framework, to provide most of the necessary mass to resist 

overturning by the weight of both the slope and the materials’. 

c. Live bamboo pegs can be used for the main posts so that the whole structure becomes rooted. The 

growing bamboo can be further interleaved between the posts (as in a wattle fence) to increase the 

strength of the fence. Shrubs and grasses are planted on the upper side of the fence to hold small 

soil particles.  

The main purpose is to trap loose sediments on the slope, to improve the conditions for growing 

vegetation, and to reduce the surface runoff rate. 

Conclusion 

The soil and water bioengineering approach are combined with bamboo traits and mechanical properties. 

The existing accumulated experiences of using bamboo in soil and water bioengineering works, along with 

the existing standards and design guidelines, make bamboo species an essential and cost-effective material 

for erosion control and slope stabilization works. 
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What is Biofortification? 

A fast and easy meal may satisfy hunger, but there is a deeper issue of “hidden hunger,” which may be 

satisfied only by nutrient-dense foods. A well-balanced diet is a far-fetched dream for the world’s poor. A 

carbohydrate-rich diet of rice, wheat, or maize (the main staple food) pulses is consumed across the globe 

and helps to alleviate hunger; however, “hidden hunger” persists. Hidden hunger, also known as 

widespread iodine (I), iron (Fe), zinc (Zn) and selenium (Se) malnutrition, is a leading cause of a variety of 

health problems in human populations where rice cereals and pulses are the primary food sources (Bailey et 

al., 2015). Increasing the concentrations of these micronutrients in cereal grains and pulses thus represents 

a long-term solution to hidden hunger. Climate change has a significant impact on crop production as there 

is an increasing demand for crops that can withstand climatic vagaries, such as drought and heat stress, 

while also providing a balanced diet to humans (Laskowski et al., 2019). In these conditions, pulses have 

emerged as a sustainable and dependable nutritional source that provides stable source of protein, fats and 

micronutrients (Jamil et al., 2021). 

The increasing incidence of micronutrient deficiencies in people has been attributed to a lack of soil 

micronutrient availability to crop plants and as a result, insufficient micronutrient dietary intake (Welch et 

al., 2013). According to Welch et al. (2013), crop production systems have never been designed to improve 

human nutrition and health, which is another factor contributing to the global prevalence of hidden hunger. 

To ensure nutritional security, it is inevitable to include nutrition-sensitive strategies in crop production 

systems and work in tandem with the production of micronutrient-enriched (biofortified) staple foods for 

the target populations (Bouis and Saltzman, 2017; Jha and Warkentin, 2020). Most staple foods are 

naturally low in micronutrients and cannot meet the recommended daily intake of micronutrients 

(Andersson et al., 2017; Bouis and Saltzman, 2017), particularly rice, which is naturally low in 

micronutrients and is then extensively processed before consumption, including polishing, steaming, and 

parboiling (Balbinoti et al., 2018). As a result, improving the nutritional content and composition of cereals 

and pulses, particularly micronutrients, has emerged as a significant challenge. 

Biofortification is a micronutrient-enriching strategy that involves strategies focused on targeting and 

modulating movement pathways, i.e., root uptake phenomenon, transporting, remobilizing, storage, and 

increased bioavailability of minerals. The four main strategies widely used in crop biofortification include 

agronomic biofortification, which focuses on better mineral solubilization and mobilization. In contrast, 

various traditional and molecular breeding techniques are being used in various ways. Additionally, the 

availability of sequenced genomes of multiple species has opened up new horizons for crop biofortification. 

New Breeding Techniques for Improving the Biofortification of Crops 

Transgenic breeding, RNA interference (RNAi) and genome editing play a vital role in crop biofortification 

by opening new avenues for creating novel genetic variation that does not exist in the gene pool. 

Biofortification via transgenic breeding is an efficient, long-term, and cost-effective method of combating 

malnutrition. Transgenic breeding aids biofortification by introducing genes that either reduce anti-

nutrient compounds or increase micronutrient accumulation and bioavailability. Micronutrient deficiencies 

in cereal grains, such as zinc, iron, vitamin A, and proteins, could be overcome by introducing and 

overexpressing micronutrient-specific genes. High iron accumulation in wheat grain, for example, was 

achieved through ectopic overexpression of the TaFer1-A and OsNAS2 genes, which increased iron content 

in grains to 80 and 85g/g, respectively, but TaFer1-A expression is not uniform across generations (Borg et 

al., 2012; Singh et al., 2017). 
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Through biofortification and bio-elimination, RNAi provides a platform for incorporating stress tolerance 

and aids in the delivery of high-quality food. It is widely used to improve crop nutritional value and 

eliminate allergens and other undesirable substances from food. Phytic acid (PA) is a significant anti-

nutrient in cereals and pulses because of its ability to chelate micronutrients and limit the bioavailability 

of essential nutrients. To reduce PA accumulation in wheat, RNAi was used to disrupt an important gene 

(inositol pentakisphosphate kinase (TaIPK1)) in the PA biosynthesis pathway (Aggarwal et al., 2018). 

RNAi-based disruption of carotenoid cleavage dioxygenases (CCDs) genes, which degrade carotenoids, 

increased carotenoid content in rice. RNAi was used to disrupt three genes: OsCCD1, OsCCD4a, 

and OsCCD4b. As a result, compared to wild types, mutants OsCCD1-RNAi (1.4-fold), OsCCD4a-RNAi 

(1.6-fold), and OsCCD4b-RNAi (1.3-fold) produced more carotenoid (Ko et al., 2018). 

Plant genome editing (GE) employs sequence-specific nucleases (SSNs) for stably inherited and targeted 

gene modification in the desired crop to produce transgene-free plants. Various types of SSNs, such as 

TALENs, ZFNs, and the CRISPR-Cas system, are used for plant genome editing. Genome editing was used 

less frequently for the biofortification of cereals and pulses; however, some highlighted examples are 

discussed below. The rice OsVIT2 gene was knocked out through genome editing to increase Fe availability. 

CRISPR-Cas9 was used to insert a 5.2 kb carotenogenesis cassette containing maize Ctrl and PSY genes 

driven by an endosperm specific promotor into the rice line Kitaake (Ludwig et al., 2019). The resulting 

mutants accumulated 7.9g/g DW carotene in the endosperm, comparable to the Kaybonnet rice variety 

developed through traditional transgenic breeding and known as Golden Rice2 (Zheng et al., 2020). The 

use of genome editing for iron and zinc biofortification in pulses has the potential to increase iron and zinc 

uptake in all pulse crops by manipulating iron-regulated transporters (IRT), ferric-chelate reductase 

oxidase (FRO), YELLOW STRIPE 1-like (YSL), natural resistance-associated macrophage protein 

(NRAMP), zinc-regulated transporters, and iron-regulated transporters like protein (ZIP). 

Combining, or stacking, multiple nutrient traits into high-yielding varieties is another essential and 

preferable strategy to single nutrient enhancement. A multi-nutrient trait locus stacked with genes of 

interest can be easily transferred to farmer-preferred crops in less time, either through breeding or direct 

transformation. Because genetic cassettes can now combine many more stacked genes, staple crop 

micronutrients may improve simultaneously. This will make it more appealing for farmers to adopt 

nutritionally improved staple crop varieties, thereby increasing the supply of biofortified staple food crops. 

In an era of global climate change, the single locus-multiple trait approach, which combines nutritional 

traits with stress resilience genes, can provide region-specific solutions for sustainable agriculture 

benefiting both farmers and consumers (Van Der Straeten et al., 2020). 

Conclusion 

To combat micronutrient deficiency, increased awareness of dietary diversification is required. Because 

individuals in developing countries cannot afford to eat supplemented and diverse diets, research and 

development of nutrient-rich biofortified crops should be undertaken to address this issue. Biofortification 

of crops by traditional and molecular methods has some limitations. Transgenic crops have drawbacks, 

such as low consumer acceptance and a lengthy governmental licensing process in many parts of the world. 

Despite relentless efforts in the field of genetic engineering to characterize, isolate and transfer 

nutritionally useful genes, the success rate and progress of GM technology for cultivar release is quite low 

due to bio safety issues. Most of the difficulties mentioned above can be solved through genome editing. It 

is extremely accurate and successful at inducing targeted alteration in the gene of interest, yet it is 

biologically safe because the end product is transgene-free. Genome editing is the future of biofortification. 

The engineering of genes for greater uptake of micronutrients from the soil, maximum translocation to the 

seed/economic part and increased bioavailability is the criteria towards which the research efforts should 

be directed. 
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Abstract 

Sal Shorea robusta (Garten), one of the most important timbers of India both ecologically and economically, 

is infested by a large number of pests. Among pests infesting sal, the important foliage feeders are 

Myllocerus beetle, Hawk moth, Sal defoliators, Chaffer beetle, Green drab, June beetle, Tent caterpillar, 

Semiloopers etc. and sap feeders are Sal psyllid, Leaf hopper, Stink bug, tiny weevil, Cow bug, Gundhi bug 

etc. However, stem borers are more damaging and causing more economic losses such as Sal heartwood 

borer, Sissoo stem borer, Mango stem borer, Metallic wood borers etc. Three bark feeder species such as 

Odontotermis obesus, Microtermis obesi, Indarbela quadrinotata and only root feeder species white grub is 

abundantly distributed in Odisha causing huge economic losses. The various pest species infesting sal 

occurring in Odisha are briefly documented in this chapter. 

Introduction 

Sal Shorea robusta is the most valuable timber species and is of Indian origin. It is distributed from Central 

to North India up to foothill of the Himalayas and also found in other countries like Nepal, Bangladesh and 

Pakistan etc. It occupies about 1, 05,790 km2 or broadly 14.2 to 16% of the total forest cover of the country 

(Tewari, 1995). In Odisha, Sal forests of 38.300km2 is available which are tropical moist deciduous and dry 

deciduous types. It is attacked by 346 species of insects (Mathur and Singh, 1961) which attack to roots, 

seeds, seedlings, full-grown timbers, storage, foliage etc. Being a slow growing tree, its growth is checked 

due to the attack by several insect pests. Of about 346 insects recorded on sal, about 155 species of insects, 

belonging to the orders Lepidoptera (105), Coleoptera (31), Thysanoptera (9), Hemiptera (4), Orthoptera 

(4), Ephemeroptera (1) and Isoptera (1), are associated with living tree, encompassing mainly defoliators 

(114), seed feeders (19) borers (18), and sap suckers (4) (Nair, 2007; Roychoudhury et al. 2012). As a result, 

the surface area for photosynthesis and transpiration is greatly reduced and the growth rate of trees as 

well as timber quality is hampered to great extent. 

Tree Profile 

Shorea robusta, belonging to the family Dipterocarpaceae, is distributed in over 10 million hectares (mha) 

of forests in central and northern India, between latitudes 180oN and 320oN, extending into the subtropical 

zone. It also occurs in the sub-Himalayan tract of Nepal and Pakistan and in Bangladesh. The tree is 

gregarious in habit. Under favourable conditions, the tree attains a height of about 30 m. It grows at 

altitudes as low as 10 m to over 1500 m and 1000-3000 mm rainfall. It can tolerate temperatures as high 

as 45oC and as low as 0oC. It produces a hard and durable timber, used for various construction works, 

railway sleepers and mining operations. When injured, the tree exudes a resin called sal dammer, which is 

used as incense. Generally, sal has been managed under a shelter wood system with natural regeneration. 

The tree coppices well and coppice rotations of 40, 60 or 80 years are practised with periodic thinning.  

Sal has been planted within its native distribution in India as well as in Hainan Island in southern China 

and Zimbabwe in Africa. S. robusta, commonly known as sal in India, is a large deciduous, resiniferous tree 

having majestic shining foliage. Sal is of Indian origin; the north east India is considered as homeland of 

sal. This potential species is one of the most important timbers of India both ecologically and economically. 

Madhya Pradesh including Chhattisgarh, which is the second largest state with extensive sal forests (27, 

800 km2), distributed mainly in eastern part of the state forming 25% of the total sal forests of the country. 

It is widely distributed in central and north India and constitutes an important ecosystem, which provides 
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cool and calm environment rich in biodiversity. The predominant sal forests are in the district of Bastar, 

Raipur, Raigarh, Bilaspur Surguja, Mandla, Balaghat, Jabalpur, Shahdol and Sidhi. The total sal forests 

of Madhya Pradesh yield annually about 2.5 lakh cubic metre of timber and nearly 3 lakh m of fire wood. 

Sal seed, a valuable minor forest produce in the state, is collected to the tune of approx. 50,000 tonnes 

annually which values about Rs. 20 crores. 

Pests Infesting Sal 
Sl. 

No. 

Common 

name 

Scientific name Family 

(Order) 

Pest 

category 

Status Season of 

peak   activity 

1 Jewel bug Chrysocoris stolii 

(wolff) 

Scutellaridae 

(Hemiptera) 

Sap sucker Minor Rainy season 

2 Gundhi bug Leptocorisa 

oratorius 

(Fab) 

Alydidae 

(Hemiptera) 

Sap sucker Minor Rainy season 

3 Cow bug Oxyrachis spp. Membracidae 

(Hemiptera) 

Sap sucker Minor Rainy season 

4 Sal psyllid Trioza minor 

(Crawford) 

Psyllidae 

(Hemiptera) 

Sap sucker Major Rainy season 

5 Mealy bug Pseudococcus spp. Psuedococcidae 

(Hemiptera) 

Sap sucker Minor Winter season 

6 Tiny weevil Apion spp. Apionidae 

(Coleoptera) 

Sap sucker Minor Winter season 

7 Stink bug Asopus 

malabaricus 

(Fab) 

Pentatomidae 

(Hemiptera) 

Sap sucker Minor Winter season 

8 Leaf hopper Nephotettix spp. Cicadelidae 

(Hemiptera) 

Sap sucker Minor Summer season 

9 Semilooper Ascotis selenaria 

(Walker) 

Geometridae 

(Lepidoptera) 

Defoliator Major Rainy and 

summer season 

10 Thrips Unidentified Aeolothripidae 

(Thysonptera) 

Sap sucker Minor Winter season 

11 Hawk moth Acherontia styx 

(Westwood) 

Sphingidae 

(Lepidoptera) 

Defoliator Minor Rainy season 

12 Tussock 

moth 

Lymantria 

semicincta 

(Walker) 

Lymantridae 

(Lepidoptera) 

Defoliator Major End of summer 

13 Myllocerus 

beetle 

Myllocers 

usevasus 

(Marshall) 

Curculionidae 

(Coleoptera) 

Defoliator Major Rainy season 

14 Bag worm Pteroma 

plegeophleps 

Psychidae 

(Lepidoptera) 

Defoliator Minor Winter season 

15 Tent 

caterpillar 

Trabala Vishnu 

(Lafebvre) 

Lasiocampidae 

(Lepidoptera) 

Defoliator Major Winter season 

16 Myllocerus 

beetle 

Myllocerus 

discolor 

(Marshall) 

Curculionidae 

(Coleoptera) 

Defoliator Occasional 

major 

Rainy season 

17 June beetle Adoretus bicolor 

(Brenske) 

Scarabidae 

(Coleoptera) 

Defoliator Occasional 

major 

Rainy season 

18 Hairy 

caterpillar 

Selepa celtis 

(Moore) 

Nolidae 

(Lepidoptera) 

Defoliator Major Summer season 

19 Grass 

hopper 

Oxyia velox 

 (

 Fab) 

Acrididae 

(Orthoptera) 

Defoliator Major Rainy season 
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20 Green drab Ophius atirhaca 

(Cramer) 

Erebidae 

(Lepidoptera) 

Defoliator Major Rainy season 

21 Short 

horned 

grasshopper 

Arphia conspersa 

(Walker) 

Acrididae 

(Orthoptera) 

Defoliator Major in 

seedlings 

Rainy season 

22 Sal 

defoliator 

Unidentified Pyralidae 

(Lepidoptera) 

Defoliator Major in all 

stages 

Spring and 

summer 

23 Chafer 

beetle 

Holotrichia 

serrata 

(Fab) 

Scarabidae 

(Coleoptera) 

Defoliator Major Rainy season 

24 Slug 

caterpillar 

Althanivea spp. 

(Walker) 

Limacodidae 

(Lepidoptera) 

Defoliator Minor Summer season 

25 Slug moth Unidentified Limacodidae 

(Lepidoptera) 

Defoliator Minor Summer season 

26 Brown 

Grasshopper 

Diabolocatantops 

portentosus 

(Walker) 

Acrididae 

(Orthoptera) 

Defoliator Minor Summer season 

27 Termite Odontotermis 

obesus 

(Rambur) 

Termitidae 

(Isoptera) 

Bark feeder Major Winter season 

28 Termite Microtermis obesi 

(Holm)  

Termitidae 

(Isoptera) 

Bark feeder Major Winter season 

29 Bark feeder Indarbela 

quadrinotata 

(Walker) 

Metarbelidae 

(Lepidoptera) 

Bark feeder Major Rainy season 

30 Sal 

heartwood 

borer 

Haplocerambyx 

spinicornis 

(Newman) 

Cerambycidae 

(Coleoptera) 

Stem borer Occasional 

but major 

Rainy season 

31 Metallic 

wood 

borer 

Psiloptera 

cupreosplendes 

(Saunders) 

Buprestidae 

(Coleoptera) 

Stem borer Occasional 

and minor 

Rainy season 

32 Mango stem 

borer 

Batocera 

rufomculata 

(Degeer) 

Cerambycidae 

(Coleoptera) 

Stem borer Major Rainy season 

33 Sisoo stem 

borer 

Acanthophorus 

Serraticornis  

(Olivier) 

Cerambycidae 

(Coleoptera) 

Stem borer Major Rainy season 

 

    
1. C. stolli 2. L. oratorious 3. H. serrata 4. T. minor 
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5. M. usevasus 6. Apion spp. 7. Brown 

grasshopper 

8. A. styx 

    

9. B. rufomculata 10. O. velox 11. A. conspersa 12. Cerambycid 

beetle 

    

13. Pentatomid bug 14. Pentatomid bug 15. I. quadrinotata 16. Nephotettix spp. 

    
17. A. bicolor 18. A. Serraticornis 19. Pentatomid bug 20. Acaraga spp. 

    
21. Althanivea spp. 22. H. spinicornis 23. P. plegeophleps 24. Pseudococcus spp. 
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25. O. atirhaca larva 26. O. atirhaca pupa 27. O. atirhaca adult 28. Defoliator 

  
29. A. selenaria 30. Sal defoliator 

Conclusion 

Sal is one of the most important timber species which provides cool and calm environment rich in 

biodiversity. This tree species has the highest number of fauna among the forest trees. Among insect fauna, 

155 species are associated with living trees, encompassing mainly defoliators, seed borers, borers and sap 

suckers. Among pests associated with sal, sal heart wood borer is the most pernicious pests. Since sal tree 

is both ecologically and economically important, efforts should be made to manage the insect pests. 
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Haploids 

Saprophytes with gametophytic chromosomal numbers are known as haploids. 

Double Haploid 

A plant or line created by doubling the chromosomal number of a haploid plant or individual is known as 

a double haploid. 

History 

Datura stramonium was the first haploid angiosperm verified by cytological proof in 1921 by D. Bergner. 

Blakeslee et al. (1922) presented the first report of the haploid plant in Datura stramonium. Interspecific 

crossing between C.melo L. and C. ficifolius L. produced the first haploid cucurbitaceous vegetable plants. 

Dumas de Vaulx (1979). Guha and Maheshwari reported the direct generation of embryos from Datura 

innoxia microspores in 1964. Greshop and Doy in 1972 used Anther culture to create haploid tomato plants. 

Pollination with irradiated pollen has been used to successfully produce haploid melons Sauton and Dumas 

de Vaulx (1988). In most types of Brassica oleracea vegetables, microspore culture is successful (Duijs, 

1992). 

Methods and Development of Haploids 

In vivo method In vitro method 

Anther Culture Distant Hybridization 

Pollen grain Culture Parthenogenesis 

Embryo Culture Apogamy 

Pseudo Fertilization Semigamy 

Development of Unfertilized Ovules without 

Pseudo pollination 

Shock with High/Low Temperature 

Gametophytic Irradiation & Ovary Culture Irradiation with X-Ray/Uv-Ray 

Gynogenesis Chromosome Elimination 

In Vivo Method 

Apogamy: Direct sporophyte development from gametophyte without gamete fusion; these sporophytes 

have the same chromosomal number as the gametophyte from which they were generated (apospory, 

diplospory). 

Parthenogenesis: Parthenogenesis is the process through which a haploid embryo develops from a 

haploid egg. 

Pseudogamy: Pollination stimulates embryo growth, although the nuclei of the egg and sperm do not 

unite. To form endosperm, the polar nuclei may fuse with one of the sperm nuclei. 

Semigamy: The nucleus of the haploid sperm enters the egg but does not fuse with the nucleus of the 

haploid egg. Each nucleus divides separately, resulting in a haploid embryo with male and female-derived 

sectors. 
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In Vivo Methods 

Anther Culture: Choose unopened buds with a length of 17-22mm. Reject buds that are about to open or 

have already opened. The size of the sepal must be equivalent to the size of a petal when picking buds, as 

this is considered optimum for anther culture.  Place the buds in airtight plastic bags that have been 

sterilize. The buds should then be transferred to the laminar airflow chamber. After that, in order to 

preserve aseptic conditions, the buds are surface sterilised in the chamber. The buds are first surface 

sterilised with 70% ethanol for 10 seconds, followed by 20 percent sodium hypochlorite for 10 minutes. 

Then, using distilled water, wash the buds three times. Transfer the buds to the sanitised. Using a scalpel, 

remove the stamen from the bud. An anther's filaments should be removed. After that, place an anther on 

a solid or liquid nutrient media and keep it in the dark for 3-4 weeks at 24-28 °C. Within 3-4 weeks, haploid 

plantlets would emerge from the anther culture, either by embryogenesis or organogenesis. Incubate the 

culture at 24-28°C for 12-18 hours in the light and 6-12 hours in the dark during this stage. Finally, roughly 

50mm tall plantlets emerge, which are then put to a pot containing bio compost and washed. After that, a 

sterilised glass beaker is used to cover the pot, and after a week, the glass beaker is removed and the plant 

is transferred to the large pot. 

Disadvantages of Anther Culture 

During anther culture there is always the possibility that somatic cells of the anther that are diploid will 

also respond to the culture condition and so produce unwanted diploid calli or plantlets. When growth 

limiting compounds leak out of the anther wall and come into touch with the nutritional media, the 

development of microspores inside the anther can be disrupted. This can be overcome by isolated 

microspore or pollen grains culture. 

Sucrose density gradient centrifugation. 

Sucrose Density Gradient Centrifugation 

Wenzel and his colleagues developed the density gradient centrifugation technique to separate embryogenic 

grains from a combination of embryogenic and non-embryogenic grains acquired after crushing the anthers 

to improve the effectiveness of isolated pollen culture for the production of haploids. Barley anthers were 

harvested at the right time of development and gently macerated to obtain a pollen suspension. The 

suspension was overlaid on a 30 percent sucrose solution and centrifuged at 1200 g for 5 minutes after 

debris was removed by repeated filtration and centrifugation. At the top of the sucrose solution, the 

androgenic, vacuolated pollen grains formed a band. Isolated pollen culture is not only more efficient than 

anther culture, but it is also more convenient. Dissection is a time-consuming procedure. The tedious 

process of dissection of anthers is avoided. Instead, the entire buds within a suitable size range are crushed 

and the embryogenic grains are then separated by gradient centrifugation. 

Pathways of Development 

The early divisions in responding pollen grains may occur in one of the following four ways. 

1. Pathway I: The uninucleate pollen grain may divide symmetrically to yield two equal daughter cells 

both of which undergo further divisions. (Dature innotura) 

2. Pathway II: In some other cases (Nicotiana tabacum, Datura metel, Triticale), the uninucleate pollen 

divides unequally (as it does in nature). The generative cell degenerates immediately or after undergoing 

one or two divisions. The callus/embryo originates due to successive divisions of the vegetative cells. 

3. Pathway III: But in some species like Hyoscyamus niger, the pollen embryos originate from the 

generative cell alone; the vegetative cell either does not divide or divides only to a limited extent forming a 

suspensor like structure. 

4. Pathway IV: In certain species such as Datura innoxia the uninucleate pollen grains divide unequally, 

producing generative and vegetative cells, but both these cells divide repeatedly to contribute to the 

developing embryo/callus. 
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Factors Affecting Androgenesis 

1. Physiological status of the donor plants 

2. Stage of pollen development 

3. Anther wall factors 

4. Genotype 

5. Pretreatment of cultured anthers/pollen grains 

6. Culture medium 

7. Culture density 

8. Effect of light. 

Applications 

Production of diploids: Production of diploids—homozygous lines of cross-pollinating species and 

hybrids are extremely desirable to improve the efficiency of homozygous plant selection and production. 

The traditional approach for producing homozygous plants is time-consuming and labor-intensive, needing 

7-8 rounds of inbreeding. Furthermore, for self-incompatible and male sterile tree species, this strategy is 

impracticable. Homozygous plants, on the other hand, can be created in a single generation by diploidizing 

the haploid. This method produces stable, homozygous dihaploids (DH) in a single generation, which is 

equivalent to the F generation conventional pedigree breeding and thereby cuts the breeding cycle in half. 
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In most hybridization programmes, line evaluation is only possible after 4-5 years of backcrossing (F5 or 

F6 generations), and releasing a new variety takes another 4-5 years. The multiple genotypes of gametes 

can be fixed and examined in the first-generation using anther culture of F1 hybrids. Anther culture can 

develop and repair new recombination at the same time. 

Haploids are particularly beneficial for discovering recessive mutations that would not exhibit themselves 

in a heterozygous diploid context and hence go undetected. 

Gametoclonal variation: In vitro androgenesis allows researchers to examine gametophytic variation 

induced by recombination and segregation during meiosis. For example, a tomato gametoclone that 

produces fruits with a larger solid content than the original cultivar has been developed. 

Mutagenesis: A specific advantage of haploidy in higher plants is the detection and isolation of recessive 

mutants in the haploid state, as well as the quick acquisition of the defective gene in a homozygous diploid 

state. The use of mutagenic treatment during the microspore stage, which is a single celled structure, offers 

the extra benefit of yielding solid mutants. Brassica napus mutants with high oleic and low lanoleic acid 

content were developed using microspore mutagenesis. 

Asparagus officinalis supermale production- In A. officinalis, a dioecious crop species, an inbred population 

is formed through sib crossings between pistillate and staminate plants, yielding 50% males and 50% 

females. However, the homogeneous male population and low fibre content of the spears are commercially 

beneficial characteristics of this crop. 
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Abstract 

Isoflavones are plant secondary metabolites produced by legume crops. It aids infection resistance and 

improves human health. Isoflavones and genistein are phytoalexin precursors that can help plants develop 

broad-spectrum disease resistance. Soybeans produce the greatest isoflavones of all the leguminous crops, 

and they are the only source of these groups of compounds in the diet. Plant–microbe interactions, such as 

rhizobia–legume interdependence and defence responses, rely heavily on isoflavones. Isoflavones play a 

role in nodulation in leguminous plants by causing nodulation genes to be expressed. According to 

epidemiological research, eating a diet rich in isoflavones lowers the incidence of hormone-related 

malignancies, osteoporosis, menopausal symptoms, and cardiovascular Infection. 

Keywords: Isoflavone, phytoalexins, resistance, legume, defense. 

Introduction 

Isoflavone act as phytoestrogens in mammals. Isoflavones ar created virtually solely by the members of the 

bean family, Fabaceae (Leguminosae). Isoflavones and closely connected phytoestrogens are oversubscribed 

as dietary supplements, there's very little scientific proof for either the security of semipermanent 

supplementation or of health advantages from these compounds (Varinska et al., 2015). Most members of 

the family Leguminosae contain important quantities of isoflavones. Extremely processed foods made of 

legumes, like tofu, retain most of their isoflavone content, and fermented miso, that has enlarged levels. 

Isoflavones ar ecophysiologically active secondary metabolites derived from the phenylpropanoid pathway. 

They were principally found in leguminous plants, particularly within the family Fabaceae. Isoflavones 

play a key role in plant–environment interactions associate degreed act as phytoalexins conjointly having 

an array of health advantages to the humans. In step with epidemiological studies, a high intake of 

isoflavones-rich diets connected to a lower risk of hormone-related cancers, osteoporosis, menopausal 

symptoms, and cardiovascular diseases. These characteristics result in the many advancements within the 

studies on genetic and metabolic engineering of isoflavones in plants. 

Structure and Natural Role of Isoflavones in Plants and Environment 

The general structure of isoflavone is created of a 3-phenylchromen-4-one backbone, with the rings denoted 

by the letters A, C, and B, starting from the left. Isoflavones belong to the massive isoflavonoid family, 

which has the subsequent groups: isoflavones, isoflavans, isoflavanone, isoflavonols, isoflav-3-enes, α-

methyldeoxybenzoins, rotenoids, pterocarpans, coumestans, 2-arylbenzofurans, 3-arylcoumarins, and 

coumaronochromones (Reynaud et al., 2005). 

Occurrence 

Isoflavones are present in berries, wine, grains, and nuts, however area unit most abundantin soybeans 

and different legumes together including kudzu root (Pueraria lobata), peanuts (Apios americana), and 

chickpeas (Cicer arietinum) (Patel and Barnes 2010). Different isoflavone contents have additionally been 

rumored in soybeans and soy-derived foods (soy milk, tofu, andtempeh), and different legumes like adzuki 

beans, fenugreek, tepary beans, favabeans, soybeans, alfalfa, red clover, cowpeas, black gram, lentils, 

chickpeas, andlicorice. Daidzein and genistein are the two most well-characterized isoflavones (Patisaul 

and Jefferson 2010). Isoflavones are closely associated with antioxidant flavonoids found in different plants, 

vegetables, and flowers.  
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Isoflavones play pivotal roles in plant–microbe interactions like rhizobia–legume symbiosis and defense 

responses (Sugiyama, 2019). Isoflavones are involved in nodulation method within leguminous plants by 

inducing the nodulation genes (Subramanian et al., 2006). They additionally act as a phytoalexins in plants, 

i.e., compounds made by the plants throughout stress or infectious agent attacks (Rípodas et al., 2013).  

Soybeans turn out the utmost quantity of isoflavones of all the leguminous crops, and that they are the 

only significant dietary source of these groups of compounds (Kraszewska et al., 2007). Isoflavones have an 

identical size and chemical structure to the human estrogens that binds to both estrogen α and β receptors. 

Therefore, they're usually named as “phytoestrogens” (Messina and Wood, 2008). Isoflavones are present 

in soybean as glycosylated form; but their biological activity is from their aglycones. When soy foods are 

consumed, the soy isoflavones are converted to their aglycones by β-glucosidase from enteric bacteria 

(Tsuchihashi et al., 2008). Increased number of isoflavone containing nutritional health products in the 

market. Isoflavones have also been linked to cancer prevention, reduced alcohol intake, prevention of 

osteoporosis, and cardiovascular diseases (Dixon and Steele, 1999; Pandey et al., 2014). Isoflavones are 

known for their estrogenic activity due to their ability to bind to estrogen receptor and have received much 

attentiondue to their putative role as potential treatments for several disorders including cardiovascular 

disease, osteoporosis, age-related diseases, and hormone-dependent cancers (Lund et al., 2011). 

 
Sohn et al., 2021 

The Rhizobium genes are classified into two categories. Genes that verify the synthesis of 

exopolysaccharides (exo genes), lipopolysaccharides (lps genes), capsular polysaccharides of K antigens, 

and β-1,2-glucans (ndv genes) belong to the one category of genes concerned within the synthesis of 

microorganism cell surface. The second category of genes includes nodulation (nod) genes. Isoflavonoids 

from the plants act as key issue to induce the activation of rhizobial nodulation genes (Philips and Tsai, 

1992; Liu and Murray, 2016; Ahmad et al., 2020) and need the participation of the transcriptional-activator 

protein NodD. 

In the first step, flavonoids excreted by the plant type a complex with the NodD protein, promoting the 

transcription of bacterial nod genes (Fisher and Long, 1992; Oldroyd et al., 2011; Del Cerro et al., 2019). 

Among the second step, the microorganism produces lipooligosaccharide signals (Nod factors) (Spaink, 

1992; Del Cerro et al., 2019) that cause varied root responses through structural nod genes (Spaink et al., 

1991). The role of isoflavonoids in root nodule formation is extensively studied in soybean by overexpression 

and RNAi-mediated sequence gene silencing of IFS (isoflavone synthase) genes (Subramanian et al., 2005). 

Flavonoids play important role within the interactions between nitrogen-fixing bacteria and legume plants. 

Flavonoids are released by the plant bind to and activate NodD protein, which, in turn, attaches to no-box 

cassettes within the promoter sequences of nod genes, resulting in the assembly of nod proteins and 
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subsequently nod factors. These molecules bind to the nod factor receptors (NR) localized on the plant 

membrane, starting a cascade of signal transduction. This signal activates various gene expression, ensuing 

to root hair deformation, formation of infection thread, flavonoid biosynthesis, cell division and, finally, 

root nodule formation. 

Biosynthetic Pathway 

Isoflavones are synthesized in concert cluster of end-products (iso-flavones) in the role of flavonoids within 

the interactions between nitrogen-fixing microorganism and legume plants. Flavonoids are released by the 

plant bind to and activate NodD protein, which, in turn, attaches to no-box cassettes in the promoter 

sequences of nod genes, resulting in the assembly of nod proteins and afterward nod factors. These 

molecules bind to the nod factor receptors (NR) localized on the plant semipermeable membrane, beginning 

a cascade of signal transduction. This signal activates various gene expression, resulting to root hair 

deformation, formation of infection thread, flavonoid synthesis biological process, cell division and, finally, 

root nodule formation. The phenylpropanoid biosynthetic pathway. They occur in highest levels within the 

roots, developing seedlings, and seeds of leguminous plants, however are found in lower amounts in leaves, 

stems, roots, and flowers of older plants. In seeds, they're keep primarily as glucosyl conjugates (e.g., 

daidzin and genistin). 

The precursors of flavonoid biosynthesis include shikimic acid, phenylala-nine, cinnamic acid, and p-

coumaric acid. Shikimic acid acts as an intermediatein the biosynthesis of aromatic acid. The fundamental 

pathways to the coreiso flavonoid skeletons are established each enzymatically and genetically. 

Flavonoids and Plant Pathogen Resistance 

Flavonoids are vital in plant resistance against infective bacterium and fungi. Antipathogenic properties 

of flavonoids may be non-specific and result, in part, from their antioxidative properties. They quench ROS, 

that are generated each by the pathogens and therefore the plant as a result of the infection (Blount et al., 

1992; Dai et al., 1996). Flavonoid compounds are transported to the location of infection and induce the 

hypersensitivity, that is that the earliest defense mechanism used by the infected plants, and programmed 

necrobiosis (cell death).  

It had been was shown that flavonoids are incorporated into the cell walls of death and adjacent cells 

(Blount et al., 1992; Beckman et al., 2000). Moreover, flavonoids will contribute to modification of the plant 

structures and tissues by modulating plant hormone (IAA) activity, which may cause differentiation of 

tissues, promotion of callus and tylose formation and closure of the vascular system to prevent infectious 

agent infection (Beckman et al., 2000). They will even be directly concerned within the inhibition of the 

pathogen’s enzymes, particularly those digesting the plant plasma membrane, by chelating metals needed 

for their activity (Treutter, 2005). The antifungal activity is usually supported the inhibition of reproductive 

structure development and mycelium hyphae elongation (Blount et al., 1992). Flavonoid antipathogenic 

activity may also be a lot of specific. 

Summary 

Isoflavones have vital roles in plants, environment, humans, and other animals with their compatible 

chemical structures. Their general incidence within the soybean and its applications in numerous diseases, 

as we have a tendency to highlighted, necessitated the careful understanding of the metabolic engineering 

method and therefore the regulation of isoflavone biosynthesis within the plants. Flavonoids not only 

participate in protection against harmful abiotic factors, however additionally allow for interactions with 

different plants and microorganisms. 
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Introduction 

Tannins (commonly referred to as tannic acid) are water-soluble polyphenols that are present in many 

plant foods. They have been reported to be responsible for decreases in feed intake, growth rate, feed 

efficiency, net metabolizable energy and protein digestibility in experimental animals. Therefore, foods rich 

in tannins are considered to be of low nutritional value.   For million years, humankind is completely 

dependent on plants as source of macro nutrients for food and shelter. In addition, plants are valuable 

source of a wide range of secondary metabolites, which are used as pharmaceuticals, agrochemicals, 

flavours, fragrances, colours, bio pesticides, and food additives. 

During growth and maturation period in plants some substances can be found in structure of them which 

they have essential role in plant fortune. These substances called plants secondary metabolites (Hagerman 

and Buther, 1981). Secondary metabolites classified into four groups terpenes, phenolics, Nitrogen 

containing compounds, and sulphur containing compounds. In that tannin comes under phenolics group 

(Kossel etal., 1981). Tannin, polyphenol possesses various medicinal, therapeutic properties as well as acts 

as an antioxidant; and therefore, exhibits various pharmacological properties such as anti-toxic, 

anticancerus, antiallergic and anti-inflammatory, anthelmintic, antimicrobial, antiviral, healing of 

wounds, curing of dysentery etc. Besides tannins have both adverse and beneficial effects on human (Bravo 

1998). 

Tannin (Overview) 

Tannins are defined as phenolic compounds of high molecular weight ranging from 500 Da to more 3000Da 

which they found in plants leaves, bark, fruit, wood and roots located basically in the tissues in the vacuoles. 

They have been closely associated with plant defense mechanisms against mammalian herbivores, birds 

and insects (Hassan pour et al., 2011). Seguin coined the term ``Tannin” (C6 H52O46) (Commonly known 

as tannic acid) for substances present in the extracts of vegetables and responsible for animal skin 

conversion into leather (Chung etal., 1998, Ghosh, 2015). 

Tannins divided into two groups non hydrolyzable and hydrolyzable. Tannins are consumed by more than 

80 % of world population in one or another form. Its consumption is more frequent among children and 

adults through beverages such as tea, coffee and wine, beer as it elevates the mood and lessens the fatigue 

(Morton, 1992). It is present in high amount in kola nut which is commonly chewed by people in west 

African countries, as well as in guarana seeds; which is added in soft drinks in African countries and Brazil 

(Kumar et al., 2018). 

Sources of Tannin 

The chief source of tannins are kola nuts (cola vera), guarana (paullinia cupana), tea (camellia sinensis), 

coffee (coffea spp), cocoa (Theobroma cacao). Indeed, Tannins also found in all legumes, shrubs, vegetables, 

fruit, cereals, herbs, condiments, spices (Reed, 1995). 

Tannins present in plants adapted to warm climate and possesses broader leaves, such as sorghum 

(sorghum bicolour). Few parts of some plants are reported to have significant amount of tannin in leaves, 

seed coat. (Mac Adam et al., 2013). The location of tannin varies from crop to crop and can be found in 

leaves or roots or stems or fruits or peel or seeds or shell or bark. (Corder et al., 2006). 
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Types of Tannins 

Tannins categorized into two groups namely Hydrolyzable tannins and Non Hydrolyzable tannins. 

Hydrolysable tannin further divided into Gallotannins and Ellagitannins. Condensed tannins also known 

as poranthocyanidines (Khanbabaee, 2001). 

a. Hydrolysable tannins. 

b. Non-hydrolysable (or) condensed tannins. 

Hydrolysable Tannin 

These are derived by shikimate derived gallic acid metabolism (ie 3,4,5- trihydroxy benzoic acid). These are 

basically esters of phenolic acids, sugars or their derivatives. The sugar present mainly in glucose. 

Hydrolysable tannin divided into two categories: They are: 

Ellagitannins Gallotannins      

These are identified by hexa hydroxyl diphenyl 

esters adjoined by poly gallolyl esters 

In these, the galloyl units are attached to diverse 

poly catechin or with tri terpenoid units 

They yield ellagic acid upon hydrolysis. 

 

These Gallotannins upon hydrolysis yields gallic 

acid and glucose. 

 

Rose apple, pomegranate rind are the sources of 

Ellagitannins. 

These are complex poly phenolic compounds that 

can be easily degraded. 

 

   Turkish galls, Chinese galls, Teri pods are the 

sources of Gallotannins .     

Condensed Tannins 

These are also known as pro anthocyanidins. These are non-hydrolysable oligo polymeric pro 

anthocyanidins which are formed by c-4 linkage of one catechin with c-6 or c-8 linkage of adjacent 

monomeric catechin. 

Adequate Dietary Intake of Tannin 

In India, the daily intake of tannin varies from 1500-2500 mg as per diet analysis in USA, it is 1g per day 

it may be vary from one region to another region. 

According to FAO/WHO Food standards program (1995), tannin content for whole sorghum grains should 

not exceed 0.5% on dry weight basis, whereas for decorticated sorghum grains it must be below 0.3% on dry 

weight basis. 

Daily intake of tannin below range of 1.5-2.5g is safe for consumption and do not cause any side effects but 

the consumption beyond this range responsible for low absorption of iron from diet (Rao and Prabhavathi 

1982). 

Maximum Level of Use of Tannic Acid in Various Foods 

S.No  Food  Maximum Levelof Use% 

1. Baked goods and baking mixes  0.01 

2. Meat products 0.001 

3. Alcoholic beverages 0.015 

4. Non-alcoholic beverages and beverage bases 0.005 

5. Hard candy and cough drops  0.013 

6. Frozen dairy desserts and mixes, soft, candy 0.04 

7. Gelatines, puddings and fillings 0.005 

Source: (Goel et al., 2005), (Singh et al.,2001). 

The Effect of Tannin on Iron Availability 

Maheri-sis et al., reported that single-meal studies had resulted in significant reductions in iron 

bioavailability or iron status almost exclusively used tannic acid, a mixture of hydrolyzable Gallotannins 
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that are virtually absent from our diet or tea which contains the arubigins and a low density of condensed 

tannins found in most foods (Maheri-sis et al.,2011). 

No studies used multi meal animal or clinical models or epidemiologic analysis found reductions in iron 

status or bio avail-ability with condensed tannin consumption, which may point to limitation of single-meal 

studies in assessing iron bioavailability and status for long-term outcomes (Athanasiadou et al., 2001). This 

could highlight the importance of using condensed rather than hydrolyzable tannins or tea to assess the 

bioavailability of iron in tannin-containing meals (Min and Hart., 2003). It is also interesting to note that 

some significant findings have used polyphenol beverages, rather than food, which may increase the tannin-

iron interaction in the food matrix. Plants such as sorghum contain proteins rich in proline (Mangam., 

1988), similar to salivary proteins that may protect consumers from the antinutritional properties of 

tannins.  

Although several single-meal studies re-viewed noted reductions in iron bioavailability, these findings were 

often non significant until data were adjusted into iron absorption ratios (Barry et al., 1999). Often, total 

iron absorption differences were <10% between tannin consumers and non-consumers, which may not affect 

iron status in the long term. This is an important nor-malizing factor, given the wide variability of iron 

absorption, but it may point to significant outcomes that make little meaningful impact on iron status when 

tannin-rich diets are consumed overtime (Van Soest 1982).          

Although tannin consumption impairs iron bioavailability, the majority of epidemiologic and long-term 

human studies reviewed did not support reductions in iron status with the consumption of tannin-rich diets 

over time. 

Role of Tannin in Human Health 

Beneficial effect of tannins: The beverages containing tannins like tea, wines, beer, etc. are more 

popular among adults and the products with tannins such as chocolates, ice creams are preferred by the 

kids. Tannins in these products are beneficial in one or the other form and provide us relief from various 

types of ailments such as reducing the risk of diabetes by enhancing glucose uptake and thus lowering 

blood sugar level (Kumari and Jain 2015). Diluted tannin solution is applied over an open wound as it 

precipitates the protein of the wound, thereby making a protective covering and prevents bleeding to aid 

faster healing (Ramakrishnan and Krishnan 1994). Condensed tannins are also effective against various 

types of allergies such as asthma, hyper sensitive pneumonitis, allergic rhinitis, mite allergens from carpet 

dust and many more (Chung et al.,1998). 

Tannins possess some of the biological properties such as anti-inflammatory, anti-cancerous, anti-allergic 

(Ghosh 2015), anthelmintic (Athanasiadouet al. 2000,2001, Ketzis et al. 2006), antimicrobial (Muthu 

Kumar and Mahadevan 1981), and antiviral against enteric virus, herpes simplex virus, poliovirus. (Ashok 

and Upadhyaya 2012). Medicinally, these are employed as anti-hemorrhoidal, antidiarrheal and for 

treatment of haemostatic. Tannin’s ability to form a protective covering and helps the tissue from getting 

infected, and is thus used to get immediate relief during skin ulcers, dysentery, soaring of throats, 

diarrhoea, haemorrhaging and fatigue (Ashok and Upadhyaya 2012). Tannin also acts as a precipitating 

agent (especially in liquor industries) and has good effects on vascular health (Ashok and Upadhyaya 2012).     

Adverse effect on tannin: Although tannin is widely used due to its beneficial properties, it also possesses 

certain adverse effects. Tannin’s property of imparting astringency which is used as an advantage in 

beverage industry is one the major disadvantage for other food industries as it leads to reduced palatability 

of food products (Price and Butler 1980). Tannin exhibits antinutritional properties by forming complexes 

with minor elements such as phosphorus, calcium, magnesium as well as with major elements such as 

carbohydrates, proteins and rendering them unavailable for the utilization by the body (Waghorn et al. 

1994, Hagerman al. 1998).    

It also forms complexes with enzymes that are involved in digestion of carbohydrates, proteins, pectin’s 

because of which they cannot act upon and this in turn is responsible for lowering the nutritional quality 

of the food. Consumption of too much of tannins in bever-ages such as tea, coffee without milk can often 

lead to diseases such as anaemia, osteoporosis that can go worst up to cancer (Ricardo-da-Silva et al. 1991). 
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Conclusion 

A wide range of plant-based food products contain a significant amount of the tannins, which may impart 

adverse as well as positive health effects on human body depending upon its concentration. However, 

tannins, when consumed through foods, reduce the digestibility of the nutrient, but they can be reduced to 

a significant level by several domestic processing treatments such as soaking, germination, cooking etc. 

Contrarily, tannins can be isolated and purified to develop such pharmaceutical preparations, which can 

further be used for the treatment of several allergic reactions, inflammatory diseases, infections, cancers, 

etc. In nutshell, it is concluded that the tannins possess both health and adverse effect (depending upon 

dose). However, the negative effects of tannins can be discounted over the numerous health benefits it 

offers; and thus, tannins can be considered as a boon rather than a bane. 

References 
1. MacPhail Bothwell.A.P, J.D Torrance Dorman, W.R Bezwada, R.W Charlton (1981), Factors affecting the absorption of iron 

from iron (lll) EDTA; British Journal of Nutrition; 215-227. 

2. Alessandro Maugeri etal (2022), Pharmacology and toxicology of tannins; Review Arch toxical,23 to 26. 

3. Hassanpour S, Maheri N, Ephrathah Mehmandar F B (2011). Plant and secondary metabolites (Tannins): A Review, 

International journal of Forest, soil, and Erosion.1(1),47-53, ISSN 2251-6387. 

4. Karthik Sharma, Vikas Kumar, Jaspreet Kaur, Rakesh Sharma, Yogesh gat and Ashwani Kumar (2019). Health effects, 

sources and safety of tannins: a critical review, Toxin review, DOI: 10.1080/15569543.2019.1662813. 

5. Chung, KT.,  TY Wong, Y Lin (1998), Tannins and Human health; Critical Review; Food science Nutrition;38(6),421-642, 

PMID:9759559, DOI:10.1080/10408699891274273. 

6. Michael N Clifford, Justin JJ Van Derhooft, Alan Crozier (2013), Human studies on absorption, Distribution and excretion of 

tea polyphenols; The American Journal of clinical Nutrition, Volume 98, Issue 6, pages;1619S-1630S. 

7. Michael Wink (1988). Importance of plant secondary metabolites for protection against pathogens and herbivores: Review, 

Theoretical and applied genetics,75(2),225-233. 

8. Nicole Delamont, Mark D Haub, Brian Kind shield (2017), The impact of Tannin consumption on Iron bioavailability; A 

Narrative Review; Current Development in Nutrition,35-47, DOI:10.3945/Cdn.116.000042. 

9. Oiangian Huang, Yuxi Wang (June 2018), Potential and challenges of tannins as an alternative to in feed antibiotics for farm 

animal production; Review article Animal nutrition, volume 4, Issue 2,137-150. 

10. South, P.K.,  D.D Miller (1998), Iron binding by Tannic acid; Journal of food nutrition, volume 63, Issue 2, pages 167-172. 

11. Raymond V Barbehenn etal (2009), Tannins in plant-herbivore interactions; Review, J Insect physiol, PMID: 19111746. 

12. Ruby Tiwari, C.S. Rana (2015), Plant secondary metabolites; International Journal of Engineering Research and General 

Science, volume 3, Issue 5, Sep-oct, ISSN 2091-2730. 

  



 

 
Volume 04 - Issue 07 - July 2022       380 | P a g e  
 

Recent Advances in Stored Product Pest Management 
Article ID: 37624 

Mohan C1 
1Scientist (Forest Entomology), Division of Forest Protection, Tropical Forest Research Institute, (Indian 

Council of Forestry Research and Education, Ministry of Environment Forests and Climate Change, 

Govt. of India), Jabalpur (M.P.) India- 482 021. 

 

 
 

Introduction 

Stored grain infestation is a very serious problem as various life stages of insects cause economic damage 

and deteriorates the quality of food grains and food products. There are number of stored grain insect pests 

that infest food grains in farmer stores and public warehouses and massively surge due to uncontrolled 

environmental conditions and poor ware housing technology used. However, for suppression of multiplying 

insect population highly specific and more appropriate modern methods are to be used. Few important 

methods such as Pest proof food packaging, Use of controlled atmosphere, Modified Atmosphere Packaging 

(MAP), and use of TNAU Stored Grain Insect Pest Management Kit are proved highly effective against 

stored grain insects. They cause asphyxiation, reproduction inhibitors or insect growth and development 

inhibitors. Considering the above points, the present paper with special emphasis on application of 

emerging technologies for management of insect pests in stored products. 

1. Pest proof food packaging: Manufacturers of food, feed and other processed grain products wish to 

avoid the occurrence of insects in the package and provide the consumers with high quality products. This 

is especially felt in developed countries like U.S.A., Canada, U.K., etc. Most stored product insects are 

"invader" entering food and feed packages through seals and closures as the produce are packaged after 

fumigation after CAS treatments. Mullen (1998) discovered that closures on bag bottoms were prone to 

insect entry and needed reinforcement as much as top closures. Another package problem involves the 

attraction of small insects towards packages that allow food odour to escape. Mullen (1998) developed an 

odour neutralizer that can be incorporated into packaging matter. He found that the odour neutralizer 

incorporated into the package material (plastic film) prevented insect entry (red floor beetle, T. castaneum 

a favorite insect of processed food) into the bags. This finding has led to insect resistant, pesticide free 

packages for dry pet foods, baby cereals, pancake mixes and breakfast cereals for domestic consumption 

and export. 

2. Use of controlled atmosphere: Use of controlled atmosphere is either in the form of hermetic storage 

or in the form of use of externally generated inert gas to displace the intergranular atmosphere of the stored 

grain. The use of hermetic storage which is very ancient in practice, involves sealing the grain in air-tight 

containers. Due to the respiration of the grain and due to the metabolic action of insects on their food, 

oxygen is consumed leaving CO2. The quantity of carbon dioxide found is dependent on the ratio of head 

space to grain volume and the sorptive capacity of the structure. Ultimately, the level of oxygen falls raising 

the level of carbon dioxide and when the level of 02 falls to 2%, the insects die due to anoxia or asphyxiation. 

The death is due to lack of oxygen compounded by the toxic action of CO2. Use of nitrogen or carbon dioxide 

to displace the intergranular air and to maintain the nitrogenous or carbon dioxide enriched atmosphere 

is being experimented and the results revealed a good control of stored product insects. All stages of most 

of the common major pests are exterminated in this lethal-oxygen poor (less than 2%) atmosphere while 

the quality of the commodities stored remains much better than of those preserved by chemical methods 

normally operating in oxygen ambient. The summarized research findings in the use of Nitrogen or carbon 

dioxide for preservation of stored food grains are as below: 

a. CA storage below 20°C requires several weeks at low oxygen levels to be effective. 

b. The evolution of total mould counts is much lower in Nitrogen atmosphere compared to in air. 

c. Germination capacity is prolonged even if stored with higher moisture content. 

d. Less than 2% of oxygen in nitrogen is lethal to insects. 

e. In air 70% CO is lethal to insects and the order of susceptibility of the stages appears to be adults, 

larvae, pupae, eggs. 
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f. RH below 55% assists the action of CA. 

Advantages of Inert Gas Technology 

1. Full kill of insects at all stages of their development. 

2. No formation of offensive odours, hot spots and residue in the stored grain. 

3. Complete disinfestation due to total penetration of inert gas throughout the bulk of stored grain. 

4. Turning of stored cereals not required. No ventilation is necessary. 

5. Reinfestation in inert atmosphere is impossible. 

6. Insect resistance to anoxia is impossible. 

7. Attack by rodents and birds prevented. 

8. Proliferation of moulds and yeasts is significantly retarded and inconvenient conditions completely 

inhibited. Mycotoxin contamination is excluded. 

9. Grains can be preserved for longer period at critical and high moisture contents. 

10. Viability of caryopses preserved. 

11. Oxidation reactions are reduced. 

Structural Requirements 

This storage must be gas-tight. RCC silos must be treated with silo-seal or with gas-tight paints to ensure 

gas-tightness. The gas-tight paint is based on either polychloroprene or styreneacrylic emulsions in 

solvents or aromatic hydro carbon. It should have the following properties: 

1. Not harmful to the cereal products stored inside the bins. 

2. Surface should be sufficiently elastic to take care of structural deformation of the concrete member. 

3. Painted surface should be highly resistant to abrasion. 

4. Electrostatic charging during loading or unloading should be effectively earthed. 

Gas-tightness standards based on the pressure decay time have not yet been established in India. However, 

the standards set by Commonwealth Scientific and Industrial Research Organization (CSIRO), Canberra, 

Australia that if the pressure drops from 500 pa to 250 pa in more than 5 minutes, gas-tightness is 

satisfactory, appears to be relevant in Indian context also. Research has to go on still in the field of optimum 

and economic sealants to make conventional godowns gas-tight. 

It has been reported that storage in Nitrogen or carbon dioxide atmosphere has not picked up in our country 

due to high costs of equipments and the sophistication involved. Besides, it is a known fact that grains 

stored at low temperature result in better quality. The other key factor which has made the gas-tight 

storage structures less popular in India is the quick turnover of the stocks and almost low buffer stocks due 

to number of factors. 

Modified Atmosphere Packaging (MAP) 

Modified Atmosphere Packaging (MAP) is a technique used for prolonging the shelf-life period of fresh or 

minimally processed foods. In this preservation technique the air surrounding the food in the package is 

changed to another composition. This way the initial fresh state of the product may be prolonged. It is the 

shelf-life of perishable products like meat, fish, fruits and vegetables that will be prolonged with MAP since 

it slows the natural deterioration of the product. MAP is used with various types of products, where the 

mixture of gases in the package depends on the type of product, packaging materials and storage 

temperature. Meat and fish need very low gas permeability films, so, for non-respiring products (meat, fish, 

cheese etc.) high barrier films are used. The initial flushed gas-mixture will be maintained inside the MA 

package. But fruits and vegetables are respiring products where the interaction of the packaging material 

with the product is important. If the permeability (for O2 and CO2) of the packaging film is adapted to the 

products respiration, an equilibrium modified atmosphere will establish in the package and the shelf-life 

of the product will increase. 

Equilibrium Modified Atmosphere Packaging (EMAP) 
Among fresh-cut produce Equilibrium Modified Atmosphere Packaging (EMAP) is the most commonly used 

packaging technology. When packaging vegetables and fruits the gas atmosphere of package is not air (O2 

21%; CO2 0.01%; N2 78%) but consists usually of a lowered level of O2 and a high level of CO2. This kind of 

http://en.wikipedia.org/wiki/Packaging
http://en.wikipedia.org/wiki/Air
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package slows down the normal respiration of the product and so to prolong the shelf-life of the product. Of 

course, there are other factors like the size of the product, severity of preparation, maturity of the product 

and type of tissue that have an effect to the shelf-life of an EMA packaged produce. 

Technology 

There are two techniques used in the industry to pack vegetables, namely, gas-flushing and compensated 

vacuum. For its cheapness the gas-flushing is more widely used. In gas-flushing the package is flushed 

with a desired gas mixture, as in compensated vacuum the air is removed totally and the desired gas 

mixture then inserted. The label "packaged in a protective atmosphere" can refer to either of these; an 

example of a gas mixture used for non-vegetable packaged food (such as crisps) is 99.9% nitrogen gas, which 

is inert at the temperatures and pressures the packaging is subjected to. 

Gases 

The atmosphere in a MA package consists of N2, O2, CO2. It is the altered ratio of these gases that makes 

a difference in the prolongation of shelf life. By reducing the O2 level and increasing the CO2 level, ripening 

of fruits and vegetables can be delayed, respiration and ethylene production rates can be reduced, softening 

can be retarded and various compositional changes associated with ripening can be slowed down. 

Oxygen is essential when packaging fresh fruits and vegetables as they continue to respire after harvesting. 

The absence of O2 can lead to anaerobic respiration in the package which accelerates senescence and 

spoilage. Too high levels of O2 do not retard respiration significantly and it is around 12% of O2 where the 

respiration rate starts to decrease. So oxygen is used in low levels (3-5 %) for positive effect. When 

packaging meat and fish, the high CO2 levels are effective bacterial and fungal growth inhibitors. In the 

case of vegetables and fruits, CO2 is not a major factor since CO2 levels above 10% are needed to suppress 

fungal growth significantly. Unfortunately, higher level of CO2 more than 10% are working phytotoxic for 

fresh produce. Nitrogen is used as filler gas since it neither encourages nor discourages bacterial growth. 

Packaging Films 

When selecting packaging films for EMAP of fruits and vegetables the main characteristics to consider are 

gas permeability, water vapour transmission rate, mechanical properties, transparency, type of package 

and sealing reliability. Traditionally used packaging films like Low Density Poly Ethylene (LDPE), Poly 

Vinyl Chloride (PVC), Ethylene Vinyl Acetate (EVA) (ethylene vinyl acetate Co-polymer) and Oriented Poly 

Propylene (OPP) are not permeable enough for highly respiring products like fresh-cut produces, 

mushrooms and broccoli. As fruits and vegetables are respiring products, there is a need to transmit gases 

from and to the package. Films designed with these properties are called permeable films. Other films, 

called barrier films, are designed to prevent the exchange of gases and are mainly used with non-respiring 

products like meat and fish. 

Importance of Gaseous Environment 

Many foods spoil rapidly in air due to moisture loss or uptake, reaction with oxygen and the growth of 

aerobic micro-organisms i.e., bacteria and moulds.  Microbial growth results in changes in texture, colour, 

flavour and nutritional value of the food.  These changes can render food unpalatable and potentially unsafe 

for human consumption.  Storage of foods in a modified gaseous atmosphere can maintain quality and 

extend product shelf life by slowing chemical and biochemical deteriorative reactions and by slowing or in 

some instances preventing the growth of spoilage organisms.  

Modified Atmosphere Packaging (MAP) is defined as "the packaging of a perishable product in an 

atmosphere which has been modified so that its composition is other than that of air" (Hintlian and 

Hotchkiss, 1986).  Whereas controlled atmosphere storage involves maintaining a fixed concentration of 

gases surrounding the product by careful monitoring and addition of gases, the gaseous composition of fresh 

MAP foods is constantly changing due to chemical reactions and microbial activity.  Gas exchange between 

the pack headspace and the external environment may also occur because of permeation across the package 

material. 

Packing foods in a modified atmosphere can offer extended shelf life and improved product presentation in 

a convenient container, making the product more attractive to the retail customer.  However, MAP cannot 

http://en.wikipedia.org/w/index.php?title=Gas-flushing&action=edit
http://en.wikipedia.org/w/index.php?title=Compensated_vacuum&action=edit
http://en.wikipedia.org/w/index.php?title=Compensated_vacuum&action=edit
http://en.wikipedia.org/wiki/Nitrogen
http://en.wikipedia.org/wiki/Ethylene
http://en.wikipedia.org/wiki/Anaerobic_respiration
http://en.wikipedia.org/wiki/Senescence
http://en.wikipedia.org/wiki/LDPE
http://en.wikipedia.org/wiki/Polyvinyl_chloride
http://en.wikipedia.org/wiki/OPP
http://en.wikipedia.org/w/index.php?title=Permeable_film&action=edit
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improve the quality of a food product. It is therefore essential that the food be of the highest quality prior 

to packing in order to optimise the benefits of modifying the pack atmosphere. 

Good hygiene practices and temperature control throughout the chill-chain for perishable products are 

required to maintain the quality benefits and extended shelf life of MAP foods. 

Gases Used in Modified Atmosphere Packaging 

The three main gases used in modified atmosphere packaging are O2, CO2 and N2.  The choice of gas is very 

dependent upon the food product being packed.  Used singly or in combination, these gases are commonly 

used to balance safe shelf-life extension with optimal organoleptic properties of the food.  Noble or 'inert' 

gases such as argon are in commercial use for products such as coffee and snack products; however, the 

literature on their application and benefits is limited.  Experimental use of carbon monoxide (CO) and 

sulphur dioxide (SO2) has also been reported. 

Carbon Dioxide 

Carbon dioxide is a colorless gas with a slight pungent odour at very high concentrations. It is an 

asphyxiant and slightly corrosive in the presence of moisture. CO2 dissolves readily in water (1.57 g/kg @ 

100 kPa, 20°C) to produce carbonic acid (H2CO3) that increases the acidity of the solution and reduces the 

pH. This gas is also soluble in lipids and some other organic compounds. The solubility of CO2 increases 

with decreasing temperature. For this reason, the antimicrobial activity of CO2 is markedly greater at 

temperatures below 10°C than at 15°C or higher. This has significant implications for MAP of foods. The 

high solubility of CO2 can result in pack collapse due the reduction of headspace volume. In some MAP 

applications, pack collapse is favoured, for example in flow wrapped cheese for retail sale. 

Oxygen 

Oxygen is a colourless, odourless gas that is highly reactive and supports combustion. It has a low solubility 

in water (0.040 g/kg at 100 kPa, 20°C). Oxygen promotes several types of deteriorative reactions in foods 

including fat oxidation, browning reactions and pigment oxidation. Most of the common spoilage bacteria 

and fungi require oxygen for growth. Therefore, to increase shelf life of foods the pack atmosphere should 

contain a low concentration of residual oxygen. It should be noted that in some foods a low concentration 

of oxygen can result in quality and safety problems (for example unfavourable colour changes in red meat 

pigments, senescence in fruit and vegetables, growth of food poisoning bacteria) and this must be taken 

into account when selecting the gaseous composition for a packaged food. 

Nitrogen 

Nitrogen is a relatively un-reactive gas with no odour, taste, or colour. It has a lower density than air, non-

flammable and has a low solubility in water (0.018 g/kg at 100 kPa, 20°C) and other food constituents. 

Nitrogen does not support the growth of aerobic microbes and therefore inhibits aerobic spoilage but does 

not prevent the growth of anaerobic bacteria. The low solubility of nitrogen in foods can be used to prevent 

pack collapse by including sufficient N2 in the gas mix to balance the volume decrease due to CO2 going 

into solution. 

Carbon Monoxide 

Carbon monoxide is a colourless, tasteless and odourless gas that is highly reactive and very flammable. It 

has a low solubility in water but is relatively soluble in some organic solvents. CO has been studied in the 

MAP of meat and has been licensed for use in the USA to prevent browning in packed lettuce. Commercial 

application has been limited because of its toxicity and the formation of potentially explosive mixtures with 

air. 

Noble Gases 

The noble gases are a family of elements characterized by their lack of reactivity and include helium (He), 

argon (Ar), xenon (Xe) and neon (Ne). These gases are being used in a number of food applications now e.g., 

potato-based snack products. While from a scientific perspective, it is difficult to see how the use of noble 

gases would offer any preservation advantages compared with N2 they are being used. 
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TNAU Stored Grain Insect Pest Management Kit 

Food grains are stored for varying periods to ensure proper and balanced public distribution throughout 

the year. Among the biotic and abiotic factors which affect grains / seeds in storage, insect plays a major 

role in the deterioration of grains / seeds causing both qualitative and quantitative losses. Often the 

presence of insects in store houses are felt only when they are hovering and flying around, by which time 

enormous loss and population buildup of insects might have occurred. Hence, timely detection of the stored 

grain insects will help to prevent heavy losses. 

 

TNAU is one of the pioneering institutes in India in the development of detection devices for stored grain 

insects. These devices exploit the wandering behavior of the insects and help in timely detection of insects 

in stored produce leading to timely control. These include TNAU probe trap, TNAU pit fall trap, two in one 

model trap, indicator device, Automatic insect removal bin and UV-light trap technology. These devices 

have been widely used in many places and have received State and National recognitions. 
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Introduction 

Citrus is an important group of fruits of North Eastern Region covering an area of 1.47 lakh hectares 

producing 8.47 lakh tonnes (Anon., 2019). The productivity is however very low (4.1 t/ha) as compared to 

the national average (8.8 t/ha). Although several varieties of citrus are available in the region as well as in 

India, a cultivar with good quality fruits having resistance to biotic and abiotic stress is limited. Several 

workers have reported the effect of rootstocks on improving fruit production and quality as well as reduction 

of adverse effects of abiotic stresses and conferring tolerance to biotic stresses (Hussain et al., 2012, Soost 

et al., 1975). According to Sonkar et al. (2002), the performance of different Citrus species as rootstocks 

varies greatly with scion variety and agro-climatic conditions. Therefore, it is necessary to find out an ideal 

rootstock for a particular variety in a given region for obtaining higher yield of good quality fruits. 

Potential Rootstocks of Citrus 

According to De et al. (2006) an ideal rootstock should have the following characters: 

1. It should have a high degree of congeniality with the scion variety and give maximum economic life to 

the tree. 

2. It should be well adaptable to the agro-climatic conditions of the particular area. 

3. It should have resistance to insect pests and diseases in the prevailing area. 

4. It must have favorable influences on the performance, bearing and yield of fruits of scion. 

5. It should have other desirable qualities like salt tolerance, drought resistance, frost tolerance etc. to be 

of special significance under certain conditions. 

6. It should possess good nursery characters like good germination, high degree of polyembryony, ability to 

attain graftable size in a short period and free from excessive branching. 

Some species and varieties of Citrus which are potential for use as rootstocks are: 

a. Rough lemon (C. jambhiri): It is a highly vigorous rootstock and shows good yield performance 

in early years, produces large trees with a large well developed root system, fast growing, large fruit 

size, early maturing, tolerant to drought, exocortis and tristeza. 

b. Rangpur Lime (C. limonia): It develops an extensive root system, early and heavy bearing, 

high yield, large fruit size, high vigour, tolerance to drought, high alkalinity and salt, cold, blight 

and tristezza. 

c. Trifoliate orange (P. trifoliata): Dwarfing and hence trees propagated on Poncirus trifoliata 

are suitable for planting at high density, fruit quality is excellent with high total soluble solids, low 

acid and high juice content. Phytophthora and nematode resistant, tristeza immune, cold and 

waterlogging tolerant. 

d. Volkamer lemon (C. volkameriana): High yielding, high vigour, tolerance to drought, salinity, 

alkalinity, tristezza, exocortis but Susceptible to phytophthora root and collar rots. 

e. Taiwan orange (C. taiwanica): The tree is vigorous, upright-spreading and very thorny. It is 

very hardy, tolerates freezing temperatures well for a certain period without leaf drop or loss of crop 

the following season. 

f. C. latipes: Tree is hardy, thorny, high cold resistance, resistant to greening disease. 

g. Karna khatta (C. karna): A moderately polyembryonic species widely use as rootstock. Tree is 

vigorous, upright-spreading, tolerant to cold, drought, salinity and alkalinity.  

h. Alemow (Citrus macrophylla Wester): It produced maximum fruit yield (21 t/ha) with 

medium canopy of Nagpur mandarin as compared to conventional rootstock rough lemon and 

Rangpur lime (10 t/ha). The highest nutrient uptake of all the macro and micro (except Cu) nutrient 

was recorded with this rootstock. 
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i. Cleopatra mandarin (Citrus reshni): Vigour and fruit quality is good but fruit size is smaller, 

tolerant to foot rot in sandy, salinity but susceptible to root rot and citrus nematode.  

j. Sour orange (Citrus aurantium): Trees produced good commercial yields, fruit skin is smooth 

and thin, excellent fruit juice and quality, tolerant to Phytopthora, salinity but extremely sensitive 

to citrus tristeza virus and susceptible to nematodes.  

k. Troyer citrange (C. sinensis X P. trifoliate): It is a hybrid between sweet orange and trifoliate 

orange. It is tolerant to foot rot, produced vigorous trees, tolerant to Phytopthora and citrus 

nematode with good crops of excellent quality. 

Potential Rootstock of Khasi Mandarin in NEH Region 

Although Khasi mandarin is the commercial Citrus species in NEH Region, little information is available 

with regards to rootstock studies being made in the region. However, in the recent years’ rootstock trials 

have attracted attention in the region for optimization of citrus production particularly Khasi mandarin. 

Some workers have reported the results of their trials on rootstock of Khasi mandarin; Dubey et al. (2002) 

suggested soft wood grafting on one and half year-old rootstock and reported graft success rate ranging 

from 62.94% in C. reshni to 93.30% in C. grandis rootstock while, Patel et al. (2010) recorded highest graft 

success (95%) on two- to four-month-old rough lemon rootstock. Talang et al. (2021) observed that graft 

success of Khasi mandarin varies between 78.7% in Poncirus trifoliata to 94.5% in C. jambhiri and plant 

survival ranges between 61.85% in C. latipes to 100% in C. jambhiri. The effect of rootstock on the growth 

and quality parameters of Khasi mandarin was studied by Sheo Govind et al. (1994) who reported that 

Rangpur lime and C. volkameriana are suitable for Khasi mandarin in mid hills of Meghalaya. Similarly, 

De and Patel (2009) reported that C. volkamariana, C. jambhiri, C. latipes and C. medica was promising 

rootstocks for Khasi mandarins; C. medica produced 12 no. of fruits per tree and TSS of 8.20 ºBrix while C. 

volkameriana produced 19 no. of fruits per tree and TSS of 10.00 ºBrix. 

Conclusion 

Rootstock play an important role with respect to vigour, precocity, fruit quality, longevity of tree, resistance 

and adaptability to the biotic and abiotic stresses of Citrus however, the performance of different Citrus 

species as rootstocks varies greatly with agro-climatic conditions. Therefore, it is necessary to find out the 

best promising rootstock for citrus which is suitable to prevailing soil and climatic conditions in the NEH 

Region. 

References 
1. Anonymous. 2019. National Horticultural Board Data Base, NHB Gurgaon, Haryana. 

2. De LC Bujarbaruah KM, Yadav DS, Sharma YP, Patel RK, Yadav RK and Shylesha A. N. 2006. In. Citrus Rejuvenation 

Packages in North East India. ICAR Research Complex for NEH Region, Umiam, Meghalaya. 

3. De LC and Patel RK. 2009.  Importance of Citrus rootstock. Conference: DBT Workshop on 'Citrus Decline and it's 

Management in NEH Region' At: ICAR RC NEH Region, Sikkim Centre, Tadong. 

4. Dubey AK, Yadav DS and Patel RK. 2002. Studies on the softwood grafting in Khasi mandarin (Citrus reticualta blanco). 

Indian J. Citriculture 1(2):109–112. 

5. Hussain S, Curk F, Dhuique-Mayer C, Urban L, Ollitrault P, Luro F, Morillon R, 2012. Autotetraploid trifoliate orange 

(Poncirus trifoliata) rootstocks do not impact clementine quality but reduce fruit yields and highly modify rootstock/scion 

physiology. Sci. Hortic. 134, 100–107. 

6. Patel RK, Babu KD, Singh Akath, Yadav DS and De LC. 2010. Soft Wood Grafting in Mandarin (C. reticulata Blanco): A Novel 

Vegetative Propagation Technique, International Journal of Fruit Science, 10:1, 54-64, DOI: 10.1080/15538361003676793 

7. Sheo Govind, Ghosh SP and Chandra R. 1994. Performances of Khasi mandarin on different root stock under mid hill altitude 

of Meghalaya. Indian Journal of horticulture 51; 123-129. 

8. Sonkar RK, Huchche AD, Ram L and Singh S. 2002. Citrus rootstocks scenario with special reference to India – A Review. 

Agricultural Reviews 23(2): 93–109 

9. Soost R, Cameron J, Janick J, Moore J. 1975. Advances in fruit breeding. Purdue University Press, West Lafayette, Ind, USA. 

10. Talang HD, Rymbai H, Baiswar P, Verma VK, Devi MB and Assumi SR. 2021. Performance of different Citrus species as 

rootstock of Khasi mandarin. National Seminar on Conservation and Commercialization of Citrus Bio diversity in NEH Region 

organized by Central Agriculture University, Imphal during 18th to 19th February, 2021. Pp. 59. 

  



 

 
Volume 04 - Issue 07 - July 2022       387 | P a g e  
 

4 Per 1000 Initiative: Role of Agriculture 
Article ID: 37626 

Hemali Bijani1, Bhawna Babal1 
1Ph.D. Scholar, Department of Soil Science, CSK HPKV, Palampur, HP-176062. 

 

 
 

Introduction 

Climate change is the keyword on which all the developmental goals are based. And one major factor 

contributing climate change is greenhouse effect. It is well known that human activities emit huge amounts 

of carbon dioxide (CO2) into the atmosphere, which enhances the greenhouse effect and accelerates climate 

change. To balance this emitting CO2 scientists come up with the solution of carbon sequestration. Every 

year, about 30% of carbon dioxide is sequestered by plants through photosynthesis. Plants when die and 

decompose in the soil by living organisms such as bacteria, fungi or earthworms get transformed into 

organic matter. This organic matter is rich in carbon thus soil act as “carbon storage” which is also a store 

of essential plant growth nutrients. The world’s soils are greater sink about 2 to 3 times for carbon than 

the atmosphere. If the level of carbon stored by soils in the top 30 to 40 centimetres of soil increased by 

0.4% (or 4%) per year, the annual increase of carbon dioxide (CO2) in the atmosphere would be significantly 

reduced. That’s why the basic purpose of international initiative “4 per 1000” is Soils for Food Security and 

Climate (www.4p1000.org). 

The international initiative was launched on 1 December 2015 in Paris on the occasion of the COP21 by 

Stéphane Le Foll, French Minister of Agriculture, Agri-Food and Forestry. The key contributors of the 

initiative are farmers, economic players, local authorities and States along with researchers who recorded 

on the solutions agenda (Lima-Paris Agenda for Action) during this same COP. Strategic plan was approved 

on 15 June, 2020 with the vision “healthy and carbon-rich soils everywhere, to fight climate change and 

end hunger” until 2050. Since its inception, it has become truly International with, currently, more than 

550 members and Partners (www.sdgs.un.org). 

Act 

Under the initiative, the 4% per year growth rate of soil carbon stocks is not a compulsory target for each 

country, but aims to a small increase in the stored carbon of agricultural and forest soils. It is a major 

contributor to improve soil fertility and agricultural production and to contribute to the long-term objective 

of limiting the temperature increase to +2°C, the threshold beyond which the climate change will show 

significant consequences according to IPCC. 

The Initiative engages stakeholders in a transition towards highly resilient, productive agriculture, based 

on appropriate land and soil management, and goal of achieving a land degradation neutral world by 

maintaining or improving their carbon content or preserve carbon-rich soils and contribute to the long-term 

goal of carbon neutral economies. 

Role of Agriculture 

The ambition of the 4 per 1000 Initiative is to promote and implement science-based practical actions to 

maintain and manage soils to be healthy and living, and thus fertile, and be a carbon store house and not 

a source based on successful experiments and methodology by the scientific society. In a report by FAO 

(2020), 75% of soils are already degraded to varying degrees due to human activity which is increasing at 

alarming rate due to climate change. Soil degradation is a curse on food security and family farming. 

Our ability to feed 9.8 billion people in 2050 in a context of climate change will depend, among other things, 

on our ability to keep soils alive. The challenge is how to approach this sustainably and efficiently within 

the given time frame. The scientific community over the years working on this which is described in the 

below figure 1. 



 

 
Volume 04 - Issue 07 - July 2022       388 | P a g e  
 

 
Figure 1: How can soils store more carbon? (www.4p1000.org) 

Conclusion 

The main aim of this initiative is to unite the stakeholders (scientists, businesses, public and private 

enterprises, policymakers and the public) for one single goal to boost soil carbon for food and climate. To 

make this initiative a success this fight could be achieved in particular through agricultural and forestry 

soils carbon sequestration. Increasing the amount of carbon in agricultural and forest soils contributes to 

stabilising the climate (mitigation of CO2 in the atmosphere), adapt to ongoing climate change and ensuring 

global food security by providing sufficient and good quality food. Soils must be valued as natural world 

capital that can contribute significantly to national economies and human welfare. 
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Abstract 

Agriculture sector is now facing several challenges, among which, the scarcity of labour, increasing cost of 

production, environmental degradation etc., are very important. Furthermore, India’s population is 

expected to reach 1.64 billion by 2050 and it is required to produce up to 333 million tonnes of food grains 

in near future. In this context, information and communication technologies (ICT) driven tools and 

solutions can help people to make better decisions. Among many emerging technologies which can provide 

solutions, unmanned aerial vehicles (UAVs), often known as drones is one of the most recent innovations. 

It is also a non-human centric, transparent, evidence-based technology. It can save labour while also 

achieving social distancing norms during COVID 19 and national lockdown. In this article, an effort was 

made to synthesize available information on multiple uses of drones in Agriculture. 

Introduction 

Farmers are now facing diverse problems in Agriculture. Climate change, soil quality, prevalence of weeds, 

insects, population growth, urbanization and deteriorated environment have all been identified as global 

concerns. Climate change is now having a major impact on food security and more than 815 million people 

are chronically hungry and among them 64 % are situated in Asia (Pathak et al., 2020). Adoption of modern 

technologies in agriculture, such as the use of drones or unmanned aerial vehicles (UAVs) can significantly 

enhance risk and damage assessments and revolutionize the way we prepare for and respond to disasters 

that affects the livelihood of vulnerable farmers and the country’s food security (FAO, 2018). Drone is 

frequently utilized in farms to help the farmers as a part of “Precision Agriculture” to modernize farming 

in developed countries. Within a few years, drones will become more common in both large and small farms 

in developing countries too. Modern farmers have already started using high-tech solutions such as UAVs 

for monitoring and forecasting in agriculture. Drones can collect data on crop yield, livestock health, soil 

quality, nutrient assessments, weather and rainfall patterns, and other aspects. This information is then 

utilized to produce a more accurate map of any existing problems, as well as remedies based on highly 

dependable data. Goldman Sachs predicts that the agriculture sector will be the second largest user of 

drones in the world with in next five years (FAO, 2017). 

Application of Drones in Agriculture 

Drones can be used to monitor any type of crop in any location. Integrating drone technology can boost up 

crop yields, save time, make land management more sustainable and improve long-term performance. 

1. Soil and field analysis: Drones equipped with remote sensing cameras collect data from the ground 

with the help of electromagnetic spectrum to analysis the soil and field. Different elements reflect different 

range of wavelengths, which can be used to distinguish between them. Drones gather raw data and use 

algorithms to transform it into useful information. As a result, they can be used in a variety of farming 

applications, such as monitoring the following parameters: 

a. Crop health: damage made by pests, nutrient deficiencies, color change due to pest infection.  

b. Vegetation catalogues: leaf area, treatment effectiveness, phenology, yield. 

c. Plant growth: plant height, LAI and plant density. 

d. Plant inspection: plant size, field statistics, stand number, compromised field, planter skips. 

e. Water requirements: water requirement according to climatic situation, water-stressed parts 

of the field/ orchard in need of watering 
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f. Soil investigation: Nutrition concentration in plant, nutrient availability for plant nutrient 

management This information aids farmers to determine the most efficient planting, crop 

management and soil management practices. 

 
Figure 1: Soil analysis through drone 

2. Planting of seed from air: Every year, about 15 billion trees are cut down for horizontal agricultural 

growth, mining and specially for urban sprawl (Erin stone, 2017). However, we can quickly afforest using 

drone-seeders. These drones use a pneumatic firing device that shoots seed pods deeper into the soil in 

some areas, such as in hilly terrain or mangrove forests. Two flying drones can plant up to 40,000 seeds 

into the ground in a day. A drone in just ten minutes can plant equal to the average human can plant. It 

can achieve an emergence rate of 90 % and decrease planting costs by 85%. In India, the first drone-seeding 

trial took place on June 5, 2017, on the banks of the Pinakini River in the Gauribidanur area of Karnataka. 

A group of scientists from the Indian Institute of Science (IISc Bangalore) hopes to turn a 4000-ha area in 

the Doddaballapur hill range north of the city green and into the forests. 

 
Figure 2: Sideview of a drone with its seeding mechanism 

3. Spraying operation in agriculture: Spraying chemicals to kill pests and unwanted plants like weeds 

is now critical for crop health. For quicker spraying, drones can carry appropriately sized reservoirs that 

can be filled with fertilizers, pesticides, herbicide, plant growth regulators (PGRs) etc. Sometimes manual 

spraying operations are very difficult because of the crop's height, so smart farms use drones for spraying, 

which reduces the contact of humans with fertilizers, pesticides and other harmful chemicals (Pathak et 

al., 2020). Spraying capacity is up to five times faster than traditional machinery and completes a spraying 

in a 1 ha field in less than 40 minutes. It saves 30% pesticide. 



 

 
Volume 04 - Issue 07 - July 2022       391 | P a g e  
 

 
Figure 3: Spraying operation done by a drone 

4. Crop count and plant emergence analysis: Unmanned aerial vehicles (UAVs) are a useful, faster 

and cost-effective technology for obtaining data on crop emergence, drive replanting decisions and help 

predict yield using drones and high-resolution data combined with Machine Learning algorithms (MLAs). 

This system produces 97% accuracy in its output using data obtained with drones and Photogrammetry. 

Drones equipped with LiDAR sensors allows for the estimation of tree/crop biomass change based on 

differential height measurements, which is used to estimate timber production in forests. 

5. Crop health assessment: Drones equipped with sensors that can scan crops using visible and near-

infrared light can be used to track crop health over the time and monitor response to remedial measures. 

This can be programmed to detect details such as NDVI, water stress or lack of specific nutrients in crops 

(Pravin and Munde, 2019). Farmers can use data from advanced sensors represented as 2D or 3D to better 

understand and find new ways to increase crop yields while reducing crop damage, it serves as evidence 

for farmers or government agencies seeking crop insurance or obtaining an estimate in future. 

 
Figure 4: Crop health assessment with the help of  Drone 

6. Irrigation monitoring and planning: With thermal cameras and remote sensing abilities, drones can 

help to solve irrigation related problems and can split the areas by different moisture regime. This helps 
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in planning the irrigation precisely. The drones used by FAO in the Republic of the Philippines are equipped 

with photogrammetric and navigation equipment with a ground resolution of up to 3 cm (Pravin and 

Munde, 2019). 

 
Figure 5: Irrigation monitoring using drone 

7. Disaster risk reduction: FAO has partnered with national counterparts in developing systems to use 

drones for data collection that assist in Disaster Risk Reduction (DRR) efforts. These useful data are then 

loaded into modelling systems with analytics capabilities, which produce insightful results. Such data can 

help the government better organize disaster relief and response services while also providing high-quality, 

dependable recommendations to rural areas. Drones prompt immediate action on the ground, much faster 

than manual detection, analysis, and action. Drones can cut the time it takes to respond to a disaster by 

up to 44.46 %. 

8. Wildlife conservation: Drones with thermal cameras can be used to track, inspect, and monitor 

livestock from multiple angles. Drones have the potential to revolutionize forest and wildlife conservation 

research. They provide a bird's-eye view of forests and wildlife, as well as information, imagery, and data 

that would otherwise be difficult or prohibitively expensive to obtain. The government of Assam, the 

Republic of India has partnered with Tata Consulting Services (TCS) to use drones to conduct surveillance, 

identify unauthorized settlements and to deter poachers in Kaziranga National Park spread over 480 

square km. Even if poachers are hiding in thick foliage, drones equipped with thermal cameras can detect 

their heat signatures and identify them. The endangered one-horned rhino has benefited from this effort. 

Additional Benefits of Drones in Agriculture 

To get a large-scale view of the farm and identify potential problems, satellite or plane imagery was 

previously used. These images, on the other hand, were not only expensive, but they also lacked the 

precision that drones can deliver. It provides not only real-time footage, also get time-based animation that 

can show crop advancement in real-time. Some of the remarkable benefits are given bellow: 

1. Less manpower is required, and this is an outsourced solution. As a result, there is less reliance on 

departmental personnel. 

2. The results can be obtained in a short period of time (roughly 3-4 weeks), allowing for quick processing. 

3. A drone can fly in any type of weather. Although drones are water resistant, image quality can be harmed 

if photos are taken in rainy conditions. 

4. Drones can assist farmers in maximizing the use of inputs (seed, fertilizers, and water), responding more 

quickly to threats (weeds, pests, and fungi), reducing crop scouting time (validating treatment/actions 

taken), improving variable-rate prescriptions in real time, and estimating yield from a field. 
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5. Drones can be used to monitor any type of crop in any location. As it is a relatively new agricultural 

technology, its market and application are expected to expand significantly in the upcoming years. 

6. The technology has also proven useful in gaining a comprehensive picture of plant emergence and 

population, which can aid in replanting decisions. 

7. Drone data's high resolution can be used to assess crop fertility, allowing agricultural professionals to 

apply fertilizer more precisely, reduce waste, and plan irrigation systems. 

8. Given the vast terrain that needs to be surveyed, drones are more efficient and are allowing users to 

capture high-resolution imagery faster than other methods. 

Constraints of Drone Use in Agriculture 

Agriculture Drones have the following downsides or disadvantages: 

1. High initial cost  

2. A traditional farmer is unable to perform the necessary analysis on drone images. To operate agriculture 

drones, you'll need some basic knowledge and skills. In these circumstances, the farmer will need to learn 

image software skills and knowledge.  

3. Among the many serious negative environmental consequences, the threat to wildlife, particularly birds, 

is a major concern  

4. Drones fly above ground and may cause an accident if they lose control for any reason; they use the same 

airspace as commercial aircraft and thus may interfere with manned aircraft if they fly in their flight path 

5. Extreme weather makes flying them difficult. Extreme rain, fog, or wind can all prevent the devices from 

flying or recording the required space. The electronic components of a drone can be damaged by rain. A 

high amount of sunlight is required for image capture. 

6. Need some government clearance in order to use it. 

7. With the ever-changing laws and regulations surrounding drone flight, the growing list of restrictions 

surrounding air space could result in financial or legal penalties. 

8. The battery life of a drone survey is a limitation. It reduces the drone's flight time. 

Cost of Drone in Agriculture 

Agricultural drones generally have fixed wings and can cost up to $25,000 (Precision Hawk's Lancaster) 

depending on the features and sensors required to carry out their intended function. Some drones are more 

expensive because of imaging sensors, software, hardware, and tools are all included in the price (Pathak 

et al., 2020). 

Conclusion 

Drone technology has lot of potential for efficiently carrying out a variety of agricultural task. The 

Association for Unmanned Vehicle Systems International (AUVSI) predicts that by 2020, over 2900 

unmanned aerial vehicles (UAVs) will be in use by over 900 companies worldwide. High initial costs and 

policy reforms are two of the most difficult obstacles to overcome in order to make it popular and farmer-

friendly. Despite the limitations, these tools and technology are rapidly expanding their use in agriculture 

to provide information about farming. 
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Abstract 

Agriculture, being a most prominent pillar of the world’s economy, fulfils the growing need for food and 

human’s basic needs. The growing population has stretched the available resources to produce more food. 

The traditional ways of agriculture are lacking in the ability to produce more and more in available 

situations. Artificial intelligence is the modern tool that applies algorithms to solve, manage, and interpret 

results in a dynamic world. However, AI is useful in various agriculture sectors, especially to monitor soil 

and seed conditions, irrigation, crop health, crop growth, disease and pest protection, crop yield forecasting, 

maturity identification, harvesting, and postharvest practises such as storage. The details of the site of AI 

for such activities have been highlighted in this article, which may be helpful for the people working in the 

areas of AI. 

Keywords: Artificial intelligence, machine learning, crop production, postharvest. 

Introduction 

The world’s population is assumed to be increased from 7.5 billion in 2015 to 10 billion in 2050 (FAO, 2017). 

To feed an extra two billion people, food production will need to expand rapidly. Traditional techniques, on 

the other hand, can't keep up with this enormous demand. Farmers and agro-companies are racing to come 

up with innovative strategies for increasing output while minimising waste. Thus, Artificial Intelligence 

(AI) has emerged as an integral aspect of the agricultural industry's technological advancement. In addition 

to improving efficiency, AI-powered solutions will also increase crop quality, quantity, and ensure faster 

go-to-market for crops. The application of artificial intelligence and machine learning models help farmers 

to make better decisions about when and where to plant seeds, what crops they should grow, and what 

hybrid seed options they should employ to increase yields. Now a days AI is mainly used in agriculture for 

agricultural robots, crop yield prediction and price forecasts, intelligent spraying, crop and soil monitoring, 

predictive insights, disease diagnosis, irrigation and post-harvest management. 

 
Fig.1 Application of artificial intelligence in agriculture. 
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AI for Sowing and Plantation 

Precise use of seeds during sowing of crop is much more important to optimum utilization of resources 

(Pradhan et al., 2021). The correct metering of seed into the soil can be done by mechanized robots. The 

traditional techniques may drop seeds at irregular intervals which may affect crop density and crop growth. 

The AI also helps in choosing essential features like soil type, nutrients present, irrigation scheduling, and 

pests control measures. AI uses different sensors in combination to machines to help farmers to grow 

precisely. 

AI for Intelligent Spraying of Chemicals 

AI technology aids in the detection of plant diseases, pests, and nutrient deficiencies on farms. AI sensors 

can identify and target weeds before determining which pesticide to use in a particular location. This 

results in lower herbicide consumption and cost savings. Many robots have been developed that utilise 

computer vision and artificial intelligence to accurately monitor and spray weeds. These robots can remove 

80% of the pesticides typically sprayed on crops and reduce expenses by 90%. These sophisticated AI 

sprayers may substantially decrease the quantity of pesticides used to fields, therefore enhancing the 

quality of agricultural products and reducing costs. 

AI Based Decision Making in Agriculture 

Changing crop prices are a major source of anxiety for many farmers. Farmers are unable to develop a long-

term production strategy because of the volatility of the market. Agricultural produces which have a short 

shelf life, are particularly prone to this issue. Satellite imaging and meteorological data are being used to 

measure land and track crop status in real time. Pest and disease infestations may be detected with the 

use of artificial intelligence, and machine learning. 

AI in Irrigation Water Management 

Agriculture consumes 85 % of all available freshwater resources around the planet. And this fraction is 

progressively rising in tandem with population growth and rising food demand. As a result, we must 

develop more efficient technology to ensure the optimal use of water resources in irrigation. Researchers 

came with different sensors, such as a soil moisture sensor and a rain drop sensor, which were used to 

figure out how much water the fields needed. These sensors were controlled by a wireless broadband 

network and powered by solar panels. The rain drops sensor and soil moisture sensor send SMS (Short 

Message Service) messages to the farmer's cell phone to tell them how wet the soil is. So, the farmer can 

use SMS to tell the water supply to turn ON or OFF. So, we can think that this system will find out which 

parts of the fields need more water and tell the farmer not to water when it's raining (Talavia et al., 2020). 

Crop Yield Prediction 

Crop yield prediction is a necessary but critical problem, required for sustainable magnification and 

efficient use of available resources. Forecast of yield in agri produce is very much essential for farmers, 

traders, agro-food processors, government and policy makers. The actual prediction is always influenced 

by many crop parameters, environmental factors and management choices. Various tools like remote 

sensing, field surveys, statistical models and crop growth models are being used for yield forecasts. Owing 

to this AI also widen its application to predict approximate results for crop yield estimations. Machine 

learning works on the empirical models or data driven approach to give best fits from input data. 

AI in Harvesting 

After completions of pre-harvest stages of crop like soil, spray, weed, irrigation, etc. when fruits/vegetables 

are being ready for important stage i. e harvesting. The important maturity parameters such as fruit/crop 

size, colour, firmness, taste, defects and quality are wisely taken for determination of harvesting. To attain 

good result for fetching profits is directly correlated to the stages of harvesting. AI based harvesting robots 

are mainly used for harvesting of fruits. These robots consist of two major units: one unit is for fruit 

detection and localization of fruit on the trees using machine learning and computer vision and other unit 

is for plucking the detected fruits using end effector. The AI applies auto harvesting tools, robots, deep 

learning, machine learning, and techniques to acquired better results which helps farmers to minimize 

losses during harvesting. Commodities like apple, orange, tomato, strawberry, kiwifruit, and leafy 
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vegetables are being demonstrated in recent advancement of AI automatic robots in horticulture (Ziv and 

Fallik, 2021). 

AI in Postharvest 

Postharvest is the last and crucial stage for agricultural produce. After harvesting if care was not taken 

then there are tremendous chances of commodity being spoil which can make severe loss to farmers. For 

maintaining quality and increasing shelf life the sorting and grading can be made on machine leaning 

basis. The graded lots in store monitored for humidity, temperature and respiration rate etc. The necessary 

conditions for commodity are regulated by AI systems. For grains the storage conditions such as moisture 

content, insect infestation, and their control are done by AI based techniques. Complex algorithms are used 

for managing postharvest operations for different crops. Therefore, the losses are restricted which 

ultimately benefits to farmers (Meshram et al., 2021). 
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Introduction 

Eleusine coracana, or finger millet, is an annual herbaceous plant commonly produced as a cereal crop in 

arid and semiarid parts of Africa and Asia. It is also known as ragi in India and Kodo in Nepal. It is a 

tetraploid, self-pollinating species that most likely developed from Eleusine africana, a wild relative. Finger 

millet is notable for its capacity to survive cultivation at altitudes over 2000 meters above sea level, as well 

as its great drought tolerance and extended grain storage period. (Lost Crops of Africa: Volume I: Grains). 

It is equivalent to rice in terms of protein (6-8%) and fat (1-2%), but it outperforms rice and wheat in terms 

of mineral and micronutrient richness. It has a high calcium content (344 mg/100g), dietary fibre (15-20%), 

and phenolic compounds (0.3–3%) in terms of nutrition. Isoleucine, leucine, methionine, and phenylalanine 

are key amino acids found in this minor millet that is lacking in other starchy foods. It is also recognized 

for its anti-diabetic, anti-tumorogenic, anti-atherosclerogenic, and antioxidant properties, which are 

ascribed to its polyphenol and dietary fibre content. It is used to make a variety of meals in both raw and 

malted forms. This millet's grains are ground into flour and used to make porridge, puddings, pancakes, 

cookies, roti, bread, noodles, and other snacks. It is also recognized as a healthy diet for diabetes people 

and is used as a nutritious feeding for newborns when malted. (Amir, G. et al 2014). 

Finger millet is grown on 1159.4 thousand hectares in India, with a production of 1998.36 thousand tonnes 

and productivity of 1724 kg/ha, with Karnataka having the most area (7,85,000 ha) and production 

(13,69,830 tonnes) and Tamilnadu having the highest productivity (3481 kg/ha). (Indiastat 2020-21). 

However, with a declining trend in a productive area with improved productivity (Anon, 2011) and stagnant 

grain output (Swetha, 2011), a strategy to enhance physiological features connected to grain yield would 

be highly suggested to break this limiting factor. 

Importance of Physiological Traits in Relation to Morphological Traits in Grain Yield 

Physiological parameters such as biomass production, remobilization, water usage efficiency, net 

assimilation rate, and harvest index are more important in grain yield determination, which is influenced 

by morphological characteristics such as LAI, LAD, Leaf Angle, SLW, and vein density and number. Grain 

yield is the physiological result of above-ground biomass and biomass partitioning to the ear (HI). This 

suggests that increasing these yield-attributing features would result in increased grain production via a 

large rise in HI. During the reproductive phase, biomass increase is governed by both current 

photosynthates and remobilization of carbohydrates from the leaf to the ear. The biomass generation at the 

flowering stage, in turn, is dependent on light interception, which can be modified by altering LAI, LAD, 

and leaf angle (Nanja Reddy et al., 2019). Leaf morphological traits are also significant in influencing 

photosynthetic rate, particularly in rainfed environments. The higher the Specific leaf weight (SLW), the 

more mesophyll packing, photosynthetic rate, and water usage efficiency (WUE). The SLW correlated 

positively with the photosynthetic rate (Reddy, 2020). The top three leaves, particularly the flag and 

penultimate leaves, are crucial for grain production. There was more carbohydrate transport from 

vegetative plant sections to spikelets during the grain filling stage, as well as a higher leaf area index (LAI). 

Flag leaf helps greatly to rice yield by increasing grain weight by 41 to 43%. In this circumstance, the flag 

leaf is an active leaf during grain filling. The area of flag leaves might be a factor in increasing rice grain 

yield. (Al-Tahir, Faisal M. M., 2014) As a consequence, selecting high LAI finger millet would result in 
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higher biomass and grain output, breaking the yield plateau. For increased yields, photosynthates 

generated at the source should be effectively translocated to reproductive portions. As a result, the number 

of veins per unit of leaf width is critical for translocation, and a positive relationship between 

photosynthetic rate and vein number was discovered (Reddy, 2020). 

 
Figure 1: Bending and damage of veins which are seen as white patches in the centre of leaves 

Conclusion and Future Scope 

However, in some genotypes, the width of the mid vein and parallel veins is so thin that they are damaged 

by winds shown in (figure 1), which can impede all physiological processes by reducing leaf area, which 

reduces photosynthates production and translocation, which in turn affects biomass remobilization from 

source to sink, and thus reduces grain yield. To address this issue, breeders should look for genotypes with 

thick and many veins that may be used as pre-breeding material for future development. 
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Introduction 

Water hyacinth is a perennial free-floating aquatic weed endemic to tropical and sub-tropical South 

America. It originated in the Amazon Basin and has now spread to more than 80 nations. It may be found 

in a wide range of wetlands, from little fish ponds to large riverine lakes. Because of its detrimental impacts 

on people's livelihoods and wetland ecosystems, it has been named the world's most dangerous aquatic 

weed. Water hyacinth has a significant influence on water flow, blocks sunlight from reaching native 

aquatic plants and depletes oxygen levels in the water, often smother aquatic life by deoxygenating the 

water and reducing nutrition for juvenile fish in sheltered bays (Sindhu et al., 2017). Local subsistence 

fishing is also hampered by the weed, which often prevents access to the beaches. As a result, there is a lot 

of focus on weed management, and various efforts have been undertaken to control these weeds using 

chemical, physical, and biological means. However, control of the weed has met with little success, in turn 

a need for an alternative mean of its control arouses. So that, rather than destruction make them useful 

was sought as better mean of control. Since water hyacinth is an organic manure, its impacts on soil quality 

are well addressed. 

 
Fig.1 Water hyacinth in natural bodies (Begum et al., 2022) 

Water hyacinth is well-known for its ability to replace nutrients when used as green manure or compost. 

Composting biodegradable water hyacinth helps to enhance nutrient management by recycling nutrients 

and returning them to the soil. Bacteria, actinomycetes, streptomycetes, and fungus are among the 

mesophilic, thermo-tolerant microorganisms discovered in waste composting. It is capable of accumulating 

large concentration of primary macro nutrients N, P and K (Balasubramanian, 2011) and could serve as 

source of these nutrients in fertility management upon decomposition. When used as green manure or 

compost, water hyacinth not only improves soil fertility, but it also improves soil characteristics and health, 

which improves crop production. 

 
Fig. 2 compost from water hyacinth (Arti et al., 2022) 
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Composting is a natural process that involves the aerobic biological decomposition of organic matter from 

biodegradable wastes using microbes under controlled conditions, resulting in a final product with 

stabilised carbon, nitrogen, and other nutrients in the organic fraction, with the stability varying according 

to compost maturity. Water hyacinth, like other organic manures, may be used to make compost in a variety 

of ways. In terms of nutritional content, such as N, P2O5, K2O, and C: N, water hyacinth compost 

outperformed town compost and farm yard manure. It is four times richer than farm yard manure. 

Effect of Water Hyacinth Compost on Soil Properties 

Easily decomposable water hyacinth compost contributes buildup of organic matter in the soil and thereby 

affects soil physical as well as chemical parameters like the other organic composts. 

1. Response on soil aggregation: Organic matter encourages aggregation in soil by releasing gum-like 

compounds during the breakdown process, which aid in particle binding. As an organic substance, adding 

water hyacinth to the soil improves aggregate formation, particularly in terms of state and degree of 

aggregation, which changes with application rate. When 1000 g of water hyacinth was applied per pot on 

sandy loam soils, the degree of aggregation was 27 percent greater than the control. (Khan and Sarwar, 

2002). 

2. Response on soil porosity and bulk density: The aggregation process is improved by a higher 

amount of organic matter deposition using water hyacinth-based compost. The overall porosity of the soil 

is increased by all of these aggregation processes. The aggregation processes may have lowered soil bulk 

density and increased porosity, allowing the soil to retain and transmit more water. 

3. Response on soil water holding capacity: Water hyacinth compost improves water holding capacity 

of soil in two ways. Firstly, water hyacinth improves water retaining capacity as direct organic particles 

due to their larger surface area and ability for adsorption of water molecules. Second, improving water 

holding capacity by changing soil physical qualities, particularly porosity and bulk density. 

4. Response on soil cation exchange capacity and pH: Due to the accumulation of organic matter in 

water hyacinth compost, it has a significant impact on soil cation exchange capacity. Organic matter 

components of soil have negatively charged surfaces onto which exchangeable cations are adsorbed. With 

decomposition of compost, the exchangeable cation nutrients get released and become available for 

exchange with colloidal surface. Water hyacinth compost treated sandy loam soil had a greater cation 

exchange capacity than untreated soil, and the more the water hyacinth content applied, the higher the 

cation exchange capacity (Khan and Sarwar, 2002). 

5. Response on soil mineral nutrients: Application of water hyacinth promotes the mineral nutrient 

content in the soil as these nutrients are considerably high in fresh water hyacinth. When this nutrient-

dense organic matter is composted, the nutrients are released into the soil and made available to plants for 

absorption. 

Effects of Water Hyacinth Compost on Plant 

1. Plant growth: The use of compost made from water hyacinth has an impact on a variety of growth 

factors. Compost application increases germination percentage, number of leaves, leaf area index, plant 

height, length of shoot and root, root: shoot ratio, biomass content, collar root diameter either significantly 

or non-significantly than control. It's because vital mineral nutrients for plant growth and development are 

readily available. These nutrients are released as a result of the mineralization of organic matter content, 

which enhances the soil's moisture retention capacity and, as a result, the released nutrients are more 

readily available for plant uptake due to better solubility. Furthermore, having more microorganisms in 

compost enhances soil aeration, increases dissolved nutrient absorption by roots, and boosts crop growth 

and development. 

2. Yield parameters: The use of water hyacinth increases the yield of a variety of crops dramatically. The 

enhanced yield linked with water hyacinth compost might be attributed to increased nutrient availability, 

which boosts physical and physiological characteristics of the plant such as leaf area index and chlorophyll 

content. It also plays a crucial role in enzymic activities, carbohydrate metabolism and translocation, 

nitrogen metabolism and protein synthesis therefore, it boosts production and distribution of 

photosynthates resulting in higher yields. 
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Challenges in Utilization of Water Hyacinth 

Even though composting is a viable method for reducing the aggressive development of water hyacinth in 

water bodies, and the use of this organic manure improves soil qualities, this method of water hyacinth 

management has significant difficulties in practise. Longer time consumption, difficulty in harvesting 

water hyacinths, greater labour costs, the possibility of heavy metal buildup in plant tissues, a lack of 

knowledge, and the engagement of less qualified personnel are only a few examples. 

The most important difficulty is gathering water hyacinth for use. Water hyacinth harvesting is done 

manually in most underdeveloped nations, with aquatic weeds being removed from the water surface with 

the use of hands. As a result, manual reaping is a labor-intensive, high-energy, low-skilled job that is 

inefficient in large lakes or bodies of water. These drawbacks can be minimized with mechanical harvesting, 

which uses mechanical mowers, destroyer boats, mechanised dredgers, weed harvester tractors, and 

crusher boats to remove weeds from water bodies. 

Water hyacinth is principally made up of three constituents: lignin, cellulose, and hemicellulose, which are 

seldom available to microbes during the breakdown of organic manure. Water hyacinth inoculation with 

an external lignin degrader, as well as the use of a rotating drum for composting, are two options for 

speeding up the decomposition of water hyacinth. Due to proper mixing of composting materials and a 

greater thermophilic temperature, rotary drum composting produces high-rate composting (Singh and 

Kalamdhad, 2014).  

Another issue is the loss of nutrients, particularly nitrogen and potassium, through leaching and 

denitrification during composting. The loss of nutrient delays composting maturity and decreases the 

quality of compost produced. Composting water hyacinth with materials such as poultry manure, cattle 

dung, molasses, and efficient microbes might therefore assist to prevent nutrient losses while also speeding 

up the decomposition process. 

Conclusion 

Water hyacinth compost has more organic matter and it helps to enhance the physical, chemical, and 

biological qualities of the soil, making nutrients available for plant growth and development. This results 

in much higher growth parameters and yields of the crop. 
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Introduction 

The Government of India introduced the Soil Health Card Scheme on February 19, 2015. The government 

intends to provide soil cards to farmers as part of the initiative, which would include crop-specific 

recommendations for nutrients and fertilizers needed for individual farms, allowing farmers to increase 

output by judicious use of inputs. All soil samples will be examined in several labs across the country. 

Following that, the specialists will assess the soil's strengths and shortcomings (for example, nutrient 

deficit) and provide solutions to address them. On the cards, the outcome and suggestions will be displayed. 

The cards would be distributed to14 crore farmers by the government. 

 
Image source: National Portal of India (india.gov.in) 

What is a Soil Health Card? 

1. A farmer's Soil Health Card (SHC) is a printed report that is given to him for each of his holdings. It 

contains the nutrient status of soil in terms of 12 parameters, including Nitrogen, Phosphorus, and 

Potassium (Macro-nutrients); Sulphur (Secondary-nutrient); Zinc, Iron, Copper, Manganese, and Boron 

(Micro-nutrients); pH, Electrical Conductivity (EC), and Organic Carbon (Physical parameters) of farm 

holdings. The SHC will next make suggestions for fertilizer and soil additives for the farm based on this 

information. 

2. SHC is given to all farmers in the country every three years to enable them to apply suggested fertilizer 

doses based on soil test values to achieve enhanced and long-term soil health and fertility, lower expenses, 

and higher profits. Farmers can keep track of their soil samples and get a copy of their Soil Health Card. 

3. It's a complete field report on soil fertility and other essential soil factors that affect crop productivity. 

How can a Farmer Use a Soil Health Card? 

The card will include a recommendation depending on a farmer's soil nutrient level. It will give you advice 

on how much of each vitamin you should take. It will also advise the farmer on the fertilizers he should use 

and in what quantities, as well as the soil amendments he should make, to achieve optimal yields. 

Norms of Sampling 

1. With the use of GPS instruments and revenue maps, soil samples will be drawn in a grid of 2.5 hectares 

in irrigated areas and 10 hectares in rainfed areas. 
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2. Soil samples are obtained two times a year, after the Rabi and Kharif crops have been harvested, or 

when the farm has no standing crop. 

Process of Collection of Soil Samples 

1. The state government will collect samples either through their Department of Agriculture workers or 

through an outsourced agency's staff. Students from local agriculture and science colleges may also be 

involved by the state government. 

2. A trained worker will gather soil samples from a depth of 15-20 cm by cutting the soil in a "V" form. It 

will be collected from the four corners and the centre of the field, well mixed, and a portion of it will be 

taken as a sample. Shaded areas will be avoided. The chosen sample will be packaged and coded. The 

sample will then be sent to a soil testing facility for analysis. 

3. State governments are given a payment of Rs. 190 for each soil sample. This covers the costs of collecting 

a soil sample, testing it, creating a soil health card, and distributing it to the farmer. 

How Farmers can be Benefitted from the Soil Health Card Scheme 

1. The scheme would keep a close eye on the farmers' soil and provide them with a detailed report. As a 

result, they can make informed decisions about which crops to grow and which to avoid. 

2. The soil will be monitored regularly by the authorities. Farmers will receive a report once every three 

years. As a result, farmers need not be concerned if the nature of the soil changes as a result of various 

circumstances. They'll also always have the most up-to-date information about their turf.  

3. The SHC Scheme will provide farmers with a comprehensive soil health record. They can also research 

soil management techniques. As a result, they will be able to prepare for the future of their crops and land. 

4. The soil card will inform farmers about which nutrients are deficient in their soil. As a result, they will 

know which crops to invest in as well as the fertilizers they require. As a result, crop output will eventually 

increase. 

5. According to the National Productivity Council (NPC), the SHC scheme has reduced the use of chemical 

fertilizers by 8-10% while also increasing productivity by 5-6%. 

6. The SHC Scheme, as well as other soil health management projects (National Mission for Sustainable 

Agriculture), have produced jobs for rural youth. Village youth and farmers up to the age of 40 are eligible 

to set up Soil Health Laboratories and conduct testing under this program. Self-Help Groups, Farmers' 

Cooperative Societies, Farmers' Groups, and Agricultural Producing Organizations are all covered by the 

same clause. 

Source of Information 
1. National Portal of India (india.gov.in). 

2. Press Information Bureau, Government of India. 

  

https://www.pib.gov.in/index.aspx
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Abstract 

In India, incomes of the farmers are very low and that’s why we have to do something innovative for 

increasing the farmer’s income. For this, we have to increasing the agricultural production efficiency and 

reduce the cost of cultivation. Digitalization in agriculture is makes the revolution in agriculture for the 

next generation. Digital Agriculture is emerging as one of the ways to increase efficiencies and enhance 

incomes in agriculture globally. We define Digital Agriculture in the Indian context and list the challenges 

as well as the possibilities for Digital Agriculture in India. 

Keywords: Digitalization, Revolution, Digital Agriculture. 

Introduction 

Digital agriculture is the seamless integration of digital technologies into crop and livestock management 

and other processes in agriculture. Digital agriculture offers the opportunity to increase production, reduce 

cost in the long-term and eliminate risk. Digital Agriculture is ICT and data ecosystems to support the 

development and delivery of timely, targeted information and services to make farming profitable and 

sustainable.  

Digital farming gives the farmers insight so they can make decisions that will improve productivity. The 

farmer receives data, but ultimately, it is still up to them how it is utilized to fit best for their farm. A 

substantial benefit is the data can be shared with other experts in the agricultural industry, including 

agronomists, veterinarians, and other farmworkers, forming a cohesive and robust collaboration. 

Why is the Adoption of Digital Farming Gaining Popularity? 

The United Nations projects that by the year 2050 the population of the world will be 9.7 billion. With 

relevance of over 60 percent of world population on agriculture for food, the pressure to increase the produce 

to meet demands doesn’t seem to ease. Climate change, which is leading to rise temperature, level of carbon 

dioxide, increasing labour cost and high production cost is a major challenge to the future of agriculture. 

Hence, for achieving the goal to increase productivity in a sustainable way, data needs to be recorded and 

analyzed digitally. 

Tools Used for Digital Agriculture 

1. Digital Agriculture is a farming management concept based on observing and responding to intra-field 

variations. 

2. It relies on new technologies i.e. 

a. Global Positioning System (GPS) 

b. Global Navigation Satellite System (GNSS) 

c. Geospatial tools i.e., ArcGIS. 

d. Artificial Intelligence. 

e. Robotics. 

How Drones are Revolutionizing Agriculture? 

Monitoring Field Conditions: Drones can provide accurate field mapping including elevation 

information that allow growers to find any irregularities in the field. 
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Drone Pollination: One of the most publicized (and often fictionalized) uses is pollinating drone 

technology. Researchers in the Netherlands and Japan are developing small drones that are capable of 

pollinating plants without damaging them. 

 

Spray Application: Drone sprayers are able to navigate very hard to reach areas, such as steep tea fields 

at high elevations. Drones’ sprayers’ delivery very fine spray applications that can be targeted to specific 

areas to maximize efficiency and save chemical costs. 

 

Planting & Seeding: One of the newer and less wide spread uses of drones in agriculture is for planting 

seeds. Automated drone seeders are mostly being used in forestry industries right now. 

Health assessment: Top-notch drones along with Multispectral camera sensors can identify disease and 

stress in the initial stages, sometimes before it is even evident from the ground or with standard color 

cameras. Drone surveys also provide real-time imagery of the fields for precision agriculture. 

Startups in Agriculture 

Agricultural Robots: Agricultural robots or Agbot are automate slow, repetitive and dull tasks for 

farmers, allowing them to focus more on improving overall production. 

 

Some of the common robots in agriculture are used for: 

a. Harvesting and picking 

b. Weed control 

c. Autonomous moving, pruning, seeding 

d. Spraying and thinning 

e. Phenotyping 

https://en.wikipedia.org/wiki/Hated_in_the_Nation
https://www.futurefarming.com/Tools-data/Articles/2019/6/Agricultural-drone-market-to-grow-to-USD-48-billion-434564E/
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f. Sorting and packing. 

Blue River Technology: See & Spray Robot 

Blue River Technology is a California-based startUp combine artificial intelligence, computer vision and 

robotics in year 2011. Smart machines can detect, identify and make management decisions about every 

single plant in the field. Their primary product, See & Spray, uses computer vision, machine learning, and 

advanced robotic technology to distinguish between crops and weeds — and then spraying only the weeds. 

A new way to control and prevent herbicide-resistant weeds and also eliminating 90% of the herbicide 

volumes that growers spray today. 

 

Conclusion 

Digital agriculture is essential for serving dual purpose of enhancing productivity and reducing ecological 

degradation. Digital Agriculture will not be adopted unless it brings in more or at least similar profit as 

compared to traditional practices. However, through sensor based smart mechanisms helps to improve 

water use efficiency, variable rate of fertilizer and herbicide application, identification of disease-pest and 

robotic harvesting increase work efficiency. 
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A spectral vegetation index (SVI) is generated by combining data from multiple spectral bands into a single 

value. Usually simple algebraic formulations, SVIs are designed to enhance the vegetation signal in 

remotely sensed data and provide an approximate measure of live, green, vegetation amount. 

 

Ratio Vegetation Index (RVI) 

Defined as the ratio between the Red and Near Infrared lights of multispectral images: 

R

NIR
RVI =  

Where, NIR- DN value in near infrared band (e.g., IRS 1C and 1D, band 3), and  

RDN value in red band (e.g., for IRS 1C and 1D, 2 band). 

Normalized Difference Vegetation Index (NDVI) 

The normalized difference vegetation index (NDVI), which is derived from remote-sensing (satellite) data, 

is closely linked to drought conditions. 

 



 

 
Volume 04 - Issue 07 - July 2022       408 | P a g e  
 

To determine the density of green on a patch of land, the distinct colors (wavelengths) of visible and near-

infrared sunlight reflected by the plants are observed. Range of NDVI is −1 to +1. Higher value of NDVI 

refers to healthy and dense vegetation. Lower NDVI values show sparse vegetation. 

RNIR

RNIR
NDVI

+

−
=  

Where R and NIR stand for the spectral reflectance measurements acquired in the red (visible) and near-

infrared regions, respectively. 

Transformed Vegetation Index (TVI) 

A commonly used vegetation index derived from images of certain spectral bands.  The TVI is equal to the 

square root of the quotient of the photo-infrared minus the red band, and the photo-infrared plus the red 

band SQRT [(IR - red) / (IR + red)]}.  Common color-infrared image sources that TNT mips uses to compute 

TVI index rasters include Landsat MSS and TM, SPOT CIR, 35mm CIR film, 9" CIR film, and CIR video. 

5.0+= NDVITVI  

Greenness Vegetation index (GVI) 

This index minimizes the effects of background soil while emphasizing green vegetation. It uses global 

coefficients that weigh the pixel values to generate new transformed bands. It is also known as the Landsat 

TM Tasseled Cap green vegetation index. 

−= bandsvisibleinesreflectancofsumWeightedbandsNIRinesreflectancofsumWeightedGVI  

GNDVI (Green Normalized Difference Vegetation Index) 

The authors verified that GNDVI was more sensible than NDVI to identify different concentration rates of 

chlorophyll, which is highly correlated at nitrogen. The use of green spectral band was more efficient than 

the red spectral band to discriminate nitrogen.    

The GNDVI results from the following equation: 

GNDVI = (NIR - G) / (NIR + G) 

Where G and NIR stand for the spectral reflectance measurements acquired in the green (visible) and near-

infrared regions, respectively. 

Blue River Technology: See & Spray Robot 

Blue River Technology is a California-based startUp combine artificial intelligence, computer vision and 

robotics in year 2011. Smart machines can detect, identify and make management decisions about every 

single plant in the field. Their primary product, See & Spray, uses computer vision, machine learning, and 

advanced robotic technology to distinguish between crops and weeds — and then spraying only the weeds. 

A new way to control and prevent herbicide-resistant weeds and also eliminating 90% of the herbicide 

volumes that growers spray today. 

DVI (Difference Vegetation Index) 

This is the simplest vegetation index Sensitive to the amount of vegetation- Distinguishes between soil and 

vegetation - Does not deal with the difference between reflectance and radiance caused by the atmosphere 

or shadows. 

The DVI results from the following equation: 

DVI = (NIR- R) 

Soil Adjusted Vegetation Index 

Adjusted Vegetation Index or Soil Adjusted Vegetation Index is a spectral index introduced by Huete in 

1988. SAVI attempts to be a hybrid between the ratio-based indices and the perpendicular indices. The 

reasoning behind this index acknowledges that the iso-vegetation lines are not parallel, and that they do 

not all converge at a single point. 
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SAVI =
𝑁𝐼𝑅−𝑅

NIR+R+L
× 1+L 

Where, NIR= Near Infrared reflectance 

 L = Adjustment factor (0.5) for dense canopy 

 R = Red reflectance 

References 
1. PAL. 2012. Recent advances in irrigation water management.  

2. Carter, G. A. 1991. Primary and secondary effects of water content on the spectral reflectance of leaves. American J. Botany. 

78: 916-924. 

  



 

 
Volume 04 - Issue 07 - July 2022       410 | P a g e  
 

Application of Edible Coating on Fruits and Vegetables 
Article ID: 37634 

P Babu1, A Prakash1 
1Subject Matter Specialist (Agril. Engg), KVK, Kondempudi, Anakapalle, Teaching Associate, Dept of 

Agril. Engg, SKCAS, ANGRAU. 

 

 
 

Summary 

Now-a-days, there is a great demand in the market for fruits and vegetables due its high nutritional 

composition. As we know that fruits and vegetables are perishable in nature and having short shelf life. 

About 25-30% of fruits and vegetables are majorly affected by insects, microorganisms, transportation and 

storage. Preservation and storage of fruits is the major problem facing by the farmers all over the world. 

To overcome the problem, Edible gum coating is applied to the fruit and vegetable. Edible gum coating is 

an effective method for prolonging the shelf life of fruits and vegetables and also allows preserving of fresh 

and processed food, maintaining quality, preventing microbial contamination and/or oxidation reactions. 

Edible coatings are of different types such as hydrocolloids, lipids and plasticisers. Natural and synthetic 

edible gum coatings were used for fruits and vegetables. These have good barrier properties to oxygen, 

carbon dioxide, moisture and water vapour. In this paper, author discussed about the importance of 

application of edible coating on fruits and vegetables. 

Introduction 

In India, the recent years population was increased and also there is a great demand for fruits and 

vegetables which are having essential constituents of daily diet. Fruits and vegetables had good source of 

vitamins, essential minerals, antioxidants, bio-flavonoids, dietary fibres and flavour compounds. As we 

know that fruits and vegetables are highly perishable in the nature and the estimated high postharvest 

losses was 15-30 % (Raghav P. K et al., 2016). 

The estimated losses were mainly due to microbes, insects, respiration and transpiration. For acceptability 

of fruits and vegetables in the market, the fresh produce has to maintain texture, colour, appearance, 

flavour and nutritional value. Now-a-days there is a serious problem in postharvest losses of fruits and 

vegetables and mainly deteriorates them during handling, transport and storage. Edible coating with 

natural gums is one of the oldest and promising technologies for reducing the postharvest losses. Edible 

coating over fruits and vegetables are used to improve their quality and enhance the shelf life. 

These can also be safely eaten as part of the product and do not add unfavourable properties to the foodstuff. 

Edible coatings have high potential to control browning, discolour activity, off flavour, microbial activity of 

fruits and vegetables. In present years, new edible films and coatings have been developed with the addition 

of natural and edible herbs, antimicrobial compounds to store the fresh fruits and vegetables. It helps in 

controlling the maturation, development and respiratory rate. 

Edible Coating 

Edible coatings are defined application of edible gum as the thin layer of material which can be consumed 

and provide a barrier to microbes of external source, oxygen, moisture and solute movement for food. Edible 

coating acts as a semi permeable barrier which was provided and aimed to increase the shelf life by 

decreasing moisture and solute migration, gas exchange, oxidative reaction rates and respiration as well 

as to reduce physiological disorders on fresh cut fruits. These properties of the edible coating films were 

(Hongbo et al., 2019): Edible coatings have good barrier properties to water, moisture, O2, CO2, and 

ethylene. It improves appearance and colour and maintain structure. Edible coating contains active 

components such as antioxidants, vitamins etc., they enhance nutritional composition without affecting its 

quality. These coatings provide a protective covering on fruits and vegetables and enhance their shelf life.  

The main advantages of edible coating are its edibility, non-toxic nature and cost effective as compared to 

other synthetic coating. 
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Classification of Edible Coatings (Sushmitha Reddy and Jatinder Singh, 2020) 

Edible coatings are having hydrophobic (lipid-based or waxes) and hydrocolloids (polysaccharides-based, 

protein based) or combination of both groups to improve function of edible coating. Edible Coatings are 

natural, not chemically synthesised and generally used for good appearance and preservation of fruits and 

vegetables. Edible coating materials are generally made up of polysaccharides, proteins and lipids. The 

edible coatings are mainly divided into three classes: 

1. Hydrocolloids: Polysaccharides, proteins and alginate.  

2. Lipids: Fatty acids, acryl glycerides and waxes.  

3. Composites: e.g., Protein/protein, polysaccharides/protein, lipid/polysaccharides. 

Polysaccharides Derived Edible Coatings 

Hydrocolloids: Generally, hydrocolloids are originated from vegetables, animals, microbial or synthetic. 

Examples of hydrocolloids: Alginate, Carrageenan, Pectin, Carboxy Methyl Cellulose (CMC), Xanthan gum 

and Gum Arabic. All hydrocolloids are partially or completely dissolved in water, act as an emulsifier due 

to this stabilising effect. The hydrocolloids are divided into two classes :1. Polysaccharide-based, 2. Protein 

based. 

Cellulose Derivative:  Cellulose is easily found in nature. Cellulose derivative coatings and films have 

poor gas and water barrier properties. Polysaccharides derivatives are hydrophilic in nature that’s why 

they have poor mechanical properties. Examples of cellulose derivatives : Methyl cellulose, Hydroxypropyl 

cellulose (HPC), Hydroxypropyl Methyl Cellulose (HPMC), Methyl ethyl Cellulose (MEC), Carboxy Methyl 

Cellulose (CMC).  

Starch Derivatives:   Starch is the most common polysaccharide and obtained from cereal grains belong 

to poaceae family viz., wheat, maize, rice etc., The good source of starch were Potato, tapioca, legumes and 

other tuber crops. 

Chitosan: Chitosan is derived from chitin mainly available in animal shells. Chitosan is the most common 

non-toxic and natural product after cellulose for formation of edible coating. chitosan has maximum 

viscosity than other natural gums. Mostly all gums are polysaccharides it consists of sugars. Gums are 

used for preparation of edible coating on fruits and vegetables because of its texture capability. Generally, 

gums are divided into three parts- a.Extractive gums (e.g., guar gum) b. Exudate gums (e.g., gum Arabic) 

c. Microbial fermentation gums (e.g., xanthan gum). 

Alginate:  Alginate is mostly found in brown seaweed, and has unique colloidal property. It contains 

excellent barrier for moisture and water vapour. It acts as a stabilising and thickening agent.  

Pectin:  Pectin which is derived from plants and belongs to the polysaccharides group. It is naturally found 

in fruits and vegetables and is good for low moisture fruits and vegetables. 

Protein-Based Edible Coating: Protein based edible coatings are mostly found from plants and animal. 

The plant-based protein edible coating material: milk protein casein, soy protein whey protein, zein, gluten, 

etc. The animal-based protein is egg albumen, collagen etc. Protein based edible coating consist excellent 

barrier properties for oxygen, aroma, and oil and it gives strength but it is not effective for moisture barrier. 

Lipid Based Edible Coating: These edible coatings are used for preservation of perishable products. 

They provide glossy appearance, colour and shiny to food. Most common lipid-based coating materials: bees 

wax, carnauba wax, paraffin wax. Lipids are having good water barrier capacity. Wax coatings contain very 

good moisture barrier properties as compare to other lipid based coating and non-lipid coating. 

Disadvantages 

Thick coating can prohibit oxygen exchange, causes off- flavour development. Edible coatings have good 

gas barrier properties which causes anaerobic respiration due to this normal ripening process is disturbed 

in fruits and vegetables. Some edible coatings are hygroscopic in nature, which helps to increase microbial 

growth. 

Conclusion 

Now-a-days, edible coating technology is highly popularized for storage of fruits and vegetables in the food 

industry. Different type of edible gum coating materials is used such as hydrocolloids, waxes, protein. 
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Edible coatings were environment friendly and safely eaten with fruits and Vegetables. According to this 

article, edible coatings help in extending of shelf life, reduce the moisture content, delayed ripening process 

and also prevent microbial growth. For preservation of fruits and vegetables, application of edible coating 

is the best solution for reducing postharvest losses. 
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Salt-Affected Soils 

Soils, in which the concentration of salts is so high as to adversely affect plant growth and crop productivity, 

are called salt-affected soils. Some amounts of salt are always present in the soil. When the concentration 

of these salts is low, they are not harmful to the growth of plants. But with the increase in the salt content 

of the soil to high levels, the plant growth is adversely affected which, in turn, decreases the productivity 

of agricultural crops. The extent of reduction in growth and decrement in productivity. however, depend 

upon many factors such as the kind and content of salt constituents, soil texture, distribution of salts in 

the soil profile, the species of plant grown, level of soil-water-crop management, and climatic condition. 

Classification of the Salt-affected Soils 

The US Salinity Laboratory Staff in 1954 grouped salt-affected soils into three general categories for 

management purposes: 

Salt-affected 
soil 

Soil 
pH 
(pHs) 

Electrical 
conductivity (ECe) (dS 
m-1) 

Sodium adsorption 
ratio (SAR) 

Exchangeable sodium 
percentage (ESP) 

Saline <8.5 >4 <13 <15 

Sodic  >8.5 <4 >13 >15 

Saline-sodic >8.5 >4 >13 >15 

Management Strategies for Sustainable Crop Production in Salt-Affected Soils 

The following management practices can be followed to raise crops in salt-affected soils: 

1. Selection of the crop: The selection of a crop is based on the tolerance of a crop to either salinity or 

sodicity. The list of salt-tolerant as well as sodium-tolerant crops is given below. 

Salt-tolerance of the crops: 

ESP Class Crop 

2 – 10 Very sensitive Deciduous fruits, Nuts, Citrus 

10 – 20 Sensitive Beans 

20 – 40 Moderately tolerant Clover, Oats, Rice 

40 – 60 Tolerant Wheat, Cotton, Barley, Tomato, Beet 

> 60 Highly tolerant Tall wheat grass, Rhodes grass 

Relative tolerance of the crops to alkalinity or sodicity: 

ESP (range*) Crop 

2-10 Deciduous fruits, Nuts, Citrus 

10-15 Safflower, Black gram, Peas, Lentil, Pigeon pea 

16-20 Chickpea, Soybean 

20-25 Groundnut, Cowpea, Onion, Pearl Millet 

25-30 Linseed, Garlic 

30-50 Wheat, Cotton, Oat, Tomato, Mustard 

50-60 Beets, Barley, Sesbania 

60-70 Rice 
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*Relative yields are only 50% of the potential in respective sodicity ranges  

Source: Gupta and Abrol (1990). 

2. Tillage: Deep tillage should be practiced as it increases the soil's permeability, thereby facilitating salts' 

leaching. It also makes the root zone more friable. If the subsoil layer has an accumulation of salts or 

sodium, deep tillage is not advisable. 

3. Seed rate and spacing: Higher seed rate and closer spacing have been found satisfactory as high plant 

populations insures against the failure of germination due to salt stress. 

4. Layout: Crops sown in furrow show better performance than those in flat layouts. Salt accumulates on 

ridges leaving the furrow relatively free of salts. However, in the alternate furrow irrigation system, sowing 

at ridges can be advocated. 

5. Irrigation and drainage: Maintenance of low moisture stress by frequent irrigation and applying 

water in excess enables the plant to grow better. Among the methods of irrigation, the minimum salt 

accumulation takes place in the order of drip > sprinkler > flood basin > ridge furrow. 

6. Fertilizers: A higher dose of N, P2O5, and K2O than recommended dose has given higher yields for many 

crops such as rice, barley, wheat, etc. The addition of micronutrients, particularly Zn, Fe, and Mn has 

helped in increasing the yield. In saline conditions urea, single super phosphate, and calcium ammonium 

nitrate, while in sodic conditions ammonium sulfate and diammonium phosphate were found more 

effective. In highly sodic conditions, foliar application of urea is the only effective and economical method 

of fertilization. In highly saline conditions phosphatic fertilizer did not find economical. 
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Summary 

Transformation of Indian agriculture needs to be more productive through efficient use of inputs, 

sustainability in production, and needs more resilience towards risks, shocks and long-term climate 

variability. FAO defined climate-smart agriculture (CSA) as the three dimensions of sustainable 

development (economic, social and environmental) by jointly addressing food security and climate 

challenges. These three main pillars are as follows: a) Sustainably increasing agricultural productivity and 

income b) adapting and building resilience to climate change and c) reducing or removing greenhouse gases 

emissions, where ever possible. To address these three intertwined challenges, production systems need to 

become more efficient and resilient at the farm level. Resource conserving and Smart Agriculture practices 

should be more efficient in resource use: Use less land, water and inputs to produce more food sustainably 

and be more resilient to changes and shocks. These resource conserving technologies (RCTs) and Smart 

Agriculture practices are targeted at precise level with highest accuracy to achieve more precision in inputs 

application like seed, fertilizers, pesticides, irrigation etc. at farm level with information communication 

technologies (ICTs) and decision support system (DSS) which is considered as smart agriculture. 

Introduction 

Smart agriculture has been continuously evolving in the last few decades. It is the all-new agricultural 

production mode and ecosystem which is based on digital agriculture and precision agriculture. Digital 

agriculture digitizes the planning, process and result of agricultural production, such as big data, artificial 

intelligence, cloud computing and block chain. Precision agriculture uses information technology to achieve 

precision management, such as drone, robot and intelligent irrigation. 

 

The recent developments, such as cloud computing, internet of things, big data, block chain, robotics and 

artificial intelligence have taken the management of agricultural operations to a much higher level of 

efficiency through application of technologies. Thus, the Smart agriculture allowed for the integration of so 

far isolated lines of development into smart, connected system of systems. Integration of these technologies 

will help the agriculture to evolve in a data-driven, intelligent, agile and autonomously connected system 
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of systems. The operations of each agricultural process will be automatically integrated in the food chain 

through the semantically active technologies right from production to final dissemination of produce to the 

consumers. 

According to a paper on Digital Agriculture by DLG (German Agricultural Society), digital farming is 

understood to mean “consistent application of the methods of precision farming and smart farming, internal 

and external networking of the farm and use of web-based data platforms together with Big Data analyses”. 

 

 

Recent Developments 

1. Deere & Company announced updates to its 19-1 software to enhance the automation, documentation, 

functionality, and security of Generation 4 4600 Command Center and 4640 Universal Displays. This latest 

software has a higher level of automation activation, which has enabled the company’s Machine Sync 

harvest automation functionality on the Gen 4 platform for tractors. 

2. Trimble launched a new entry-level Trimble Ag Software subscription called Farmer Core, which enables 

farmers to connect all aspects of their farm operations. 

3. Topcon Agriculture launched the Topcon Agriculture Platform, a cloud-based farm workflow 

improvement tool, which integrates connectivity, cloud services, and data analytics for farmers. 
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4. DeLaval collaborated with the Swedish University of Agricultural Sciences (SLU) to install DeLaval 

VMS V300 at Lövsta research and education center (Sweden). The company also gave access to the latest 

robotic technology and digital milk sampling equipment to SLU. 

Trace-X: 

a. Founded in: 2018 

b. Founders: Srivtsa Sreenivasarao and Mar. Anil Nadig 

c. Technology used: Blockchain powered seed supply chain traceability platform 

d. Active regions:  Telanagana and Karnataka 

e. Website: http://tracextech.com 

f. Description: Trace X provides block chain powered food safety and supply chain traceability 

software as a service platform that digitizes agricultural products and enables agri and food 

business to build a very transparent and traceability food supply chain for ensuring food safety and 

quality. 

X Machines: 

a. Founded in: 2017 

b. Founders: Mar. Trivikram Kumar Dogga 

c. Technology used:  Robotics and artificial intelligence  

d. Active regions: Across Telangana 

e. Website: http://xmachines.ai 

f. Description: An X machine is a robotics and AI company which builds innovative products infused 

with robotics and AI for consumers and enterprise markets. 

Intellolabs: 

a. Founded in: 2016 

b. Founders: Milan Sharma, Nishant Mishra, Devendra Chandani and Himani Shah 

c. Technology used: AI (Smartphone based) 

d. Active regions: Worldwide 

e. Impact: 1 million readings daily, 10+ countries worldwide, 25+ brands associated and 1 million 

SKUs and counting. 

f. Website: www.intellolabs.com 

g. Description: Digitizing the quality assessment of fresh fruits and vegetables. 

Aries solutions: 

a. Founded in: 2018 

b. Founders: Ravi Jaswal 

c. Technology used:  Customised drone manufacturing 

d. Active regions: Across Telangana 

e. Website: www.aerisol.com 

f. Description: ARIES Solutions is the first Indian Company which is providing the indigenous 

solutions to the technology hindrance of human lives. We manufacture the customized drones for 

the agriculture. 

Niruthi: 

a. Founded in: 2013 

b. Founders: Mallikarjun KunKunuri 

c. Technology used: GIS based Crop monitoring 

d. Active regions: Across India 

e. Impact: 1 million farmers over 40 million acres of crop lands 

f. Description: Monitoring, modelling forecasting crop conditions through location specific weather 

crop health and crop yield. 

Krishitantra: 

a. Founded in: 2017 

b. Founders: Sandeep Kondaji and Anand Bellan 

c. Technology used: Rapid 

d. Active regions: Telangana 

http://www.intellolabs.com/
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e. Website: http://krishitantra.com 

f. Description: Krishitantra is an agritech startup specializing in soil technology, farm data 

acquisition and related cloud service by building disruptive solutions for soil analysis using cutting 

edge technologies. 

Fasal: 

a. Founded in: 2018 

b. Founders: Ananda Verma and Shailendra Tiwari 

c. Technology used: AI, ML,IoT and Data Analytics 

d. Active regions: Bengaluru, Chattisgarh, Telangana, Andhra pradesh  

e. Impact: 40 Independent farmers, 10 B2B Farmers and Grower-Zampa, One of the Largest 

Vineyards of India is Fasal’s customer. 

f. Website: www.fasal.co 

g. Description: Fasal is a smart agriculture solution which when installed, starts recording variety 

of microclimate parameters like temperature, humidity, air pressure, leaf witness, soil moisture, 

soil temperature, wind speed, wind directions and rainfall. 

Stamp IT Solutions: 

a. Founded in: 2015 

b. Founders: Ms. Jaya N and Krishna Vallapu 

c. Technology used: Mobile based automation 

d. Active regions: Across Telangana 

e. Impact: 200 farmers were using across Telangana 

f. Website: www.stampit.biz 

g. Description: The mobile based solutions is a technology used for optimising the use of resources 

in the farms. IoT and Block chain integrated farm management solutions of seed traceability to 

enhance the productivity of farmland and minimizes the inputs with the help of GPS, Sensing and 

communication technologies. 

Challenges for Smart Agriculture 

1. High setup and maintenance cost. 

2. Flight time limitations and coverage. 

3. Weather dependency/climate dependency. 

4. Laws and regulations. 

5. Fragmented lands limit the smart agriculture. 

6. Needs expertise in handling devices. 

7. Complete dependency on data/electricity. 

Role of Extension in Smart Agriculture 

1. Conducting field days 

2. Conducting Demonstrations 

3. Field Exposure visits 

4. Trainings to farmers 

5. Organizing farmer field schools 

6. Collective/ Cooperative farming 

7. Facilitating collaboration of technological institutes with agricultural institutes. 

Conclusion 

Smart agriculture has the potential to double the food production along with reducing the losses and 

wastage. It is estimated that the smart agriculture has the potential to increase agricultural productivity 

by 70 per cent by 2050. There is a need to develop an infrastructure in our agricultural institutions to have 

scientific understanding for such technologies so that the farmers can be trained to use of such technologies 

and equipment’s in the field. There is a need to develop an infrastructure in our agricultural institutions 

to have scientific understanding for such technologies so that the farmers can be trained to use of such 

http://www.fasal.co/
http://www.stampit.biz/
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technologies and equipment’s in the field. There is a need for convergence of available institutional 

resources in the country. 

Nutrient Expert tool has enhanced rice yields by 2.0 t ha-1 through site-specific nutrient management 

principle. A total of N/ha has been saved up to 11.90 per cent in season 3 with the use of VRT. Drone 

sprayed over 500 hectares of land in 16 days & freed the area from locusts. Kisan Raja reduced water 

consumption by 25 % in 30 Ha of total land of 25 farmers’ fields in west midnapore & Hooghly districts of 

West Bengal, saved 21.6 lakh litres of water in one season & saving 6 crore litres of water in total. Microsoft, 

in partnership with ICRISAT developed a Sowing App to help farmers achieve optimal harvests by advising 

on the best time to sow depending on weather conditions, soil and other indicator, thereby increase in crop 

yields by 10-30% across all crops in 1 Ha. Micro-irrigation has benefited 5,892 farmers significantly by 

reducing total fertilizer consumption about 28 %. We have best technology institutions of the world like 

Indian Institutes of Technology, National Institutes of Technology, Indian Institute of Science, etc. Our 

immediate need is to rope in these institutions with our top agricultural intuitions like Indian Agricultural 

Research Institute, Indian Veterinary Research Institute, National Dairy Research Institute, Indian 

Institute of Horticultural Research for testing and validation of the suitable technologies in commercially 

important crops in different parts of the country. In the long run, there should be a collaboration in these 

technology and agricultural institutions for the development of such technologies for sustaining smart 

agriculture in the country. 
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Abstract 

Turmeric, also called as Curcuma longa, is used as a flavoring agent, medicinal herb, and dye in Asian 

countries. In India where Ayurveda is a system of herbal medicine, turmeric is known for strengthening 

and warming the whole body. The main component in turmeric is curcumin, which has a wide range of 

properties, such as anti-inflammatory, antioxidant, antimutagenic, and antimicrobial. The main objective 

of this article is to review the importance and therapeutic properties of turmeric in oral health. Various 

databases like PubMed, Cochrane, Index Copernicus, EBESCO, etc., were searched to collect data about 

turmeric and oral health. The effectiveness of turmeric in the treatment of dental pain, periodontal 

diseases, oral cancers, and as a sealant, mouthwash, toothpaste, and subgingival as well as endodontic 

irrigant will be discussed.  

Keywords: Anticancer, Oral health, Subgingival irrigant, Turmeric, Turmeric mouthwash 

Introduction 

India has always been recognized as a "Land of Spices" since very early period of recorded history. The 

history of Indian spices dates back to the beginning of the human civilization. There are several references 

coasted about Indian spices and their uses in the Vedas (6000 BC), by ‘Manu’ (4000 BC). According to the 

Bureau of Indian standards, 63 kinds of spices are grown in our country among them turmeric (Curcuma 

longa L.) is one of the most important spices crop. It is ranked third among the spices crop of India next to 

Chilli and black pepper. India is the largest producer and exporter of turmeric contributing 82 per cent of 

world production and 45 per cent in the export market. It occupies 6.6 per cent of total area under spices 

in India. The major items of exports are raw and dry rhizomes, turmeric powder, Curcumin and oleoresin. 

In our country the leading states of turmeric production are Andhra Pradesh, Orissa, Tamil Nadu, West 

Bengal, Assam, Bihar and Uttar Pradesh. Other than India, it is cultivated extensively in Bangladesh, 

Jamaica, Sri Lanka, Taiwan, China, Burma, Indonesia, Fiji and Thailand. 

 

Turmeric (Curcuma longa L.) is the native of Indo-Malayan region and belongs to the family Zingiberaceae. 

It is an erect, herbaceous, perennial plant but is grown as an annual. It possesses an underground stem or 
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rhizome which is thick and rounded with short blunt fingers. The leaves are tall, thin, light green in colour, 

lanceolate with a long stalk. Flowers are also borne in cone shaped spikes in the tuft of leaves. The spikes 

consist of a great number of thin, greenish-white, ovate bracts. Under the genus Curcuma, nearly 30 species 

have been recognized, some of the economically important species are Curcuma longa L. (Indian turmeric), 

C. aromatica, Salib (Kasturi or wild turmeric), C. angustifolia, Roxb. (Indian arrow root), C. amada, Roxb. 

(Mango ginger), C. zadoaria, Rosc. (Kachura), C. xanthorrhiza(Arrow root). 

Turmeric is valued globally as a condiment, food colorant, dye, drugs and medicine.  A compound 

Curcuminoid, present in turmeric acts as inhibitor of human immune deficiency virus type1 (HIV- 1) 

integrase (Mazumder et al., 1995). Turmeric oil is composed of several monoterpene and sesquiterpene 

compounds such as zingiberene, ar-turmerone and turmerone (Apisariyakul et al., 1995). The main 

biological activities of the oil are carminative, antiflatulence, antifungal and as an anti-platelet agent (Lee, 

2006). Turmeric has been used in traditional medicine as a household remedy for various diseases, 

including biliary disorders, anorexia, cough, diabetic wounds, hepatic disorders, rheumatism and sinusitis 

(Ammon et al., 1992). In old Hindu medicine, it is extensively used for the treatment of sprains and swelling 

caused by injury (Ammon & Wahl, 1991). 

 

It has anti-cancer and anti-viral activities and hence finds use in the drug industry and cosmetic industry. 

'Kum-Kum', popular with every house wife, is also a by-product of turmeric. It finds a place in offerings on 

religious and ceremonial occasions. 

The rhizome contains yellow coloring component curcumin (3-9%), essential oil (5-6%) and oleoresin (6-

13%). Curcumin is gaining more importance in food industries, pharmaceuticals, preservatives and 

cosmetics. The ban on artificial colour has prompted the use of curcumin as a food colorant. In 

pharmaceuticals it is valued for the anti-cancerous, anti-inflammatory, antiseptic, antimicrobial and 

antiproliferative activities (Srimal, 1997). 

Turmeric being most important to growers, consumers and industries, there is pressing need to increase 

its productivity and quality to fulfil the increasing demands throughout nation and abroad. Genetic 

improvement may play a vital role in increasing production and productivity. 

Turmeric: Herbal Medicine 

Turmeric has anti-inflammatory, antioxidant, anticarcinogenic, antiviral, and antimicrobial properties.9 

It also has potential therapeutic properties, which gives benefits in our day-to-day life. It is used as an 

antiseptic in disinfection of burns and cuts. It regulates insulin levels; thus, it has antidiabetic, 

antiapoptotic, antiangiogenic, and immunomodulatory properties. It prevents platelet aggregation 

(antithrombotic), cancer cell metastasis, and melanoma, and reduces chances of childhood leukemia. It also 

acts as natural painkiller due to its anti-inflammatory properties. Hence, it is used in the treatment of 

arthritis. It reduces blood cholesterol, helps in detoxification of liver and fat metabolism, strengthens the 

immune system, and also enhances wound healing. 

Antioxidant Activity of Turmeric 

It has been shown that curcumin is an effective scavenger of oxygen free radicals. Its antioxidant function 

is like that of vitamins C and E. It can protect against oxidation by lipids or hemoglobin. The generation of 

reactive oxygen species (ROS) such as H2O2, superoxide anions and nitrite radical generation by activated 

macrophages can be significantly inhibited. 
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Anti-Cancer Effect of Turmeric 

The activity of many common mutagens and carcinogens can be suppressed by turmeric and curcumin. 

Direct antioxidant and free-radical scavenging effects and their ability to indirectly increase glutathione 

levels have been correlated with the anticarcinogenic effects of turmeric and curcumin, thereby aiding in 

hepatic detoxification of mutagens and carcinogens and inhibiting nitrosamine production. It has also been 

shown that curcumin inhibits UV rays’ mutagenic induction effect. 

Photo-Protection Activity of Turmeric 

This behavior is due to its role as an antioxidant. The lipids on the surface of the skin are mostly 

unsaturated. Therefore, free radicals strike them quickly. The sun’s ultraviolet rays penetrate the skin and 

increase the harm these radicals do. Prolonged exposure to such radiation will weaken lipids, resulting in 

a degradation of the skin’s texture. In laboratory studies, turmeric extract has been shown to be effective 

in suppressing inflammation and protecting epidermal cells from ultraviolet B-radiation damage. 

Conclusion 

“Turmeric,” the “Indian Saffron,” is being widely used effectively in various medical conditions. It has 

shown effects from improving general well-being to being a treatment component of some cancers. Its use 

in oral health is also documented in several studies. Its easy availability and affordability make it a suitable 

candidate for use in various oral health remedies, especially in developing countries such as India. The 

anti-inflammatory, antimicrobial, and anticancer properties of turmeric and its other multiple therapeutic 

applications can be utilized to a wide extent not only in dentistry, but also for overall oral health conditions. 

Further research is required to prove its exact role, optimal dosages, and other pharmacokinetic properties. 

Thus, with such a wide variety of therapeutic applications, “turmeric” can be considered to be a boon for 

oral health in the future. The yellow pigment associated with curry powder, turmeric, and, to a lesser 

degree, ginger, is curcumin. Turmeric’s anti-cancer, anti-inflammatory and photo-protection role may be 

closely linked to its antioxidant properties. 
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Abstract 

Corcyra cephalonica, commonly called the rice meal moth or simply rice moth is a Lepidopteran pest on 

stored products such as cereals, oilseeds, pulses, dried fruits, nuts and spices. The larvae of the rice moth 

contaminate food grains with frass, moults and dense webbings. This develops a characteristic foul odour 

which in turn makes the grains unfit for human consumption. As every coin has two sides, Corcyra is also 

used in a positive way. It is used as a host for culturing the biocontrol agent for effective pest management 

as it is eco-friendly, self- sustaining and cost- effective when compared to other biocontrol agents. The 

biocontrol agents must be mass reared to ensure perfect pest management. The efficient use of this 

biocontrol agents at the right time can make a considerable effect in the pest control. 

Keywords: Corcyra cephalonica, Egg separator, Eco-friendly. 

Introduction 

Corcyra cephalonica, commonly called the rice meal moth or simply rice moth is a Lepidopteran pest on 

stored products viz. cereals, oilseeds, pulses, dried fruits, nuts and spices. The egg stage is used for mass 

rearing in case of Corcyra. About 18.00 – 20.00 cc of eggs can be obtained in 90 days. Many of the natural 

bio-control agents are mass-bred in the laboratory are dependent on either egg or larval stages of Corcyra. 

This biocontrol agents are produced rapidly on the different stages of Corcyra when compared to their 

growth on the original hosts. The simple reason is that it is easier and cheaper to produce natural enemies 

on different stages of Corcyra. 

 

Main Hosts 

Rice, jowar, millets, whole cereals, cereal products and pulses. 

Favourable Conditions 

The rice meal moth, Corcyra cephalonica grows well in a condition where there is a relative humidity of 

85% and the temperature not exceeding 280C. 

Lifecycle 

Eggs are whitish, oval in shape, 0.5 mm long and having an incubation period of 4-5 days. 

The larva emerged is white in colour with a prominent head. Full grown larva is whitish in colour, 15 mm 

long with short scattered hairs and no markings on body. Larval period is 25-35 days. 

Pupation takes place inside a cocoon. Pupal period is about 10 days. 

Adult Moths are light greyish-brown in colour, 12 mm long with a wing span of about 15 mm, without any 

markings on the wings but veins are slightly darkened. Moths have a fecundity of 150— 200 eggs per female 

within a few days after emergence. 
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Mass Production 

Take heat sterilized broken cumbu grains @2.5 Kg,100 g of groundnut powder and 5g of 

powdered yeast tablet in a wooden or plastic tray. 

 
Add 0.05% Streptomycin sulphate at 10-20ml. (To prevent bacterial inoculation) 

 
Add Sulphur WP @ 5g/Tray (To prevent storage mite infection) 

 
Mix Corcyra eggs @ 0.5cc (8000-9000 eggs/tray) in cumbu medium. 

 
Cover the trays with Khada cloth secured by rubber band. 

 
Collect Corcyra adults every morning and transfer to specially designed mating drum made of 

GI with wire mesh bottom. 

 
Provide Honey solution as feed to adults. 

 
Collect the eggs at bottom on a blotting paper and clean the eggs with sieve or eggs separator. 

 
Keep the trays for 90 days for collecting adults. 

 
(Photo courtesy; Mojammil Abedin, 2020) 

About 100 pairs of adults produce 1.5 cc of eggs in 4 days laying period inside the oviposition drums. From 

each basin 18.00 – 20.00 cc of eggs can be obtained in 90 days. 
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Rice Meal Moth – A Feed for Bio-Control Agents 

Corcyra cephalonica is used for the mass production of several bio control agents. The list of the bio -control 

agents and the pest controlled are furnished below: 

S.N

O 

Bio-control agents Nature of 

attack 

Crop Pest controlled 

1 Chrysoperla carnea 

 

 

 

 

Predator 

Cotton, 

sugarbeet

s etc. 

Aphid

s 

2 Cryptolaemu

s 

montrouzieri 

 

 

 

 

Predator 

 

 

Citrus,Coffee 

and Grapes 

Maconellicoccus hirsutus, 

Planococcus citri, Ferrisia 

virgata and Pulvinaria 

maxima. 

3 Trichogramma sp. 

 

 

 

 

Egg 

parasitoi

d 

 

 

Cotton and 

maize 

Helicoverpa armigera, Cydia 

pomonella,Epiphyas 

postvittana and Ostrinia 

nubilalis. 

4 Chelonus blackburnii 

 

 

 

 

Egg and 

larval 

parasitoid 

 

 

Potato and 

Cotton 

P.operculella, Earias 

vitella, Pectinophora 

gossypiella and 

Helicoverpa armigera 

5 Bracon brevicornis 

 

 
 

 

 

 

Parasitoid 

Cotton, 

Coconut and 

Redgram 

Antigastra catalaunalis, 

Adisura atkinsoni, Earias sp., 

Helicoverp a armigera, Noorda 

moringae, Opisina

 arenosella

, Pectinophora gossypiella , 

Chilo partellus 

6 Goniozus nephantidis 

 

 

 

 

Larval 

parasitoi

d 

 

 

Coconut 

 

 

Opisina arenosella 

Conclusion 

Corcyra cephalonica is a serious lepidopteran pest of stored products. This pest can cause a considerable 

loss in the quality of the stored products. On the otherhand, it is also used as a medium for the growth of 

other biocontrol agents. Now a days biocontrol agents play a vital role in controlling pests in crop production 

especially in case of organic farming. The need for mass production is that this biocontrol agents are short- 

living. Hence, they must be mass reared to ensure perfect pest management. The efficient use of this 

biocontrol agents in the right time can make a considerable effect in the pest control. 
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Introduction 

Hibiscus rosa sinensis (Malvaceae) is a tropical shrub that is frequently planted as a ornamental plant. It 

is the native of Asia, notably China, India, and the Pacific islands. Out of 160 species present about 40 

occur in India. Hawaiian hibiscus or Chinese hibiscus are common names for Hibiscus rosa-sinensis. It is 

grown all over India and comes in a variety of colors and flower types. In various countries around the 

world, the tea brewed from Hibiscus flowers is known by a variety of names. 

Hibiscus sabdariffa, also known as "Roselle," is a well-known medicinal plant. Roselle is well known for its 

nutritional and therapeutic characteristics, as it contains a variety of medically significant substances 

known as phytochemicals. The plant's seeds, leaves, fruits, and roots are used as food and herbal medicine. 

Extracts are available, but more research is needed to determine the exact mechanism of action and 

formulate food products using Roselle with locally grown ingredients. 

Obesity is a developing issue that affects both adults and children. Previous clinical investigations have 

indicated that Roselle extract has promising effects on hyperlipidemia and hypertension, two illnesses that 

are strongly linked to type II diabetes or metabolic syndrome. 

Hibiscus provides the body with many nutrients, such as calcium, iron, and vitamin B2, as well as moderate 

amounts of antioxidants, such as vitamin C and anthocyanin, which gives it with red or purple colour, and 

helps its antioxidant content protect against damage caused by oxidation of free radicals, which is one of 

the most important reasons for increasing the risk of many types of cancer, including stomach cancer and 

blood cancer, and it is believed that antioxidants may reduce the risk of developing cardiovascular disease 

by reducing oxidation of harmful cholesterol in the body (DMello, 2020). 

Preparation of Hibiscus Powder 

The hibiscus powder was dried, powdered and evaluated nutritional composition in the dried hibiscus 

powder. Fresh hibiscus was collected from the market. Immediately after harvesting, then cleaned to 

remove dirt, pieces of straw, etc. 

Hibiscus powder were cut into small pieces then hibiscus was spread in trays and kept in Tray drier at 

60C. The time required for drying was 12 hours after which the dehydrated hibiscus was ground to prepare 

powder. The powder was then sieved through 2mm sieve. The prepared hibiscus powder was stored in air 

tight packaging material. The flow chart for the preparation of hibiscus powder was given in Figure 1. 

Value Addition for Dried Hibiscus Powder 

Typical value-added products include juices, gulkand, chocolates, cakes, sauces, soups, jams and shrikhand 

can be prepared by using dried Hibiscus powder. 
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Method of Drying 

 

Nutritional Composition of Hibiscus 

According to Sengnolotha Marak et al (2021), the nutritional composition of dried hibiscus flower which 

was tray dried was found as moisture content ranged from 2.99% – 11.18%, Ash 5.10% – 6.95%, Crude 

Fiber 4.82% – 19.53%, protein 5.52 – 9.09%, Lipid / Fat 3.66 – 34%. 

 S. No  Nutrient Hibiscus 

1 Moisture (%) 2.99 – 11.18% 

2 Protein (g) 11.44 % 

3 Fat (%) 3.66 % 

4 Crude Fiber (g) 4.82 – 19.53% 

5 Ash% 5.10 – 6.95% 

6 Carbohydrate (g) 58.97 % 

7 Energy (Kcal/100g) 290% 

General Uses of Hibiscus 

1. Hibiscus rosa-sinensis is used in a wide range of foods, cosmetics, and medicines. 

2. Hibiscus extracts are used to flavour in various food products, including jams, sauces, spices, and soup. 

They're also used to enrich the aroma and flavour of tea blends. 

3. Essential oil of this Hibiscus plants is used in improving cosmetic industry due to the presence of various 

active chemical constituents.  GCMS (Gas Chromatography Mass Spectrometry is generally used to find 

out the chemical composition of essential oils.  

4. Its fragrance is pleasant, calming, and relaxing; thus, it is used in many beauty products such as lotions, 

soaps, shampoos, conditioners, and perfumes.  The oil is also useful in preserving the elasticity and 

flexibility of skin and reduces the aging effects, when used on regular basis. 

5. Flowers of Hibiscus are considered as refrigerant, emmenagogue (an agent that promotes the menstrual 

discharge), and demulcent (relieving inflammation or irritation). Flowers are creased to make a dark purple 

dye which is used to blacken the shoes. Dye is also used to colour eyebrows, hairs, liquors and food in many 

regions of the world.  

6. Flower extracts of Hibiscus are used to cure certain ulcers, sore eyes and hypertension. Leaves of this 

plant are laxative, aperients, and soothing. 
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7. Hibiscus Plant stem bark is useful for abortion. Various parts of plant are used to cure urinary infections. 

8. Roots of Hibiscus plant also used to cure urinary infections certain cattle’s diseases. Alcoholic and 

aqueous extracts of certain cattle’s diseases. Extracts of Alcoholic and aqueous leaves of Hibiscus have anti-

infective, anti-dandruff, and prophylactic action against various skin diseases and allergies. Roots are also 

taken as a remedy for stomach disorders, gonorrhoea and blood vomiting 

9. Dried Hibiscus powder is also used to stimulate hair growth and darken the colour of hair as they have 

anti-greying properties. 

Domestic Applications 

1. Even though, the uses of different parts of Hibiscus are many and varied both in food and in traditional 

medicine, all parts of Hibiscus plants including seeds, leaves, fruits and roots are used as a food in different 

parts of the world. 

2. Fleshy red calyxes of Hibiscus are commonly used for the production of soft drinks and tonic without 

alcohol like wine, juice, jam, jelly, syrup and also dried and brewed into tea and spice. These are rich in 

carotene, riboflavin, anthocyanin’s, ascorbic acid, niacin, calcium, iron and vitamin C.  

3. The young leaves and tender stems of Hibiscus plant are consumed raw as green vegetable. 

4. The Hibiscus seeds are good source of protein, fat, total sugars and are widely used in the diet in many 

African countries. 

Conclusion 

Quality of Hibiscus with respect to nutritional composition was found to be superior, hence increase in the 

consumption of dried hibiscus powder would play a food-based approach to attain a food and nutritional 

security. Diversifying hibiscus consumption through new product development and promotion could be 

strategy for enhancing nutritional status of community. As the Hibiscus would be grown in every house so, 

that can improve income generation and provide livelihoods, especially in developing countries. These 

hibiscus species contain high protein and low fat in addition to high ash content might be considered as a 

good source of food. 
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Introduction 

Coffee is popular for more than 500 years; coffee has been used as drink and now-a-days it is one of the 

most commonly used beverages. The first coffee beans toasting and preparation of drink from it were 

observed in Persia in 16th century. Coffee (Coffea sps.) of commerce is the beans of coffee when roasted, 

ground and soaked in hot water yield fragrant, stimulating infusion used for preparing the beverage called 

“coffee”.  

Brazil is the leading coffee producing country and India ranks fifth in coffee production. In India Coffee 

was first grown in the 17th Century in the hills of Chickmaglur district. Brazil is the highest coffee producer 

with 35% of global production. India produces 4% of world coffee. 

Coffee Flowering 

Flowering is one of the most important physiological processes that occur in coffee plant. It is of interest 

because, it is a complex phenomenon and a little understood. Flowering in coffee follows a divergent pattern 

than in most crop plants we know. In coffee, after initiation of flower buds, grow to a certain size and then 

become dormant for weeks or even for months. 

Almost all coffee regions in the world, flower buds grow to a certain size and stop expanding for a while. 

Evidently this arrest in growth of coffee flower buds coincides with a dry season. Flower bud initiation 

proceeds without interruption even during a dry period under field conditions and growth renewal in the 

flower buds takes place at the beginning of the rainy season. The problem is to discover whether the arrest 

in growth of flower bud is imposed by the environment (quiescence) or is a true dormancy. 

 

During the dry period, large quantity of inhibitors of abscisic acid type accumulate in the flower buds, 

contributing approximately 75 per cent of the dormancy process. Nevertheless, the dormancy may due to 

an unfavourable balance between promotors and inhibitors within the floral bud. Consequently, the rest of 

the floral buds of coffee would be in a true dormancy. Drought is the external signal, which brings buds 

into dormancy. 

Flower buds which entered a resting phase during the dry period renew its growth after the commencement 

of first rains of the rainy season under natural conditions. It is a quite common phenomenon that, during 

dormancy phase, most of the metabolic activities will be suspended. From the onset of the blossom-showers 

from March-April (25-40 mm) which is essential for Arabica coffee and February-March (25-40 mm) for 

robusta coffee, the biochemical reactions are greatly intensified and great changes take place in the 

dormant flower bud, leading rapidly to anthesis. Flowering and vegetative growth go on simultaneously, 
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both processes involve internal as well as external changes, which are triggered by environmental factors, 

must be mediated by endogenous factors which are likely to be caused by hormones. Hormones are expected 

to be involved in the regulation of dormancy in coffee buds if the arrest in growth of coffee buds is considered 

as a true dormancy. 

After the commencement of bloosom showers, the flower buds are brought out of dormancy which can be 

witnessed by the external changes like, colour change and increase in size of the flower buds. Before the 

commencement of bloosom showers, the mature buds are green and exhibiting no growth. On the second 

day after the rains begin, the buds resume growth and display a whitish green colour. On the third day, 

when growth is active, the colour changes to a greenish white. From the fifth day on, when growth is very 

active, the buds appear completely white. 

The supply of assimilates by the subtending leaves is important for the opening of the flower buds. Even 

with showers sufficient to cause blossoming, normal bud development and flower opening depend greatly 

on the average number of leaves per node, the total number of leavers present on each branch and the 

starch index of the wood. This explains why in Arabica coffee, most of the nodes without leaves do not 

blossom, even though differentiated buds are present. 

Influence of the Water Regime on Flower Bud Opening 

It is quite well known that under natural conditions, the dormancy of the flower buds in coffee is broken 

by the first rains in the season following a dry period. In most of the coffee regions of the world, there is an 

alternation of dry and rainy periods, in such a way that there is also a well-defined periodicity in 

blossoming, which is not so clearly the case with the phenomenon of flower initiation. Scientific studies 

reveal that, rains stimulate flower bud growth renewal by relieving moisture stress in the flower buds, 

while many are of the opinion that rains break a true dormancy of the flower buds. Whatever may be the 

case, there is practical advantage for a seasonal dry period in the tropic, since where the rains are irregular, 

floral primordia open flowers and fruits in different growth stages can be found at any time on the same 

branch.  

Coffee plants that were constantly irrigated keep their flower buds in this condition, irrigation is effective 

only to bring about the growth of the buds. In other words, a dry period was required to break the true 

dormancy of the buds, which were afterwards maintained in a state of quiescence to be overcome with the 

onset of rains. The phenomenon of need of a dry period to break dormancy and a later growth during a wet 

period was called “hydroperiodism” by (Alvim). The coffee trees irrigated constantly did not suffer internal 

water deficit and therefore, the dormancy of flower buds was not broken. 

 
Fig: Sequence of events related to dormancy and growth renewal in coffee flower buds 
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Scientific studies on effect of hormones states that, increase in internal water potential in the buds may be 

indirect, leading to an accumulation of free gibberellin (GA3) in the buds. Abscisic acid (ABA) seems to be 

involved in maintaining dormancy in the absence of growth promoters. Auxins do not seem to have an 

important role in floral bud dormancy or its relief. Cytokine seems to be involved in increasing the promoter 

/inhibitor ratio in the buds, stimulating meiosis of the microspore mother-cells and stimulating 

mobilization of assimilates from the leaves. 

Conclusion 

Bud dormancy is the common phenomenon that is observed in coffee due to internal and external factors. 

Rains stimulate and resume flower bud growth by relieving moisture stress in the flower buds and it 

activates the metabolic processes which were suspended due to bud dormancy. Not only is the water regime 

that is required for the opening of flower buds but starch index of the wood also important for normal bud 

development which depend greatly on the average number of leaves per node and total number of leaver 

present on each branch. 
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Introduction 

Plants like all other living organisms, need food (mineral nutrition) for their growth and development. 

Mineral nutrient is the term used to refer an inorganic ion which is obtained from soil and required for 

plant growth and development. The elements are applied to plants in chemical form are regarded as 

nutrient. Supply and absorption of elements in the form of chemical compounds required for plant growth 

and metabolism is called as nutrition. 

Hidden Hunger in Plants 

The plants will undergo into starvation when they are not able to meet their requirement of one or more of 

the essential elements. At the initial stage, deficiency of such elements cannot be identified and plants do 

not show any characteristic symptoms morphologically but due to want of these deficit elements some 

activities of plants will be affected and the internal deficiency is called as Hidden hunger. 

Prerequisites for Absorption of Nutrients from Soil into Plants 

To allow plant roots to obtain these nutrients from the soil  

1. Firstly, the soil must be sufficiently moist to allow root uptake 

2. Second, the pH of the soil must be within a certain range for nutrients to be released  

3. Third, the soil temperature must be within a certain range for nutrient uptake to occur.  

The optimum balance of moisture, pH and temperature will differ from one species of plants to another so 

nutrients may be physically present in the soil, but will not be available to plants. 

Criteria for Essentiality of Nutrients by Arnon and Stout (1939) 

1. The element must be absolutely necessary for supporting normal growth and reproduction. In the 

absence of the element, the plants do not complete their life cycle or set the seeds.  

2. The requirement of the element must be specific and not replaceable by another element. Hence, 

deficiency of any one element cannot be met by supplying some other element.  

3. The element must be directly involved in the metabolism of the plant. 

Classification of Nutrients 

Only a few elements have been found to be absolutely essential for plant growth and metabolism. These 

elements are further divided into two broad categories based on their quantitative requirements. (i) 

Macronutrients and (ii) Micronutrients. 

Macronutrients are generally present in plant tissues in large amounts (in excess of 10 mmole Kg –1 of 

dry matter) which include carbon, hydrogen, oxygen, nitrogen, phosphorous, sulphur, potassium, calcium 

and magnesium.  

Micronutrients or trace elements, which are needed in very small amounts (less than 10 mmole Kg –1 of 

dry matter). These include iron, manganese, copper, molybdenum, zinc, boron, chlorine and nickel. 

Deficiency Symptoms in Relation to Mobility of Nutrients 

The knowledge on mobility of micronutrients in plants helps us to find the deficiency of     particular 

nutrient. Micronutrients which are mobile in nature moves to the growing points in case of deficiency and 
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the deficiency symptoms appear on the lower leaves of the plants and vice-versa with immobile 

micronutrients hence, deficiency symptoms appear on the younger plant parts. 

Classification of Elements Based on the Mobility 

In the soil: 

Mobile elements (Micronutrients are highly soluble 

and are not adsorbed on clay complex) 

B03
=, Mn++ and Cl-. 

Less mobile elements (Micronutrients are soluble 

but adsorbed on clay complex and so their mobility 

is reduced) 

Cu++ 

Immobile elements (Ions are highly reactive and 

get fixed in the soil) 

Zn++ 

In the phloem of plant: 

Mobile elements N, K, P, S and Mg 

Immobile elements Ca, Fe and B 

Intermediate Zn, Mn, Cu, Mo 

How to Understand and Identification of Deficiency Symptoms 

The deficiency symptoms can be broadly categorized into three categories: 

a. Symptoms mostly appeared on older leaves  

b. Symptoms pronounced on younger leaves 

c. Symptoms appeared on both younger and older leaves. 

The deficiency symptoms of micronutrients can be identified based on: 

a. Region of occurrence 

b. Presence or absence of dead spots 

c. Chlorosis of entire leaf or interveinal chlorosis. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Role of Macro- and Micro-Nutrients and its Deficiency Symptoms 

Carbon, hydrogen and oxygen are essential elements which form components of biomolecules and hence 

called as structural elements of cells. 

Nutrient Absorbed as Function Deficiency symptoms 

Nitrogen NO2 - Production of chlorophyll and the 

stimulus for photosynthesis 

Yellowing of older leaves from 

the leaf tip 

Deficiency Symptoms 

Old Leaves Terminal Buds New Leaves Old and New 
Leaves 

Mo 

Dead spot 

Mo 

Mn & Cu 

Green veins Yellow veins 

Fe & Mn Cu 

Zn B 
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Phosphorus H2PO4 − Constituent of cell membranes 

and is required for all 

phosphorylation reactions 

Reddening of stems, stunted 

growth and poor rooting 

Potassium K+ Maintain an anion-cation 

balance in cells and is involved 

in protein synthesis 

Drying of leaf tips and along the 

leaf margins (older leaves first) 

Calcium Ca2+ Synthesis of cell wall during cell 

division 

The growing tips of roots and 

younger leaves turn brown and 

die 

Magnesium Mg2+ Synthesis of DNA and RNA. It is 

a constituent of the ring 

structure of chlorophyll 

Yellowing of the tissue between 

the leaves veins (Older leaves) 

Sulphur SO42- Main constituent of several 

coenzymes, vitamins (thiamine, 

biotin, Coenzyme A) and 

ferredoxin 

Yellowing of younger leaves 

Iron Fe3+ Essential for the formation of 

chlorophyll. Constituent of 

proteins involved in the transfer 

of electrons 

Interveinal chlorosis of younger 

leaves 

Manganese Mn2+ Activates many enzymes 

involved in photosynthesis, 

respiration and nitrogen 

metabolism 

Speckling and mottled 

appearance, usually seen on the 

younger (upper) leaves, which 

then develop into necrosis 

Zinc Zn2+ Synthesis of auxin Stunted plants showing a 

bleaching that can spread to the 

veins 

Copper Cu2+ Essential for the overall 

metabolism in plants 

Whitening of young leaf tip with 

the leaves twisting in spirals and 

bent over at right angles to the 

stem 

Boron BO33− Required for membrane 

functioning, pollen germination, 

cell elongation, cell 

differentiation and carbohydrate 

translocation 

Death of the growing points, a 

rotting and hollowing of roots, 

and misshapen leaves 

Molybdenum MoO22+ Participate in nitrogen 

metabolism 

Older and middle leaves become 

chlorotic, and the leaf margins 

roll inwards and flower 

formation may be restricted 

Chlorine Cl– It helps in determining the 

solute concentration and the 

anion cation balance in cells. It is 

essential for the water-splitting 

reaction in photosynthesis 

Chlorosis of younger leaves and 

wilting of the plant 

Source and Rate of Micronutrients 

For Soil application: 

Micronutrient Source Quantity required (kg/ha) 

B Borax- 10.5 % Boron 2-5 

Cu Copper sulfate - 35% Cu 5-10 

Fe Iron sulfate - 20% Fe 10-15 

Iron chelate (EDTA) - 12% Fe 15-20 
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Mn Manganese sulfate - 28% Mn 5-10 

Mo Sodium molybdate - 38% Mo 2-5 

Ammonium molybdate - 54% Mo 2-5 

Zn Zinc sulfate - 21 & 33% Zn 5-25 

For Foliar application: 

Micronutrient Concentration 

B 0.5-0.6% borax 

Cu 0.1-0.2% copper sulfate + 0.5% lime* 

Fe 0.4% ferrous sulfate + 0.2% lime* 

Mn 0.4-0.6% manganese sulfate + 0.2-0.3% lime* 

Mo 0.05% sodium or ammonium molybdate 

Zn 0.4-0.6% zinc sulfate + 0.1-0.3% lime* 

*Lime is added to neutralize the solution, otherwise leaves may get scorched 

Conclusion 

Plant nutrient management strategies should be in tune with large nutritional requirement ensuring full 

replenishment of the nutrients depleted through intensive cultivation. Thus in the present scenario, 

micronutrients has great promise in increasing production of horticulture or agriculture crops and its 

productivity, sustaining soil health and maintaining ecological balance. 
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Introduction 

Cassia tora L., (Cassia obtusifolia L.) is a wild crop and grows in most parts of India as a weed. A natural 

gelling agent which has industrial and food applications is made commercially from the seed. Cassia grows 

in hot, wet, tropical climates both wild and commercially. Cassia tora powder made from Cassia tora seeds 

and cassia tora splits are some ancient natural ingredients. In India, cassia tora is used as a natural 

pesticide in organic farms. Roasted seeds are substituted for coffee, like tephrosia seeds. Cassia tora powder 

is most popularly used in the pet-food industry. It is mix with guar gum for use in mining and other 

industrial application. Cassia gum is the purified flour from the endosperm of the seeds of Cassia tora and 

Cassia obtusifolia which belong to the leguminosae family. Seeds of Cassia occidentalis are a naturally 

occurring contaminant in the source material. The intended use of Cassia gum is as thickener, emulsifier, 

foam stabilizer, moisture retention agent and/or texturizing agent in cheese, frozen dairy desserts and 

mixes, meat products and poultry products. 

Method of Manufacturing Cassia Gum Powder 

The seeds are dehusked and de-germed by milling and screening of the endosperm. Cassia Gum is high 

molecular weight (approximately 200,000 – 300,000) polysaccharides composed of galactomannans; the 

mannose:galactose ratio is about 5:1. Semi-refined Cassia gum normally containing detectable amounts of 

anthraquinones. The raw material seed is subject to different mechanical cleaning steps in order to remove 

other impurities, such as, farm waste, undeveloped seeds and stones. After cleaning raw material is subject 

to a de-husking and splitting process. Thermal and mechanical treatment removing husk and germ from 

the seeds resulting in splits. The splitting procedure starts with roasting of the seeds. All seeds are heated 

for several minutes. During the roasting process the endosperm (split) remains intact and flexible, while 

husk and germ, which are more sensitive to heat, become brittle. Mechanical stress pulverizes husk and 

germ and the powder is separated from the intact split by sieving. Remaining traces of husk and germ on 

the split particles are finally removed through a series of physical cleaning steps. 

Chemical Structure and Physical Properties of Cassia Gum 

1. Cassia gum is hot water soluble and requires heating to fully solubilize and reach full viscosity in aqueous 

solutions. 

2. Cassia Gum is comprised of at least 75 % polysaccharide consisting primarily of a linear chain of 1,4-β-

D-mannopyranose units with 1,6 linked α-D-galactopyranose units. 

3. The ratio of mannose to galactose is about 5:1. 

4. Cassia gum forms firm thermoplastic gels with carrageenan. 

5. Cassia gum and xanthan gum, on their own, do not have the ability to form gels. But cassia gum combined 

with xanthan gum, aqueous dispersions of cassia gum form cohesive, elastic gels. 

6. Cassia is known as one of the best gelling agent, thickening additives, emulsifying additives and 

stabilizing additives. Cassia gum is used as food additive as INS 427 and E 499. 

Applications of Cassia Gum Powder in Food Industry 

Cassia tora gum powder has many applications in the food industry. The gum cassia is used as a human 

food additive, in pet food and cattle feed products. About 1-2% cassia oil is found in cassia tora plant which 

gives a spicy aroma and gives a great taste in human food stuff. The primary constituents of the cassia 

seedling which are resins, sugars, tannins, gums, mucilage, oils and cinnamaldehyde make the tora cassia 

powder to be the best choice for food additives. Roasted gum seed is used as coffee substitute and mixture 

of the Cassia tora powder gum with guar gum is applied in mining applications among others. 
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Cassia Gum Powder as Additive for Pet Food and Cattle Feed Products 

Cassia gum powder acts as an additive for pet food and cattle feed products. Europe and India approve the 

use of cassia powder as an additive for pet food and cattle feed products. Also, in Japan the Cassia tora 

seed powder is recommended for application in animal feeds as the powder lacks toxic effects on animals. 

The product is safe to use either for human food thickening or animal feed thickening. 

Cassia Gum for Food Industry 

Based upon its chemical structure, cassia gum is stable during food processing and storage and it could 

only degrade, if at all, into sugars. The applications include the use of cassia gum in the food categories 

below at levels ranging from 2,500 mg/kg to 3,500 mg/kg (0.25 % - 0.35 %). 

Cheeses: Cassia gum is used in chesses including curd cheese, whey cheese, cream cheese, natural cheese, 

grated cheese, processed cheese, dip cheese and miscellaneous cheeses. 

Frozen Dairy, Desserts and Mixes: Cassia gum is used in ice cream, ice milks, sherbets and other frozen 

dairy desserts and specialties. 

Meat Products: Cassia gum is used in all meat containing dishes including salads, appetizers, frozen 

multi course meat meals and sandwich ingredients prepared by commercial processing or using 

commercially processed meats with home preparation. 

Poultry Products: Cassia gum is used in poultry products including all poultry and poultry containing 

dishes, salads, appetizers, frozen multi course poultry meals, and sandwich ingredients prepared by 

commercial processed poultry with home preparation. 

Conclusion 

Cassia gum are now used as food additives, emulsifier and thickener in different food and feed formulations. 

The cassia gum has immense potential to be used as new generation food additives. 
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In our day-to-day life we find farmers facing various problems while cultivating a crop. They approach 

scientists and research institutes to get a better solution. A delay in getting the solution can make much 

difference to a farmer and there are more chances that he may lose the crop. Hence, getting a real time 

solution is very important to the farmer for his sustainable livelihood. Therefore, ICT (Information 

Communication Technology) can play a major role in providing solutions in time and faster than 

conventional methods to farm communities.  

Information and Communication Technology refers to the dissemination of information using various 

communication devices such as television, radio, telephone etc. Among the available ICT tools, computers 

with Internet are being widely used to provide information to farmers. But the user takes much time to 

search the appropriate information from various sources present in a scattered manner. Hence, content 

management helps in maintaining the scattered content in a particular format. Using Content 

Management Systems, it is difficult to retrieve the specific data whereas, ontology helps in easy retrieval 

of data and also describes resource location.  

Ontology is the representation of various concepts and relationships between them. It increases the 

efficiency and consistency of describing resources. Concept maps and topic maps use ontology to represent 

relationships among various concepts and topics. These maps enable a user to retrieve the data easily as 

they act like a cover page over the content that is available and specify the location of the resource. 

Content Management System 

“A Content Management System is a distributed software system which treats information in a granular 

way, enabling the access, versioning, and dynamic assembly of pieces of information, named contents, such 

as diagrams, tables, images, or pieces of text.” 

The main features of content management systems include collecting, managing and publishing as 

described below. 

1. Collecting involves acquiring information from various sources.  

2. Managing is the storage of data in a repository.  

3. Publishing so that the users retrieve and extract the useful information as and when required. 

Ontology 

Ontology is a model of organized knowledge in a restricted domain. It refers to the representation of various 

concepts and the relationships between these concepts. In computer science terms, ontology is defined as 

“an explicit specification of conceptualization”.  

The components of ontology are: 

1) Individuals; 2) Classes; 3) Attributes; 4) Relationships. 

Individuals: The individuals in ontology may include concrete objects such as people, animals, tables, 

automobiles, molecules, and planets, as well as abstract individuals such as numbers and words. 

Classes: Classes are also referred to as concepts. Concepts are type, sort, category which include the 

abstract groups, sets and collection of objects. Ontologies vary based on whether a class can contain other 

class or whether a class can belong to itself. 

Attributes: Attributes are used to describe an object. The attributes have a name and a value.and is used 

to store information that is specific to the object.  
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Relationships: Relation connects two concepts or an object to a property. This defines which objects are 

members of class of objects.  

Ontology increases the efficiency and consistency of describing resources, by enabling functionalities in 

development of knowledge management and information retrieval applications.  

a. Concept Maps: Concept map is the diagram showing the relationships among the concepts. The 

relationships are labeled arrows connecting the concepts. In general, concepts are represented in 

rectangle boxes and relationships with arrows. This gives the hierarchical structures. Concept maps 

are used to stimulate generation of ideas and are believed to aid creativity. Concept maps are used 

to communicate complex idea. 

b. Topic Maps: Topic Maps is an ISO standard for the representation and interchange of 

knowledge, with an emphasis on the findability of information. The standard is formally known as 

ISO/IEC 13250 [8]. A topic map is a formalism to represent knowledge about the structure of an 

information resource and to organize it in topics. These topics have occurrences and associations 

that represent and define relationships between them. Information about the topics can be inferred 

by examining the associations and occurrences linked to the topic. A collection of topics and 

associations is called a topic map [2]. 

c. Omnigator: The Omnigator is a technology showcase and teaching aid designed to demonstrate 

the power of Topic Maps. It is also used extensively as a topic map debugger and prototyping tool. 

Its most unique feature is that it lets you load and navigate any conforming topic map, whether its 

format be XTM, HyTM, LTM – or even RDF. 

Conclusion 

The use of Ontology in Content Management can act as a good solution in making the scattered data 

available for the user at one point. The concept maps and topic maps developed using ontology can be used 

to locate the resources by linking information from various sources. These can help the user in fast and 

easy retrieval of information.  

In general, concept maps are used to articulate the basic idea of the concept present in the brain. Whereas, 

topic maps are used for easy navigation and search. These maps can describe good relationships among the 

various concepts and topics. Use of these maps may enable the user to save lot of time and helps him in 

acquiring the information at one point. 
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Pigeonpea (Cajanus cajan) also known as Arhar, Red gram or Thuvarai (in Tamil), is a very important 

subsistence crop in marginal farming systems adopted by millions of smallholder farmers in the dry tropics 

of the Indian subcontinent. It is Native to India and about 90% of global pigeonpea production is in South 

Asia. It is grown for its seed, for human consumption and for income generation by trading surpluses in 

local and commercial markets, but is widely used for diverse purposes, including as animal fodder and for 

soil conservation.It plays an important role in food and nutritional security of human being, as it is a rich 

source of seed proteins (20–25 per cent), minerals and vitamins.  

Pigeonpea is relatively drought tolerant and thrives well in both deep and shallow soils. Pigeonpea has 

self-compatible cleistogamous flowers, but it is often cross-pollinated by bees to an extent of 10–15 per cent. 

In India, it is cultivated in an area of 36.3 million hectares with 27.6 million tonnes of production and 

760.33 kg/ha productivity. In Tamil Nadu, it is cultivated majorly in the dry tracts including districts of 

Dharmapuri, Salem, Thiruvannamalai and Vellore with an area, production and productivity of 0.04 

million hectares, 0.02 million tonnes and 500 Kg/Ha respectively. 

 
Pigeonpea Sterility Mosaic Disease, Vector: Eriophid mite (Aceria cajani). 

PSMD (Pigeonpea Sterility Mosaic Disease) is the most destructive disease of pigeonpea in India and Nepal 

causing devastating yield losses even upto 95 percent. The early stage (<45-days old plants) of infection 

results in 95 to 100 percent yield losses. The disease results in 100 percent yield loss when symptoms 

appear at the pre-flowering and podding stage. Whereas, at maturity stage loss could be of 67 percent and 

at pre-harvest stage up to 30 percent. Seeds from partially infected plants appear discolored, shrivelled 

and results into 20 percent reduction in dry weight while annual yield loss exceeds US $ 100 million in 

India alone.  

It is reported a tenui-like virus of asymmetric morphology as the cause of PSMD and retained the name of 

virus as Pigeonpea sterility mosaic virus (PPSMV). Karnataka, one of the largest producers of pigeon pea, 

is a hotspot of pigeon pea sterility mosaic virus (PPSMV) infection, which results in SMD, which is also 

dubbed the `green plague' because of its destructive nature.PPSMV is not transmitted by infectious sap. It 

is transmitted by an eriophyid mite (Aceria cajani),in a semi persistent manner, mites retaining the virus 

12-13 hours, eggs of mites do not transmit.The self-grown red gram plants and perennial species act as 

source of virus inoculums.The mites are difficult to see with the naked eye. They are 0.2 mm long, light 

pink, spindle shaped, and are normally found feeding on the underside of leaf lets. Milky white eggs are 

found on vegetative terminals. Many nymphs are found on young folded leaflets. Plant-to-plant infestation 

occurs by the wind dispersal of infective mites. 

The disease is characterized by the symptoms like bushy and pale green appearance of plants followed by 

reduction in leaf size, excess vegetative growth, increasing number of secondary branches and mosaic 

mottling of leaves and finally partial or complete cessation of reproductive structures. Sometimes, some 

parts of the plant may show disease symptoms and other parts may remain unaffected.Depending on 
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genotype three types of symptoms severe mosaic and sterility, mild mosaic and partial sterility, Chlorotic 

ring spot without any noticeable sterility are recognized. 

A single mite vector is sufficient to transmit the disease. Perennial, ratooned and volunteer pigeonpea 

provide mite vector and the pathogen. Disease incidence is high when pigeonpeais  inter-mixed cropped 

with sorghum or millets. Sterility mosaic (PSMD), blight and foliar diseases does not tolerate shallow soils 

or water logging and is sensitive to high salinity.Warm and humid weather conditions are very favourable 

for its appearance. Shade and humidity encourage multiplication of the virus. 

The variety ICP 8863exhibited 100 percent infection with severe PSMD symptoms and the new variety ICP 

7035 has been found to be immune to the virus infection and resistant to its severe strains. Also the rows 

of resistant parent BSMR 736 showed 100 percent resistance with no visible symptoms. Manifestation of 

PSMD chiefly depends on the availability of mite populations. The mite populations are usually positively 

correlated with rainfall, relative humidity and lower temperature. Management practices include roguing 

out of infected plants up to 40 days after sowing, spraying monocrotophos at 500 ml/ha soon after 

appearance of the disease and if necessary, repeat after 15 days. Grow resistant genotypes/cultivars like 

ICP 7035, VR3, Purple 1, DA11, DA32, ICP 6997, Bahar, BSMR 235, ICP 7198, PR 5149, ICP 8861 and 

Bhavanisagar 1 for the improved yield of pigeonpea. 
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Introduction 

Front of Pack (FoP) Labeling is an approach for nutrition labelling that enables customers to recognize less 

nutritious items. These are shown on the front of packages of processed foods. In order to decrease 

consumption of processed foods and drinks that are linked to unhealthy diets, countries should implement 

necessary FoPL systems, which is a key component of WHO's worldwide strategy to make healthy world. 

Front of Pack (FoP) Labeling in India 

An expert team formed by the FSSAI suggested applying FoPL on packaged foods in India in 2014. India 

still lacks a front-of-pack labelling or clear labelling system. To present the findings and solicit feedback 

from the industry and industry groups, FSSAI also done a stakeholder conference with them on February 

15, 2022. 

Labeling Systems Around the World 

In the regard of FoPL, many different labelling systems have been put into place across the world. Several 

FOPL systems include: 

1. Health Star rating Model (HSR): It is followed in Australia & New Zealand. A voluntary FOPL system 

is the HSR model. According to this model, food products are rated on a scale of 1 to 5 stars based on four 

food characteristics that are linked to an increased risk of developing chronic diseases: energy, saturated 

fat, sodium, and total sugar, as well as positive parameters like protein, dietary fibre, fruit, vegetables, 

nuts, and legumes, as well as calcium for some products. 

 

2. Multiple Traffic Light Labeling (MTL) mode: It is followed in the United Kingdom. Using a color-

coded system, the traffic light labelling method indicates if a product has high, medium, or low quantities 

of fat, saturated fat, carbohydrates, and salt. Additionally, it will provide you with information on the 

product's calories and kilojoules. When food is green, it's considered to be healthy; when it's amber, it's 

considered to be medium and may be consumed frequently; and when it's red, it's best to limit consumption. 

 

3. Nutriscore model: It is followed in France and recently approved in Belgium, Spain, Germany, 

Netherlands and Luxemburg It is a voluntary labelling system showed as 5-color, which is a nutrition 

labelling system based on a logo with five values ranging from A to E and from green to red, determined in 

accordance with the nutritional content of a food product. 
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4. Nordic Key hole Model: It is followed in Sweden, Norway and Denmark.  One of the first systems for 

FoPL labelling, it classifies nutrients like total fat, saturated fat, and trans-fat. According to an overall 

rating of healthiness, salt, added sugar, dietary fibre, and whole grains are indicated. It relates to goods 

including fruits, vegetables, bread, cheese, meat, and seafood that are both pre-packaged and unpackaged. 

Since it cannot be utilised as a snack, such items may be excluded from a healthy diet. 

 

5. Warning Model: It is used in Chile (Countries – including Uruguay, Peru and Israel – have introduced 

warning labels of their own.  It is a mandatory warning label used when the number of calories or harmful 

nutrients in prepackaged foods exceeds a specific threshold. 

 

6. Reference intake system: It is used in european Union.  In the EU, the Reference Intake (RI) System 

is necessary. It offers either only energy or energy together with fat, saturates, carbohydrates, and salt. 

Energy and four nutrients can be listed either per 100g/100ml or per serving. Information on energy must 

be given per 100g/ml. The RI system does not include beneficial nutrients like fibre and only displays the 

levels of bad nutrients like fat, sugar, and salt that a food contains. 

 

Conclusion 

Diabetes, hypertension, heart disease, and obesity are major global health issues due to their non-

communicable nature. The use of junk foods, which are often categorised as meals that are heavy in fat, 

salt, and sugar, is a major dietary component behind them. WHO advises using Front-of-Pack (FoP) 

nutrition labels to direct customers toward making better food selections and preventing non-

communicable illnesses linked to diet? While shopping, consumers frequently lack the time to study 

nutrition labels, and many of them find the information presented to be confusing. FoP labelling can make 

it simple for customers to understand what they are eating. On the front of processed food packaging, FoPL 

presents nutritional data in an illustrative way. 
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Introduction 

Smart Fertilizers are fertilizers that have a “smart” feature to release or provide nutrient only on demand 

by the crop, thereby optimizing fertilizer use for agriculture, enabling growers to maximize crop yields, 

save costs and increase their profits. This is a designer molecule that allows sustained release of nutrients 

by a plant-root activated mechanism. The fertilizer molecule functions like a nutrient storehouse providing 

a continuous nutrient supply throughout the crop growth period. 

Need of Smart Fertilizers 

1. Declining/ stagnating yield 

2. Declining factor productivity (water, nutrient, energy) 

3. Increasing cost of production 

4. Deteriorating soil health 

5. Receding ground water table 

6. Secondary salinization and sodicity 

7. High surface water run-off and erosion 

8. Susceptible to climatic variability. 

Smart Fertilizer Formulations 

1. Slow-/Controlled-Release Fertilizers 

2. Bio formulation Fertilizer: Plant Growth Promoting rhizobacteria (PGPR) 

3. Nano fertilizers 

4. Polymers 

5. Use of Harvesting Residues for Smart Fertilizer Formulations 

6. Bio char 

Slow/Controlled-Release Fertilizers: 

a. According to Trenkel (1997), slow- or controlled-release fertilizers are those containing a plant 

nutrient in a form, which either delays its availability for plant uptake and use after application Is 

available to the plant significantly longer than a reference “rapidly available nutrient fertilizer” 

such as ammonium or urea (AAPFCO, 1995). 

b. There is no basic difference between slow-release fertilizers and controlled release fertilizes, but 

to say microbially decomposed N products, like urea-formaldehydes, are referred to as slow-release 

fertilizers, and coated or encapsulated products as controlled-release fertilizers. 

Bioformulation Fertilizer: Plant Growth Promoting rhizobacteria (PGPR): 

a. PGPR, a heterogeneous group of bacteria that can be found in the rhizosphere, at root surfaces, 

and in association with roots.The term “plant growth promoting rhizobacteria (PGPR)” for beneficial 

microbes was introduced by Kloepper JW, Schroth MN (1981). 

b. These bacteria have several functions, including production and regulation of phytohormones, 

release of nutrients to plants (e.g., P-, N-fixation, siderophores, among others), and control of 

phytopathogens (production of antibiotics and siderophores). 

Nano-fertilizers: 

a. Nanofertilizers, as smart fertilizers, are designed to increase nutrient use efficiency and 

consequently reduce adverse effects on the environment compared to application of conventional 

mineral fertilizers. 

b. Slow-release Nano fertilizers are suitable alternatives to soluble fertilizers. Nutrients are 

released at a slower rate during crop growth, thereby reducing loss. Slow release of nutrients in the 
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environments could be achieved by using zeolites (natural clays), which act as a reservoir for 

nutrients that are released slowly. 

Polymers: 

a. Polymers are widely used in agriculture especially for fertilizer development. 

b. A broad range of synthetic materials, such as petroleum-based polymers, have been used to 

encapsulate water-soluble fertilizers. 

c. Polysulfide, polyacrylonitrile, polyvinyl chloride, polyurethane, and polystyrene are the main 

materials currently used for coating. 

d. Physical properties of the coatings can influence the release rate of macronutrients (N, P, and K), 

which are present in the core of the coated fertilizer. 

Use of harvesting residues for smart fertilizer: 

a. Low-cost materials such as wheat straw are abundantly available resources in current 

agricultural systems. 

b. These harvesting residues contain lignin, hemicelluloses, and cellulose. 

c. Cellulose fibrils and lignin impart mechanical strength properties. 

d. Wheat straw contains surface carboxyl, hydroxyl, ether, amino, and phosphate, which enhance 

its reactivity and physicochemical properties, useful in the preparation of adsorbent materials for 

the treatment of wastewater and slow-release fertilizers. 

Biochar as Carrier and Coating Material: 

a. Biochar is a fine-grained, carbon-rich, porous product remaining after plant biomass has been 

subjected to thermo-chemical conversion process (pyrolysis) at temperature ranging from 350°C to 

600°C in an environment with little or no oxygen (Amonette and Joseph, 2009). 

b. Called as Black gold of agriculture. 

c. It is widely used as soil ameliorant with several applications in both laboratory and field studies. 

d. Biochar was found to increase the C sequestration potential of soil through its high stability and 

the reduction of native soil OM mineralization and to be an excellent microbial habitat. 

SWOC 

Strength: 

a. Boost agricultural productivity 

b. High profitability 

c. Demand based fertilizer application 

d. Reduced import of fertilizers 

e. Enhanced efficiency. 

Weakness: 

a. Precise application is difficult 

b. High cost 

c. Fragmented land holding 

d. Diversion of by-products 

e. Soil specific smart fertilizer availability. 

Opportunities: 

a. Alleviate GHG emission 

b. Calls for more R&D 

c. To use for seed priming. 

Challenges: 

a. Farmers unawareness 

b. Low acceptability 

c. Availability of coating material. 

Conclusion 

1. Advances in the application of biotechnology and nanotechnology have the potential to facilitate 

improved nutrient management and use efficiency in agroecosystems. 
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2. Smart fertilizers based on slow-/controlledrelease and/or carrier delivery systems have 

been shown to improve crop yields, soil productivity, and lower nutrient loss compared with conventional 

fertilizers. 

3. Several materials such as clays, nanoclays, non-degradable and degradable polymers, and agricultural 

wastes are suitable for the development of smart fertilizers by acting as 

carrier matrices for nutrients and bacterial inoculants. 

4. Ligno cellulosic organic waste, such as straw after chemical, physical or thermal transformations, may 

be an excellent carrier or coating material for fertilizer formulations. 
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Summary 

Over all, the ecosystem for Agritech startup in the country is promising. The government through several 

initiatives such as the RKVY-RAFTAAR and Atal Innovation Mission are playing their part in boosting 

innovation and entrepreneurship in the sector. Meanwhile, large industry players are also opening up to 

partnering with startups. Several incubators, venture capital firms are active in India today and there is 

increasing footprint in terms of financing support, technical assistance, business mentorship, etc. 

Nonetheless, several factors remain to be addressed towards further enabling the agri tech ecosystem and 

unleashing the full power of available technological innovations towards improving India’s agriculture 

growth trajectory. 

Introduction 

Agriculture plays a key role in the rural development of the country, supporting the livelihoods of the 

majority of the population. The green revolution has paved a path for India to be self-sufficient in food 

production. An uninterrupted supply of food and raw materials is very much essential in India to curb 

inflation. The rapid increase in demand for food is witnessed in India due to the population pressure. India 

holds the record for the second-largest agricultural land in the world, with around 60% rural Indian 

households making their living from agriculture. The agricultural sector in India employs half of our 

population and we are greatly dependent on the farmers and agricultural labourers to provide us with a 

means of sustenance. Yet, this is one of the riskiest sectors to be employed in because it is dependent on 

uncontrollable factors like weather, market fluctuations and topographical conditions. Efforts are being 

made to give this sector and its workers a much-needed boost. And the biggest way of doing this is through 

advancements in agriculture technology.  

Modern techniques and methods will surely elevate agriculture to the next level and ease the burden on 

farmers. This therefore creates a huge scope for agriculture startups in the country. Transformation of 

agriculture to agri-business is one of the important strategies where enterprising farmers practice 

profitable agriculture.  

Over the last decade, the sector is being streamed with the stream of educated youth, fired by the ideas, 

passion and innovations to launch newer kinds of technology and business models to lift the face of 

agriculture from primitive to hi-tech one. Agritech startups are providing relevant and innovative solutions 

to a number of challenges faced all across the agricultural value chain.  

A new wave of budding entrepreneurs and emerging startups in the country are leading the way in 

disrupting the age-old agriculture system with innovative ideas and affordable solutions. These startups 

are providing missing links in the agri value chain and delivering efficient products, technologies and 

services to the farmers on one hand and the consumers on the other hand, From ICT apps to farm 

automation and from weather forecasting to drone use and from inputs retailing and equipment renting to 

online vegetable marketing, and from smart poultry and dairy ventures to smart agriculture and from 

protected cultivation to innovative food processing and packaging, its proliferation of all innovations and 

technology driven powerful startups set to revolutionize the food and agriculture sector. 

Agritech startups are such a relevant solution across the agricultural value chain and they can be in the 

form of a product, a service or an application. MSME is the apex executive policy making body at 

Government level promoting startups across various sectors including agriculture. It’s time to make 

agritech startups successful and propel India forward as a leader in the agri technology sector too. 
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Startup 

The Department of Industrial Policy and Promotion (DIPP) defines startup as an entity established Not 

prior to ten years with annual turnover not exceeding INR 25 crore in any preceding financial years, 

working towards innovation, development or improvement of products or processes or services or if it is a 

scalable business model with a high potential of employment generation or wealth creation provided that 

such entity is not formed by splitting up, or reconstruction, of a business already in existence. 

Agritech Startup 

Agritech startup is defined as an individual or segment of companies using technology in the field of 

agriculture leading to increase in productivity, efficiency and output. Agritech can be applied across the 

agricultural value chain and can be in the form of a product, a service or an application. 

Startup India and Stand-Up India Schemes 

Startup India scheme promotes new initiatives and ventures. Whereas stand up India Scheme is designed 

for promoting entrepreneurship among aspiring Women and SC/ST entrepreneurs. Stand up India is one 

of the core parts of Start-up India scheme in order to encourage the individuals to bring their ideas to life. 

Agritech Path Ahead (NASSCOM, 2019) 

Better Access to Inputs: Taking quality inputs to the farmers for better productivity.  

Farming as a Service: Making services affordable to small and marginal farmers.  

Digital Agriculture: Driving transparency, traceability and real time access to information.  

Market Linkage: Improving Supply Chain and taking farmers product directly to consumers. 

Financing: Innovations taking roots in farmer financing. 

Government Support 

Government of India (GOI) announced a four-point strategy to support agriculture in India i.e., reducing 

cultivation costs, ensuring profitable prices, creating non-farm source, processing farm wastes. Apart from 

four-point strategy GOI have specifically focused to support start-ups in this area through start-up India. 

Agriculture grand challenge, Atal innovation mission, New Generation Innovation and Entrepreneurship 

Development Centre, Make in India, SFAC Venture Capital Assistance is some of the policy intervention 

of the Government of India. Karnataka also launched startup policy very early (in 2015) in the country 

with a vision to create world class ecosystem though strategic investment and policy interventions, 

leveraging the robust innovation climate. 

Strategies for Agri Startups 

1. National Institute of Agricultural Extension Management (MANAGE) assistance for Agri 

startups: Centre for Innovation and Agripreneurship (CIA) is hosted at National Institute of Agricultural 

Extension Management (MANAGE). It provides a one-stop solution for creating successful ventures in 

agriculture & allied sectors. Our Agri Innovation Launchpad will empower to fulfil the dreams and create 

the next big thing in the agricultural sector for aspiring enthusiasts and entrepreneurs. 

The Centre’s main focus is to promote the development of innovative products of Start-ups, which cater to 

the most disruptive problems in the agricultural sector. It aims at creating more employment opportunities 

and wealth creation, thus adding to the inclusive growth of the country’s GDP. 

Centre had nurtured Agricultural Community with high-value Capacity Building programs that trained 

about 72,136 professionals, out of which 28,757 have set up their enterprises. The centre aims at taking 

these agripreneurs to the next level by creating high impact ventures through the incubation centre. 

Incubation, Membership, Startup Accelerator, Krishi Vikas – Search for agri innovation, Impulse (Agri-

business mentoring programme), RKVY-RAFTAAR, AC&ADP are some of the programmes under CIA.  

2. Providing state support in the form of incentives and concessions: 

a. Collect reimbursement of VAT and CST for early-stage startups. 

b. Collect reimbursements on Patent spends for both domestic and foreign filings. 

c. Collect reimbursement on marketing expenditure upto 30% of the cost incurred subject to 5 Lakhs 

per startup annually. 
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d. 10% reservation for women in seats of partner incubators. 

e. Self-Certification under various enactments. 

Incentive Schemes to Support Start-Ups in Agriculture and Technology 

ASPIRE: Aspire has been launched by the Indian government to set up a network of technology centres, 

incubation centres and also to promote start-ups for innovation and entrepreneurship in rural and 

agriculture-based industry. https://msme.gov.in/sites/default/files/ASPIRE_EN.pdf. 

 

NewGen Innovation and Entrepreneurship Development Centre (NewGen IEDC) 

The National Science & Technology Entrepreneurship Development Board start-up scheme by Indian 

government will provide a limited, one-time, non-recurring financial assistance, up to a maximum of INR 

25 Lakhs. http://www.newgeniedc-edii.in/. 

Bottlenecks for Indian Agritech Firms 

Low land holding size, long gestation period, return for the investors, technology affordability, talent 

retention, skill adaptability, acquisition of agritech companies, government regulations and policies are 

some of the key challenges for agritech firms. 

Incubators and Accelerators Related to Agritech Startups 

IIM Ahmedabad, ICAR-National Academy of Agricultural Research Management (NAARM), MANAGE, 

International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Indigram Lab Foundation, 

IIM Calcutta Innovation Park, SIDBI Innovation & Incubation Centre (SIIC), NASSCOM Centre of 

Excellence for IoT, TNAU, UASB are some of the incubators and accelerators focussing on agritech 

startups. 

Key Agritech Focused Incubators and Accelerators 

 

 

Centre for Innovation 

Incubation and 

Entrepreneurship (CIIE) 

• CIIE is a collective of interventions in the space of 

innovation-driven entrepreneurship in India. 

• It has its genesis at the Centre for Innovation Incubation 

and Entrepreneurship (“Centre”), IIM Ahmedabad - an 

academic center focused on research in innovation and 

entrepreneurship. CIIE continues to support the research 

and learning undertaken by the Centre. 

• The impact of CIIE includes 500 ventures trained, incubate 

or accelerated, 3000 jobs generated, 100 startups seed 

funded and many more. It has launched a food and agri-

business accelerator in partnership with a-IDEA - the 

business incubator at National Academy of Agricultural 

Research Management (NAARM).  

a-IDEA (Association for 

Innovation Development of 

Entrepreneurship in 

Agriculture) 

 

• a-IDEA (Association for Innovation Development of 

Entrepreneurship in Agriculture), is a Technology Business 

Incubator (TBI) hosted by ICAR-National Academy of 

Agricultural Research Management, Hyderabad (ICAR-

NAARM) & Department of Science & Technology, Govt. of India 

(DST, GOI). 

• a-IDEA has been housed in the Centre for Agri-Innovation at 

ICAR-NAARM for fostering innovation and entrepreneurship in 

agriculture in India.  

• a-IDEA aims to help entrepreneurs ideate, incubate and 

accelerate their innovative early stage startups that are 

scalable to become competitive food and agri-business ventures 

https://msme.gov.in/sites/default/files/ASPIRE_EN.pdf
http://www.newgeniedc-edii.in/
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through capacity building, mentoring , networking and advisory 

support.  

International Crops 

Research Institute for the 

Semi-Arid Tropics 

(ICRISAT) 

 

• In December 2002, the International Crops Research Institute 

for the Semi-Arid Tropics (ICRISAT), a non-profit organization, 

joined forces with the Department of Science & Technology 

(DST), an Indian government agency, to develop an 

agribusiness incubator (ABI) at ICRISAT. 

• The incubator is supported by DST’s National Science and 

Technology Entrepreneurship Development Board, which 

promotes the development and commercialization of indigenous 

technologies by providing financial assistance through public-

private partnerships. ICRISAT launched Innovation Hub 

(iHub) to support agricultural tech entrepreneurs, scientists 

and technology experts can collaborate to innovate cutting edge 

ideas across the whole agriculture value chain. 

Indigram Labs 

foundation 

• Supporting high end start-ups 

Conclusion 

Overall, the ecosystem for agritech startup in the country is promising. The government, through several 

initiatives playing their part in boosting innovation and entrepreneurship in the sector. Several incubators 

and venture capital firms are active increasing foot prints in terms of financial support, technical 

assistance, business mentorship etc. Never the less several factors remain to be addressed towards further 

enabling the agritech ecosystem and unleashing the full power of available technological innovations 

towards improving India’s agriculture growth. 

References 
1. Debjani Ghosh, Om Routray and Ashish Gupta, (2019). Agritech in India – Emerging Trends in 2019. NASSCOM, Noida, 

pp:13-18.  

2. Vikas Mishra and Ritoja Banu, (2019). AgTIVE 2019 – Agtech innovations for viable enterprises. Confederation of India 

Industry, New Delhi. 

3. Anupam Anand and Saravanan Raj, (2019). Agritech Startups: The Ray of Hope in Indian Agriculture, National Institute of 

Agricultural Extension Management. 
  



 

 
Volume 04 - Issue 07 - July 2022       452 | P a g e  
 

Big Data Analytics in Agriculture – In the Name of 

Farming Sustainability Towards Better Future 
Article ID: 37648 
Akula Latha Rani1 

1Ph. D scholar in Agricultural Extension at Professor Jayashankar Telangana State Agricultural 

University, Rajendranagar, Hyderabad, Telangana State, India. 

 

 
 

Summary 

Integration of Big Data and Data Driven technologies into our agricultural system would not only help 

provide information but reduce uncertainty that surrounds the sector at the same time improve the levels 

of food production keeping in the considerations for sustainability. 

Introduction 

The world has witnessed the continuously increasing use of technology in agriculture since the 19th 

century, when the industry began to plough fields with tractors. It was during this period the agricultural 

revolution made a remarkable impact on the productivity as a consequence of vast improvements in 

technology. 

With the constant surge to shift from conventional agriculture to sustainable agriculture the role of data 

driven technologies have increased immensely. It is often proclaimed that agriculture, globally, is a target 

for Big Data application by technology developers, including both startups and multinationals as there is 

more scope of automation and data driven guidance systems in the agricultural industry. 

Big Data 

Big Data can be defined as ‘Large, diverse, complex, longitudinal, and/or distributed data sets generated 

from instruments, sensors, Internet transactions, emails, videos, click streams, and/or all other digital 

sources available today and in the future’ (Anonymous, 2012). The concept of Big Data can also be described 

as large volume of data sets which may be complex, heterogeneous, structured, semi-structured or 

unstructured, characterized based on the degree of organization (Sharma, 2016). 

Characteristics of Big Data 

Big data is well understood by knowing its characteristics which are known as 3V’s; volume, variety and 

velocity. Volume refers to the enormous amount of data generated at every second. Variety refers to the 

different formats and from different sources of data and velocity, the speed with which data is collected, 

stored, analyzed and distributed to end users defines the quality of big data management. 

Domains of Big Data Application in Agriculture 

1. Smart sensing and monitoring 

2. Smart analysis and planning 

3. Smart control 

4. Big Data in the cloud. 

Benefits of Public Big Data 

1. Data Management Authority – Statutes and government organizations govern the public data and set 

standards for quality. Statistically, pubic data is found more reliable than various private data because of 

the common standards set. Hence, they are viewed trusted and authoritative. 

2. Privacy and Security– Public data is kept confidential by the managing authorities. Often agencies 

anonymise data to protect individual’s identity. 

3. Equal Access – Technology along with collecting, storing and analyzing data presents transparency. The 

access to internet and open data allows equal use of public data. 
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Applicability of Big Data in Agriculture 

Big data in finds its relevance in agriculture in many innovative ways such as precision agriculture, smart 

dairy farming and even smart fisheries etc. Moreover, big data finds its relevance even in gender and issues 

of equity as it helps provide a disaggregated data and in the compilation of data which is necessary for 

formulation of targeted interventions. 

Specific Big Data Applications for Agriculture 

Lettuce Bot: Developed at a California start-up, Blue River Technology, the key Big Data aspect of the 

Lettuce Bot is its ability to identify plants and weeds instantaneously from a database of millions of images 

of plants. The current version of Lettuce Bot releases a spray of fertilizer on either a weed or an unwanted 

plant (for example, a plant growing too close to another plant). Later versions of the Lettuce Bot may use 

mechanical devices to remove the offending plant, for example, in organic fields where fertilizer application 

would not be appropriate. The Lettuce Bot has the potential to reduce or eliminate hand-weeding or 

thinning practices. In labor-intensive vegetable production systems, access to labor and compliance with 

labor regulations are significant managerial issues. Similar applications of machine recognition tied to 

image-based databases could be applied at several steps in agricultural supply chains, especially where use 

of manual labor to do sorting is an issue. 

 
Fig 1 - Lettuce Bot 

Deep Thunder: Deep Thunder is an initiative from IBM, which focuses computing power, multiple data 

sources, and targeted software to provide “hyperlocal” weather forecasts. Here, hyperlocal refers both to 

geographic scale and to specificity of business needs. 

 
Fig 2 – Functioning of Deep Thunder 

Sylvester (2019) reported about the Olam Farmer Information System (OFIS) in Brazil launched in 2014. 

The technology allows field staff to survey and record, on the spot, thousands of farms, the surrounding 

landscape, as well as the farmer’s social circumstances. Meaning that the data driven technology opened 

possibilities for the field staff to get better advice on interventions and compare progress on these, as well 

as identify hotspots for risks such as deforestation and child labour. OFIS the platform has been rolled out 

across eight product categories, including coffee, cashew, cotton and rice, in 27 countries. By the end of 

2018, 248 850 farmers had been registered on the platform. Furthermore, through OFIS farmers 

understand their farms better; act themselves to improve the yield and quality of their crop, and ultimately 

having more power over their futures, which have been precarious to date. 
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Brooks (2021) in their report DIGITAL FARMER PROFILES: Reimagining Smallholder Agriculture 

documented about RICULT a US based private firm which utilises data driven technology with an aim to 

strengthen the agricultural ecosystem for smallholder farmers and is focusing on those working in corn 

and rice. Ricult is considered both a financial technology (fintech) or agritech company and an ecosystem 

orchestrator. The firm utilises satellite imagery to help identify the crop health and pest warning system 

and employs data driven guidance system to disseminate information. As of now it is functioning in 

Pakistan and in Thailand enabling farmers to procure a one-stop marketplace for agricultural support. 

Conclusion 

With the rapid digital evolution, we live in a world flooded with data and information. Agriculture being a 

sector plagued with uncertainty requires decisions based upon precise information. Big data is a 

technological intervention which helps pool together cross-sectional sources of data and helps provide 

rightful and precise information crucial for the agricultural sector to reduces the risk imposed upon by the 

various factors of uncertainty. The takeaway regarding big data’s relevancy in the agricultural sector is 

that application of big data could not only help improve the efficiency of various predictive and guidance 

systems but also could serve as a beacon for achieving a sustainable approach to agriculture through data 

driven interventions such as precision agriculture. 
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Abstract 

Tractor three-point hitch system is used to attach and operate various type of agricultural implements and 

for operating trailer tipping. The system facilitates to attach additional valves for front and rear mounting 

attachments. The hydraulic system of the three-point hitch system consists of hydraulic pump unit, filter, 

control valves, hoses & fittings and hydraulic lift unit. Hydraulic lift cylinder consists of ram cylinder, 

piston and mechanical linkages. In addition to this electro-hydraulic hitch system consist of various 

sensors, solenoid operated proportional control valve, operator panel and electronic control unit. 

Keywords: Electro-hydraulic hitch, Three-point hitch, Draft control. 

Introduction 

Electro-hydraulic hitch (EHH) system is developed to replace the hydro-mechanical system which is 

conventionally used in the tractor and to reduce the response time. Fig. 1 shows the basic functionality of 

electro-hydraulic hitch system. While operation draft force loads the sensor which is sensed by the draft 

sensor usually fitted in the top link and taken as a feedback signal to the electronic control unit (ECU). The 

operator presets a draft value using an operator panel which send it to ECU. These two values i.e., set draft 

and sensed draft is compared to obtain the error. In order to minimize this draft error to zero the ECU 

supplies actuating current to solenoid control valve to regulate the flow. Flow is supplied to the hydraulic 

ram cylinder for lifting or lowering the implement according to the error value. 

 
Fig. 1: Basic Electro-hydraulic Hitch System 

Functionality of Electro-Hydraulic Hitch System 

Main functions of electro-hydraulic hitch system are position control, draft control and mixed control. Along 

with that several other features are added to electro-hydraulic hitch system as explained below: 

Control Switch: It has three positions as Transport- to raise the hitch at upper limit, Stop- to stop at any 

movement, Control- to lower the hitch up to preselected working set-point. 

Automatic Draft Control: In this mode-controlled variable is draft force acting on the implement. The 

EHH system adjusts hitch position in such a way that draft force is within draft setting by user. 

Automatic Position Control: In this mode the controlled variable is position of hitch. It helps to maintain 

a constant working depth. 
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Mixed Control: In this mode position and draft are mixed in a ratio at control panel, then processed as a 

control variable. 

Up POT: It limits the hitch height set by the user. 

Slip Control: In this mode slip is prioritized over working depth. Hitch height is increased to reduce slip, 

if slip exceeds 20%. In this mode slip is controlled between 5-20% to obtain maximum tractive efficiency. 

Lifting and Lowering Speed: In this mode lifting and lowering speed of hitch is controlled. 

There are many advantages of using electro-hydraulic hitch system over the hydro-mechanical system for 

lifting and lowering of the mounted implements. Some of it are mentioned below: 

a. No position or draft control lever is required 

b. Very low hysteresis (<5%) as compare to mechanical system 

c. Response time is very less for example 100% full stroke requires 50 ms. (Hesse and Schrader, 

1984) 

d. Slip can be automatically maintained within optimum range. 

Conclusions 

Electro-hydraulic hitch system is the most advantageous draft control system available till date in which 

draft is measured through electronic draft sensor. It has very high sensitivity and very low hysteresis. 

Based on the laboratory test and field test conducted by various researcher all over the world, it is proven 

that electro-hydraulic hitch offers more advantage and much superior than the conventional hydro-

mechanical system. 
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Abstract 

Small RNA is 18-30nt non-coding regulatory elements found in diverse organism, which were initially, 

identified as small double standard RNAs in Caenorhabditis elegans. Among them microRNAs (miRNAs) 

play a very important role in plant development. MicroRNAs (miRNAs) are basically class of non-coding 

RNAs that play important roles in regulating gene expression.  miRNAs participate in nearly all the 

developmental processes in plants, such as grain yield development, fruit development, leaf morphogenesis, 

floral organ formation, and flowering development. This article summarizes the miRNA-mediated gene 

regulation and its role in crop production, to provide the basis for further in-depth exploration regarding 

the function of miRNAs and molecular mechanism underlying the interaction of miRNAs and other 

pathways. 

Keyboard: Small RNA, Mi-RNA, Crop Production. 

Introduction 

Today Food security is one of the most critical issues challenging the world. Many strategies to solve this 

problem include increasing crop yields and quality. Plant genetic engineering has been the fastest adopted 

Agricultural technology for increasing Crop production (James 2011; Privalle et al. 2012). The global area 

of genetically modified (GM) crops significantly increased from 1.7 million in 1996 to 160 million hectares 

in 2011. Approximately 17 million farmers worldwide grow GM crops, with the majority of GM crops being 

grown in developing countries. In 2016, biotech crops globally increased from 179.7 million hectares to 

185.1 million hectares; an increase of 3% is equal to 5.4 million hectares.  

However, the major commercialized GM crops currently in use are engineered with resistance to herbicide 

or pests by inserting only one or several genes, which do not require manipulations of complicated 

molecular pathways (Buiatti et al. 2012). In the next decade, GM crops with combined desirable traits 

enhanced nutritional quality, and increased grain yields under complex polygenic control are expected 

(Buiatti et al. 2012). Thus, to enlarge the scope of GM crops, novel sources of transgenes need to be 

identified, functionally characterized and evaluated for use in trait modifications. 

 
Fig .3 Potential applications of miRNA based gene regulation for crop improvement 
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Role of miRNA in Increasing Grain Yield 

Increasing grain yield by manipulating plant architecture has been explored in rice plants (Jiao et al. 2010; 

Miura et al. 2010). Enhancing rice yield is the primary goal of rice cultivation and multigenic trait could 

influence yield, including tillering, panicle branching and grain size. Breeders have proposed the ideal 

plant architecture (IPA), which includes several essential characteristics such as low tiller number, few 

unproductive tillers, more grains per panicle and thick and sturdy stem (Jiao et al.,2010; Li et al.,2012). 

 

Role of miRNAs in Fruit Development 

Studies on specific miRNAs in fruit development are limited but provide fascinating information. 

Overexpression of miR156 in tomatoes also resulted in smaller fruit, increased leaf numbers but reduced 

height and decreased leaf size (Zhang et al. 2011), suggesting that higher fruit yield and shorter ripening 

time in tomatoes could be expected through either reducing miR156 expression or releasing one or several 

miR156 target genes.  

Ethylene biosynthesis is also negatively affected by miR172 target APETALA2a (AP2a), which promotes 

fruit ripening. Nowadays, miRNAs or their targets can be an approach to achieve parthenocarpy with high 

marking values. For example, the expression of an aberrant form of auxin response factor 8 (ARF8), a 

target of miR167 resulted in parthenocarpic fruit in both Arabidopsis and tomato (Goetz et al. 2007). 

Role of miRNAs in Flower Development 

Since the ABC model was proposed more than 20 years ago (Bowman et al. 2012), increasing knowledge 

about the miRNAs that play a crucial role in the whole process of flower development from the early stage 

of flower induction to the late stage of flower organ cell type specification (Nag and Jack 2010). However, 

information about miRNA involvement in flowering mainly comes from research on model plant species 

such as Arabidopsis and snapdragon. In Arabidopsis, three miRNA families, miR156, miR159 and miR172, 

have been demonstrated to be involved in controlling flowering time (Yamaguchi and Abe 2012) 

Overexpression of miR172 could result in early flowering in Arabidopsis (Aukerman and Sakai 2003) and 

simultaneous down-regulation of its six targets, APETALA2 (AP2)-type genes: AP2, TARGET OF EAT1, 

TOE2, TOE3, SCHLAFMU¨ TZE and SCHNARCHZAPFEN could also lead to early flowering as did 

miR172 overexpressors (Yamaguchi and Abe 2012). For example, overexpression of miR172 in rice caused 

delayed phase transition, floral organ abnormalities, lower fertility and decreased seed weight (Zhu et al. 

2009). 
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Abstract 

Biological disease control using beneficial antagonists is an environmentally sustainable alternative to 

using synthetic pesticides. One of the promising microorganisms for sustainable agriculture is Bacillus 

subtilis, which has been reported as a growth promoter and as an antagonistic to a variety of pathogens in 

vitro and in vivo condition. The disease suppression by B. Subtilis is the net result of multiple mechanisms, 

including plant growth promotion, antibiosis, competition for space and nutrients, lysis of pathogen 

hyphae, and induced systemic resistance (ISR). Most of the B. Subtilis isolates exhibit several mechanisms 

that may affect the “disease triangle” directly, indirectly, or synergistically. This chapter examines 

associations between B. Subtilis and plant disease causing pathogens, with a focus on mechanisms and 

knowledge gaps. 

Introduction 

Bacillus subtilis is one of the best characterized bacteria and is used as a model organism for Gram-positive 

bacteria. It is a rod-shaped bacterium, which produces endospores that allow the survival of extreme 

environmental conditions including heat and desiccation. In soil, bacterium continuously encounters 

various changes by environmental conditions. 

 
Fig. 1 Bacillus subtilis (Scanning Electron Microscope) 

Characteristics of Bacillus subtilis 

Bacillus subtilis, gram-positive rod-shaped bacterium which forms endospores. The cell wall is a rigid 

structure outside the cell composed of peptidoglycan, which is a polymer of sugars and amino acids. The 

peptidoglycan that is found in bacteria is known as murein. It is a heterotrophic and facultative anaerobic 

organism. 

Table: Bacillus subtilis as Biocontrol agent: 

S. No. Crop Disease Name Causal Organisms 

1. Tomato Rot Rhizoctonia solani 

2. Apple Fire blight Erwinia amylovora 

3. Strawberry Grey Mould/Botrytis bunch 

rot 

Botrytis cinerea 

4. Apple Root rot Fusarium spp 

5. Pear Fire blight Erwinia amylovora 

6. Tomato Black shank Phytophthora nicotiane var.nicotiane 

https://www.sciencedirect.com/topics/immunology-and-microbiology/bacillus-subtilis
https://www.sciencedirect.com/topics/immunology-and-microbiology/gram-positive-bacteria
https://www.sciencedirect.com/topics/immunology-and-microbiology/gram-positive-bacteria
https://www.sciencedirect.com/topics/immunology-and-microbiology/endospore
https://www.sciencedirect.com/topics/immunology-and-microbiology/desiccation
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7. Chilli Anthracnose Colletotrichum gleosporioides 

8. Sunflower White mold Sclerotinia sclerotiorum 

9. Maize Ear rot Fusarium oxysporum 

10. Lily Bulb Rot Curvularia Pseudobrachyspora 

11. Potato Root Rot Rhizoctonia solani 

12. Orange Green mold Penicillium digitatum 

13. Potato Scab Streptomyces scabies 

14. Tomato Crown rot Fusarium oxysporum f.sp.radicis  lycopersici 

15. Potato Stem canker and Black 

Scurff 

Rhizoctonia solani 

16. Red Pepper Phytophthora Blight Phytophthora capsici 

17. Pistachio Nuts Aspergillus Ear rot Aspergillus flavus 

18. Wheat Spot blotch Triticum turgidum L.sub sp. Durum 

19. Wheat Powdery mildew Blumeria graminis f.sp.tritici 

20. Maize Grey mould Botrytis cinneria 

21. Zucchini Powdery mildew Podosphaera  xanthi 

22. Tomato Grey mould Botrytis cineria 

23. Lettuce Leaf spot Cercospora lactucae sativae 

24. Green gram Dry root rot Macrophomina phaseolina 

25. Crucifers Black Rot Xanthomonas campestris pv.campestris 

26. Sugarbeet Cercospora leaf spot Cercospora hydrangea 

27. Crucifers Club root of cabbage Plasmodiophora brassicae 

28. Corn Northern leaf blight Exserohilum turcicum 

29. Chestnut Chestnut Blight Cryphonectria parasitica 

30. Tomato Fusarium wilt Fusarium oxysporum f.sp.lycopersici 

Mechanism of Action 

Bacillus subtilis exhibits both a direct and indirect mechanism to suppress disease caused by pathogens. 

The direct mechanism includes the synthesis of many secondary metabolites, hormones, cell-wall-

degrading enzymes and antioxidants that assist the plant in its defense against pathogen attack. 

The severity of disease caused by plant pathogens has traditionally been considered a function of the 

interplay between the factors at the three vertices of the “disease triangle”: host susceptibility, pathogen 

virulence, and environmental conditions. When B. subtilis is used for plant disease control, it may 

profoundly influence the complex plant-environment-pathogen system through plant growth promotion, 

ISR, biofilm formation, competition for nutrients or colonization sites, cell lysis effects, and antibiotic 

production. It is mostly used in the rhizosphere application can also function as a protection from the plant 

pathogens. 

Mass Production of Bacillus subtilis 
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Conclusion 

The selection of effective antagonistic organisms is the first and foremost step in biological control. It has 

been demonstrated as effective bacterial antagonist against plant pathogen which is having positive direct 

and indirect pant growth in the environment. 
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Introduction 

Sikkim is an Indian state located in the North-Eastern Himalayan region. Sikkim is well known for its 

picturesque scenery as well as culture. Since ancient period, people from Sikkim were very much dependent 

on nature such as their food habits includes different types of wild fruits, vegetables, leafy greens, 

mushrooms etc. It has been reported that some of those items are high in nutrition and medicinal values, 

such as the follows: 

Introduction 

s one of the best characterized bacteria and is used as a model organism for Gram-positive bacteria. It is a 

rod-shaped bacterium, which produces endospores that allow the survival of extreme environmental 

conditions including heat and desiccation. In soil, bacterium continuously encounters various changes by 

environmental conditions. 

Description 

S. No. Local name Common Name Botanical Name Medicinal values 

1 Iskus Chow chow Sechium edule It possesses several medicinal 

properties due to richness in 

polyphenols flavonoids especially in 

leaves , roots and stems and 

Sechumin, an anticancer ribosome-

inactivating, protein. Also, the extract 

obtained from it's fruit has 

antihypertensive effect such as 

antibacterial, antifungal, antioxidant, 

anti-proliferative properties against 

cervical carcinoma, mouse lung 

fibrosarcoma and mouse macrophage 

leukaemia,antihyperglycemic, 

anticonvulsant and central nervous 

system depressant activity. (Verma et 

al. 2017). 

2 Rukh 

tamatar 

Tree tomato Solanum 

betaceum 

Its fruit are rich in minerals, like 

calcium, phosphorus, potassium, 

magnesium and iron, Also good level of 

Vitamin A, B, C, E and K are present. 

The fruits are high in fibres and low in 

calories. It can also act as an 

important source of protein, carotene 

and pectin. (Rana et. al 2019) 

3 Chuche 

karela 

Sliper gourd/ 

Stuffing 

cucumber 

Cyclanthera 

pedata 

It helps to lower blood pressure as well 

ascholesterol. Also, it has been 

reported that by consuming it's fruits 

there has been several cases of weight 

https://www.sciencedirect.com/topics/immunology-and-microbiology/gram-positive-bacteria
https://www.sciencedirect.com/topics/immunology-and-microbiology/endospore
https://www.sciencedirect.com/topics/immunology-and-microbiology/desiccation
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loss. It also helps in Menopause 

imbalances. 

 

4 Sisnu Stinging nettle Urtica dioica Extracts obtained from the aerial 

parts of nettles are a rich source of 

polyphenols, while the roots contain 

oleanol acid, sterols and steryl 

glycosides. Due to the variety of 

phytochemicals and their proportions 

they contain, nettles show noticeable 

activity against both Gram-positive 

and Gram-negative bacteria. These 

properties make nettles suitable for a 

range of possible applications, 

including functional food, dietary 

supplements and pharmacological 

formulations. (Kregiel et. al 2018). 

5 Yacón Ground apple Smallanthus 

sonchifolius 

It can be consumed as a prebiotic as it 

containss fructooligosaccharides 

(FOS); which favors the growth of 

health-promoting bacteria while 

reducing pathogenic bacteria 

populations. (Caetano et. al 2016) 

6 Nakima  Tupistra nutans It is important source of fiber, proteins 

and minerals like Ca, K,P and Mg 

which promotes good health. Low 

Na/K ratio in Tupistra nutans helps in 

reducing high blood pressure. The low 

fat and more fiber content in Tupistra 

makes it one of the beneficial food 

against obesity problems and with 

maximum level of calcium and iron 

content in it helps in prevention of 

osteoporosis of bones and iron 

deficiency in anaemia. From many 

previous studies it was found, 

Tupistra nutans is a potential source 

of natural antioxidant and certain 

phenolic compounds present in its root 

extract. (Chettri et al. 2020). 

7 Sano bihi  Solanum 

aethiopicum 

It is a rich source of minerals like K, 

Ca, Mg, P, Fe, Na, Co. (Khatoon et al. 

2019)  

8 Sim-rayo Water cress Nastrutium 

officinale 

It is rich in Vit K, Vit C and  

antioxidant. it is also beneficial for 

heart health, as it has been reported 

that it helps to lower down cholesterol 

level 
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Abstract 

Fruit flies, belong to the family Tephritidae, attack a wide variety of plants and cause huge economic losses. 

The pumpkin fruit fly Bactrocera (Zeugodacus) tau (Walker) (Diptera: Tephritidae) is a complex of fruit 

flies that primarily infests many plant species within the family Cucurbitaceae and it also infests the plant 

species of many other families. It is regarded as a quarantine pest. It is polyphagous, multivoltine, with 

high fecundity, actively mobile adults, have no obligatory diapausing stage and the number of generations 

per year is largely determined by the climate. The female lays 4-10 eggs either singly or in clusters, 

embedded vertically or slightly slanting inside the fruits. Pre-oviposition, oviposition, post-oviposition and 

incubation periods range from 10 to 16, 11 to 28, 1 to 4 and 1 to 3 days, respectively. Mean larval period is 

1.4, 1.8 and 2.8 days, for 1st, 2nd and 3rd instars, respectively, with total larval duration of 6.0 days. Pre-

pupal and pupal periods are 0.9 and 8.2 days, respectively. The mean longevity of male and female is 28.4 

and 31.6 days, respectively. 

Introduction 

Fruit flies are the serious pests of a wide range of crops. Sometimes these are called Peacock flies due to 

their habit of strutting about, vibrating their wings and displaying their elaborate wing and body markings 

(Jena and Sahoo, 2022). Pumpkin fruit fly Z. tau (Walker) is polyphagous in nature that damages a number 

of host plants species belonging to 23 families but plants belonging to the family Cucurbitaceae are 

preferred most. Z. tau consists of a complex of different species which feed on varieties of agricultural crops 

(Allwood et al. 1999; Shi et al. 2017). 

The losses caused by fruit flies particularly by Z. tau have been estimated to be as high as 40 per cent of 

the production in Indonesia (Hasyim et al. 2004). The fly is well distributed throughout the Oriental region 

(Agarwal and Sueyoshi, 2005; Drew and Romig, 2013). Z. tau is an economically important pest known 

from almost all parts of the Indian subcontinent. It is a pest on a wide variety of food plants and in certain 

seasons it causes havoc (Shen et al. 2014). 

In Asia, approximately 30-40% of losses are caused by Z. tau infestation (Jaleel et al. 2018). The female 

flies puncture the soft and tender fruits with the ovipositor and lays eggs below the exocarp of the fruit. 

The maggots that hatch from the eggs bore into the fruit and feed on the placenta with secondary infection, 

resulting in rotting and premature fall of fruits. 

Taxonomic position 

Kingdom: Animalia 

Phylum: Arthropoda 

Sub-phylum: Uniramia 

Class: Insecta 

Order: Diptera 

Family: Tephritidae 

Genus: Bactrocera 

Species: tau 

Distribution 

South and South East Asia including India, China, Taiwan. B. tau is a quarantine pest in Australia, USA 

and Japan. 
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Hosts 

B. tau mainly feeds on fruits of Cucurbitaceae cucumber Cucumis sativus (L.), summer squash Cucurbita 

pepo (L.), pumpkin Cucurbita pepo (L.) and bitter gourd Momordica charantia (L.). It also attacks 

Solanaceae tomato Solanum lycopersicon (L.), Leguminoseae bean Phaseolus vulgaris (L.), Moraceae 

cluster fig Ficus racemosa (L.), Myrtaceae guava Psidium guajava (L.), Oleaceae myxopyrum Myxopyrum 

smilacifolium (Wallich) Blume and Sapotaceae sapodilla Manilkara zapota (L.) P. Royen. 

Biology 

Eggs: Eggs of Z. tau were shiny white, elliptical, smooth, slightly curved, elongate, tapering anteriorly with 

slightly protruding micropylar opening while rounded posteriorly and turning darker as hatching 

approached. The eggs measured 1.26 ± 0.15 and 0.24 ± 0 .04 mm in length and breadth, respectively. 

Incubation period lasted for 2.3 ± 1.35 days. 

 
Fig 1. B. tau 1. Egg, 2. First instar larva, 3. Second instar larva, 4. Larvae, 5. Pupa, 6. Adult 

female 

Larvae: Larvae passed through three instars, are apodous and frugivorous with an elongated body, pointed 

anteriorly or cephalic and blunt posteriorly. Freshly emerged first instar was translucent, pale white, gut 

content visible through translucent skin and cephalopharyngeal skeleton weakly sclerotized except for 
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anterior portion of pharyngeal sclerite. Second instar maggot was creamy white in colour, elongate, 

ellipsoidal in shape, body weakly sclerotized except for anterior portion of pharyngeal sclerite, anterior 

spiracles well developed and similar to third instar. The first and second instar maggot measured 2.68 ± 

0.98 and 5.65 ± 1.23 mm in length and 0.42 ± 0.12 and 1.29± 0.12 mm in breadth, respectively. The full 

grown third instar maggot was creamy white with an elongated body, tapering anteriorly except the eighth 

segment which is truncated, blunt posteriorly and has a tapered head with black oral hooks. It exhibited a 

peculiar habit of leaping into the air, this hopping behaviour assisted dispersal of the maggots and to find 

a suitable place for pupation. Length and breadth of full-grown maggot was 9.16 ± 1.05 and 1.84 ± 0.49 

mm, respectively and duration was 1.4 ± 0.81, 1.8 ± 0.63 and 2.8 ± 0.67 days, respectively. The total maggot 

period was 6.0 ± 2.11 days. Full grown maggots were slightly bent and stopped feeding, became stationary 

and measured 6.74 ± 0.43 mm x 2.13 ± 0.19 mm, with duration of 0.9 ± 0.55 days. 

Pupae: Pupation occurs in the moist soil or sand. Freshly formed pupae were brownish yellow, segmented, 

barrel shaped and rounded anteriorly and later the colour changed into pale brown to brownish grey with 

eleven segments. It measured 5.48 ± 0.35 x 2.31 ± 0.24 mm with duration of 8.2 ± 1.31 days 

Adult: The freshly emerged adult flies were less active, pale yellow with wings attached to the body. After 

emergence, adults crawled to a sheltered spot nearby until their wings unfold and dry. The flies became 

brown or ferruginous brown after 2-3 hr. Two round spots on the face, conspicuous black or dark brown 

markings on lateral and median part of thorax and typical T shaped marking on abdomen. Wings are large 

with fuscous shadings on the outer margin and costal band largely expanded into a distinct spot at the 

apex. Adults are moderate in size; female flies are bigger and easily distinguishable by the presence of a 

tapering abdomen ending in a pointed ovipositor. Mating was observed in late afternoon hours. For mating, 

the female approaches the male by taking short flights and/or walking. Male female encounter occurs and 

their orientation is usually frontal (face to face). When the female is nearer the male, it attempts copulation 

and alights on the abdomen of the female; heads of both remain in the same direction and that of male 

touching the scutellum of the female. The extended ovipositor is then fixed to the genital orifice of the male 

by jerking movements. The mating duration ranged from 2-4.5 hr. The pre-oviposition, oviposition and 

post-oviposition periods varied from 10-16, 11-28 and 1-4 days, respectively. Fecundity was 73.6 ± 15.0, 

with eggs laid at intervals of 1-4 days. The hatching of eggs was 83.0 ± 3.4. Male and female longevity was 

28.4 ± 2.6 and 31.6 ± 1.1 days, respectively. 

 
Fig 2. Adult Male 

Nature of Damage 

The female fly B. tau punctures the soft and tender fruits with the ovipositor and lays eggs below the 

exocarp of the fruit. The maggots that hatch from the eggs bore into the fruit and feed on the placenta with 

secondary infection, resulting in rotting and premature fall of fruits (Ashraf et al. 2022). 

Conclusion 

The pumpkin fruit fly B. tau is a damaging pest of plant species belonging to the family Cucurbitaceae. It 

passes through four life stages egg, larvae, pupa and adults. The larvae is the damaging stage that passes 

through 3 instars and feeds on the pulp of the fruit, The mature third instar larvae leave the fruit and 
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enter into the soil for pupation. The B. tau completes its life cycle in 21 to 34 days depending upon the fruit 

hosts and the prevailing environmental conditions. The knowledge on biology helps in taking decisions 

regarding the various control measures. 
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Summary 

Recent threat to many economically important crops caused by non-native pest Black thrips, Thrips 

parvispinus is observed from many areas of country. It makes the farmers to get aware of this invasive pest 

on lines of pest identification, nature of damage, damage symptoms and control measures. 

Introduction 

Chilli is an important vegetable and condiment crop in India. The two cultivated species (Capsicum annum 

L. and Capsicum frutescens L.; family Solanaceae) are raised in the tropics and subtropics with a 

temperature range of 20-25 °C considered as ideal. Indian chilli is world famous for its color and pungency 

levels. India is the largest consumer and exporter of chilli in the world with a production of 19.14 lakh 

tonnes from an area of 7.43 lakh ha and productivity 2576 Kg/ha during 2021. The major chilli growing 

states are Andhra Pradesh, Maharashtra, Karnataka, Tamilnadu and Rajasthan. A number of factors are 

responsible for low yield that include adverse climate, poor quality seeds, diseases, insect and mites 

significantly affects both the quality and production of chilli. 

Black thrips (Thrips parvispinus), (Thripidae: Terebrantia: Thysanoptera) quarantine importance and 

polyphagous pest have become a major insect pest in recent days for chili and capsicum crops. These thrips 

are also called western thrips/flower thrips. These can spread to tomato, brinjal, potato, and other vegetable 

crops. Farmers started wondering about these black thrips and also found to difficult to get rid of them 

with regular management practices. 

Thrips Linnaeus is the largest genus in the subfamily Thripinae with nearly 301 species known worldwide, 

of which 44 are reported from India. Only three species are notorious pests as well as topsovirus vectors. 

In Indonesia reported that, Thrips parvispinus causes 23% damage to the chilli crop under open field 

conditions. 

Distribution 

This species is native to the Asian tropics and has been reported from Indonesia, India, Thailand, Malaysia, 

Singapore, Taiwan, China, Philippines, Australia and the Solomon Islands (Mound and Collins, 2000). 

However, during the last 20 years the species has been expanding its range and is now found in Greece, 

France, Spain, The Netherlands, Tanzania, Mauritius, Reunion and Hawail (The Netherlands Plant 

Protection Organization Quick scan 2019, Mound et al, 2016). 

Identification 

Females and males differ in size and color. Females are nearly 1 mm long, with brown head and prothorax, 

yellowish brown meso-and metathorax and black abdomen; forewings are dark, with light colored base, the 

third antennal segment and the base of the fourth and fifth segments are light colored (either yellow or 

white). Males are 0.6 mm long and evenly yellow. They are mostly present below the leaf surfaces and 

inside the flowers. 

Damage Symptoms 

Black thrips suck the juice of leaves and make them distorted & curled, suck the sap and cause leaf, flower 

drop and decreases the glow of flowers. Improper and malformed fruit setting can be seen. Severe 

attack/invasion causes distorted and stunted growth of plants and fruits, silvered appearance on old leaves. 
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Fig.1 Silvery patches on leaves and fruits caused by thrips 

Strategies for Avoiding Spread of the Invasive Thrips 

The main objective should be to evade further spread of this thrips to other chilli growing areas of India by 

complete destruction of the infested plants in the specific areas. Use healthy and pest free seedlings for 

planting. Constant exhaustive monitoring and inspection for its infestation in new areas through surveys 

in chilli growing areas. Judicious use of chemical insecticides as well as fertilizers as per the Package of 

Practices (POP) recommended by the local regions/Universities/Departments. Blue sticky traps (40-50 

traps /acre) are found more effective. 

 
Fig.2 Blue sticky traps 

Use of Neem oil 50000 ppm-1lit/acre which restricts the growth of eggs and larvae and prevents egg laying. 

Microbial bio-pesticide based management practices- Pseudomonas fluorescence-NBAIR PFDWD@20g/1 or 

Bacillus albus-NBAIR-BATP@20g/l spray focusing on flowers and fruits. Use of the insecticides Thiacloprid 

21.7% SC@ 2ml/Lit, Dinotefuran 20% EC@ 0.4 gm/Lit, Cyantraniliprole @ 2ml/Lit, Tolfenpyrad 15% EC@ 

1.5-2 ml/Lit, Spinetoram 11.7% SC@ 0.9 ml/Lit, Fipronil 5% SC @1.5-2 ml/Lit alternatively based on the 

pest incidence and severity. 

Conclusion 

Establishment of T. parvispinus in different states of India demands a special attention as a major pest 

inflict in severe crop losses. Therefore, it is emphasized that observation of damage symptoms helps in 

identifying the pest incidence. Management strategies involve various methods of controlling this invasive 

pest depending on the damage levels. 
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Abstract 

Biofertilisers are good source for enhancing the nutrient availability in soil and plants.They are ready to 

use, live formulations of beneficial micro-organisms which are agriculturally useful in terms of N fixation, 

P solubilization and nutrient mobilization by their biological metabolism to increase the productivity of soil 

and/or crop on application to seed, root or soil treatment for mobilizing the availability of nutrients. In 

India, systematic study on biofertilizers was started by N. V. Joshi in 1920.Rhizobium was the first isolated 

from various cultivated legumes, and this was followed by vast research by Gangulee, Sarkaria and Madhok 

on the physiology of the nodule bacteria besides its Inoculation for better crop production.Rhizobium and 

Blue Green Algae (BGA) are considered as the traditional biofertilizers, while Azolla, Azospirillum and 

Azotobacter are at the middle stage 

Keywords: Biofertilizers, Crop Production and Rhozobium. 

Introduction 

Biofertilizers are raised to harvest the naturally available, organic system of nutrient mobilization. Two 

common types of bio-fertilizers are in use are Nitrogen fixing micro-organism and Phosphorus solubilising 

micro-organism. Increase in plant growth might be due to the biological nitrogen fixation and by the 

production of growth promoting substances such as IAA and Gibberellic acid. The bacteria which promote 

plant growth are known as plant growth promoting rhizobacteria. The PGPR or co-inoculants of PGPR and 

AMF can advance the nutrient use efficiency of fertilizers. The synergistic interaction of PGPR and AMF 

was better suited to 70% fertilizer plus AMF and PGPR for P uptake. 

Types of Biofertilizers 

1. Symbiotic Nitrogen-Fixing Bacteria 

2. A looose Association of Nitrogen-Fixing Bacteria 

3. Symbiotic Nitrogen-Fixing Cyanobacteria 

4. Free-Living Nitrogen-Fixing Bacteria. 

Some important types of biofertilisers are as follows: 

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. 

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. 

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. 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. 
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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 biofertilisers. 

Importance of Biofertilizers 

1. Biofertilizers are important for the following reasons: 

2. Biofertilizers improve the soil texture and yield of plants. 

3. They do not allow pathogens to flourish. 

4. They are eco-friendly and cost-effective. 

5. Biofertilizers protect the environment from pollutants since they are natural fertilizers. 

6. They destroy many harmful substances present in the soil that can cause plant diseases. 

7. Biofertilizers are proved to be effective even under semi-arid conditions. 

Applications of Biofertilizers 

1. Seedling root dip 

2. Seed Treatment 

3. Soil treatment 

Seedling root dip: This method is applicable to rice crops. The seedlings are planted in the bed of water 

for 8-10 hours. 

Seed Treatment: The seeds are dipped in a mixture of nitrogen and phosphorus fertilizers. These seeds 

are then dried and sown as soon as possible. 

Soil Treatment: The biofertilizers along with the compost fertilizers are mixed and kept for one night. 

This mixture is then spread on the soil where the seeds have to be sown. 

Biofertilizers in Crop Production 

1. Rhizobium inoculation helps to enhance root nodulation, plant growth and produces higher grain yield 

by 10-15% under cultivated condition than a crop that has not been inoculated. 

2. They are capable of nitrogen fixation, phosphate solubilization, phosphate mobilization, and promotion 

of rhizobacteria. 

3. The preparation includes selective microorganism that may be useful for the soil. 

4. The suitability of the packaging is ensured for a longer shelf life and the safety of the environment and 

the user. 

5. Biofertilizers stimulate nutrients that favour the development of biological activities in soil which help 

in maintaining plant health. 

Conclusion 

Biofertilizers lead to soil enrichment and are suitable with long-term sustainability. Further, they pose no 

danger to the environment and can be substituted with chemical fertilizers. The application of bio-

fertilizers can minimize the use of chemical fertilizers, decreasing environmental hazards, enhance soil 

structure and promote agriculture. They play a key role in maintaining long term soil fertility and 

sustainability by fixing insoluble P in the soil not forms available to plants, thus increasing their 

effectiveness and availability. In context of both the cost and environmental impact of chemical fertilizers, 

excessive reliance on the chemical fertilizers is not a useful strategy in the long run due to the cost. 
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Abstract 

Weeds can be considered a significant problem because they tend to decrease crop yields by increasing 

competition for water, sunlight and nutrients while serving as host plants for pests and diseases. Since the 

invention of herbicides, farmers have used these chemicals to eradicate weeds from their fields. Using 

herbicides not only increased crop yields but also reduced the labor required to remove weeds. Today, some 

farmers have a renewed interest in organic methods of managing weeds since the widespread use of agro-

chemicals has resulted in purported environment and health problems. It has also been found that in some 

cases herbicides use can cause some weed species to dominate fields because the weeds develop resistance 

to herbicides. In addition, some herbicides are capable of destroying weeds that are harmless to crops, 

resulting in a potential decrease in biodiversity on farmers. It is important to understand that under an 

organic system of seed control, weeds will never be eliminated but only managed. 

Key words: Non-chemical, Organic farming and Weed management. 

Introduction 

In organic farming systems, the aim is not necessarily the elimination of weeds but their control. Weed 

control means reducing the effects of weeds on crop growth and yield. Organic farming avoids the use 

herbicides, which leave harmful residues in the environment. 

There are three methods to control weeds: 

a. Cultural methods 

b. Biological Methods 

c. Non chemical methods. 

Cultural Methods 

1. Proper crop stand and early seedling vigor: Lack of adequate plant population is prone to heavy 

weed infestation, which becomes difficult to control later. Therefore, practices like selection of most adopted 

crops and crop varieties, Use of high viable seeds, Pre plant seed and soil treatment with pesticides are 

very important to obtain proper and uniform crop stand capable of offering competition to the weeds.  

2. Smoother crop: This crop germinates very quickly and develop large canopy and capable of efficient 

photosynthesis within short period. They possess both surface and deep roots.  

3. Proper planting method: Any planting method that leaves the soil surface rough and dry will 

discourage early growth. Plough planting (Minimum tillage) methods proved to be very useful to reduce 

early weed growth.  

4. Planting time: Peak period of germination of seasonal weeds coincides with crop plants.So, little earlier 

or later than normal time of sowing is beneficial by reducing early crop weed competition. 

5. Growing of intercrops: Inter cropping suppresses weeds better than sole cropping and thus provides 

an opportunity to utilize crops themselves as tools of weed management. Many short duration pulses viz., 

greengram and soybean effectively smother weeds without causing reduction in the yield of main crop. 

6. Crop rotation: Growing of different crops in recurrent succession on the same land is called as crop 

rotation. Monocropping favors persistence and association of some weeds. Crop rotation is effective in 

controlling of crop associated and crop bound weeds such as Avenafatua in wheat and Cuscuta in dodder. 

7. Summer fallowing: The practice of summer tillage or off-season tillage is one of the effective cultural 

methods to check the growth of perennial weed population in crop cultivation. In the month of April, May 
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and June farmers expose their lands to sun in order to control many soil born pests, including weeds roots, 

rhizomes and tubers of shallow rooted perennials like Bermuda grass and Nut sedge. 

Biological Weed Control 
Utilization of natural living organism, such as insects, herbivorous fish, animals, competitive plants to 

limit their growth. In biological control method, it is not possible to eradicate weeds but weed population 

can be reduced. There are six kinds of bio-agents which are used to control weeds. 

These bioagents may be specific or non-specific. 

1. Specific bioagents: 

a. Insects 

b. Plant pathogen 

c. Competitive plants. 

2. Nonspecific bioagents: 

a. Carp fish 

b. Snails 

c. Mites. 

Non-Chemical Method of Weed Management 

Bio Herbicide weed control: The part Bioherbicide are pathogens cultured artificially and made 

available in Sprayable formulations just like a chemical herbicide. The Bioherbicide are also sometimes 

called myco herbicide. A myco herbicide can be both specific and non- specific. Bioherbicide consists of 

microorganisms such as pathogens and other microbes or Phtotoxins. These are derived from Microbes, 

insects or plant extracts that act as natural means of weed control 

Some commercial mycoherbicides in use Abroad: The product is De-vine used to control strangler- 

vine weed in citrus orchards. The product is Collego used to control joint vetch (Aeschynomonesp). Weed in 

rice fields. The Bioherbicide causes stem and leaf blight in the weed. The product is Bipolaris used to control 

Johnson grass (sorghum halepense). The product is luboa-2 used to control cuscuta. 

Conclusion 

Organic farming avoids use of herbicides, which leave harmful residues in environment. In organic farming 

weed control means reducing the effects of weeds on crop growth and yield. In organic farming weeds are 

not totally eradicated, but their population is controlled. 
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Abstract 

Crop losses due to abiotic (weather related) and biotic stresses (diseases and insects) is of prime concern 

for farming community. Advent of digital technology has also empowered farmers in taking their farm 

decisions and managing crops in a better way. Sometimes the technology (crop models, expert system and 

mobile applications) is beyond understanding and ease zone of farmers either due to language barrier, cost 

and lacking technical skills. As a result, farmers are not always benefitted by the technology. Use of basic 

learning skills like audio, visuals and speech could make such digital tools more farmer friendly and 

effective at ground level. An attempt has been made in this direction by conceptualizing this idea for 

developing a mobile application. 

Keywords: Crop, Disease, Management, Digital, Application. 

Introduction 

Agriculture depends on various factors changing on daily basis; among which, weather condition plays a 

major role in crop growth and disease incidence, which effects crop productivity at the end. Occurrence and 

spread of a plant disease requires a susceptible host, virulent pathogen, and favorable environment and 

such biotic stresses can cause huge yield loss in crops. Long term changes in climate and more human 

interference with time is now attracting new invasive diseases in humans, plants and animals which is 

challenging global food and nutritional security for future generations. Any kind of inaccurate identification 

and selection of wrong management practices may lead to crop failure and financial burden on farmers. In 

some cases, farmers utilize their inherent practical knowledge to identify the disease by visual 

interpretation of disease symptoms and opt for easily available management options. But their own 

knowledge is not sufficient in dealing with all kind of plant diseases and then they search for the expert 

advice which may not be available at all time and at all places. Though the Universities, KVKs and 

Research Organizations are working day and night to solve their issues by organizing farmers training 

programme, field visits, providing information brochures, booklets, leaflets, folders etc. but still there is the 

need of some expert system that can be accessed by anyone, anywhere and at any time. Now a day, a large 

portion of population is having access to smart phones with certain inbuilt applications and provision of 

adding required application by the user (Image 1). Android based applications are becoming popular among 

the people of all groups and ages, as these are easy to understand and to be used. 

 
Image 1: Search of digital tool for solving crop disease related queries 

Need of Digital Tool Based on Basic Learning Style 

Timely and accurate identification and detection of economically devastating diseases is necessary for 

proper management at farm level to check its further spread on a larger scale. At present we are living in 
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digital world where all have access to smart phones and multimedia platforms but at the same time we are 

running short of time to read out the information and furthermore it is difficult to continue with the same 

level of interest and concentration. 

Not all the farmers are literate and have technical skills but they can understand by watching and listening 

as these are the basic learning skills. Thereby, utilizing the basic learning skills we can link our farming 

community to the digital world that too with minimum technical knowledge. There are various apps for 

crop disease diagnosis and management such as Agrio, CropsAI, Plants Disease Identification, Leaf Doctor, 

Purdue Tree Doctor, Leaf Plant Tech etc. and very few are for Indian conditions like Plantix, Crop Doctor 

and Crop Darpan. 

Most of these apps are either AI-based (requiring camera access to click the photo of diseased plant), using 

drone imageries or questionnaire based. Sometimes farmers do not have a high-resolution smart phone and 

are unable to click the correct photo, requiring high cost and unable to answer the questionnaire (either 

due to language issue, lengthy form or time constraint) then the developed diagnosis system is generally 

found unable to detect the crop and symptoms of diseases, hence could not provide solution to their 

problems and limiting its use. 

Rather the Audio-Visual aids based digital tool would be easier option for farmers to match the symptoms 

from given images, listen the message for disease identification and its management suggested by the 

subject experts and record the voice message for any specific query or else contact the expert for further 

personalized solutions related to disease management, if any. 

An Attempt 

Keeping all the above-mentioned facts in mind one mobile app namely “Crop Disease Identification & 

Management Application (CDIMA)” was conceptualized, designed and developed for farming community 

so that they can access the required information in their preferred language, at any place, at any time in 

an easily understandable user interface. This application was developed as a project activity during two 

weeks online short-term course on “Mobile Application Development for Agricultural World (Beginner 

Level)” organized by G.B. Pant University of Agriculture & Technology, Pantnagar, Uttarakhand under 

Institutional Development Plan of National Agricultural Higher Educational Project (IDP-NAHEP) from 

22nd February - 09th March June, 2021. 

The CDIMA app was developed in studio.code.org platform by writing certain well-defined codes 

(https://studio.code.org/projects/applab/RHjVmtdtxepd5487j60VJANv89AkQ2uv4bqx1OBUZUs) and 

following steps as shown in the form of a flow chart (Image 2). 

Benefits 

The conceptualized and developed technology (CDIMA) will offer following benefits: 

1. It will reduce cost of printing for information brochures, leaflet, folders etc. hence it is more budget 

friendly option for teaching and research organizations. 

2. It will reduce the cost of production, as it will minimize unnecessary use of chemical control measures 

and will also address the issue of soil and water pollution.  

3. Similarly, by reducing paper consumption in print media it is more environment friendly and smart way 

of natural resource management. 

4. It is a time saving technology as it reduces the time involved in reading voluminous information by use 

of AV tools. 

5. User can easily understand provided information through selection of his preferred language option. 

6. User can access required information of need at any time and at any place, hence can perform disease 

management operations remotely as well. 

7. It can be used by person of any age and qualification as it does not require any technical knowledge and 

asks for minimum information from user. 

8. Information dissemination among the target group (i.e., farmers) will be much faster as compared to 

print media due accessibility of smartphones. 

9. If users are not satisfied with the given disease and management suggestions, they can get personalized 

solutions to their problems by use of “Ask Expert” module. 

https://studio.code.org/projects/applab/RHjVmtdtxepd5487j60VJANv89AkQ2uv4bqx1OBUZUs


 

 
Volume 04 - Issue 07 - July 2022       478 | P a g e  
 

 
Image 2: Flow chart and main screen of mobile application 

Way Forward 

In future, few more aspects of disease management can be taken up, as follows: 

1. Short videos on disease symptoms development  

2. Weather forecast for the location of farmer  

3. Probable disease incidence time 

4. Calculating disease severity level  

5. Most appropriate time for recommended control measure  

6. Feedback for further improvement. 
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Introduction 

Crop residues are parts of the plants and left in the field after crops have harvested and threshed. The 

recycling of crop residues has the advantage for converting the surplus residues into useful product for 

meeting nutrient for soil microorganism as well as succeeding crops. 

Why Farmer Go for Crop Burning? 

1. Due to the shortage of the human labor.  

2. The reason behind this is, limited time between two consecutive crop cultivations.  

3. From the farmers’ point of view, burning may be seen as the best management practices for disposing of 

crops residues. It is not only a cost-effective method but it acts as an effective practices’ insect pest control. 

Problems Associated with Crop Residue Burning 

1. Loss of nutrients: It is estimating that burning of one tonne of crop residue account for loss of the 

nutrient 5.5 Kg Nitrogen, 2.3 Kg phosphorus, 25 Kg potassium and 1.2 kg sulphur besides and complete 

loss of organic carbon. 

2. Impact on soil properties: 

a. It elevates soil temperature causing death of beneficial soil organisms. 

b. It immediately increases the bicarbonate extractable P content, but there is not build up nutrients 

in the soil profile.  

c. It results in temporary loss of microbial population, as the microbes regenerate after a few days. 

3. Emission of greenhouse gases (GHG): Burning of residues emits a significant amount of Green House 

Gasses (GHGs). About 70%, 7% and 0.7% of C present in rice straw is emitted as carbon dioxide (CO2), 

carbon monoxide (CO) and methane (CH4), respectively. 

Impact of Crop Residue Management 

1. It usually refers to maintaining the soil surface cover and protecting the soil from nutrient losses as well 

as erosion.  

2. Proper crop residue management helps in adding soil organic matter and provides food for soil micro-

organisms.  

3. It plays decisive roles in improving soil quality as well as addressing several environmental issues. These 

crop residues generally act as a primary contributor to elemental carbon in soil. 

Challenges for Management of Crop Residue 

1. Huge volume of crop residue. 

2. Collection & Storage.  

3. Time window between harvesting and sowing of two (next) crops.  

4. Utilization of crop residue.  

5. Cost-effective mechanization, awareness and availability of appropriate machinery. 

Management of Crop Residues 

In-situ straw management: Mulching and incorporation are the two suggested methods of in-situ straw 

management. Mulching is practiced where rice is followed by wheat and incorporation is adopted when rice 

is followed by potato or other crops.   
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Machinery for retention of paddy straw as mulch on soil: 

a. Combine with super SMS: For uniform spreading of loose paddy straw left in the field after 

combine harvesting, the super straw management system (super SMS) attachment has been 

developed. There are more than 35 manufacturers of the super SMS, cost $ 1500. 

b. Happy seeder: It cuts and chops the straw in front of furrow openers and throws it over the 

sown crops which acts as mulch. Operated by 40 kW tractor, cost about $ 2100 and covers 0.3-0.4 ha 

per hour. 35-40 manufacturers and more than 250 suppliers. 

  
Happy Seeder Super Sms 

Machinery for Incorporation of Paddy Straw into the Soil 
Paddy straw chopper/ mulcher: Harvests the stubbles, chops it into pieces and spreads in the field in a 

single operation. Operated by a 35-kW tractor, costs $ 1700 and covers about 4 ha per day.  

Reversible mould board plough: For mixing chopped paddy residue left after combine harvesting into 

the soil for seedbed preparation before sowing wheat, potato or other vegetables. It consists of 2 bottoms, 

costs $ 2800 and covers 0.3 ha area per hour. 

Rotavator: for filed preparation, operated with 35kW tractor. Rotating blades pulverise soil by breaking 

clods. After field preparation, sowing of the next crop by seed drill/planter. It costs $ 1500 and covers 0.3-

0.35 ha area per hour. 

 
 

 

Reverse Mould Board Plough Paddy Straw Rotavator 

Ex-Situ Crop Residue Management 

Baling and transporting straw from the field, though appear to be an option for safe disposal, will be feasible 

only when alternate, effective and economically viable usage methods are identified and facilities and 

infrastructure for ex-situ management methods are created. 

1. Biomass pellets from Crop Residues as a fuel substitution in thermal power plants  

2. Industrial level production of Biogas / Bio-CNG / Compressed Bio-gas (CBG) from Paddy Straw  

3. Power Generation from Biomass 

4. Alcohol production from paddy straw (lignocelluloses biomass)  

5. Ex-situ Composting of Paddy Straw. 
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Biomass Pellets from Crop Residues as a Fuel Substitution in Thermal Power Plants 

The biomass pellets are preferred in the thermal power plant because of the small diameter and sizes and 

the good binding strength they possess. They burn also very easily along with coal, the common fuel in 

power plants. 

  
Biomass Pellets Biogas Production 

Industrial level production of Biogas / Bio-CNG / Compressed Bio-gas (CBG) from Paddy 

Straw 

Paddy straw can be digested by anaerobic means for the production of biogas as a fuel for the kitchen as 

well as for power generation. Utilization of surplus crop residue especially the paddy straw to generate 

biogas / Bio-CNG / CBG creates better opportunities for reducing environmental pollution and employment 

generation. 

Power Generation from Biomass 

Operation of plant: The plant comprises of: 

a. Feed preparation unit. 

b. Substrate feeding unit. 

c. Biogas reactors. 

d. Hydrogen sulphide scrubbing unit (Biological Scrubber). 

e. Power generation and grid feeding unit, vi) Bio-fertilizer preparation unit. 

Biomass power-based power generation process includes installations from biomass combustion, biomass 

gasification and bagasse cogeneration. India has an installed capacity of over 5,940 MW biomass-based 

power plants comprising 4,946 MW grid connected and 994 MW off-grid power plants. 

Biomass Power projects have been the following inherent advantages over thermal power generations: 

a. They are environmentally friendly because of relatively lower CO2 and particulate emissions. 

b. They displace fossil non-renewable fuels such as coal.  

c. They are decentralized, load-based means of generation, because electricity is produced and 

consumed locally. Therefore, the losses associated with transmission and distributions are reduced. 

d. They offer employment opportunities to locals and help in local revenue generation and up-

liftment of the rural population.  

e. They have a low gestation period and low capital investment.  

f. It is an established and commercially viable technology option. 

Alcohol production from paddy straw (lignocelluloses biomass): Govt. of India has allowed 

procurement of ethanol produced from other non-food feedstock besides molasses, like cellulosic and 

lignocelluloses materials including petrochemicals route, subject to meeting the relevant BIS standards. 

The next generation of technologies which can produce ethanol from non-food feedstock are being termed 

as second generation (2G) technologies. The ethanol being produced from these technologies is being termed 

as “2G Ethanol”. 
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The production of ethanol from any lignocelluloses biomass generally involves four steps – feedstock pre-

treatment, enzymatic saccharification, fermentation and ethanol recovery. One kg of rice straw contains 

roughly 400 g of cellulose which is theoretically enough for producing 250 to 300 ml ethanol. 

  
Alcohol production from paddy straw Power Generation from Biomass 

Conclusion 

Crop residues of common agricultural crops are significant resources, not only as sources of nutrients for 

following crops and hence agricultural productivity, but also for improved soil, water and air quality. The 

development of effective CRM systems depends on a thorough understanding of factors that control residue 

decay and their careful application within a specific crop production system. Preserving and managing crop 

residues in agriculture can be economically beneficial to many producers and more importantly to society. 

Improved residue management and reduced tillage practices should be encouraged because of their 

beneficial role in reducing soil degradation and increasing soil productivity. 
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Abstract 

Minimizing the necessary time to perform agricultural operation had always been one of the overarching 

aims of the farmer and machine developers. This becomes even more imperative when related to non-

working time. An operation that requires substantial time is the turning at the headlands, this requires 

the operator to repeat set of operation each time the tractor traverse the field. Minimizing the infield non-

working time at the headland could lead to an increased efficiency of the utilized machinery. Several 

headlands turn sequence systems have been developed by tractor manufacturers with the aim of reducing 

the number of imperative movements that is required to perform. Cario et al. (2010) proposed the path 

generation and motion control for the autonomous maneuvers of vehicle in headland by using predictive 

action algorithm, an overall tracking error within ±5 cm and ±20 cm was obtained with mounted implement 

and trailer system respectively. 

Keywords: Headland Management, Automatic Turning, Automatic Guidance System. 

Introduction 

Minimizing the infield non-working time that is spent when performing agricultural applications is one of 

the main factors that could lead to an increased efficiency of the utilized machinery. Machine developers 

and technology providers are striving to offer various solutions towards this direction. Bochtis et al. (2008) 

used an algorithm in order to find the most suitable sequence and reported up to 50% savings on non-

working distance. For several years, scientists and manufacturers have widely explained the benefits of 

developing automatic headland turning systems for agricultural vehicles, in order to improve the field 

efficiency of machine while relaxing the human operator from monotonous and dangerous field operations. 

Automatic-steering systems are becoming more and more popular with time, and focus on following parallel 

tracks in the field with minimal error. Research activities related to automatic headland guidance of 

agricultural tractors or implements have pointed out various solutions. Sensor including mechanical 

sensors, on the go sensors, global navigation satellite systems (GNSS), real-time kinematic (RTK), laser 

triangulation, geomagnetic and ultrasonic to generate position, attitude and direction-of-movement 

information and supply it to electronic control unit. This control unit takes the decision based on control 

algorithm. The corrected signals then send to various actuators. Hydraulic actuators are used to covert 

corrected guidance information into changes of position and direction of vehicle. 

Guidance systems for agriculture tractors or implements usually consist of at least the following three 

parts: 

a. A sensor that supplies the system with the position deviation of the vehicle or implement 

b. A controller which generates a system specific correction signal 

c. An actuator that, combined with the forward movement of the system, alters the position of the 

vehicle or implement. 

Manoeuvres Automation for Agricultural Vehicle in Headland 

Dimitrios et al. (2018) developed the methodology that automatically determines the turning pattern based 

on the experimental data and reported that skipping two track and entering the third parallel track 

requires 71 % less time as compare to conventional side by side turn sequence. Precise driving can mean a 

5% savings on chemicals, broadcast fertilizer and lime, broadcast seeds (no row markers), fuel, labor, and 

machinery depreciation. However, more advanced programmability and software are today required, in 

particular for automation in headland driving. In fact, the operator must still manually perform 

manoeuvres at the end of each row before reengaging the automatic guidance system in the next path to 

follow, in order to benefit of fully automated guidance solutions, and therefore reduce the workload on the 
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human operator (and even enable to consider driverless agricultural vehicles), the automation in headland 

driving has to be studied carefully. Very few approaches have been proposed in that direction, mainly based 

on loop turns which involve excessive headland width for turning. Some researcher proposes to address the 

reverse turns, i.e., manoeuvres execute with stop points and reverse motion leading to reduced headlands, 

and more in accordance with European agricultural practices. Fig.1 shows the various types of manoeuvre 

pattern used by operators. 

 
Fig. 1: Different types of Manoeuvres Pattern 

Manoeuvres Pattern 

1. Loop turns involve excessive headland width for turning and not optimal 

2. Fish tail & with trailer manoeuvres consists stop points and revers motion but leading to reduced 

headlands 

3. Easiest approach is a fish-tail manoeuvre but usually performed with mounted implement. 

4. If a vehicle-trailer system is considered, with-trailer pattern is used. 

Conclusions 

Based on the laboratory and field testing by various researcher, it can be concluded that headland driving 

system have great advantage to reduce headland width and increase the field efficiency of agriculture 

tractor or implement, because there were no cases when an algorithm performed worse than the farmers 

approach. Among the various headland turning pattern, it is advantageous to use U-pattern which is 

skipping two tracks and entering the third track Dimitrios et al. (2018). It is also pointed out that loop turn 

requires maximum time and should be avoided for turning. 
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Abstract 

Cryopreservation protocols have been introduced as techniques for germplasm preservation of vegetatively 

propagated horticultural and staple food crops. Cryotherapy method can be applied for a large-scale 

elimination of viruses from plant germplasm and from candidate nuclear stock in a certified plant 

production scheme. Routine use of cryotechniques in germplasm preservation of vegetatively propagated 

horticultural plants was started. Besides for long term germplasm preservation, cryopreservation 

techniques can be applied also for maintenance of mother stocks in certified plant production schemes and 

in commercial plant production. 

Introduction 

Cryopreservation: Cryopreservation is a process that preserves cells, organelles, tissues, or any other 

biological constructs by cooling the samples to very low temperatures. Typically, -80 using CO2 or -196 

using liquid nitrogen. Cryo is Greek word. (krayos – frost). 

It Literally Means Preservation in “Frozen State.” 

The principle - to bring plant cells or tissue to a zero metabolism and non-dividing state by reducing the 

temperature in the presence of cryoprotectant. 

Cryo-preservation can be done: 

a. Over solid carbon dioxide (at -79 degree).  

b. Low temperature deep freezer (at -80 degree).  

c. In vapor phase nitrogen (at -150 degree). 

d. In liquid nitrogen (at -196 degree). 

Mechanism of Cryopreservation 

The cryopreservation technique followed by the regeneration of plants involves following steps 

1. Selection of material. 

2. Addition of cryoprotectant. 

3. Freezing.  

4. Storage in liquid nitrogen.  

5. Thawing.  

6. Washing and reculturing.  

7. Measurement of viability.  

8. Regeneration of plants. 

Selection of Plant Material: 

a. Selection of proper plant material is important.  The two important factors are:  

b. Nature and  

c. Density  

d. Any tissue can be selected for this purpose. e.g., meristem, embryo, ovules, seeds etc., The density 

should be high. 

Addition of Cryoprotectant: 

a. They are chemicals which prevent cryo-destruction.  
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b. There are several cryoprotectants which include dimethyl sulfoxide (DMSO), glycerol, ethylene, 

propylene, sucrose, mannose, glucose, proline and acetamide. Among these, DMSO, sucrose and 

glycerol are most widely used. 

c. Generally, a mixture of cryoprotectants instead of a single one is used for more effective 

cryopreservation without damage to cells/tissues. 

Cryoprotectants 

1. Cryoprotectants are substance that is used to protect biological tissue from freezing damage. 

2. Cryoprotectants operate simply by increasing the solute concentration in cells.  

3. However to be biologically viable they must: 

a. Easily penetrate cells. 

b. Not be toxic to cells. 

Types of Cryoprotectants 

Based on their ability to diffuse across cell membranes, two types of cryoprotectants are there: 

1. Penetrating cryoprotectants  

2. Non-penetrating cryoprotectants 

Penetrating Cryoprotectants: 

a. Penetrating cryoprotectants penetrate the cell membrane and enter the cytosol. 

b. They are exclusively small molecules. 

c. They form hydrogen bonds with water to prevent ice crystallisation. 

d. They act by replacing water and therefore controlling cell size changes as well as preventing 

intracellular ice formation and prevent excessive dehydration during cell cryopreservation. 

e. Common penetrating cryoprotectants are DMSO (Dimethyl sulfoxide), glycerol, ethylene glycol. 

Non-Penetrating Cryoprotectants: 

a. This type of cryoprotectants do not penetrate the cell membrane.  

b. They are larger molecules, usually polymers such as polyethylene glycol or saccharides such as  

sucrose. 

c. Non-penetrating cryoprotectants are thought to act by dehydrating the cell before freezing, 

thereby reducing the amount of water that the cell needs to lose to remain close to osmotic 

equilibrium during freezing. 

d. They inhibit ice growth by the same mechanism as penetrating cryoprotectants, but they do not 

enter cells. 

Freezing 

The sensitivity of cells to low temperature depends on the plant species. There are four different types of 

methods:  

1. Slow freezing method: The tissue or plant material is slowly frozen at slow cooling rate (0.1-10 ℃). 

The advantage is the plant cells are partially dehydrated and survive better.  

2. Rapid freezing method: It involves plunging the vials in liquid nitrogen. The temperature decreases 

from -300 to -1000 degree rapidly.  

3. More rapid freezing method: In this temperature gets lowered by -20 ℃ to -40 ℃ and allows protective 

freezing of the cells. freezing stopped for 30 min and the rapidly freeze in liquid nitrogen. 

4. Dry freezing method: In this method dehydrated cells and seeds are stored. 

Storage 

1. If the cells are not stored at sufficiently low temperature, an additional injury to the material occurs 

2. The storage temperature be such that it stops all the metabolic activities and prevents biochemical 

activity. 

3. This can be achieved with the help of liq. N2 at -196 ℃. 

Thawing 

1. Usually carried out by plunging the vials into warm water bath maintained at 20 ℃ to 25 ℃ with 

vigorous swirling. 
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2. Thawing has to be rapid to avoid ice crystal formation. 

Washing and Reculturing 

1. The preserved material is washed few times to remove the cryoprotectant.  

2. This material is then recultured in a fresh medium. 

Measurement of Viability 

1. There is possibility of death of cells due to storage stress. Thus, viability can be found at any stage. 

2. It is calculated by formula: No of cells growing / no of cells thawed * 100. 

Viability Cell Tests 

1. Regrowth of the plants from stored tissues or cells is the only test of survival of plant materials.  

2. Viability of the explants/cells after cryopreservation can be assessed by:   

a. Flourescein diacetate (FDA) Test  

b. Triphenyltetrazolium chloride (TTC) Test  

c. Evan’s Blue Staining. 

Flourescein diacetate (FDA) Test: 

a. The viable cells covert the FDA into fluorescin (Green) due to esterase. 

b. Cells with an intact plasma membrane fluoresce green in ultraviolet light. 

c. The larger molecules of fluorescin are unable to pass through the membrane.  

Triphenyltetrazolium chloride (TTC) Test: 

a. The viable cells which contain the enzyme mitochondrial dehydrogenase will give positive TTC 

Test 

b. The mitochondrial dehydrogenase reduces the tetrazolium salt and converts it into a red 

Formazon which can be assayed spectrometrically. 

Evan’s Blue Staining: 

a. One drop of 0.1% solution of Evan’s blue is added to cell suspension on a microscope slide and 

observed under light microscope. 

b. Only Non-viable cells (dead cells) stain with Evan’s blue.  

c. % of viable cells   =     No. of fluorescent cells Х 100  

                                    Total no. of cells (Viable + Dead) 

Plant Regeneration 

The viable seeds are cultured on non-specific growth medium. Suitable environmental conditions are 

maintained. 

Regeneration of Plants After Cryopreservation 

1. Regeneration is an important criterion for the cryopreserved materials. 

2. It is done by putting the ampoule containing the frozen tips in a warm water bath (35 to 40°C) with a 

vigorous swirling action up to the point of ice disappearance. 

3. After thawing quickly transfer the tubes to a water bath maintained at room temperature. 

4. Sub-culturing of the thawed samples. 

Applications 

1. It is ideal method for long term conservation of material. 

2. Disease free plants can be conserved and propagated. 

3. Recalcitrant seeds can be maintained for long time. 

4. Endangered species can be maintained. 

5. Pollens can be maintained to increase longevity. 

6. Rare germplasm and other genetic manipulations can be stored. 

Major Advantages are 

1. Once the material is successfully conserved too particular 

2. Temperature it can be preserved indefinitely. 
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3. Once in storage no chance of new contamination o fungus or bacteria. 

4. Minimal space required. 

5. Minimal labor required. 

Limitations 

1. Formation ice crystals inside the cells should be prevented as they cause injury to the organelles and the 

cell. 

2. High intracellular concentration of solutes may also damage cells. 

3. Sometimes, certain solutes from the cell may leak out during freezing. 

4. Cryoprotectants also affect the viability of cells. 

5. The physiological status of the plant material is also important. 

Conclusions 

1. Cryotherapy could be adopted in pathogen-eradication schemes with high efficiency for species and 

genotypes that are going to be cryopreserved. Cryotherapy-based procedures do not require any special 

equipment. 

2. It marginally add to the time and cost of the traditional procedures of shoot tip culture for pathogen 

eradication. 

3. The use of vitrification protocols and optimized regeneration of shoots will minimize the risk of soma 

clonal variation. 

4. Cryotherapy of shoot tips for plant pathogen eradication has proven to be much more efficient and 

advantageous than more traditional methods. Using pathogen-free planting materials can improve the 

yields and quality of existing elite cultivars, especially those that are vegetatively propagated. 

Status of Cryopreservation in Horticultural Crops 

1. Globally, successful cryopreservation protocols have been optimized for Banana, Pine apple, Citrus, 

Papaya, Strawberry, Japanese Persimmon, Olive, Date palm, Bluberry and Grapes using various explants 

adopting different cryogenic storage techniques. 

2. At the international, National Institute of Agro biological Resources (NIAR) of Japan holds about 50 

accessions of mulberry and INIBAP, Laboratory of Tropical Crop Improvement, Belgium has 440 banana 

accessions in cryogenebank.  

3. At present, the institutes such as National Bureau of Plant Genetic Resources (NBPGR, New Delhi) and 

Indian Institute of Horticultural Research (IIHR, Bengaluru) are involved large-scale cryobanking of 

horticultural crops in India.  

4. The NBPGR holds 13363 accessions of various agri-horticultural species in the form of seeds/ embryo/ 

embryonic axes/ dormant buds/meristems or pollen, of which 3465 accessions of fruits and nuts are 

cryopreserved as seeds, while IIHR has 675 accessions of pollen of various horticultural species. 
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Summary 

Population growth and rapid weather changes around the world are putting great pressure on agricultural 

products in terms of quality and sustainable food production. While these unique technologies are highly 

efficient, they require the consistent attention of researchers and scientists for 

better applications and performance. Smart agriculture involves the integration of information and 

communication technologies to better utilize resources from sowing, irrigation, fertilization, pesticides, 

herbicides and final harvests. However, this system includes self-driving cars, robots equipped with 

a global positioning system and connected with intelligent applications. Accurate application of this 

technology along with the Internet of Things is said to be a technology that helps farmers improve their 

living standards with high production and profits, and can be a good indicator of food security. 

Introduction 

In contemporary times, applications of artificial intelligence (AI) related to machine learning (ML) have 

been growing rapidly, while the COVID-19 pandemic has pushed these emerging technologies to the top of 

the business agenda. Essentially, these methods allow computer systems to be “trained” using existing data 

correlations of the problem to be solved. The increasing power in computing observed within the last decade, 

and the availability of large volumes of data in an abundance of scientific fields has led to the introduction 

of methods and models being part and parcel of a new category of ML, that of deep learning (DL), where 

more complex models that previously could not be implemented by existing computers are now realistic 

and functional. The Developments in AI, DL, the Internet of Things (IoT), block chain, and other digital 

technologies are now being used in both crop and livestock agricultural production and transitioned sectors 

in the new age of “smart farming”. 

 

Smart Farming 

Smart farming is an integrated production system that utilizes the achievements of technology as well as 

specific decision-making processes, combines all factors of production, and integrates knowledge and 

agricultural research in order to optimize the agricultural sector 

The goal of smart farming:  

1. To support the decision-making process when managing a crop or a herd, as well as to increase the 

number of correct decisions made per unit of cultivated area or per animal, considering the available time. 

2. To integrate the green energy sources into smart farms in order to achieve a sustainable agriculture 

sector. 
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Smart farming is related to three interconnected areas of technology as analyzed below: 

1. Management Information Systems: Programmed systems for the collection, processing, storage, and 

dissemination of data in the format required to perform the tasks and functions of an agricultural 

enterprise. 

2. Precision Agriculture: Managing spatial and temporal change to improve economic performance 

combined with reducing inputs and environmental impact. Includes Decision Support Systems (DSS) for 

the entire management of agricultural holdings in order to optimize yields on inputs while conserving 

resources, which are characterized by the widespread use of geo location systems (GPS, GNSS), aerial 

photographs from UAVs, and the latest generation of supernatural images provided by Sentinel satellites, 

resulting in the creation of spatial variability maps of various measurable variables (e.g., crop yield, soil 

characteristics/topography, organic matter, moisture levels, nitrogen levels, etc. 

3. Agricultural Automation and Robotics: The process of applying robotics, automated control, and 

artificial intelligence techniques to all levels of agricultural production, including farm bots and farm 

drones. 

 

Future Challenges, Opportunities, and Prospects 

Without any doubt, smart farming is helpful for farming community with real-time alerts, help in 

managements and precise use of agricultural resources for sustainable food production. But this system 

involves innovative technology that is expensive, as well as the farming community, is not well aware, 

especially in the developing countries. The main challenge is the small landholdings and the farmers are 

unable to adopt smart farming with limited knowledge and skills. The main identified reasons from the 

developing countries are as follows: 

1. Internet connectivity. 

2. GPS signals. 

3. Energy requirement. 

4. e-wastes. 

Conclusion 

Agriculture production is experiencing a modern revolution and has involved the use of communication and 

information technology. The technological revolution in agriculture farming led by the improvements in 

robotics and sensing technologies looks set to disrupt the advanced practices. Use of modern agricultural 

technologies is must because it can increase production and can reduce the input cost. Several aspects of 

modern autonomous machinery can give great benefit when applying them in agriculture, especially in 

smart farming. In the future, smart farming can be a powerful tool for farmers for the efficient use of 

resources and real-time management. But this is a sketch of farming controlled by a high input of revenue 
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and technology. That might be difficult for some developing farming communities until they will be 

provided by subsidy. This relief can create a revolution in every part of the world and can secure food 

availability for the growing population. 
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Abstract 

The term “Biological control” and its abbreviated synonym “biocontrol” have been used in different fields of 

biology, most notably entomology and plant pathology. In plant pathology, the term applies to the use of 

microbial antagonists to suppress diseases as well as the use of host specific pathogens to control weed 

populations. In both fields, the organism that suppresses the pest or pathogen is referred to as the biological 

control agent (BCA). More broadly, the term biological control also has been applied to the use of the natural 

products extracted or fermented from various sources. These formulations may be very simple mixtures of 

natural ingredients with specific activities or complex mixtures with multiple effects on the host as well as 

the target pest or pathogen. And, while such inputs may mimic the activities of living organisms, non-living 

inputs should more properly be referred to as biopesticides or biofertilizers, depending on the primary 

benefit provided to the host plant. More narrowly, biological control refers to the purposeful utilization of 

introduced or resident living organisms, other than disease resistant host plants, to suppress the activities 

and populations of one or more plant pathogens. 

Introduction 

Pseudomonas stutzeri was first described by Burri and Stutzer in 1895. Pseudomonas stutzeri is a non-

fluorescent denitrifying bacterium widely distributed in the environment.  Strains of the species have been 

identified among denitrifiers found in natural materials. Their inclusion in the phenotypic studies showed 

that Pseudomonas stutzeri expressed typical colonies, the strains are nutritionally versatile, using some 

carbon compounds seldom utilized by other pseudomonads (e.g., starch, maltose, and ethylene glycol). Some 

strains have received particular attention because of specific metabolic properties (such as denitrification, 

degradation of aromatic compounds, and nitrogen fixation). P.stutzeri is distributed widely in the 

environment, occupying diverse ecological niches, and has also been isolated & using as a biocontrol agents 

against plant pathogens.in this article, the morphological, physiological & biological  activities of 

Pseudomonas stutzeri has been reviewed. 

Characteristics of Pseudomonas stutzeri  
Pseudomonas stutzeri is a Gram-negative, rod-shaped, non-spore forming bacterium that is typically 1–

3 microns long and 0.5–0.8 microns wide. Over the past 15 years, much progress has been made in 

elucidating the taxonomy of this diverse taxonomical group, demonstrating the clonality of its populations. 

The species has received much attention because of its particular metabolic properties.It has been proposed 

as a model organism for denitrification studies. 

 
Pseudomonas stutzeri 

https://en.wikipedia.org/wiki/Spore
https://en.wikipedia.org/wiki/Microns
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Pseudomonas stutzeri - as a Bio Control Agent 

Sl. No. Crop Name Disease Name Causal Organisms 

1. Paddy Sheath blight pathogen Rhizoctonia solani 

Bacterial leaf blight  Xanthomonas oryzae pv. oryzae 

Rice blast Pyricularia grisea 

Bakanae Fusarium moniliforme 

2.  Maize Bacterial wilt Ralstonia solanacearum  

Mode of Action of Pseudomonas stutzeri 

 
Pseudomonas sp. 

Preparation of Mother Culture 
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Mass Production of Pseudomonas stutzeri 

Prepare the kings B medium 

 
Pour it into the fermentor 

 
Sterilize it at 15lb pressure for 15 minutes 

 
Cool it 

 
The mother culture of Pseudomonas is added to the king’s B medium in the fermentor at the 

rate of 3 lit for 40 lit of the broth 

 
Incubated in the fermentor for 2 days 

 
Frequent mixing of the broth by operating the stirrer 

 
The broth containing the bacterial growth is collected in plastic buckets 

 
Mix with talc powder for commercial formulation 

Conclusion 

Biocontrol agents are important that it should be applied properly. It is effective as a seed treatment with 

or without fungicides. The basic reason why this is used is its multifaceted nature and broad range. It 

colonizes roots, increases root mass and improves plant health, and consequently provides yield increases, 

which chemical fungicides applied at reasonable rates cannot do. It can also be used in conjugation with 

other microbes, which thereby increases its efficiency. The two-pronged advantage would be a reduction in 

the use of pesticides and limiting root-attacking diseases, plus protection of transplants in the field by 

virtue of its ability to colonize roots. Besides this, powdered formulations can be made and applied to the 

seed directly, and then the seeds are sown. This would reduce the amount of biocontrol agent used, as well 

as protect the plants from pathogen attack. Further, plant growth would also improve. 
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Abstract 

Helicoverpa armigera, one of the world’s most destructive pests. It is a Polyphagous and cosmopolitan pest 

species that cause great agricultural losses. H. armigera infests many economically important crops such 

as cotton, tomatoes, maize, pigeon pea, chick pea and flower crops like marigold, chrysanthemum etc, the 

control strategies of H. armigera revolve around synthetic chemicals and therefore, causing health and 

environmental concerns. This article reviews the assessment of natural enemies including, parasitoids, 

predators, microbial pathogens which will help in developing sustainable control strategy of H. armigera. 

Introduction 

H. armigera was first documented in Brazil in 2013. It is a species of Lepidoptera in the family Noctuidae. 

The larvae feed on wide range of crops, including many important cultivated crops. It affects the most of 

the agriculture, horticulture and floriculture crops like cotton, chick pea, pigeon pea, maize, tomato, okra, 

marigold, chrysanthemum, sunflower etc,. By using chemical insecticide to control the H. armigera but it 

usually pollutes the environment and endangers the human health. Therefore, new methods for controlling 

H. armigera are needed. So, in this article, the morphology, lifecycle and natural enemies for the H. 

armigera has been discussed. 

Morphology of H. armigera  
The larval is variable in both size and colour. The body length is varies between 12 and 20 mm. The 

wingspan is about 30-40 mm. In female the forewings are yellowish to orange in colour and greenish- grey 

in males with a slightly darker transversal band in the distal third. The external transversal and 

submarginal lines and the reniform spot are diffused. The hind wings are a pale yellow with a narrow 

brown band at the external edge and a dark round spot in the middle. 

 
Fig 1: Female and Male adult moth 

Life Cycle of Helicoverpa armigera 

 
Fig 2: Life Cycle of H. armigera 
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Mass Production of Helicoverpa armigera 

Procedure: 

Release 10 males and 5 females in the plastic container and cover it. 

↓ 

Multivitamin syrup 2 drops + 10% Sucrose through cotton swabs. 

↓ 

Daily collect the egg cloth after 3rd day of copulation. 

↓ 

Provide 25-280 C, 80-90% R.H during egg lying. 

↓ 

Sterilise the egg cloth in 0.025% sodium hypochlorite. 

↓ 

Provide feeding at weekly interval. 

↓ 

Transfer the egg in vial containing artifical diet. 

↓ 

Pick young larvae and rear on in penicillin vials to avoid cannibalism. 

↓ 

Daily change the diet till pre-pupal stage. 

↓ 

Collect pre –pupae and allow for pupation in plastic container having saw dust. 

↓ 

Pupae sterilization 

↓ 

Transfer the pupae inside the egg lying chamber 

Natural Enemies of Helicoverpa armigera 

Table 1: Pathogens against H. armigera 

S.No. Organisms Stages attacked 

Virus 

1. Nuclear polyhedrosis virus (NPV) Larval 

Fungi 

2. Beauveria bassiana Larval 

3. Metarrihzium anisopliae Larval 

Bacteria 

4. Bacillus thuringiensis var. kurstaki Larval 

Protozoa 

5. Microsporidia spp. Larval 

 
Fig 3: NPV infected Larva 
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Table 2: Insects against Helicoverpa armigera: 

S.No. Name of the insects Family Order Stages attacked 

Parasitoids 

1. Afrovoria india Tachinidae Diptera Larval 

2. Apanteles spp. Braconidae Hymenoptera Larval 

3. Chelonus heliopae Braconidae Hymenoptera Larval 

4. Brachymeria spp. Chalcidae Hymenoptera Pupal 

5. Chelonus spp. Chelonidae Hymenoptera Egg 

6. Agripon nox Ichneumonidae Hymenoptera Larval 

7. Trichogramma chilonis Trichogrammatidae Hymenoptera Egg 

8. Trichogrammatoidae spp. Trichogrammatidae Hymenoptera Egg 

Predators 

9. Chrysoperla carnea Chrysopidae Neuroptera Egg & larva 

10. Andrallus spinidens Pentatomidae Neuroptera Larval 

11. Oncocephalus annulipes Reduviidae Neuroptera Egg 

12. Rhynocoris fuscipes Reduviidae Neuroptera Egg 

13. Coelophora inequalis Coccinellidae Coleoptera Egg & larva 

 

  
Fig 4: Trichogramma chilonis Fig 5:  Andrallus spinidens 

Conclusion 

The main tactics for controlled revolve around the use of chemical insecticides mainly pyrethroids. The 

increasing environmental concerns about insecticides and evolution of pesticides resistence in target 

insects, have prompted the need to adopt Integrated pest management (IPM). IPM concepts involves the 

use of all available management methods, instead of sole reliance on a single control strategy. 
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Introduction 

Pumpkin seeds are one of the underutilized seeds even though it has high nutritional content and full of 

health benefits. Generally pumpkin seeds are by-product in the food industry. Pumpkin fruits bear 

numerous seeds like other members of Cucurbitaceae. The seed content of pumpkin fruit varies from 3.52% 

to 4.27%. All over the world, pumpkins are grown for a variety of reasons ranging from agricultural 

purposes to commercial and ornamental sales. Besides minimizing the losses, the use of fruits and 

vegetables by-products can also add value to the formulation of new food products. In spite of being highly 

nutritious and having known medicinal values, pumpkin seeds have still not come into the limelight and 

are relatively less acceptable amongst the people as compared to other oil seeds like groundnuts and cashew 

nuts, though nutritionally the seeds of pumpkin can easily be compared to the above-mentioned seeds. 

Common Varieties of Pumpkin 

The commercial varieties of pumpkin in India are Arka Suryamukhi, Ambili, Arka Chandan, Saras, 

Suvarna and Sooraj. The most common variety of pumpkin variety in Gujarat is Anand Pumpkin 1 (AP-1). 

Pumpkin (English), Kumbra (Bengali), Kohlu (Gujarati), Kaddu (Hindi), Kumbala (Kannada), Paarimal 

(Kashmiri), Mathan or Chakkara kumbalanga (Malayalam), Lal bhopla, (Marathi), Kakharu (Oriya), 

Sitaphal (Punjabi), Purangikkai or Pooshanikai (Tamil), Gummadi kayi (Telugu) Dangaree (Sanskrit) 

(Gopalan et al., 2011) are the local name of pumpkin throughout the India. 

Health and Nutritional Benefits of Pumpkin Seeds  
The pumpkin seeds content a wide variety of nutrients ranging from magnesium and manganese to copper, 

protein and zinc. Roy and Datta, 2015 also reported that these pumpkin seeds have been used in the 

treatment of benign prostatic hyperplasia, urinary tract problem, and gastritis and to remove tapeworms 

and roundworms from intestine, most common type of kidney stone, and acrodermatitis enteropathica. Due 

to the presence of cucurbitin, it also has antiparasitic activity. During the roasting process, the pumpkin 

seed developed a unique aromatic flavour. Because of its health and nutritional values of the pumkin seeds, 

it has considerable increases in its attention nowadays (Revathy and Sabitha, 2013). 

Pumpkin seeds are also excellent source of nutrients filled with minerals and are responsible for fighting 

diseases (Dar et al., 2017) and provide good quality oil and high content of protein and also have 

pharmacological activities. In addition to protein, it is a great source of iron, B vitamins, vitamin E, fiber, 

oil, and minerals and can be used for fortification of complementary food mix, with highly acceptable 

sensory qualities and a rich nutritive value by enhancing a longer shelf-life. Pumpkin seeds can also be 

used as a substitute for peanuts in peanuts butter, which may be allergic to some consumers. The 

application of these seeds can be considered as a good alternative for the nutritional enrichment of food 

products. 

Sl.no. Health benefits of Pumpkin seed 

1. Pumpkin seed having a good source of minerals like Iron, Zinc, Manganese, Phosphorus and 

rich source of vitamins like, Vitamin “k”, “B”, “C”,and “A”. 

2. It can improve your immune system, treats arthritis and reduce immflamation. 

3. It can reduce risk of diabetes. 
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4. It helps to get a restful sleep. 

5. It makes our health healthier. And improve skin health. 

6. It can improves antioxidant activity and reduce blood pressure. 

7. It helps to prevent cardiovascular disease also helps to improve body metabolism. 

8. It can prevents eye disease. 

Soni, J.C. and H. H. Mehta, H.H. (2020) 

Advantages of By-Products Utilization 

Processing of various fruits and vegetables produces a large amounts of waste materials such as peels, 

seeds, stones, and unused flesh in different steps of processing chains, which causes environmental 

pollution problem if not utilized or disposed-off properly. The combined efforts of utilization of by products 

and waste minimization during the production, environmentally friendly preservation of the products 

would substantially reduce the amount of waste and as well as will boost the environmental profile of fruits 

and vegetables processing industry. The food materials generally discarded by industries actually can add 

nutrients to various preparations and value addition to products. Therefore, efficient use of these by-

products greatly influences the economy of the country as well as environmental pollution. 

Conclusion 

The use of fruits and vegetables by-products can give new opportunity to explore the possibilities for the 

production technologies for different value-added products from pumpkins seeds, besides contributing to 

the formulation of new food products and minimizing losses. Therefore, awareness of the health and 

nutritional values of the pumpkin seeds can be explored for commercial applications and can make into 

utilization in different value-added products from these underutilized pumpkin seed. 
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Introduction 

Soy-based products are not only an inexpensive source of protein but also have other important nutritional 

and functional properties. A non-soluble solid residue ‘Okara’ (soybean paste) is the byproduct left over 

from the recovery of the water-extractable fraction required to make soy milk and tofu from ground 

soybeans (O’Toole, 1999). From every 1 kilogram of soybeans used for tofu, approximately 1.2 kg of fresh 

okara is generated. Okara is manufactured in vast quantities all over the world. The dry okara is made up 

of 55% fiber, 25% protein, and 10% fat. Isoflavones (genistein and daidzein), phytates, phytosterols, 

coumestans, saponins, and lignans, are other soy substances that are probably present in okara. These 

substances have several physiological and therapeutic properties, like antioxidant activity, cardiac disease 

prevention, and potent chemopreventive agents for specific cancer types. Even being a rich source of protein 

and dietary fibre, it is not exploited by the food industry and discarded because of its undesirable yellowish-

white colour and bland flavour. But due to its high moisture content (80%), it is highly susceptible to 

putrefaction and can cause significant environment-related problems. Okara increases the amount of fibre 

and protein in meals by partial replacement of wheat flour, enriched flour, and other components. It has 

been used to manufacture nutritive flour, pancakes, puffed food, bread, noodles, candies, sausage, and 

beverages (Li et. al., 2012). 

Composition of Okara 

The amount of water phase recovered from the ground soybeans and whether additional water is used to 

extract any remaining extractable components will determine the approximate composition of the okara. 

Fresh okara contains 81.6% moisture. The proximate composition of okara on dry weight basis was found 

to be 28.5 % protein, 9.8 % lipid, 5.1 % carbohydrates, 55.5 % dietary fiber, and 4.5 % ash at pH 6.71 

(O’Toole, 1999). Okara protein appears to be a promising source of cheap plant protein for human 

consumption due to its high nutritional content and great protein efficiency ratio. The fibre component of 

okara is composed of 12.1 ± 1.2% hemicellulose, 11.7 ± 1.4% lignin, 5.6 ± 0.9% cellulose, and 0.16 ± 0.07% 

phytic acid. The amount of calcium, magnesium, iron, potassium, thiamine, riboflavin and niacin present 

in okara is 260, 163, 6, 1046, 0.04, 0,59 and 1.01 mg 100 g-1 of dry weight respectively. The most prevalent 

fatty acid is linoleic acid (54.1%), which is followed by oleic acid (20.4%), palmitic acid (12.3%), linolenic 

acid (8.8%), and stearic acid (4.7%). Okara contains the following free monosaccharides and 

oligosaccharides: arabinose (1%), glucose (0.2%), galactose (0.2%), fructose (0.1%), stachyose + raffinose 

(1.4%), sucrose (0.6%), and % starch. The major dietary fiber found in okara is insoluble (55.63%) whereas 

a small amount of soluble dietary fiber is also present (1.91%) (Li et. al., 2012). 

Health Promoting Attributes of Okara  
The prevalence of diabetes has rapidly grown over the past few decades, with type 2 diabetes accounting 

for over 90% of cases (from 151 million in 2000 to 285 million in 2010). With 438 million diabetic cases 

worldwide, the prevalence of diabetes will be 7.8% by 2030. According to research by Xu et al., (2000) 

diabetic mice fed with okara-containing feed for 5 weeks had substantial decreases in blood sugar, serum 

total cholesterol, and triglycerides. Their research showed that okara may significantly lower the plasma 

levels of sugar and fat, enhance blood sugar and lipid metabolism, and protect the liver and kidney of 

diabetic mice.  

Okara might play an important role in combating conditions like hyperlipidemia. Three weeks of high-fat 

meals supplemented with okara were given to male golden Syrian hamsters. The faecal excretion of total 

lipids, triglycerides, and free cholesterol was enhanced with all of the okara diets tested (Villanueva et al., 
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2011). Wang and Li investigated the impact of okara fibre on lipid metabolism and hemorheology of rats 

fed on a high-cholesterol diet. After 8 weeks, the levels of total cholesterol and low-density lipid cholesterol 

dropped significantly in the groups administered with okara (Wang and Li, 1996). 

Okara, a rich source of cheap protein and dietary fibre, has the potential to be an excellent dietary weight-

loss supplement. Consuming okara reduces the rise in plasma lipids, such as total cholesterol, low-density 

lipid cholesterol, and non-esterified fatty acids. It also dose-dependently repressed the development of body 

weight and epididymal white adipose tissue (Matsumoto et al., 2007). 

 

Applications in Food 

In China and Japan, okara has indeed been consumed as food or a meal for a very long time. The addition 

of fibre and protein to a product can help to meet nutrition content claims. At a recommended level of 5%, 

okara increases the shelf life of chocolate chip cookies and also inhibits phase separation in cheese ravioli 

stuffing while freezing and thawing. The bland flavour of okara enables it to be utilized at extremely high 

concentrations without significantly impacting the flavour or textural profiles of meat and bakery items. 

The addition of okara to maize tortillas boosts the amount of soy protein in the human diet (Li et al., 2012). 

The bread produced by replacing 10% of the wheat flour with okara powder had nearly identical sensory 

and physicochemical properties to regular bread. Due to the increased protein and fat levels in okara, the 

okara-supplemented bread had a greater caloric value (15.9 kJ/g) than the control (14.4 kJ/g) (Li et al., 

2012). 

According to Ostermann-Porcel et al., (2017) research, okara may be utilized to produce gluten-free cookies 

that are satisfactory in terms of their physical and sensory characteristics. The amount of total 

carbohydrates decreased while the amount of fiber, protein, and fat increased when okara was most heavily 

included in the formulation. It was found that the spread ratio of the cookies dropped as the okara content 

increased. Kang et al., (2018) investigated the quality of noodles made by fortification of rice with a range 

of okara flour concentrations (0-20%). The findings showed that with the increasing concentration of okara, 

improved flavonoid, antioxidant or free radical-scavenging, as well as enhanced phenolic content properties 
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were found. But adding more okara (10-15%) to the noodles considerably decreased their extensibility, 

tensile strength, elasticity, and ideal cooking time. It was concluded that the addition of 5% to 10% of okara 

powder results in noodles having good cooking properties, texture, and sensory attributes. 

Biotransformation of Okara 

Even though the fact that the food industry produces vast amounts of okara, much of it is wasted because 

of the high moisture content which makes it perishable. There has been an increase in curiosity about 

okara reuse over the past 20 years. An option to add value to this waste product of soy food manufacturing 

is the microbial biotransformation of okara. A few benefits of okara microbial biotransformation include 

the production of bioactive peptides as well as amino acids from the bioconversion of high-molecular-weight 

okara proteins to smaller ones, which in turn increases the solubility of okara protein extracts. Trypsin 

inhibitors could also be biodegraded, which would enhance the nutritive value of okara. To avoid trypsin 

inhibitory activity affecting the whole functional characteristics (like solubility and foaming properties) 

and bioactivity of the fermented okara, it is important to take into account the diverse impacts of 

fermentation on the molecular mass of peptides, amino acid profile, and trypsin inhibitory activity. Lipid 

made approximately 8.3 to 10.9% of okara's weight, which is a significant quantity. These fatty acids and 

related precursors may be converted by fermentative microbes into more desirable odor compounds. 

Overall, okara's exceptional nutritional value and its consistency (moist, fine particles) make it a suitable 

environment for a range of microbial development in solid-state fermentation (SSF) and also in submerged 

fermentation (SmF) setups. Okara is an example of lignocellulosic biomasses that are broken down by β-

glucosidases. This supports the fungal growth on the okara and increases the digestibility of the degraded 

okara (Vong and Liu, 2016). 

Future Perspective and Conclusion 

Utilization and disposal of okara may become a growing challenge if soymilk and its derivatives are 

produced continuously. Despite the fact that much research has been conducted in this field, just a few 

recommend using okara. According to the limited research that has been published, it can be utilised as a 

food component to enhance dietary fibre fibre and protein protein levels, especially for a diabetic diet that 

requires high fibre and protein amounts but low sugar and starch levels. Okara may be effectively used by 

drying and grinding it to create okara powder, which can then be combined with wheat flour or other 

substances to create composite flours for certain populations (such as those with diabetes, obesity, etc.) and 

functional meals. Moreover, chemical or enzymatic treatment, extrusion, fermentation, high pressure, and 

micronization can improve the nutritional quality, flavor, and processing properties of okara to increase 

the consumer acceptance of okara-based foods. The high moisture content of okara makes it susceptible to 

spoilage before it can be utilized. Therefore, developing appropriate driers is still the prerequisite for 

making full utilization of okara. 
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Introduction 

Agriculture is a vital part of the economy of many developed and developing countries due to its 

contribution to food production, economic development and other aspects of development. Innovation in 

modern agriculture is more important than ever, as labor shortage is one of the main challenges. Research 

and extension systems play a key role in the development and dissemination of agricultural technologies. 

The digitalization of agriculture has been widely implemented alongside the information and 

communication technology (ICT) revolution. Digitization tools such as the Internet of Things (IoT) have 

helped farmers perform efficient and accurate data collection that can be easily shared and interpreted. 

GIS-based agriculture, sensor technology, drone technology, indoor vertical farming, satellite and GPS 

technologies, automation and robotics, modern greenhouse and blockchain technologies are some of the 

technological developments the most important in the world. Drone technology is an emerging technology 

that is used for many commercial and research purposes. A drone is a device that operates without a human 

pilot and can be controlled remotely using a computer and a radio frequency transmitter-receiver system. 

In almost every sector of the economy, the use of drones is booming, but the use of drones in agriculture is 

steadily expanding as part of a practical approach to sustainable agricultural management. In the 

agricultural sector drones are often used to make better agronomic decisions, and are part of a system 

called precision agriculture. In many areas, drone use is already an integral part of large-scale precision 

farming operations. Drones can provide precise field mapping, including elevation information that allows 

growers to spot any irregularities in the field. Drones can capture 3D imagery that can be used to predict 

soil quality. Drone data can be used to accurately plan and make ongoing improvements in crop monitoring, 

such as ditches, soil health and changing fertilizer applications, and help farmers to streamline their 

operations. Instead of more traditional time and labour-intensive data collection, products can be tracked 

accurately from farm to fork by using GPS locations for every point along the journey. It is also very much 

effective to help farmers after the natural disasters when damage across terrains may not be readily 

accessible on foot. 

What is Drone? 

Drone is an aerial craft size ranges from a fist size to an average car length. It has wide variety of shape 

size and structure. It can be operated easily .it has become a modern-day trend in maximum every field 

and is reaching its peak .it is also a new sensation of this era. with lot more feature its development takes 

place every second since it is also a part of technology. Facebook has initiated its artificial intelligence 

drone. Drones are commonly used nowadays more interestingly in the cinematic universe with the 

innovation beyond that of the limit of the drone. 

Need of Drone in Indian Agriculture  
Agriculture remains one of India's most important and successful sectors, with 58% of the population 

relying on it for its existence. Agriculture contributes almost 10% of the world's exports earning but it needs 

to play a more central role in creating value, productivity, high quality products, and skilled labour force 

to handle these challenges successfully. Therefore, technology-based agriculture becomes very popular in 

recent years. Farmers around the world are adapting to technical aids to improve their production and 

yields. Farmers, researchers, and technical manufacturers are working together to find more efficient 

solutions, increase production, and reduce costs. A large number of people in rural India lives in poverty 

and backwardness. Agriculture is the main occupation of the rural population; therefore, the application of 

technology and new innovative techniques and methods will be highly effective in improving their living 

conditions and alleviating their poverty problems. Emerging technologies such as GIS based agriculture, 
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sensor technology, drone technology, indoor vertical farming, satellite and GPS technologies, automation 

and robotics will make the world more sustainable. 

Drone Systems in Precision Agriculture 

The development of precision agriculture has focused on several aspects, including technology, 

digitalization, social impacts, skills, environment, and productivity. When used in the right manner, these 

technologies could increase productivity and profitability; their use could also help farmers maintain their 

livelihoods. Identification of plant diseases plays a crucial role in preventing the loss of the yield and 

quantity of agriculture. A visually observable pattern on leaves helps to study the diseases in plants. 

Agricultural drones are highly efficient and their usage has been expanded to many areas in agriculture 

including fertilizer spraying, sowing seeds, growth monitoring, and mapping. This system includes the 

process of capturing images of the leaves automatically by using a drone with a raspberry pi-camera 

interface, so that it captures the images for image processing and analysis of leaf properties which would 

help to detect disease. The suitable algorithms of machine learning (ML) are used after performing feature 

extraction in the image processing techniques. The edge detection and histogram equalization techniques 

are used to extract features from the leaf. Drones can also be used in various agricultural applications to 

reduce human efforts and work time. With the help of drone, information regarding leaf disease can also 

be given to the farmer at an early stage and avoid loss in crop production. 

Utility of Drone Technology in Agriculture 

Monitoring Plant Health: One of the uses for drone imagery that has already been rolled out with great 

success is for monitoring plant health. Drones equipped with special imaging equipment called Normalized 

Difference Vegetation Index (NDVI) use detailed colour information to indicate plant health. This allows 

farmers to monitor crops as they grow so any problems can be dealt with fast enough to save the plants.  

Drones using ‘regular’ cameras are also used to monitor crop health. Drone imaging is capable of producing 

accurate image location to the millimetre. This means that after planting, areas with stand gaps can be 

spotted and replanted as needed, and disease or pest problems can be detected and treated for right away. 

Planting & Seeding: One of the newer and less wide spread uses of drones in agriculture is for planting 

seeds. Automated drone seeders are mostly being used in forestry industries right now, but the potential 

for more widespread use is on the horizon. Planting with drones means very hard to reach areas can be 

replanted without endangering workers.  

Spray Application: Drone sprayers are able to navigate very hard to reach areas, such as steep tea fields 

at high elevations. Drones’ sprayers delivery very fine spray applications that can be targeted to specific 

areas to maximize efficiency and save on chemical costs. Drone sprayers save workers from having to 

navigate fields with backpack sprayers, which can be hazardous to their health. 

Security: Drone security is a fast-growing industry apart from agriculture but is also extremely useful to 

farm management. Using drones to monitor the far reaches of a farm without having to get there saves 

valuable time and allows for more frequent monitoring of hard-to-reach areas. Drone cameras can provide 

an overview of farm operations throughout the day to ensure operations are running smoothly and to locate 

equipment being used. Security drones can be deployed to monitor fencing and perimeters of more valuable 

crops like cannabis instead of employing more security personnel.  

Drone Pollination: Some of the newer uses for drone use in agriculture are still in testing and 

development. One of the most publicized (and often fictionalized) uses is pollinating drone 

technology. Researchers in the Netherlands and Japan are developing small drones that are capable of 

pollinating plants without damaging them. The next step is to create autonomous pollinating drones that 

will work and monitor crop health without constant instruction from operators. 

Drone Irrigation: New research out of Australia is also creating exciting opportunities for drone use in 

agriculture. As climate change increasingly affects drought conditions, creating more efficient irrigation 

solutions is vital. Using microwave sensing, drones are able to capture very accurate soil health information 

including moisture levels without the plants getting in the way. This means water can be distributed in a 

field in the most efficient way in an effort to conserve resources. 
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Drone & its Recent Utilisation 

Today, we are using machine tools and a variety of technologies in almost all areas of agriculture. The 

drone is playing an important role in these techniques. Climate change and environmental pollution are 

the major global issues of the current era and severely impacting agricultural productivity. As seen, the 

current conditions are not favourable for Indian agriculture: first, the outbreak of corona epidemic and now 

the locust swarm can be seen. 

Other Applications of Drone 

The application of drone is so wide that nowadays drone can be seen in every fields. In military its use is 

unpredictable and very important for example THE SURGICAL STRIKE which has done by India is a 

great example for the involvement of drone in military. Drones are special because of the main reason that 

it can be made available for common public, yes, we can see children play with it for fun and in the function 

like marriage for the memorable photos and it is cost efficient to buy for anyone. As for commercial its use 

in filmmaking is inevitable as it slowly conquers the heart of art lovers of cinema. It also plays a vital role 

in industries as its production is rapid to its use. Its application in medical emergency also now gains a lot 

of attention soon it will be the main allocation in every field. The development of unmanned drone is a 

major breakthrough in drone development as it involves person surveillance from a distance without a 

physical contact. Drones have already vastly altered the agricultural industry and will continue to grow in 

the coming years. While drone use is becoming more useful to small farmers, there is still a way to go before 

they become part of every farmer’s equipment roster, particularly in developing nations. Regulations 

around drone use need to be made and revised in many countries and more research needs to be done on 

their effectiveness at certain tasks, such as pesticide application and spraying. There are many ways drones 

can be useful to farmers but it is important to understand their limitations and functions before investing 

in expensive equipment. Drone Deploy, an agricultural drone supplier and programming company, suggest 

starting small and incorporating drone data into your organization slowly for the best results. 
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Introduction 

Agriculture is the art, science and business of producing crops & livestock for livelihood & economic 

purpose. It is a very foundation of Human Civilization. Conflicts, War & Agriculture are correlated from 

ancient's ages. Earlier, Wars were fought to capture fertile land to earn revenue. Ukraine and Russia are 

both Global agricultural power houses. Both account a significant amount of the world's exports of Wheat, 

Maize, oil seeds, and fertilizers. Russia's war in Ukraine is affecting all aspects of agriculture in Ukraine 

and its slowing exports from Russia around the world, 26 countries source at least half of their wheat 

imports from Russia & Ukraine. Low supplies and high prices will hit these countries first and many of 

which are already food insecure when it comes to Maize, Oilseed, wheat & fertilizers. Low supplies & high 

prices will have a spill over effect pushing up the prices of other commodities and the timing of this 

disruption could be worse.  

FAO recently announced that the global food price index reached all-time high. As it is also estimated that 

the number of people experiencing food insecurity around the world could be at a 15-year high because of 

the effects of covid on top along with the impact of climate change and other impacts of Russia's war in 

Ukraine on Global Food Security. When it comes to wheat prices, in its moderate scenario FAO estimated 

wheat prices could increase by almost 9% and in its severe scenario by perhaps over 21% in the short term. 

It will lead to increase in the number of people undernourished around the world from just over seven and 

a half million to potentially over 13 million people in the next several years and some Russian war on 

Ukraine and threatening food security for millions of people around the world.  

Ukraine is amongst the largest global exporters of wheat sunflower Bali rap sea and made with share of 

10% 47% 17% 20% and 14% of global exports Russia has also has strong presence with Global exports of 

25% 18% 14% in Sunflower wheat and barley cotton and soyabean are up by 14% 30% 76% 61% and 36% 

we believe Rabi crops like wheat will give and incremental profit of rupees 30000 crore and major crops 

rupees 57800 crore and increase of 32%. 

The conflict between these two Black Sea Nations is disrupting supplies of agricultural commodities and is 

likely to have a deep impact on India's farm sector. The necessity of imports like fertilizers, mechanised 

tools like tractor, harvester wind the world in global supply chain like one-third of India's fertilizer got 

imported from Belarus Russia. Hence because of Russia Ukraine war this supply line got disrupted & this 

lead to the growth of fertilizers price which is an issue for farmers. In order to produce fertilizers natural 

gas is the key and the fact is that Russia supplies one-third of Europe natural gas. Russia himself is second 

largest producer of ammonia, urea, potash. This disruption of supply chain had increased the cost of 

production.  

Against this macroeconomic backdrop, the war in Ukraine has created an unlikely opportunity for Indian 

agri-exporters who trade in wheat, maize, millet and processed food. Since the crisis unfolded, the world 

has been looking to Indian wheat to fill the huge void in stocks caused by the turbulence in Europe’s 

breadbasket. Ukraine is one of the world’s top wheat exporters, and Russia and Ukraine together have a 

25% share in the global wheat market. 

Status of India in Opportunities Created by Russia & Ukraine War 

Area Status 

Wheat Production Second largest producer 

Nitrogen fertilizer Production Third largest producer 

Ammonia fertilizer 7.5% of Ammonia produced worldwide 
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Oilseed production Fourth largest producer 

Maize production Seventh largest producer 

Millet production Largest producer in world 

Conclusion  
The major and most profounding effect because of War is availability of food grains specially Wheat, Maize 

and oilseeds across the world. Russia & Ukraine were food exporter this have created opportunities for 

Indian farmers. It's high time for Indian farmers to Grab the opportunity & geer the production and export 

the wheat and rice so that it can bring some Acche Din to the farmers. 
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Abstract 

Spodoptera litura, a nocturnal moth is serious pest in India. Spodoptera litura has many natural enemies. 

Nuclear polyhedrosis virus (NPV) can be an effective alternative to control the pest S. litura. This virus is 

effective against several lepidopteran pest on several crops. The virus is generally propagated in early fifth 

instar by surface contamination of semi-synthetic diet. This review includes the general characters, mass 

production of S. litura with Npv. 

Keywords:  Spodpotera litura, Npv, Lepidopteran pest, Fifth instar. 

Introduction  
Spodoptera litura is also known as the Oriental leafworm moth, Cluster caterpillar, Cotton leafworm, 

Tobacco cutworm, Tropical armyworm, Taro caterpillar, Tobacco budworm, Rice cutworm, and Cotton 

Cutworm. Spodoptera littoralis, S. litura, S. frugiperda and S. eridania are important Noctuid pest species 

that are highly polyphagous. Due to their polyphagous nature Spodoptera species can be found on almost 

all types of commodities of plants or above ground plant parts. It feeds on hosts atleast 40 botanical families 

more importantly Brassicaceae, Cucurbitaceae, Fabaceae, Malvaceae, Poaceae and Solanaceae. It is widely 

distributed in South and East Asia and oceanica in tropical and temperate region. 

 
Fig.1 Adult of Spodoptera litura 

 
Fig.2 Life cycle of Spodoptera litura (PC:Mogili Ramaiah) 
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Nuclear Polyhedrosis Virus  
1. Nucleopolyhedrosis virus (NPV) belongs to baculovirus group and family baculoviridae which is 

pathogenic to insect. It has been reported infecting over 39 species of insects.  

2. NPV of Spodoptera litura are highly specific to respective host and hence are environment friendly and 

safe biopesticides. 

Mode of Action of Sl NPV  
Mode of entry: Through ingestion of virus. 

Mode of action: Due to alkaline gut juice, virions are liberated from polyhedral coat which attack nuclei 

of cells Viz., Fat body, trachael matrix, haemocytes, sarcolemma of muscles, and nerve cells. 

Mass Production of NPV Virus (S. litura)  
Fifth Instar of S. litura 

 
The larvae are grown in diet held in 5 ml glass vials 

                                                                                   
The NPV is multiplied by feeding the semi synthetic diet coated with a clean inoculum of the NPV that 

has previously been standardized. 

 
Placing aliquots of 10 ml of the viral suspension of concentration 1 x 108 Polyhedral Occlusion Bodies 

(POB) in the center over the diet surface 

 
Larvae are released singly after 15 min. into each glass vial/cell and incubated at 𝟐𝟓𝟎C for 10 days 

 
The larvae begin to die from 5th day onward. 

 
The cadavers are collected individually and transferred to 500 ml plastic containers and frozen 

immediately until processing 

Conclusion  
NPV virus is used as biocontrol agent and it is not toxic to beneficial insects or animals or humans. Instead 

of using synthetic pesticide. Due to its destructive feeding nature and continuous consumption of the same 

chemicals, it developed resistant against many insecticides. Therefore, a combined application of bio- and 

synthetic-pesticide need to evaluate against this pest. The use of biocontrol agent is better than the use of 

synthetic pesticide. 
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Introduction 

Antibodies are important components of normal immunological testing and being used to identify plant 

pathogens due to their specificity, reliability and speed. Heavy chain-only antibodies (HCAbs) circulating 

in camel blood are IgG isotypes that lack the light (L) chains and have the first constant domain (CH1) 

depleted in the heavy (H) chain. Only one variable domain, referred to as the VHH or nanobody, interacts 

with the antigen in HCAbs (Nb). They are single-domain intrabodies that may be produced within cells and 

identify antigens. Nbs are a useful tool in plants diseases possessing unique properties as robust structure, 

nano size, stable and soluble behaviour in aqueous solution, high affinity and specificity for only one 

cognate target and as well as a sustainable source. There are a number of quick and reliable methods for 

isolating very specific Nbs.  

Nanobodies, unlike traditional monoclonal antibodies (mAbs), lack interchain disulfide bonds and rely 

heavily on intrachain disulfide bonds for stability and specificity, allowing them to preserve antigen-

binding activity and operate effectively in a reducing cytosol environment. Nanobodies also have the 

capacity to recognize cryptic epitopes of antigens, as well as the relative simplicity with which they may be 

screened, expressed, and fused with other proteins, all of which make them useful tools for intracellular 

protein modification and analysis. Specific binders are obtained via phage display, yeast display or 

ribosome display and antigen-specific Nbs are elected from assembled nanobody libraries. It has tiny size, 

ease of folding into monomeric units, and ability to express Nbs in the cytosol make them appealing for use 

in plant pathogen engineering and the effect of numerous Nbs paired with gene stacking to build plant 

resistance may be explored (Njeru and Kusolwa, 2021). 

Structural Features and Properties  
Nanobodies are the next generation approach of antibody-derived biologics having significantly improved 

biophysical and biochemical features over traditional antibodies. Nb is the homodimeric HCAb's 

recombinant single domain antigen-binding variable region. Nbs folding and stability are less reliant on 

the production of disulphide bonds, so they can be synthesized and used in plant cells reducing cytoplasm. 

Nanobodies have been produced in the apoplast of tobacco plants, yielding up to 30% of total cell protein. 

Furthermore, for long-term storage of Nbs, plant seeds may be used, which is practical, easy and cost-

effective enabling for transportation without cold storage facility and minimizes relative expenditure with 

convenient in low economy settings with limited infrastructure. Subsequently chemical or thermal 

denaturation, Nbs fold efficient and preserve their functionality. Multiple factors include longer antigen 

binding loops or complementarity determining regions (CDR) and alterations in amino acid compositions 

in the Framework region 2 (FR 2), contribute to their stability. Nbs have a high degree of stability making 

ideal for use in food chemistry. Nbs were recently employed to create an immunoassay for detecting 

Staphylococcus aureus in meals. The thermal stability of the Nbs ranging from 57 to 75 °C temperature 

(Ingram et al., 2018). 



 

 
Volume 04 - Issue 07 - July 2022       511 | P a g e  
 

 
Figure: Comparative Structure of Nanobody (Wang et al.,2021) 

Nanobody-Mediated Resistance Against Phytopathogens  
Ectopic production of antigen-specific nanobodies in plants has shown to be effective in developing disease 

resistance. Pathogen life cycle can be disrupted by nanobodies that bind to their critical proteins, impeding 

cell attachment, invasion, reproduction and migration. Nanobodies can also directly neutralize pathogen-

secreted toxins. As scFvs rely on intrachain disulfide bonds for stability, expressing them in the cytoplasm 

is difficult. However, nanobodies can be expressed in the cytoplasm because their stability is less reliant 

on disulfide bond formation. Grapevine fanleaf virus (GFLV) is a nematode-transmitted picorna-like plant 

virus that affects vineyards. A GFLV inhibitory nanobody, Nb23, was identified and persistently produced 

in Nicotiana benthamiana as well as the virus's natural host, grapevine rootstock, found substantial and 

specific resistance to GFLV in both instances. Nb23 attached to the GFLV capsid surface, which was a 

composite binding site containing three domains of one capsid protein (CP) monomer, revealed in cryo 

electron microscopy. Similar epitope mapping revealed that their CPs possessed C-terminal extensions that 

sterically impede Nb23 binding  

Because of their tiny size and monomeric behaviour, Nbs may be easily designed to create multidomain 

complexes separated by a linker or a natural immunoglobulin hinge. Nb was fused to green fluorescent 

protein and produced as a full-length protein against the Grapevine fanleaf virus and investigate plant 

protein expression levels in vivo. Nbs can also identify epitopes that are not antigenic to traditional 

antibodies, such catalytic site of enzymes and canyons in viral and infectious disease indicators. By creating 

an inhibitory Variable domain of the heavy chain of HCAbs (VHH) against potato starch branching enzyme, 

interference with protein function was revealed, the amylose concentration in tuber extracts increases 

when the VHH is targeted to potato plastids, and the increase is much greater than in antisense control 

lines in crop improvement. (Ingram et al., 2018). 

Transgenic Approach with Nanobodies  
Plants develop an ectopic antibody that targets the viral structural coat protein may be able to protect 

themselves against the cognate virus. In addition, plant viral resistance has been demonstrated using 

antibodies that target a conserved region in the viral polymerase. In transgenic N. benthamiana lines 

expressing scFvs directed against the conserved motif E of viral RNA-dependent RNA polymerases, 

significant levels of resistance to infections with Tomato bushy stunt virus were observed. The time it takes 

to make scFvs and their limited stability in the plant's cytosol foils them from being used in the 

development of virus-resistant plants. Thus, Nbs can be a worthwhile substitute. Nbs are less reliant on 

cellular chaperones and more tolerant to reducing conditions due to their single domain structure. Because 

plant viruses are usually found in the cytosol, Nbs used to develop resistance. Nb mediates resistance in 

plants via binding to pathogen key proteins, limiting cell attachment, invasion, reproduction and mobility, 

thereby stopping their life cycles or by directly neutralizing pathogen toxins. Following immunization of C. 

dromedarius with glutaraldehyde-treated Broad bean mottle virus (BBMV) combined with adjuvant, Nbs 
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identified against BBMV using phage display and panning, discovered BBMV specific Nbs (NbBBMV01, 

NbBBMV12, NbBBMV22) and their viral target were pre-incubated in vitro and suppressed BBMV 

infectivity and spreading in plants. Agrobacteria harbouring a vector encoding anti-BBMV nanobody genes 

under the control of the CaMV 35S promoter were infiltrated into wild type V. faba plant leaves. In vivo 

viral infectivity was reduced by the expressed Nbs, most likely due to direct interaction between BBMV 

and the homologous nanobody (Ghannam et al., 2015; Njeru and Kusolwa, 2021). 

Conclusion  
Nanobody approach has a potential ability to combat against the phytopathogen. There is a need to 

understand the interaction among the nanobodies and phytopathogen components that will open new era 

in plant disease management. This approach will be useful in the challenging approach in disease 

management and enhance yield to feed growing population in future with improving the research. 
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Introduction 

Precision farming is a modern technology based on science that offers a management approach based on 

intra-field variation monitoring and response. New technologies such as Global Positioning Systems (GPS), 

sensors, satellites, or aerial photographs, as well as Geographical Information Systems (GIS), are used to 

monitor and analyse variations in agricultural and horticultural production. 

The fundamental goals of this technique are (i) maximum return and (ii) resource preservation. Wireless 

Sensor Networks are crucial in water resource management, determining the best time to harvest, 

estimating fertilizer requirements, and more accurately predicting crop performance as well as disease and 

insect hazard. Sensors are used in precision farming technology in horticulture, which increases 

productivity, lowers production costs, and reduces farming's environmental impact. Precision farming is 

important in agriculture and horticulture, but it is not widely used due to high technology costs and the 

need for high-speed internet access. 

The Global Positioning System (GPS) is a satellite-based navigational tool that provides precise 

information on an object's position, velocity, and time at any time and from any location on the planet. This 

aids in determining the latitude, longitude, and altitude of a location on the globe. The primary application 

of GPS is to aid in the navigation and positioning of remote sensing satellites. (Lopez et al., 2009). 

Precision agriculture employs GPS-enabled applications for farm planning, field mapping, soil sampling, 

crop scouting, and yield mapping. Farmers can use GPS to work in fields with low visibility, such as rain, 

dust, fog, or darkness. 

Geographical Information System (GIS)  
It is defined as an information system that is used to input, store, retrieve, manipulate, analyse, and output 

geographically referenced data or geo-spatial data to support decision making for land use, natural 

resources, environment, transportation, and urban facility planning and management. It entails using 

computers to create and display digital maps. 

GIS Technologies in Floriculture  
1. Attributes:  Attributes refers to defined characteristics of an entity on the earth. Attributes are such as 

nominal, ordinal, numerical and conditional.  

2. Buffering: it is a process of buffer zone around a point, line or area for a given distance. 

3. Colour composition: composition of three primary colours red, green and blue (RGB) are used for 

additive colour composition while yellow, magenta and cyan (YMC) for subtractive composition.  

4. Digital elevation model: (DEM) is used to interpolate at arbitrary location using limited number of 3-

dimentional terrain points.  

5. Geodetic coordinate system: this is the system to represent 3-dimentional position on the earth with 

the longitude, latitude, and altitude in normal line.  

6. Geometric correction: correction of geometric distortions involve in the original image which are 

caused by sensor characteristics and geometry, altitude of platform and topography of the scene.  

7. Rasterization: this is the process of conversion from vector to raster data.it is also called as vector 

raster conversion.  

8. Resampling: this is the rearrangement of image data in the transformed coordinate system into geo 

coded image using coordinate transformation interpolation.  
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9. Thematic map: it includes land use map, forest map, soil map, geological map, drainage map etc. A 

map with a specific theme is known as a thematic map.  

10. Vectorization: conversion from raster to vector data is called raster vector conversion. 

GIS Functionality in Floriculture  
1. Early season estimation of cropped area  

2. Monitoring crop condition  

3. Crop yield modeling  

4. Cropping system /crop rotation.  

5. Crop water requirement estimation.  

6. Flood hazard mapping  

7. Disease and Pest infection area monitoring   

8. Ornamentals field drought monitoring (Sharma and Ashoka, 2015). 

Constrains in Applying Precision Farming in India  
1. Small land holdings. elaborate  

2. Market imperfection. elaborate  

3. Lack of technical knowledge. Elaborate  

4. High cost. 

Advantages of Remote Sensing  
1. Provides data of large areas  

2. Provides data of very remote and inaccessible regions  

3. Able to obtain imagery of any area over a continuous period of time through which the  

4. Any anthropogenic or natural changes in the landscape can be analyzed  

5. Relatively inexpensive when compared to employing a team of surveyors  

6. Easy and rapid collection of data  

7. Rapid production of maps for interpretation. 

Disadvantages of Remote Sensing  
1. The interpretation of imagery requires a certain skill level  

2. Needs cross verification with ground (field) survey data  

3. Data from multiple sources may create confusion  

4. Objects can be misclassified or confused  

5. Distortions may occur in an image due to the relative motion of sensor and source. 

Potential Applications of Remote Sensing to Study the Water Status of Horticultural 

Crops  
Terra and Aqua satellites offer a greater temporal resolution (1–2 days), its spatial resolution is relatively 

coarse (250 m–1 km) to be valuable for horticulture: 

a. Processing can be a combination of atmospheric, radiometric, and geometric corrections, where 

applicable  

b. Agricultural applications of the satellite imagery are illumination sensitive and weather 

dependent, conditions have to be optimal on the satellite revisit day to avoid data corruption due to, 

for example, cloud cover 

c. Cloud corrupted data (55% of the land area is covered by cloud at any one time) will require users 

to wait for the next revisit to attempt the data acquisition. 

Time-series image fusion techniques, such as the spatial and temporal adaptive reflectance fusion model: 

a. Can improve the spatial and temporal resolution of the satellite data 

b. Multiple satellite systems to produce frequent and higher-resolution data, which can be useful 

for timely monitoring of water status. 

c. Earth observation satellite system, such as Landsat, Sentinel, MODIS, RapidEye, and GeoEye. 

(Deepak Gautam and Vinay Pagay, 2020). 
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Conclusion  
PA technologies based on remote sensing, such as variable fertilizer rate application technology in Green 

Seeker and Crop Circle, are already in use in commercial agriculture. Simultaneously, the abundance of 

satellite data has prompted researchers to look into advanced data storage and processing techniques like 

cloud computing and machine learning. Given the complexity of image processing and the required 

technical knowledge and expertise, it is critical to investigate and develop a simple yet dependable workflow 

for real-time remote sensing applications in PA. The development of accurate yet simple-to-use systems 

will almost certainly lead to a greater adoption of remote sensing technologies in commercial and non-

commercial PA applications. A novel methodology for integrating sensors and actuators and virtualizing 

them into a Sketch-Up design tool is presented in this study. We base our entire strategy on the use of open 

source and freeware software design tools. Horticulturists and floriculturists can use this method for 

educational, professional, or research purposes. The proposed method, on the other hand, decouples 

application experts from computers and software engineering. 
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Introduction 

For decades, Indian horticulture has primarily focused on boosting production, and various fertilizers and 

pesticides have been utilised to attain this goal. Horticulture sector is one of several industries that was 

shaped by technical advances in 20th century and with time, their negative impact on plant nutritional 

and medicinal quality, as well as the environmental changes including greater weather variability, soil 

degradation, water scarcity, and water bodies have been polluted, is becoming more apparent. Now 

Farmers are on the front lines of this battle to feed a growing number of consumers with twentieth-century 

appetites under dwindling resources and vagaries of in the medium climate. Climate change, in particular, 

might reduce farmer incomes by 20-25 percent in the medium term in India, an issue that would be 

exacerbated by the current problem of water scarcity and food spoilage. Corporates are under pressure to 

launch products that match worldwide standards due to depleting natural energy resources and the 

ongoing global warming crisis.  

Natural farming and natural farming solutions, to put it in simple terms, Natural farming strive to 

maximize nature's potential to deliver ecosystem services that help to address a human difficulty, in this 

case food production. 

Natural farming, often known as traditional farming, is a chemical-free practice. It is a diversified farming 

system based on agroecology that mixes crops, trees, and livestock with functional biodiversity. Natural 

farming is seen by the protagonist as one of the most promising crops growing strategies for reducing 

production costs by reducing reliance on the market for crucial input purchases. It provides a variety of 

ecological and social benefits as an agro-ecologically diversified agricultural approach.  

Natural farming, often known as traditional farming, is a chemical-free practice. It is a diversified farming 

system based on agro-ecology that mixes crops, trees, and livestock with functional biodiversity. Natural 

farming is similar to fertility farming, organic farming (but not necessary with organic certification), 

sustainable agriculture, agro-ecology, agro-forestry, eco-agriculture, and permaculture, but it differs from 

biodynamic farming. Natural farming is a neoteric approach to improving both traditional and modern 

agricultural techniques with the goal of protecting the environment, public health, and communities. 

Sustainable agriculture approaches allow for food production without jeopardizing future generations' 

requirements. In the present note an attempt has been made to compile the information on natural farming 

and its potential applications in horticultural crops production. 

Historiography of Natural Farming from Global Perspective  
On a worldwide scale, there is widespread agreement that modern farming practices must be gradually 

transformed into more sustainable farming practices. People are also looking for 'organic' labelling in food 

because of the negative consequences of indiscriminate pesticide use. 

As a result, it is imperative to reorient and implement a variety of tactics in order to progress toward 

sustainable agriculture, which is aided by organic farming, natural farming, and other methods. India has 

long been regarded as a treasure trove of biological resources, intellectual understanding, and spiritual 

insight. 

The main challenge now is how to restore damaged natural resources and minimize the burden of 

contemporary agricultural technologies through a comprehensive approach that addresses all aspects of 

the system for better agricultural sustainability. 
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Low Budget Natural-Way Farming (LBNF)/Vrikshayurvedic Farming in Indian 

Context  
According to the literature, a typical system of using herbal preparations from trees and plants for crop 

production known as Vrikshayurveda, a Sanskrit word that literally means (Indian plant science), has been 

practiced in India for centuries, dating back to 400 BCE, with Vriksha meaning trees and Ayurveda 

meaning the traditional Indian system of medicine (incorporated in Atharvaveda, the last of the four 

Vedas), is based on the idea of balance in living Vrikshayurveda, which means "Ayurveda for plants," refers 

to the study of plant life components in order to improve agricultural sustainability. It requires a concerted 

effort of traditional Indian plant science combined with systemic inquiry to cope with a wide range of tree 

species while ensuring healthy development and productivity. Under the name of Vrikshayurvedic farming, 

the senior author has been doing this for the past two decades. Leaf extracts from various tree species were 

discovered to stimulate plant growth and development in the 1990s, leading to the development of 

“Vrikshayurvedic farming” (Low Budget Natural-way Farming (LBNF) for International Reach). According 

to Prof. C. Swaminathan, an architect and father of this concept defines Vrikshayurvedic farming as a 

scientific reorientation of eco-friendly system of Indian agriculture by utilizing traditional and natural 

means of food production and implementing those indigenous practices for crop cultivation by using trees, 

plants, and animal products, with the goal of improving output quality. Scientific testing of a 

comprehensive method of utilizing diverse trees, their parts, and products for agricultural production is 

required. 

Kyusei Nature Farming Historical Perspective in Japan  
Farming without synthetic chemicals is known as Kyusei Nature Farming. It is founded on the ideas and 

concepts of nature farming espoused by Mokichi Okada (1882-1955), the founder of Sekai Kyusei Kyo and 

a Japanese naturalist and philosopher. Kyusei Nature Farming is a broad interpretation of the Japanese 

word “Kyusei” which meaning ‘preserving’.  

After Second World War, Japan embraced modern agricultural methods to address food shortages. As a 

result, chemical fertilizers and insecticides were used excessively. Although Japan was able to overcome 

the food crisis, the pesticides and extended planting had a number of negative consequences. The soil lost 

its nutrient balance, and pests were more common than they had been previously. This resulted in 

instances where consistent crop production was impossible. In such conditions, Mokichi Okada noticed the 

source of the difficulties, which was excessive chemical use. As a result, he urged the public to help fix the 

problem by practicing natural farming. Kyusei Nature Farming was founded around this time. 

Okada was inspired to pursue his ultimate objective of “creating paradise on earth by abolishing disease, 

poverty, and violence” in 1931. He believed that natural farming may make a substantial contribution to 

this goal. he was deeply worried about the sufferings faced by farmers and agricultural villages in 

Northeast Japan, particularly during the abnormally cold weather of 1932-34. Okada was believed that 

nature farming was a strategy that could greatly improve the welfare of poor farmers, as evidenced by his 

writings. It was because of this conviction that he began to fight for natural farming practises. 

Okada purchased land in Tokyo in 1936 and began experimenting with vegetable, flower, and grape 

production; in 1942, he began experimenting with rice agriculture. This was the beginning of Mokichi 

Okada's natural farming approach. 

After nearly six decades, Kyusei Nature Farming is gaining international recognition as a sustainable 

farming practice that conserves natural resources, protects the environment, and produces healthy and 

nutritious food. The Japanese word "Kyusei" means "saving," thus Kyusei Nature Farming implies that 

the world can be saved by using Kyusei Nature Farming practises. 

Scope of Natural Farming  
Today Agriculture covers 38 percent of the land surface on the cultivated planet in which modern societies 

live. Humans rely heavily on soil capacity to sustain agricultural and livestock output, which accounts for 

more than 95 percent of world food production. Agricultural systems are key causes of soil and 

environmental degradation as well as a significant source of massive biogenic greenhouse gas emissions. 

Ploughing, improper farming techniques, deforestation, and overgrazing are all contributing factors. In 
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India, fertiliser use has increased, and pesticide use in agriculture is evident for the protection of crop-

damaging pests, fungi, and weeds, among other things. Pests, weeds, and diseases cause about 15-25 

percent of potential agricultural production to be lost. Overuse of agrochemicals will deplete the 

environment and ecology over time. Natural farming, on the other hand, has the potential to improve the 

environment and ecology for current and future generations.  

Natural farming (Vrikshayurveda farming)/Low Budget Natural-way Farming and Kyusei Nature 

Farming are one of them is a nature-based, environmentally friendly method that ensures the protection 

and sustainable use of all resources. In the Natural farming, it would be a win-win situation since the 

farming community would be encouraged to plant prospective crop-producing tree species on their farms 

and in village common lands, resulting in a cleaner environment, reduced usage of fertilizers and 

agrochemicals, and higher-quality food. 

How Natural Farming Differs from Organic and Chemical Farming?  
Table 1. Comparison of natural farming with existing farming practices: 

Farming 

practices  

Specific inputs used  Advantages   Disadvantages 

Natural 

Farming  

1. Indigenous cow centric 

2. Jeevamritha 

3. Ghanajeevamritha 

4. Beejamrita 

5. Mulching 

6. Intercrops, mixed crops, poly 

crops 

7. Local cultivar seeds 

8. Home made Kasayams 

(Agneyastra, Neemastra) for 

pest and disease control 

1. Regular & 

better farm 

income from 

intercrop 

2. Lower 

production cost 

3. Less use of 

FYM 

4. Improved 

family health 

and soil health 

5. Chemical free 

produce 

1. Need of 

indigenous cow 

dung and urine 

2. Possibility of 

lower yield  

3. Cumbersome 

practices 

4. More farm 

engagement  

5. No established 

market and 

certification 

system like 

organic farming 

Organic 

farming 

Inputs may not be cow centric  

1. Vermicomposting 

2. biofertilizers  

3. Panchagavya 

4. High yield varieties, Hybrid 

seeds 

5. Biological pest and disease 

management 

1. Chemical free 

2. Eco-friendly  

3. Assured 

market for 

contract 

farmers 

4. Premium price 

for organic 

product 

1. Huge quantity of 

FYM 

2. Yield reduction 

during 

conversion 

period 

3. Stringent 

procedure  

4. Expensive for 

consumers 

Chemical 

farming 

1. Synthetic fertilizers  

2. FYM 

3. Chemical pesticides, 

herbicides 

4. High yield varieties, Hybrid 

seeds 

5. Heavy irrigation 

6. Intensive tillage 

7. Farm mechanization 

8. Mono-cropping system 

1. High yield 

potential 

2. Convenience in 

farming 

3. Less price for 

consumers 

4. Easy input 

availability 

5. Market is well 

established for 

the product 

1. Rising cost of 

production 

2. Health hazards 

for farmers and 

consumers 

3. Unsustainable 

system 

4. Loss of 

biodiversity 

5. Pest resurgence 
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Principles of Natural Farming  
In Natural farming there are three principles involves with the use of the tree, its parts, and its products. 

A set of rules applies to each cultivation practice. There have been tree species identified, tested, and 

utilised. For the past two years, the senior author has documented leguminous trees for supplying nutrients 

due to their high nutrient content and faster decomposition; plant extracts with secondary metabolites for 

growth promotion; and tree species with bio-pesticidal properties for pest and disease management. It's 

past time to completely investigate the information contained in old texts and seek a new path. 

Principles: 

a. Biomass transfer technique (BMT): Leguminous tree leaves are commonly utilised as 

manures and mixed into soil prior to sowing/planting to provide nutrients for crop growth. These 

plants leaves are utilised for green manure, enhanced fallows, and even improved animal manure 

production. They can give a viable technique of securing nitrogen supply under favourable 

conditions. This is accomplished through BMT, which entails gathering tree leaf biomass from 

adjacent areas or, if accessible, within the farm itself, and applying it to the field. Green leaf manure 

is made from leguminous tree species, ideally N-fixing trees with high nitrogen content and a fast 

decomposition rate.  

Table 2.  Tree species used for green leaf manure: 

S.No. Tree species Family Leaf biomass 

(t/ha) 

Nitrogen 

content 

(%) 

1 Acacia auriculoformis Fabaceae 19 t/ha 2.1 

2 Acacia maggium Fabaceae 38-40 t/ha 1.28-1.42 

3 Albizia lebbek (L.) Benth. Fabaceae 14.5-15 t/ha 4.5 

4 Azadirachta indica  Meliaceae  400 kg/tree 2.83 

5 Cassia siamea  Fabaceae 14.6 t/ha 1.60 

6 Delonix regia Raf. Fabaceae 50-60 kg/tree 2.76 

7 Erythirna indica  Fabaceae 5-6 t/ha 3-4 

8 Gliricidia sepium (Jacq.)  Fabaceae 5-6 t/ha 2.76 

9 Leucaena leucocephala  Fabaceae 13-14 t/ha 3.20 

10 Peltophorum ferrugineum (DC.) Hayne. Fabaceae 30-40 t/ha 2.63 

11 Pongamia pinnata  Fabaceae 24-30 t/ha 3.31 

12 Sesbania grandiflora  Fabaceae 20 t/ha  2.7-3.0 

b. Tree leaf extracts: It's appealing to use natural tree leaf extracts as crop health tonics. These 

tonics can be used as foliar nutrition during various phases of crop growth as well as seed treatment 

to ensure early germination and growth. Secondary metabolites found in tree leaf extracts are 

capable of boosting growth in plants through physiological and biochemical changes. Secondary 

metabolites found in tree leaf extracts are capable of boosting growth in plants through physiological 

and biochemical changes. 

Table 3. Suitable horticultural tree species for leaf extracts: 

S.No. Tree species  Parts used  Secondary metabolites 

1 Mangifera indica Leaves, dried leaf powder and 

bark 

 

Alkaloids  

 

2 Moringa oleifera  

 

Leaves  

 

Alkaloids  

 

3 Aegle marmellos  Leaves, fruits and pulp  Alkaloids and coumarins 

 

4 Psidium gujava  

 

Leaves  

 

Gallic acid  

 

5 Phyllanthus emblica  Leaves and bark  Alkaloids and glycosides  

6 Phyllanthus acidus  Leaves, seeds  Alkaloids  

7 Erythrina indica. Leaves  Alkaloids  
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8 Morinda tinctoria  Leaves  Alkaloids  

9 Tabernaemontana 

coranaria 

Young Leaves and bark  Alkaloids 

10 Alstonia scholaris Leaves  Indole Alkaloids  

11 Dalbergia latifolia  Leaves  Alkaloids  

12 Dalbergia sissoo  Leaves and stem bark  Alkaloids  

13 Sesbania grandiflora  Leaves Alkaloids 

c. Tree leaf extracts for crop protection: Botanicals and other derivatives such as oil, extracts, 

and powder prepared from tree leaves and other parts such as seed, kernel, and bark will be widely 

used for pest and disease control, as well as weed control, due to the growing demand for 

environmentally friendly, safe, and selective bio formulations for total health care in crop 

production. Secondary metabolites with antibacterial, fungicidal, and alkaloid properties will be 

used in leaf extracts of tree species with bio-pesticide capabilities to control pests and illnesses of 

the farmed crop. We'll use tree species that have a lot of secondary metabolites. Since ancient times, 

India has been aware of virus-like diseases and therapeutic options. Leaf extracts of these tree 

species with bio-pesticide activity will be used to reduce the occurrence of pests and diseases in the 

cultivated crop. Pesticides are the most common means of controlling pests and diseases in most 

agricultural industries. The selectivity and efficacy of bioactive substances have recently increased, 

allowing for increasing adoption of integrated management methods. India is home to a diverse 

range of plants that could be used as botanical insecticides. Botanical pesticides make use of 

secondary metabolites, which has become increasingly significant in modern agriculture. They have 

proven to be an effective weapon against crop pests by inhibiting phytophagous insects' detrimental 

effects on behaviour, physiology, growth, reproduction, and other functions. Plant products have 

been used in India for over a century to reduce pest-related losses. 

In natural farming, crop protection with diverse leaf extracts of tree species such as neem, 

Pongamia, Aegle marmelos, Vitex negundo, Albizia amara, Anthocephalus cadamba, Adina 

cordifolia, Morinda tinctoria, and dry fruits of ‘kadukkai’ is noticeable with greater efficacy. The 

presence of antifungal, antibacterial, and biopesticidal activities in the form of secondary 

metabolites in leaf extracts may also aid in pest control and spore inhibition. fungal growth and 

germination The pest and disease threat is also reduced by leaf extracts with higher peroxidase, 

polyphenol oxidase, and phenyl alanine activity. 

Table 3. Tree species with biopesticide properties: 

S.No. Tree species Parts used  Secondary metabolite 

1 Adina cordifolia  Wood and leaf extract  Alkaloid  

 

2 Anthocephalus cadamba  Leaves  Alkaloids  

3 Azadirachta indica  Leaves, oil, seed 

kernals, neem cake  

Azadirachtin  

4 Eucalyptus camadulensis Oil & leaves  Terpenoids, alkaloids, 

limonene, eucalyptol.  

5 Gliricidia sepium Fresh and dried leaves  Alkaloids and saponins  

6 Morinda tinctoria Leaves  Alkaloid  

7 Pongamia pinnata  Leaves, seeds  Fixed oil- Karanjin  

8 Vitex negundo Leaves  Alkaloids  

Table 4. Different plant species used for different biological activity in plant protection: 

S. 
No. 

Plant species Common 
name  

Plant 
part 
used 

Active chemical 
constituents/Alkaloids  

Biological 
activity 

1. Abies balsamea Balsam fir Leaves Juvabione, dehyojuvabione Hormonal  

(Juvenile 

Hormone) 
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2. Aconitum ferox Indian 

Aconite, 

Bishnag 

Whole 

plant 

Psuedaconitine, 

chasmaconitine, 

indaconitine, bikhaconitine 

& diacetyl 
pseudaconitine 

Aphicidal, 

toxic to beetles 

3. Acorus calamus Bachh Leaves Trans - asarone, cis - 

asarone, isoasarone 

Repellent, 

antifeedant 

4. Adhatoda 

vasica 

Adusa Leaves Vasicine, 

vasicinone, 

vasicinol, 
limonene, 

Insecticidal, 

antifeedant 

5. Aegle marmelos Bael/ 

Bilva 

Essential 

oil from 

leaves 

Limonene, α pinene, 
sabinene, 

ocimene and p -

caryophyllene 

Feeding 

deterrence, 

fungicidal 

6. Allium sativum Wild Pyaj Bulbs Diallyl di-sulfide, diallyl tri- 
sulfide 

Insecticidal 

7. Allium cepa Pyaj Bulbs and 
leaves 

Quercetin & phenolic 
compounds 

Insecticidal 

8. Andrographis 
paniculata 

Kalmegh Leaves Andrographolide Insecticidal 

9. Anethum sowa Dill Seeds, 
leaves, 
stem 

Carvone, dillapiole Insecticidal 

10. Anacardium 
occidentale 

Cashew nut  Cashew 
nut shell 
oil 

Phenolic constituents Insecticidal 

11. Annona 
reticulata 

Ramaphal Roots, 
stems, 
leaves, 
seeds 

Anonaine, liriodenine, 
reticuline, norushinsunine 

Insecticidal 

12. Annona 
squamosa 

Sitaphal Fruit & 
Seed Exts. 

Annonacin, annonin, 
Annonelliptine, 
asimicin, annonidines 

Antifeedant, 
repellent 

13. Aquilaria 
malaccensis 

Agar- wood Agarwood 
dust 

α- guaiene, caryophellene 
oxide, eudesmol 

Protection, 
repellent 

14. Argemone 
maxicana 

Satyanashi Leaves Protopine nitrate, Berberine 
nitrate, Ceryl alcohol, þ- 
sitostero 

Protection 

15. Artemisia 
vulgaris 

Mugwort Leaves 1,8-cineole, camphor and α- 
terpineol 

Repellent, 
insecticidal 

16. Artemisia 
capillaris 

Seeta-bani Leaves Bornyl acetate, capillarin, 
capillen 

Feeding 
deterrent 

17. Azadirachta 
indica 

Neem Leaves and 
diff. parts 

Limonoids, azadirachtins, 
salanin, 
nimbin 

Insecticidal, 
Hormonal (JH), 
antifeedant, 
multifacial 

18. Bambusa 
arundinacea 

Bamboo Fresh & 
young 
shoots 

Benzoic acid, cyanogenic 
glucoside 

Insecticidal 

19. Bixa orellana Latkan, 
Annatto 

Seed coats Bixin Repellent 

20. Brassica 
comprastis 

Sarson Seeds 2- Phenylethyl 
isothiocyanate 

Fecundity 
reducing 
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21. Butea 
monosperma 

Palash Flowers Chalcones and Aurones Termicide 

22. Caesalpinia 
crista 

Latakaranj 
a 

Seeds Karajin, fatty acids Antifeedant, 
insecticidal, 
repellant 

23. Calotropis 
procera 

Aak Leaves Latex containing poisonous 
constituents 

Antifeedant 

24. Camellia spp. Camellia Leaves Shikinic acid, caeffin & 
tannins 

Insecticidal, 
repellent 

25. Cannabis sativa Bhang Leaves Resinoid 
tetrahydrocannabinol, a 
phenolic type substance 

Protectant 

26. Capsicum 
frutescens 

Lal mirch Fruits Capsaicin Insecticidal 

27. Carica papaya Papaya Leaves Carpaine Insecticidal 

28. Cassia nigricans Cassia Leaves Emodin Insecticidal 

29. Cassia 
occidentalis 

Chakunda, 
Kasonda 

Leaves Emodin Insecticidal 

30. Cassia alata Dadmurda 
n 

Seeds Cassiaxanthone, kaempferol 
and its glycosides, 
aloeemodin, chrysophanol, 
isochrysophanol, þ – 
sitosterol rhein physicion – 
1- 
glucoside 

Meamorphosis 
inhibitor 

31. Cassia tora Charota Leaves Chrysophanic – 9 - anthrone Antifeedant 

32. Catharanthus 
roseus 

Sadabahar Whole 
plant 

Several alkaloids Insecticidal, 
Antifeedant 

33. Chenopodiun 
anthelminticum 

Chenopodi 
um 

Seeds Essential oil having 
ascaridole 

Insecticidal 

34. Chrysanthemum 
spp. 

Guldaudi Flowers Pyrethrins I & II, cinerins I 
& 
II, and jasmolins I & II 

Antifeedant 

35. Cinchona 
officinalis 

Cinchona Bark Quinine, quinidine, 
cinchonine & 
cinchonidine 

Insecticidal 

36. Cinnamomum 
camphora 

Kapur All parts of 
tree 

Camphor oil Insecticidal 

37. Citrus limon Nimbu Leaves  
and 
fruits 

Limonin, nomilin, 
obacunone 

Antifeedant, 
toxicant 

38. Citrus spp. Nimbu Leaves, 
twigs & 
peels 

Citropin, dl- limonens, 
linalool, glucosides, acids, 
terpenes etc. 

Insecticidal 

39. Cymbopogan spp. Nimbu 
ghas 

Leaves y – cardiaene, elemicin, 
citral 

Insecticidal, 
repellent 

40. Curcuma longa Haldi Turmeric 
powder 

Curcumene, Termerone, 
dehydro- 
termerone, α- phellandrene 

Repellent, 
protectant 

41. Curcuma longa Turmeric Essential 
oil from 
leaves 

α-Phellandrene Growth 
inhibition and 
larval 
mortality 
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42. Datura metel Datura Leaves Hyoscine Antifeedant 

43. Derris elliptica Derris Roots Rotenone and 
dihydrorotenone 

Insecticidal 

44. Eucalyptus hybrid Safeda Leaves 1,8 - Cineole, α-
phellandrene, linalyl 
isovalerate, isoamyl 
isovalerate etc. 

Antifeedant 

45. Eucalyptus 
globulus 

Blue 
Eucalyptus 

Leaf ext. 1,8 - Cineole, caryophyllene, 
globul ol, α-phellandrene, þ- 

Protection 

    eudesmol etc.  

46. Eucalyptus 
rostrata 

Murray 
red gum 

Leaves 1,8 - Cineole, α-phellandrene 
etc. 

Anti- 
Fecundity 

47. Euphorbia 
antiquorum 

Tridhara Latex Latex contains 4.0-6.4 % 
caoutchouc 

Antifeedant 

48. Foeniculam 
vulgare 

Moti Saunf Leaves Fenicularin Repellent 

49. Ginkgo biloba Balkuwari Leaves Salicylic acid
 derivatives, bilobalide, 
ginkgolide – A 
and B 

Feeding 
detterent 

50. Glycine max Soybean Leaves Glyceollins, daidzein Antifeedant, 
toxicant 

51. Hydrocarpus 
spp. 

Calmogara 
, Jangli 
badam 

Seeds Hydnocarpic acid, 
Chaulmoogric acid, Gallic 
acid & other fatty acids 

Repellent, 
oviposition 
reducer 

52. Ipomea carnea Behaya Leaves Essential oil having 
alantolactone 

Insecticidal 

53. Jatropha carcus Ratanjot Leaves 
and seeds 

Isovitexin, vitexin, þ- 
sitosterol Curcine, curcasin, 
fatty acids etc. 

Protectant, 
repellent 

54. Lantana camera Raimuniya Leaves Caryophyllene, cineol and þ 
- 
pinene 

Protectant 

55. Lawsonia 
inermis 

Mehandi Leaves Tannin, saponin, 
anthraquinone flavonoids, 
glucosides and alkaloids 

Antifeedant 

56. Lycopersicon 
hirsutum 

Jangli 
Tamatar 

Leaves 2-tridecanone, trans - 
caryophyllene 

Repellency, 
toxicity 

57. Melia azedarach Bakain Leaves Tetraterpenoids, 
toosendanin, meliandiol, 
melianone, meliantriol, 
nimbolidin A, volkensin 

Antifeedant, 
ovipositon 
deterrent, 
antifertility, 
toxicant 

58. Mentha spicata Pudina Flowering 
tops 

Cineole, carvone, 
caryophyllene, menthol 

Antifeedant, 
toxicant 

59. Moringa oleifera Senjana Leaves Niazirin, niazirinin Growth 
inhibitor 

60. Nerium 
oleander 

Kaner Leaves Cardiotonic, oleandrin, 
neridin 

Inhibit 
oviposition 

61. Nicotiana 
tabacum 

Tambaku Seeds Nicotine, nornicotine, 
anabasine 

Insecticidal, 
antifeedant 

62. Ocimum 
basillicum 

Ram Tulsi Leaves and 
seeds 

Juvocimene I, II, linalool, 
methyl chavicol, eugenol, 

Antifeedant, 
toxicant 
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    methyl eugenol, geraniol, 
geranial, neral 

 

63. Ocimum 
sanctum 

Tulsi Leaves, 
seeds 

Linalool, chavicol, eugenol, 
eugenol methyl ether, 
cineole, caryophyllene 

Insecticidal, 
repellent 

64. Parthenium 
hysterophorus 

Gajar ghas Whole 
plant 

Parthenin, 1,8-cineole, 
coronopilin 

Feeding 
deterrent, 
growth 
inhibitor 

65. Piper nigrum Kali Mirch Fruits or 
seeds 

Piperine, piperitine Insecticidal, 
repellent 

66. Plumbago 
zeylanica 

Chitrak Roots and 
leaves 

Pumbagin, juglone Antifeedant, 
repellent 

67. Pongamia 
pinnata 

Karanj Leaves Karanjin Insecticidal, 
aphicidal 

68. Pidium guajava Amrood Leaves þ- sitosterol, maslinic acid, 
guijavalic acid 

Insecticidal, 
repellent 

69. Ricinus 
communis 

Arandi Leaves 
and 
seeds 

Ricinine & fatty acids Repellent 

70. Sapindus 
mukorossi 

Ritha Seeds Saponins Insecticidal 

71. Sesamum 
indicum 

Safed til Roots Fatty oil contains sesamin, 
sesamolin, sesangolin etc. 

Antifeedant 

72. Tagetes minuta Genda Flowers Tagetes oil having terthienyl 
- (β,β’,5’,β’’-terthiophene), E- 
ocimenone 

Larvicidal, 
repellent 

73. Tephrosia 
purpurea 

Sharpunkh 
a 

Roost & 
seeds 

Ratenoids Insecticidal 

74. Tephrosia vogelii Fish bean Leaves Ratenoids Insecticidal 

75. Vinca rosea Sadabaha Leaves Toxic alkaloids & Phenolics Repellent 

76. Vetiveria 
zizanioides 

Khas Roots Vetiver oil having þ- 
vetivene, azulene, zizanene 
leavojujenol etc. 

Growth 
disrupter, 
repellent 

77. Vitex negundo Nirgundi Leaves & 
seed 

Rotundial Repellent, 
insecticidal 

78. Zanthoxylum 
monophyllum 

Yellow 
Prickle 

Bark Zanthophylline Feeding 
deterrent 

79. Zanthoxylum 
monophyllum 

Yellow 
Prickle 

Fruits Essential oil having 1,8 - 
cineole,trans - sabinene 
hydrate and cis - sabinene 
hydrate 

Insecticidal 

80. Zinziber officinal  Ginger  Rhizomes Gingerdione, paradol, Antifeedant. 

d. Systematized Natural farming practices: 

i. Whapasa-moisture (Soil aeration): Natural farming supporters argue that irrigation is 

overused in green revolution farming. Whapasa describes the situation in which the soil 

contains both air and water molecules and building up of humus. Thus, irrigating merely at 

noon in alternate furrows may be sufficient to meet the crops' moisture requirements, 

resulting in a considerable reduction in irrigation requirements in natural farming. Farmers, 

on the other hand, rarely adopt this technique. It reduces the overreliance on irrigation and 

improve aeration and soil moisture profile. 
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ii. Acchadana (Mulching): Under natural farming, three methods of mulching have been 

suggested, it avoids tillage, improve the soil condition of top soil, add organic matter and 

fertility with increased activity of soil biota. 

• Soil Mulch: This protects topsoil from being destroyed by tilling during farming. It 

improves soil aeration and water retention. Deep ploughing should therefore be 

avoided. 

• Straw Mulch: Straw mulch is made up of dried biomass waste from earlier crops. 

Through the activity of the soil biota, which is stimulated by microbial cultures, any 

type of dry organic material will breakdown and generate humus. 

• Live Mulch: It is essential to develop multiple cropping patterns of monocotyledons 

and dicotyledons grown in the same field, to supply all essential elements to the soil 

and crops. Dicot group such as pulses are nitrogen-fixing plants. Monocots such as 

rice and wheat supply other elements like potash, phosphate and sulphur. 

iii. Beejamritham (Seed treatment): Seeds, seedlings, and other planting materials are 

treated with beejamritham. Beejamritha protects new roots from fungus, as well as soil borne 

and seed-borne illnesses that typically plague plants following the monsoon season. It 

protects from seed and soil borne diseases, increase soil organic carbon, activate nutrients. 

• Preparation of beejamritha: Mix local cow dung, which is considered a natural 

fungicide, with cow urine (an anti-bacterial liquid), lime, and soil to make 

beejamritha. The excrement is wrapped in a cloth and submerged in urine for 12 

hours. Cow pee is separated from the dung, the dung is pressed, and the urine is 

mixed with 50g of lime. 

• Application as seed treatment: As a seed treatment, add beejamritha to any crop's 

seeds, coat them by hand, dry them well, and use them for sowing. Simply immerse 

leguminous seeds in water and let them dry. 

iv. Jeevamritha/Jeevamrutha (Liquid inoculant): is a microbial culture that has been 

fermented. It not only offers nutrients, but it also functions as a catalytic agent, promoting 

the activity of soil microbes and increasing the population of native earthworms. 

• Jeevamritha preparation: Fill a barrel with 200 litres of water and add 10 kg fresh 

local cow dung, add 5 to 10 litres old cow urine, add 2 kg jaggery (a local variety of 

brown sugar), add 2 kg pulses flour finally, add a pinch of soil from the farm's bund. 

Stir the mixture thoroughly before allowing it to ferment in the shade for 48 hours. 

Jeevamritha is ready to be used. One acre of ground may be covered with 200 litres 

of Jeevamritha. The aerobic and anaerobic bacteria found in cow dung and urine 

proliferate during the 48-hour fermentation process as they consume organic 

components (like pulse flour and jaggery). A small amount of undisturbed soil 

functions as an inoculant for natural microorganisms and creatures. Jeevamritha also 

aids in the prevention of bacterial and fungal plant diseases. 

• Application of Jeevamritha: Jeevamritha is sprayed twice a month in irrigation 

water or as a 10% foliar spray to the crops. The preparation can be stored for up to 15 

days and then sprayed or mixed with irrigation water in the field. Jeevamritha is used 

for horticulture crops. The majority of the farmers use the drip irrigation method to 

apply Jeevamritha.  

v. Ghanajeevamritha: Farmers in places with limited water supply create 

Ghanajeevamritha, a solid form of Jeevmaritha. During the off-season, farmers produce 

Ghanajeevamritha and store it for up to six months to use in the following crop season. Cow 

dung and urine are combined with pulse flour and jaggery, which is formed into balls and 

dried in the shade. Before being applied in the field, the dry product is stored in gunny bags 

and finely pulverised. Farmers use the Ghanajeevmritha broadcasting method to apply it 

before sowing the crop. 

vi. Pre-monsoon dry sowing (PMDS): Beejamritha-treated seeds are dispersed in the 

field before the beginning of monsoon in rainfed and unirrigated areas. Beejamritha protects 

seeds from being eaten by birds and helps to battle unpredicted and less rain for the Kharif 
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crop. The seeds germinate immediately the first rain falls, so the farmer does not have to 

wait. It aids in the avoidance of repeated sowing due to monsoon failure or delay. 

vii. Poly-cropping: poly-cropping is a five-layer cropping system in which trees, fruits, 

vegetables, pulses, and cereals are planted in layers. These have various levels of canopy and 

maturation periods, so they are harvested at various times. Some of these crops can be used 

as a border crop, while others can be used as a trap crop, such as pulses, vegetables, and 

cereals. It so aids in the timely delivery of one or more crops to the farmer. 

viii. Navadhanya: Navadhanya is the process of combining nine millets/crops and 

broadcasting them as green manure before the Kharif season. Farmers use the mature plants 

as manure for their Kharif crop. 

ix. Panchamula: Panchamula is a powdered combination made up of the dried roots of five 

plants. 

Table 5. Plants species used for panchamula preparations and relevant properties: 

S.NO. Plant species Properties  

1 Aegle marmelos Antifungal, nematicidal, insect 

antifeedant 

2 Clerodendronphlomides Antifungal, antiviral, antibacterial, 

insect antifeedant 

3 Gmelina arborea Anti-viral 

4 Oroxylum indicum Antimicrobial 

5 Stereospermum suaveolens Antifungal, antibacterial  

x. Kunapajala: The fermented product contained basic constituents such as amino acids, 

sugars, fatty acids, keratins, macro- and (almost all) micronutrients in available form. It was 

natural that plants responded very well to the nourishment provided by kunapajala and 

flourished with excellent growth, flowering, and fruiting. Every two weeks, make up a new 

batch of kunapajala. Three applications of kunapajala to seasonal vegetables will be needed: 

one in nursery, one during growth stage, and one prior to flowering. For fruit plants, four soil 

drenches in one year or 6 spray applications in a year would be appropriate. Changes in 

timetables, however, must be made. 

• Preparation method: Cook animal flesh, crushed bones, rice husk, black gramand 

transfer to a 200L container and add items Honey, cattle urine, ghee, milk and water to 

make up the volume to 100L. stir the mixture twice a day for 1-3 months. 12 hours before 

straining stir the mixture so that supernatant can easily removed. The strained liquid 

should be filtered further and make the final volume 200L.  

Table 6. Formulation of Kunapajala: 

Item Quantity  

Animal flesh (fresh) 2kg  

Eggs 25 in number 

Soybean meal or nuggets plus paneer 1kg+1kg 

Fish meal 2 kg 

Paneer  2 kg 

Crushed bones 0.5 kg/kg 

Rice husk 1 kg 

Available oil cake 1 kg 

Cattle dung 10 kg 

Cattle urine 15 L 

Black gram 0.5 kg 

Honey 0.25 kg 

Ghee 0.25 kg 

Milk  1 L 

xi. Effective Microorganisms (EM) Technology: Effective Microorganisms (EM) are a 

type of beneficial microorganism microbiological material. Beneficial microorganisms are a 

vast category of microorganisms that benefit the human body and are used as beverages or 
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food starters, such as Lactobacillus in yoghurt and yeast in bread, in animals as feed 

supplements, and in soils as Rhizobium, Actinomycetes, and mycorrhiza. Nitrogen fixation, 

nutrient mineralization, humus production and decomposition, and disease suppression are 

all examples of the beneficial bacteria' effects. In the natural farming system, EM technology 

is just one tool. The microbes used in this approach have been shown to improve soil 

microflora, promote crop root development, and help to recover contaminated environments. 

xii. Important other practices mentioned for natural farming from 

Vrikshayurveda for Horticultural crops. 

• Seed treatments: Seeds dipped in milk, covered with mustard and seasame ash, and 

Brihati rubbed with cow dung sprout without dormancy.  

• Vidanga seeds soaked with milk, rubbed with cowdung, dried, then liberally spread with 

honey will sprout. Trees developed from such seeds produce an endless supply of high-

quality blooms and fruits. 

• Smoking/smudging for flowering: Trees which are smoked heavily by a mixture of 

ghee, Vidanga, milk water and honey become full of flowers and fruits in a short time. 

• Fruit sapling growth: A cold mixture of fish, flesh and sesame should be given every 7 

days. 

• Mango tree nourishment: The mango trees are nourished well and are loaded with 

sweeter and bigger fruits if treated with water mixed with ripe fruit of ankota, ghee, 

honey and marrow of a boar. Mango is specially benefitted by cold fish. 

• Coconut: The coconut trees become loaded with weight of huge fruits and also become 

free from diseases if smeared at night with extracts of fermented washings. liquor, 

seasame, black gram and wine mixed with honey, salt and vidang. Coconut trees always 

produce fruits as big as pots if they are treated with soup of black gram, saltwater, powder 

of barley in abundant quantity. 

• Pomegranate: When saturated with fish water and earthworms treated with milk the 

pomegranate tree produces sweet and big fruits. 

• Jackfruit: Watered with plenty of triphala decoction and immediately with husk the 

jack fruit tree bears many fruits which are very sweet and without seed. When badar, 

lakuch, dhatri, jambu trees are amply watered and sprinkled with urine everyday, they 

bear fruits of big size with nector like taste. 

• For Banana: Kadali (Musa paradisiaca; banana) plant produces excellent fruits when 

watered with decoction of kankola (piper cubeba) and blood and fat of hog. 

• For juicy fruits: The bilva and kapitha trees when sprinkled with mixture of jaggery, 

ghee, milk and honey bear plenty of juicy fruits. 

• For sweet fruits: A tree which normally produce tasteless fruits starts producing sweet 

fruits if thickly smeared at the root with the paste of mixture made out of Vidang, 

Yashtimadhu, Yava, milk and jaggery. 

• To remove insects: To remove insects both from roots and branches of the trees one 

should water the trees with cold water 7 days. The insects on the leaves can be destroyed 

by sprinkling the powder of ashes and brick dust.  

• For mutagen: Seeds of Vartaka (Solanum melongena) be smeared with honey and ghee 

should inserted carefully inside a fresh kushmanda (Benincasa hispida) fruit and 

extracted after a fortnight. When it is sown it produces a creeper with leaves of 

kushmanda but the fruits it bears are those of Vartaka. It is indeed a wonder. 

• Tamarindus indica turns into a creeper with very sweet fruits when sprinkled with water 

mixed with the powder of yava (barley), masha (Vignamungo), tila (sesame) and vrihi 

(oryza sativa) and then thoroughly smoked with Nisha (Turmeric). 

Adoption of Natural Farming in Horticulture in India  
To reduce input costs, the government of India is introducing Bhartiya Prakritik Krishi Padhati (BPKP), 

under centrally sponsored sub-scheme of Paramparagat Krishi Vikas Yojana (PKVY), which will be 

implemented in 2020-21. The system focuses on eliminating all synthetic chemical inputs and encouraging 

on-farm biomass recycling, with a particular emphasis on biomass mulching, cow dung-urine formulations, 
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and other plant-based preparations. The project includes training as well as capacity building. Cluster 

development, capacity building, constant handholding by qualified staff, certification, and financial 

assistance of Rs12200/ha for three years are all covered under the BPKP. Natural farming has been 

permitted for an area of 4.09 lakh ha in eight states: Andhra Pradesh, Chhattisgarh, Kerala, Himachal 

Pradesh, Jharkhand, Odisha, Madhya Pradesh, and Tamil Nadu. NITI Aayog, in coordination with the 

Ministry of Agriculture and Farmers Welfare, hosted many high-level discussions on natural farming 

practises with international experts. Around 2.5 million farmers in India are already practising 

regenerative agriculture, according to estimates. It is predicted that 20 lakh hectares of organic farming, 

including natural farming, will be planted in the next five years, with 12 lakh hectares under the BPKP. 

Table 7. State wise horticultural crops under Bhartiya Prakritik Krishi Padhthi (BPKP): 

S.NO. Name of the state Horticultural crops under natural farming 

1 Andhra Pradesh Cashew, Citrus, Palm oil, Tomato 

2 Kerala Banana, leafy vegetables, cucurbits, Solanaceous varieties, 

Okra, cool season vegetables, spices and condiments, tubers, 

coconut based intercrops, cocoa, nutmeg, coffee, cashew, 

pepper, coconut, arecanut 

3 Himachal Pradesh Peas, Apple, Stone fruits, coriander and other leafy 

vegetables 

4 Jharkhand  Vegetables 

5 Odisha Turmeric, Ginger 

6 Tamil Nadu Vegetable crops 

Conclusion  
Natural farming has a number of advantages over conventional organic farming, including low capital 

investment and a productivity per unit area of land that is essentially similar to conventional organic 

farming. Natural farming also reaps psychological benefits from working on soil. Natural farming is a type 

of agriculture that invariably produces the highest quality food, both in terms of environmental integrity 

and human health, due to their ongoing research into how nature works. Horticulturists must create skills 

and procedures to produce these by pursuing the topic as serious research projects, and they can try diverse 

kinds of natural farming practises and wisely amalgamate with modern technology for the benefit of 

society. 
  



 

 
Volume 04 - Issue 07 - July 2022       529 | P a g e  
 

Trichogramma – A Biocontrol Agent 
Article ID: 37673 

Athul G. B.1, Ganapathi C.1, Anagha S.1, Rajasekar G.2 
1UG Scholar, S. Thangapazham Agriculture College, Vasudevanallur, Tenkasi. 

2Assistant Professor, Plant Pathology, S. Thangapazham Agriculture College, Vasudevanallur, Tenkasi. 

 

 
 

Abstract 

Trichogramma is a genus of minute polyphagous wasps that are endoparasites of insect eggs. Selection of 

the appropriate population is based on inter- and intraspecific variation, as well as on current definitions 

of parasitoid quality. Mass rearing is comprised of both host and parasitoid components, although major 

emphasis is now on developing artificial systems. Effective distribution of Trichogramma requires 

supportive extension and advanced technology. In this article, morphology, mass production and 

management practices by Trichogramma has been reviewed. 

 

Introduction  
Trichogramma spp. are small wasps that are endoparasites of lepidopteran pests. The major advantage 

of Trichogramma species as biological control agents is their extremely small size. These species lay their 

eggs in lepidopteran eggs, killing the developing moth embryo before it hatches and therefore preventing 

the damaging larval stage. The parasitoid larva consumes the contents of the moth egg, pupates, and 

emerges as an adult wasp in 7–14 days. The genus Trichogramma are the most efficient parasitoids of some 

important crop pests. It is easily reared in the laboratory condition. 

Preparation of Trichocards  
The parasitisation of Trichogramma spp, in laboratory condition on one cc eggs of Corcyra cephalonica, 

which are uniformly spread and pasted on a card measuring 15 cm x 10 cm is called as “ Tricho card ”. 

The card has 12 demarcations (stamps). 

 
Apply gum on the card and sprinkle the cleaned eggs uniformly in a single layer with the aid of a tea 

strainer 
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The excess eggs pasted are removed by gently passing a shoe brush over the card after sufficient air 

drying under fan. 

 
Treat the eggs under UV lamp for 30 minutes to kill the embryo. 

 
Take polythene bag, insert UV treated “Trichocard” and nucleus card at the ratio of 6:1 and provide 50% 

honey with vitamin E in a soaked cotton swab. 

 
Remove the Tricho cards after 24 hours. On fourth day, the Corcyra eggs changes to black in colour and 

indicates the parasitization of eggs. 

 
Release the tricho cards in the fields when at least 5 % adult emergence (pharate stage) is observed. 

During each release trichocards should be cut into 12 or 16 bits and staple to the lower side of leaf of 

plant during morning or evening hours. 

 
At fourth or fifth day tricho cards can be stored in refrigerator/fridge at 10 degrees centigrade up to 21 

days. (If we will not store Trichocard in refrigerator then we should immediately release Trichocard in 

field.) 

Species Used in Different Crops  
Crop  Pests       Trichogrammatids   

Apple  Cydia pomonella T. embryophagum & T. cacoeciae   

Pomegranate  Deudorix Isocrates T. chilonis   

Ber (Plum)  Meridarches scyrodes T. chilonis   

Cabbage, 

Cauliflower 

Knol khol 

&  Plutella xylostella, H. armigera, 

Pieris brassicae & Spodoptera litura 

T. brassicae, T. chilonis & T. 

peiridis   

Brinjal  Leucinodes orbonalis T. chilonis   

Tomato  H. armigera T. pretiosum (Th)   

T. pretiosum (Ar) & T. chilonis  

Okra  Earias spp T. chilonis   

Coconut  Opisina arenosella  T.chilonis &  T. embryophagum   

Paddy  Scirpophaga incertulas &  

Cnaphalocrocis medinalis 

T. chilonis &  T. japonicum   

Maize  Chilo partellus T. chilonis   

Cotton  Earias vittella, H. armigera  &  

Pectinophora gossypiella 

T. chilonis & Tr. bactrae   

Sugarcane  Chilo infuscatellus,  C. 

sacchariphagus indicus 

Scirpophaga excerptalis,  Chilo 

auricilius & 

Chilo tumidicostalis 

T. chilonis &  T. japonicum   

Castor  Achaea janata, S. litura &    Conogethes 

punctiferalis 

T. achaeae   
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Mass Production of Trichogramma spp.  

Conclusion  
Biological method is an efficient and economical way to handle the insect pest problem in our crops. It 

reduces the environmental pollution by lessening the use of chemical sprays. It also avoids resistance built 

up in insects due to intense use of chemicals. Therefore, we have to create its awareness among farmer 

society. Although several groups of egg parasitoids are commonly employed for biological control 

throughout the world, Trichogramma spp. have been the most extensively studied and they are the most 

used bio control agent against crop pests. 
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Introduction 

Ecological engineering is the practice of modifying an agricultural area's natural environment in order to 

maintain or increase the population of natural enemies. It is also known as ‘habitat manipulation’ and a 

type of biological control used in conservation. It includes the changing of the cropping system by 

preserving or enhancing the variety of plants in an agroecosystem or by giving natural enemies enough 

refuge to increase their potency. 

Aim of Ecological Engineering  
With the help of ecological engineering, it is now possible to anticipate, plan, and manage ecosystems by 

combining ecology and engineering. Ecological engineering seeks to enhance natural enemies' living 

conditions inside the agroecosystem by supplying resources necessary to meet their SNAP (Shelter, Nectar, 

Alternative prey and Pollen). 

Working Process  
Every field ‘lives’ in a specific ecosystem made up of both biotic (living species) and abiotic (non-living 

chemical or physical) elements. NIPHM (National Institute of Plant Health Management) suggests 

analysing these two elements to begin the ecological engineering process, followed by: 

1. Creating a pest management strategy tailored to each crop. 

2. Provides training to framers on habitat management for improved biological control. 

3. Combining soil fertility and nutrient management. 

4. Enhancing the number of natural enemies - biocontrol agents - to control and eliminate pests.  

Agroecosystem analysis or AESA is a cornerstone principle followed in ecological engineering. 

Incorporating the farmer's historical knowledge, AESA assists in identifying pests, their occurrence 

patterns and plant health monitoring. 

Insect Pests of Pomegranate  
Insect pests of national importance: 

a. Anar butterfly: Deudorix (Virachola) isocrates Fabricus (Lepidoptera: Lycanidae). 

b. Stem borer: Coelosterna spinator Febricius (Coleoptera: Cerambycidae). 

c. Whitefly: Siphorinus phillyreae Haliday (Hemiptera: Aleyrodidae). 

d. Shot hole borer: Xyleborus perforans Wollastan (Coleoptera: Scolytidae). 

e. Thrips: Scirtothrips dorsalis Hood or Rhipiphorothrips cruentatus Hood (Thysanoptera: 

Thripidae). 

f. Fruit borer: Conogethes punctiferalis (Guenee) (Lepidoptera: Pyralidae). 

Insect pests of regional significance: 

a. Aphid:  Aphis punicae Passerini (Hemiptera: Aphididae). 

b. Mealybug:  Ferrisia virgata Cockerell (Hemiptera: Coccidae). 

c. Fruit borer: Spodoptera litura (Lepidoptera: Noctuidae). 

d. Fruit sucking moth: Eudocima spp. (Lepidoptera: Noctuidae). 

Some Techniques for Ecological Engineering in Pomegranate  
1. Alternate food source: Some parasitoids obtain needed resources from host while others require access 

to non-host foods. Provision of floral nectar to parasitoids can result in increased rates of parasitism. 
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2. Border cropping: Maintenance of necessary host in the off season will conserve natural enemies. 

Planting of crops such as sorghum, maize, pearl millet was found to conserve and enhance the predators 

and parasitoids of pomegranate ecosystem. 

3. Inter cropping: This technique attracts maximum number of coccinellids that predate on the pests of 

pomegranate. Ex- green gram, black gram, french bean, ground nut etc. 

4. Refugia (Provision of artificial shelters): A section of orchard land (near crop fields) used as 

entomophagous park, an area free of pesticide was found to conserve and enhance the natural enemy 

population by providing nectar and pollen source, physical refuge, alternate host, alternate prey, mating 

sites. 

5. Micro climate: Generally bare soils are unfavourable for many natural enemies because of high 

temperature, low relative humidity and low soil moisture. Growing rye grass (Lolium multiflorum) helps 

in reducing the temperature of the soil surface. 

6. Alternate host / Prey insect: Colonization of alternate insect hosts may improve synchronization 

between pests and its natural enemies. Alternate host of natural enemies can also be made available 

through vegetation diversity in vegetation. 

In Order to Attract Natural Enemies, the Following Practices can be Utilized  
1. Grow flowering plants and appropriate cash crops along the orchard border, with shorter plants facing 

the main crop and taller plants facing the border to draw in natural enemies and deter insect populations 

from immigrating. 

2. Plant flowers inside the orchard on the internal bunds. 

3. Do not remove weeds that are naturally occurring, such as Tridax procumbens, Ageratum sp., 

Alternanthera sp. etc., as they provide nectar for natural enemies. 

4. When the P: D (Pest: Defender) ratio is favourable, avoid using broad-spectrum chemical pesticides. It 

is also important to take into account the plant's capacity for compensating before applying any kind of 

chemicals. 

5. Lessen the amount of tillage so that natural enemies that are hibernating in soil can be preserved. 

6. Choose the right companion plants to grow, which may include trap and pest-repellent crops. Because 

their blooms give nectar and the plants create a favourable microclimate, trap crops and pest repellent 

crops will also attract natural enemies. 

Due to enhancement of biodiversity by the flowering plants, parasitoids and predators (natural enemies) 

number also will increase due to availability of nectar, pollen and insects etc.  The major predators include 

numerous spider species, ladybird beetles, long-horned grasshoppers, lacewings, earwigs, etc. 

Constraints  
1. Implementing habitat management may call for expenditures on labour, fuel, depreciation of capital and 

seed. 

2. Unfavourable outcomes—by aggravating existing pest species, promoting crop disease, or introducing 

weed species. (Barbosa and Wratten, 1998; Prokopy ,1994). 

3. Enhancing predators or parasitoids of pest's natural enemies (Stephens et al., 1998). 

4. Cover crops can also exhibit weed-like behaviour (Bugg and Waddington, 1994; Meyer et al., 1992; 

Nyczepir et al., 1998). 

5. Demand more maintenance, water, and/or fertilizer than what is necessary for the crop (Horn, 2000). 

Conclusion  
Adding biodiversity, through ecological engineering, can alter or manipulate the tri trophic interaction, 

which can be ecologically and economically feasible alternative to manage the pest population. Considering, 

the non-use or lesser use of chemicals this approach can be a viable option, to reduce the pest population 

in a greener way. 
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Figure 1- Different types of plants used in ecological engineering process to control 

pomegranate pests. 

 

References  
1. Landis DA, Wratten SD, Gurr GM. Habitat management to conserve natural enemies of arthropod pests in agriculture. 

Annual Review of Entomology. 2000; 45:175-201. 

2. Approaches for Sustainable Agroecosystem Tamil Nadu Agricultural University, AC and RI, Madurai, 138-141. 

3. Mitsch WJ, Jørgensen SE. Introduction to ecological engineering. In Ecological Engineering: An Introduction to 

Ecotechnology (WJ Mitsch and SE Jørgensen, eds), Wiley, New York. 1989; 3:19. 

4. AESA BASED IPM PACKAGE – POMEGRANATE, Government of India, Ministry of Agriculture (Department of 

Agriculture & Cooperation), Krishi Bhawan, New Delhi – 110001.  



 

 
Volume 04 - Issue 07 - July 2022       535 | P a g e  
 

Identification, Biology, Nature of Damage and 

Management of Fall Armyworm, Spodoptera frugiperda 
Article ID: 37675 

Arjun Lal Choudhary1 
1Ramgopal Dudwal, Swati and Amit Kumar Yadav, Department of Entomology, Sri Karan Narendra 

Agriculture University, jobner-303 329 (Jaipur). 

 

 
 

Introduction 

The Fall Armyworm (Spodoptera frugiperda) is an insect native to tropical and subtropical regions of the 

Americas. FAW larvae (photo) can feed on more than 80 plant species including maize, rice, sorghum, 

millet, sugarcane, vegetable crops and cotton. FAW can cause significant yield losses if not well managed. 

It can have several generations per year and the moth can fly up to 100 km per night. The incidence of this 

pest was first observed in Shivamogga, Karnataka on 18th May 2018. FAW was later reported in Tamil 

Nadu, Andhra Pradesh, Telangana, Maharashtra, Madhya Pradesh, Odisha, West Bengal, Gujarat, 

Chhattisgarh, Kerala, Rajasthan, Mizoram, Manipur, Nagaland, Tripura, Meghalaya, Arunachal Pradesh 

and Sikkim at mild to alarming levels in farmer’s fields. 

Identification of Fall Army Worm  
Male moth has two characteristic markings viz., a fawn-coloured spot towards the centre and a white patch 

at the apical margin of forewing. Forewing of female is dull with faint markings. FAW larvae appear in 

shades of green, olive, tan and grey with four black spots in each abdominal segment and three creamy 

yellow lines running down its back. It is easily identified from any other armyworm species by its tail end, 

where the black spots are bigger and arranged in square pattern on abdominal segment 8 and trapezoid on 

segment 9. The head has a predominant white, inverted Y-shaped suture between eyes. 

Infested Crop  
It is primarily a pest of maize. If maize is not available it will look for sorghum If both are not available it 

will attack other crops belong to poaceae, the family of grasses, such as sugarcane, rice, wheat, ragi, fodder 

grasses etc. It may attack cotton and vegetables as well, which is not reported yet. 

 

Nature of Damage  
The larvae can cause severe damage to maize plants, especially when the growing points of young plants 

are eaten. Early vegetative-stage FAW infestation can cause more leaf damage and yield losses than late 

vegetative stage infestation. Fortunately, maize plants can significantly recover (compensate) from early 

growth stage damage on leaves and short duration defoliation. When the FAW population is high on a 

plant, the adult larvae might occasionally move to the tassel and the ears, reducing the quality of the 

produce at harvest. 
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Life Cycle  
The Fall Armyworm lifecycle includes egg, 6 growth stages of caterpillar development (instars), pupa and 

moth. Showing where the Fall Armyworm is usually found on maize plants at any given stage. 

Egg Stage  
Under warm conditions, a female moth can lay 6 to 10 egg masses of 100 to 300 eggs each, giving a 

maximum of 1500 to 2000 eggs in her lifetime of 2-3 weeks. As for other pests, most eggs will not develop 

into adults due to mortality in different parts of the lifecycle. Eggs are generally laid on the underside of 

the leaves typically near the base of the plant, close to the junction of the leaf and the stem. These are 

covered in protective scales rubbed off from the moth’s abdomen after laying. When populations are high 

then the eggs may be laid higher up the plants or on nearby vegetation. 

Caterpillar  
Caterpillar is the most damage stage, resulting in ragged holes in the leaves. Feeding on young plants can 

kill the growing point resulting in no new leaves or cobs developing. Often only 1 or 2 caterpillars found in 

each whorl, as they become cannibalistic when larger and will eat each other to reduce competition for food. 

Large quantities of frass present. When this dries it resembles sawdust. If the plant is older and has already 

developed cobs then the caterpillar will eat its way through the protective leaf bracts into the side of the 

cob where it begins to feed on the developing kernels. Feeding is more active during the night. 

Pupal Stage  
The caterpillar will then burrow 2-8 cm into the soil before pupating. The loose silk oval shape cocoon is 

20-30 mm in length. If the soil is too hard then the caterpillar will cover itself in leaf  debris before pupating. 

 

Management of Fall Army Worm  
1. Use high quality seed. The seed should germinate well, be disease-free and be of the variety the farmer 

wants to plant. Good pest management depends on healthy plants. 



 

 
Volume 04 - Issue 07 - July 2022       537 | P a g e  
 

2. Avoid late planting or staggered planting (plots of different ages). When moths are looking for their 

favourite stage of maize to lay eggs on, if yours is the last-planted plot in an area, it will attract many 

female moths. 

3. Maize mixed in plots with cassava or yams or other crops may be less attractive to female FAW moths. 

Some plant species repel female FAW moths. This is the basis of the ‘push-pull’ technology including a 

plant species that ‘pushes’ FAW away from maize and to plants that ‘pull’ them (attract them), where they 

can be easily controlled. 

4. Plant diversity can also increase the populations of farmers friends – those organisms that are naturally 

in the environment and can kill a high proportion of FAW eggs and larvae. Predators (ants, eagwigs, etc.), 

parasitoids (wasps that kill FAW), and pathogens (virus, bacteria, fungi, etc. that kill FAW) are in and 

around farmers fields. 

5. Using different maize varieties and/or intercropping maize with other crops (for instance with cassava, 

which is not a host plant of the FAW Observe which plants growing near or in your maize fields are 

attracting natural enemies, and how you can manage them to reduce FAW populations, without interfering 

with maize growth. Consider stimulating the growth of “weedy” plants in certain rows in between the crop, 

or to grow them around the plot.  

6. FAW egg masses take 2-3 days to hatch in most African temperatures. So during periods of heavy 

infestation, by visiting fields at least twice a week, you can crush egg masses between your fingers before 

they hatch. This is easier and less costly than dealing with hundreds of bigger larvae a few days later. 

7. Field observation also help farmers to check the overall state of crop development, soil moisture, presence 

of other pests and diseases. 

8. Farmers can take many actions to protect and favour populations of natural enemies in their fields. 

Measures include avoiding overuse of synthetic insecticides that can have detrimental effects on natural 

enemies ensuring diverse boundaries around fields including open flowers and shrubs as habitat or food 

for natural enemies trees or bird perches in or near fields if pesticides are considered necessary, selecting 

products that are compatible with biological control such as Bt and botanicals based formulations. 

9. 5% Neem Seed Kernel emulsion (NSKE) or azadirachtin 1500ppm @ 5ml/l water. 

10. Bacillus thuringiensis variety kurstaki commercial formulations @ 2g/l water. 

11. Entomopathogenic fungi Metarhizium anisopliae (1 × 108 cfu/g) @ 5g/l and /or Nomuraea rileyi rice grain 

formulation (1 × 108cfu/g) @ 3 g/l water. 

12. Sprey of any one insecticide Spinetoram 11.7 % SC @ 0.4 g/l Chlorantraniliprole 18.5 SC @ 0.4 ml/l and 

Thiomethoxam 12.6 % + Lambda cyhalothrin 9.5% ZC @ 0.3 ml/l. 
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Cage culture of fishes involves holding fishes as captive stock in cages under human management. It can 

be used for raising fry to advanced fingerlings and /or production of table size fishes. Cage allows complete 

control over the stock and ensure maximum retrieval of reared fishes. The areas suitable for cage 

installation are protected bays in reservoirs, deeper portion of flood plain wetlands and lakes distributed 

in most parts of the country. 

 
(Battery of cages installed in reservoirs) 

Recommended area of a cage unit is 50-100m3; battery of such units can be installed as required. 

The stocking density depends on the species and size of the fish. 

Major carp fry of 40-50mm can be stocked @25-30nos./m3 of cage. 

Fingerlings of Indian major carps, pangasius, air breathing fishes, etc. Of 8cm to 10cm at 20nos./m3 may 

be storcked for table size fish production. 

Fast growing cat fishes like pangasianodon hypophthalmus can withstand high stocking density of 50-

70nos./m3 for growout culture. 

After 4-5months culture period 300to500% increment in growth may be achieved depending on the type of 

species. 

In general, extruded feeds along with a mixture of rice bran and mustard oil cake or commercial feed with 

25% to 32% protein may also be used as feed for fish in cages. 

Catfishes require higher protein-rich feed. cost of cage culture involves Rup.3,44,000 for raising two crops 

per year from a cage of 1,200m2 size. 

The estimated total income is Rup.560,000/annum with B:C ratio 1.62. 
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Introduction 

The global population is expected to reach 9.6 billion by Yr. 2050 and as the demand for animal protein is 

increasing year by year it is a challenge to provide quality protein by safeguarding its natural resources for 

future generations. In this context, aquaculture plays a key role in promoting health by providing animal 

protein as well as generating employment and economic growth. 

Biofloc Technology (BFT) is considered as new “blue revolution” since nutrients can be continuously 

recycled and reused in the culture medium, benefited by the minimum or zero-water exchange. BFT is an 

environment friendly aquaculture technique based on in-situ microorganism production. 

 Biofloc is the suspended growth in ponds/tanks which is the aggregates of living and dead particulate 

organic matter, phytoplankton, bacteria and grazers of the bacteria. It is the utilization of microbial 

processes within the pond/tank itself to provide food resources for cultured organism while at the same 

time acts as a water treatment remedy.  

Thus, this system is also called as active suspension ponds or heterotrophic ponds or even green soup ponds. 

 

How BFT Works?  
1. Biofloc system is a wastewater treatment which has gained vital importance as an approach in 

aquaculture.  

2. The principle of the technique is to maintain the higher C-N ratio by adding carbohydrate source and 

the water quality is improved through the production of high-quality single cell microbial protein. 

3. In such condition, heterotrophic microbial growth occurs which assimilates the nitrogenous waste that 

can be exploited by the cultured species as a feed and also works as bioreactor controlling of water quality.  

4. Immobilization of toxic nitrogen species occurs more rapidly in biofloc because of the growth rate and 

microbial production per unit substrate of heterotrophs are ten-times greater than that of the autotrophic 

nitrifying bacteria.  
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5. This technology is based on the principle of flocculation within the system. 

Composition and Nutritional Value of BIOFLOC  
1. Biofloc is a heterogeneous aggregate of suspended particles and variety of microorganisms associated 

with extracellular polymeric substances. It is composed of microorganisms such as bacteria, algae, fungi, 

invertebrates and detritus, etc.  

2. It is a protein rich live feed formed as a result of conversion of unused feed and excreta into a natural 

food in a culture system on exposure to sunlight and vigorous aeration.  

3. Each floc is held together in a loose matrix of mucus that is secreted by bacteria and bound by filamentous 

microorganisms or electrostatic attraction. Large flocs can be seen with the naked eye, but most of them 

are microscopic. Floc size range from 50 – 200 microns. 

A good nutritional value is found in Biofloc. The dry weight protein ranges from 25 – 50%, fat ranges 0.5 – 

15%. It is a good source of vitamins and minerals, particularly phosphorous. It has an effect similar to 

probiotics. The dried biofloc is proposed as an ingredient to replace the fishmeal or soybean in the feed. 

Advantage of BFT  
1. Eco-friendly culture system.  

2. It reduces environmental impact.  

3. Judicial use of land and water. 

4. Limited or zero water exchange system. 

5. Higher productivity (It enhances survival rate, growth performance, better feed conversion in the culture 

systems of fish).  

6. Higher biosecurity.  

7. Reduces water pollution and mitigate the risk of introduction and spread of pathogens. 

8. It reduces utilization of protein rich feed and cost of standard feed.  

9. It reduces the pressure on capture fisheries i.e., use of cheaper food fish and trash fish for fish feed 

formulation. 

Species Suitable for BIOFLOC Culture  
Major cultivable fish species in BFT: A basic factor in designing a biofloc system is the species to be 

cultured. Biofloc system works best with species that are able to derive some nutritional benefits from the 

direct consumption of floc. Biofloc system is most suitable for species that can tolerate high solids 

concentration in water and are generally tolerant of poor water quality. Some of the species that are 

suitable for BFT are: 

1. Air breathing fish like Singhi (Heteropneustes fossilis), Magur (Clarias batrachus), Pabda (Ompok 

pabda), Anabas/Koi (Anabas testudineus), Pangasius (Pangasianodan hypophthalmus). 

2. Non air-breathing fishes like Common Carp (Cyprinus carpio), Rohu (Labeo rohita), Tilapia (Oreochromis 

niloticus), Milkfish (Chanos chanos). 

3. Shellfishes like Vannamei (Litopenaeus vannamei) and Tiger Shrimp (Penaeus monodon). 
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Introduction 

AQUACULTURE (farming of fish under controlled conditions) is a growth industry striving to satisfy a 

growing market for food fish. It currently is one of the fastest growing sectors of agriculture in the United 

States. Farm-reared freshfish is increasing in popularity and profitability.Growing public demand for a 

healthy tasty and affordable food is stimulating the "boom" in this industry. The decline in wild fish 

populations as a result of overharvest and water pollution has promoted the culture of farm-fresh that are 

grown in contaminant- freewaters in indoor tank systems. 

 

RAS Defined  
Recirculation aquaculture systems (RAS) represent a new and unique way to farm fish. Instead of the 

traditional method of growing fish outdoors in open ponds and raceways, this system rears fish at high 

densities, in indoor tanks with a "controlled" environment. Recirculating systems filter and clean the water 

for recycling back through fish culture tanks. 

New water is added to the tanks only to make up for splash out and evaporation and for that used to flush 

out waste materials. In contrast, many raceway systems used to grow trout are termed "open" or "flow 

through" systems because all the water makes only one pass through the tank and then is discarded. 

Fish grown in RAS must be supplied with all the conditions necessary to remain healthy and grow. They 

need a continuous supply of clean water at a temperature and dissolved oxygen content that is optimum 

for growth. A filtering (biofilter) system is necessary to purify the water and remove or detoxify harmful 

waste products and uneaten feed. The fish must be fed a nutritionally-complete feed on a daily basis to 

encourage fast growth and high survival. 

Experimental System  
RAS have been in existence, in one form or another, since the mid 1950’s. However, only in the past few 

years has their potential to grow fish on a commercial-scale been realized. New water quality technology, 

testing and monitoring instrumentation, and computer enhanced system design programs, much of it 

developed for the waste water treatment industry, have been incorporated and have revolutionized our 

ability to grow fish in tank culture. 

Benefits of RAS  
RAS offer fish producers a variety of important advantages over open pond culture. These include a method 

to maximize production on a limited supply of water and land, nearly complete environmental control to 
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maximize fish growth year-round, the flexibility to locate production facilities near large markets, complete 

and convenient harvesting, and quick and effective disease control. 

RAS can be of various sizes ranging from large-scale production systems (over 1 million pounds per year) 

to intermediate-sized systems (500,000 pounds per year), to small systems (50,000 pounds per year). They 

can be used as grow-out systems to produce food fish or as hatcheries to produce eggs and fingerling sport 

fish for stocking and ornamental fish for home aquariums. 

Intensive Production  
RAS applies to the broiler house or swine barn concept, so prevalent and effectively used in modern poultry 

and pork production systems, to rear large numbers of fish in a relatively small space. Indoor fish farming 

in tanks may revolutionize fish production in the same way that confinement systems altered the pork and 

poultry farming industries. This is an excellent alternative to open pond culture where low densities 

(extensive culture) of fish are reared free in large ponds and are subject to losses from diseases, parasites, 

predation, pollutants, stress, and seasonally suboptimal growing conditions. 

Location Flexibility  
RAS are particularly useful in areas where land and water are expensive and not readily available. They 

require relatively small amounts of land and water. They are most suitable in northern areas where a cold 

or cool climate can slow fish growth in outdoor systems and prevent year-round production. RAS provide 

growers who are geographically disadvantaged because of a relatively short growing season (less than 200 

days) or extremely dry (desert) conditions, a competitive, profitable, year-round fish production system. 

The RAS Design  
The functional parts of a RAS include a: (1) growing tank, (2) sump of particulate removal device, (3) 

biofilter, (4) oxygen injection with U-tube aeration and, (5) water circulation pump. Depending on the water 

temperature and fish species selected, a water heating system may be necessary. 

Water Supply  
A good supply of water, adequate in both quantity and quality, is essential to a successful fish farming 

enterprise, RAS or otherwise. Ground water obtained from deep wells or springs is the best source of water 

for fish culture. It generally is free of pollutants and has relatively high hardness levels, which are 

beneficial under some circumstances. Municipal water supplies also can be used after chlorine, floride, and 

other chemicals are removed. 

Other sources of water, particularly surface waters from streams, rivers, ponds, and lakes, are not 

recommended for fish culture. Surface waters may contain fish diseases, parasites, pesticides, and other 

pollutants that can kill or slow the growth of fish. Testing the quantity and quality of the available water 

supply is one of the first steps for a prospective fish farmer to take to insure an adequate supply of high-

quality water. 

Open Vs. Closed Systems  
Tank culture systems are referred to as recirculating (closed) systems because they recycle or reuse water. 

No system is ever completely "closed," because some water must be added periodically to replace 

evaporative loses and that used to flush out waste materials. Some water change is necessary since no filter 

is 100% effective. Nevertheless, RAS can operate efficiently by occasionally adding only a relatively small 

amount of water on a daily or weekly schedule. 

Open (flow-through) systems refer to those that simply allow water a single pass through the system before 

it’s discarded. Flow through systems can also be used in indoor tank culture of fish if an abundant and 

continuous supply of high-quality water is available. Trout farmers typically use open systems rather than 

recirculating ones, because trout require large volumes of high quality, cold water. Open systems "leak" 

most of the water quickly, whereas closed systems "leak" water slowly. RAS are more suitable for 

warmwater fish such as channel catfish, striped bass, and tilapia that can tolerate lower water quality 

conditions and higher temperatures than trout. They also are now being used to rear marine species such 

as redfish, oysters, clams, and softshell blue crabs. 
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Fish Culture Tanks  
Fish can be grown in tanks of nearly every shape and size. Fish tanks typically are rectangular, circular, 

or oval in shape. Circular or oval tanks with central drains are somewhat easier to clean and circulate 

water through than rectangular ones. Rectangular tanks are usually built with or set upon inclined floors 

to facilitate cleaning and circulation. 

Rearing tanks range in size from 500 to 500,000 gallons capacity. The size of the tank depends on a variety 

of factors including: stocking rates, species selected, water supply, water quality, and economic 

considerations. The tank must be designed to correspond with the capacity of other components of the 

system, particularly size of the biofilter and sump so that all parts of the system are synchronized. 

Tanks can be constructed of plastic, concrete, metal, wood, glass, rubber and plastic sheeting, or any other 

materials that will hold water, not corrode, and are not toxic to fish. Smooth surfaces on the inside of the 

tanks are recommended to prevent skin abrasions and infections to the fish, and to permit cleaning and 

sterilization. 

Light weight, durable, plastic tanks can be conveniently moved and readily cleaned, when necessary, but 

they require special support to prevent stretching when filled with water. Stainless steel also is a good tank 

material, but can be expensive. Marine-grade plywood tanks are inexpensive, but leak if not properly sealed 

and are not as durable as tanks of other materials. Concrete tanks may be the most economical to build, 

but they are relatively permanent and immovable structures once constructed. Non-toxic plastic or rubber 

liners can but used over frames made of wood, metal, concrete, or other materials. 

  



 

 
Volume 04 - Issue 07 - July 2022       544 | P a g e  
 

Underutilized Vegetables: The Treasure of 

Nutraceuticals 
Article ID: 37679 

G Narayana Swamy1, Manisha2 
1Ph.D. (Inservice)- ICAR-Indian Agricultural Research Institute-IIHR Bengaluru & SMS (Horti.,) KVK 

Nellore. 
2Ph.D Scholar, Div., of Vegetable crops, ICAR-Indian Agricultural Research Institute-IIHR Bengaluru. 

 

 
 

Introduction 

Underutilized species defines “Underutilized Plant” as a species with underexploited potential for food and 

nutrition security by combating “Hidden hunger” caused by micronutrient deficiencies. These also provide 

good balance between carbohydrates, protein, minerals, micronutrients and vitamins are crucial to achieve 

this. Underutilized vegetables also embedded with rich nutrient potentials along with ability to stand 

against adverse climatic conditions may prove boon to all concerns growers, consumers and 

environmentalists. Diverse agro climatic conditions of India permit to grow more than 60 cultivated and 

about 30 lesser-known vegetable crops, not much attention has been given on underutilized vegetables 

known (Anil Kumar Jena et. al., 2018). A brief compilation of nutraceuticals present in well-known 

Underutilized vegetables and their medicinal uses are presented in Table 1. 

Table 1. Nutritional aspects in important Underutilized vegetables and their medicinal 

properties: 

Sl. 

No. 

Crop Name Nutritional Aspects per 

100 g edible portion 

Medicinal uses 

1 CN:Ponnanganni Greens, 

Gudrisag  

SN: Alternanthera 

sessilis 

5 g protein, 0.7 g fat, 2.8 g fibre, 11.6 g 

carbohydrates, 1926 µg carotene, 17 mg 

Vit. C, 0.14 mg riboflavin, 1.2 mg niacin, 

60 mg P, 1.6 mg Fe, 2.5 g minerals and 

510 mg Ca 

Cool down the body, 

Diarrhoea, Fever, 

Anaemia 

2 CN: Chekurmanis  

SN: Sauropus 

androgynus  

6.8 g protein, 3.2 g fat, 1.4 g fibre, 11.6 g 

carbohydrates, 5706 µg carotene, 247 mg 

vit. C, 0.48 mg thiamine, 0.32 mg 

riboflavin, 2.6 mg niacin, 3.4 g minerals, 

570 mg Ca, 200 mg P and 28 mg Fe 

(Multivitamin green) 

Juice of leaves of 

Chekuramanis is 

pounded with roots of 

pomegranate and leaves 

of jasmine are used 

against eye troubles. 

3 CN:Chow-Chow  

SN: Sechium edule  

Protein (3.8-4.1 g), carbohydrates (6.7 -

7.6 mg), fibre (0.7 g), Ca (90 mg), Fe (0.4-

2.1 mg), Vit. C (21 mg), energy (143-160 

kj/100 g)  

Dissolve Kidney stones, 

Arteriosclerosis and 

Hypertension. It 

possesses 

hypercholesterolemia and 

hypoglycaemic properties 

Moudgil 

4 CN:Winged bean  

SN:Psophocarpus 

tetragonolobus  

Rich source of carbohydrates (32 mg), K 

(240 mg), Vit-C (18.3 mg and vitamin A 

(300 to 900 IU). 

Maintain blood vessel 

elasticity, and offer some 

protection against 

cancers. 

5 CN:Sword bean and Jack 

bean  

SN: Canavalia gladiata 

& C. ensiformis  

Protein (2.7 g), fat (0.2 g), carbohydrates 

(0.4 g), fibre (1.5), Vit. A (40 IU), energy 

(160 kj) 

 Anti cancer, Skin health, 

Heart diseases, Lowering 

BP, Maintain Central 

Nervous System. 
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7 CN:Kasarakaya/Kakrol,  

Athalakkai 

SN:Momordica tuberosa, 

L. tuberosa,  

Contains higher amounts of 

carbohydrate (3.72%), protein (3.26%) fat 

(1.61%), Fiber (5.63%) and ash (1.25%).  

Emetic, Laxative, 

Antibilous, tonic, 

stomachic, stimulant 

Rheumatism, Sub-acute 

cases of the spleen and 

Liver diseases 

8 CN:Velvet bean 

SN:Mucuna pruriens  

Carbohydrates (52.56 g) Protein (31.44 g) 

K 1575mg) 

Anti-Venom Properties, 

Anaemia, aphrodisiac, as 

a treatment for snake 

bites, and as 

antidepressant 

9 CN: Brinjal (wild species) 

SN: Solanum torvum 

CHOs, 7.033%, proteins 2.322%, fats 

0.278%, ash 0.143% and crude fiber 

3.993%, Fe (76.869mg/kg), Mn 

(19.466mg/kg), Ca(221.583mg/kg), Cu 

(2.642mg/kg) and Zn (21.460mg/kg). Vit. 

A (0.078) and C (2.686). 

Traditional medicine as 

poison anti-dote and for 

the treatment of fever, 

wounds, tooth decay, 

reproductive problems 

and arterial hypertension 

10 CN: Agathi  

SN: Sesbania grandiflora 

pers.  

Portion 8.4 g protein, 1.4 g fat, 2.2 g 

fibre, 11.8 g carbohydrates, 3.1 g 

minerals, 1130 mg Ca, 80 mg P and 3.9 

mg Fe, 5400 µg carotene, 169 mg vit. C, 

0.21 mg vit. B1, 0.09 mg vit. B2 and 1.2 

mg niacin.  

Folk remedy for bruises, 

catarrh, dysentery, eyes, 

fevers, headaches, 

smallpox, sores, sore 

throat and stomatitis. 

(Arora R.K.2014) 

Conclusion  
According to global hunger index India ranks 94 among 107 countries in 2020 with a serious issue of child 

wasting (IFPRI,2020-21). Therefore, it is all the more important to move beyond food security and achieve 

nutrition security in the country. Hence, Underutilized vegetables are not only power house of nutrients, 

minerals, vitamins etc., but also sustainable source of income in tribal areas and good source for nutritional 

security of the country. Mainly used in ayurvedic medicines because of having therapeutic properties. 
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Introduction 

During the 16th century, the Aztecs termed Spirulina Tecuitlatl, which meaning stone excrement. People 

adopted new customs, such as new meals, religious, political, and social changes, as a result of the onset of 

contagious sickness, and the Tecuitlatl subject died out. It is unknown when man first began to employ 

microalgae, but these resources are today known as "green tendency." "Small cakes made of a mud-like 

algae with a cheese-like flavour that natives took out of the lake to make bread," says Spirulina ".. They 

are dried into "Dihe" or "Dihe" cakes ""Die." Only Spirulina has a long history in Chad under the Kanem 

Empire in the 9th century. Leo Szilard proposed in his 1961 short tale 

Life Cycle of Spirulina  
Cycle of Life Trichomes fragmentation, hormogonia cell expansion and maturation processes, and trichome 

elongation are the three main steps. The adult trichomes are then separated into filaments or hormogonias, 

where the cells of the hormogonias are multiplied by binary fission, grow lengthwise, and take on a helical 

shape. 

Production of Spirulina Powder  
Spirulina 

 
Farming Pool 

 
Mixing involves Carbon-di-oxide, Organic Fertilizer, water. 

 
Filtration – The microalgae is filtered to form a concentrate 

 
Washing – The microalgae is washed with drinking water to eliminate any culture medium residue 

 
Spray Drying-The Concentrate is dispersed with spray nozzle and is gently dehydrated into powder 

 
Packaging 

Nutrient Content in 100 G of Spirulina Powder  

Nutrient Nutrients Present In 100g Of Spirulina 

Moisture (g) 6.45 

Ash (g) 0.18 

Energy (kcal) 341.90 
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Protein (g) 63 

Fat(g) 1.10 

Carbohydrate(g) 21.23 

Iron (mg) 89.47 

Calcium (mg) 821.1 

Phosporous(mg) 742 

Carotene (μg) 3491 

Health Benefits  
Spirulina has a high antioxidant capacity, but its actual health-protective potential was just recently 

recognised. The chromophore coupled to the main protein, phycocyanin, can act as a powerful inhibitor of 

NADPH oxidase, the enzyme complex that is the primary cause of pathological oxidant stress in a variety 

of diseases. It appears to work in the same way that free bilirubin does in the body. Many vascular diseases 

(including atherogenesis, hypertension, and congestive heart failure), cancers, diabetes complications, and 

a variety of neurodegenerative, fibrotic, or inflammatory disorders have been linked to NADPH oxidase 

overactivity in disorders, suggesting that adequate intakes of Spirulina may prevent and have therapeutic 

potential. In mouse trials, oral treatment of phycocyanin or entire Spirulina had central neuroprotective 

effects — a finding that stands out. 

Value Added Products in Spirulina  
Value Addition: Value-added products are things that have an increased value as a result of an additional 

process or product. In the agricultural industry, value-added products are common because specific farming 

methods and processing strategies can add value to the final product 

Value Added Products in Spurulina: 

a. Spirulina packed juices 

b. Spirulina Cookies 

c. Spirulina Extruded Products 

d. Spirulina sauces 

e. Spirulina Jams. 

Procedures for Some Value Addition Products of Spirulina  
1. Spirulina Cookies: 

Composite Flour 

 
Mixing of dry ingredients (Flour, Sugar, Milk Powder, Baking Powder, Salt) 

 
Addition of Spirulina Powder 

 
Addition of eggs and water 

 
Dough Kneading 

 
Dough Rolling 
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Greasing of the tray with Margarine 

 
Dough Cutting 

 
Preheating of oven (200-degree Celsius for 10 min) 

Baking (200-degree Celsius for 25 min) 

 
Cooling of Biscuits (5-10 min) 

 
Biscuits 

 
Packaging 

 
Storing 

2. 

a. Spirulina Extruded Product 

Addition of Wheat flour, Plaintain flour, Salt, water 

 
Addition of Spirulina Powder 

 
Ingredient feeding 

 
Mixing 

 
Extrusion Process 

 
Cutting 

 
Drying 

 
Extruded Product 
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Packaging 

b. Proximate Composition of Value-Added Extruded Product: 

Nutrients Control Developed 

Moisture (%) 8.3 7.8 

Energy (KCal) 105 126 

Protein (g) 10.3 12.8 

Carbohydrate(g) 73.7 72.2 

Iron (mg) 0.3 6.06 

Calcium(mg) 38.9 82.5 

Carotene (μg) 25.3 177 

Conclusion  
Value added extruded product, Cookies, Jams and Sauces can be made by incorporating spirulina powder 

upto the level of 5%. The macro and micro nutrient content of value-added product will be enriched by 

incorporation of spirulina powder. The product is found to be microbially safe till the observed period of a 

month. This developed value-added product will not only improve the nutritional status of the community 

but also solve a number of nutrional problems prevailing in the community. 
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Introduction 

Aloe vera is one such herbal plant which has various benefits, whereas it has Anti functional properties, 

Anti Diabetic Properties, Anti-Cancer Properties, Skin Proliferating Properties etc., Because of the bitter 

liquid present in the leaves, Aloe vera gets its name from the Arabic term "Alloeh," which means "shining 

bitter substance," and Vera, which means "truth" in Latin. Carl Linnaeus was the first to describe this 

species in 1753, and he proposed the following classification: Order: Asparagales, Family: Asphodelaceae, 

Genus: Aloe, Kingdom: plantae, Order: Asparagales, Family: Asphodelaceae, Genus: Aloe, Aloe vera is the 

name of the plant. Aloe barbadensis Mill., Aloe indica Royle, Aloe perfoliat L. var Vera, and Aloevulgaris 

Lam. are some of the synonyms. The majority of Aloe plants are non-toxic, but a handful are severely 

hazardous. There are over 420 different varieties of Aloe vera that have medical characteristics, with Aloe 

vera being the most potent and thus the most popular, as well as the most extensively farmed. 

Objectives of the Study  
1. To develop a new product- Aloe vera Jam.  

2. To conduct sensory evaluation based on Nine-point hedonic scale of the products formulated and to assess 

their acceptability. 

Nutrient Composition of Aloe Vera  

Components Composition (%db) 

Water 97 

Total solid content 0.64 

Soluble solid 0.55 

Phenolic compound 1.2 

Protein 6.8 

Minerals 15 

Sugar 16.5 

Lipids 3.9 

Polysaccharides 55.5 

Materials and Methods  
Ripen Fruits were selected 

 
Pulping of fruit 

 
Washing the fruit 

 
Soak the pulp of Aloe vera in Butter milk to avoid the much bitter taste 
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Crushing the Aloe vera 

 
Addition of Aloe vera Puree 

 
Addition of Sugar 

 
Boiling 

 
Addition of Citric acid 

 
Juding the end point through Spoon test 

 
Further Cooking at 105-degree Celsius 

 
Jam was prepared 

 
Cooling 

 
Bottling and Capping 

 
Storage 

Sensory Evaluation  
Panel  Age Group Number 

Adults 18-25 years  10 members 

26-40 years 10 members 

Total   20 Members 

Mean Score of the Attribute of Aloe Vera Jam from Adults  
Name Of The Product Attributes 

Aloe Vera Jam Appearance Colour Taste Texture Flavour 

4.6 4.7 4.5 4.8 4.6 
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Experimental Work in Laboratory  

 

Conclusion  
Aloe vera, a significant part of herbal medicine, provides a variety of health advantages, including wound 

healing, skin protection, and lowering blood glucose levels. However, the leaf of Aloe vera contains biological 

active materials that require cautious handling and harvesting. Temperature is a key aspect in the 

processing of Aloe vera, particularly in the gel extraction process. It has been determined that aloe vera 

can be infused with a variety of other nutrients to improve the nutritional content of food products such as 

Jam, jelly, dessert, fruit juices, curd. Among those Products we had developed a jam and we had made a 

sensory evaluation with a help of 9-point hedonic scale. Overall acceptability for the Attributes of Aloe vera 

jam was Appearance- 4.6, Colour- 4.7, Taste- 4.5, Texture- 4.8, Flavour- 4.6. 
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Introduction 

Aloe vera is one such herbal plant which has various benefits, whereas it has Anti functional properties, 

Anti Diabetic Properties, Anti-Cancer Properties, Skin Proliferating Properties etc., Because of the bitter 

liquid present in the leaves, Aloe vera gets its name from the Arabic term "Alloeh," which means "shining 

bitter substance," and Vera, which means "truth" in Latin. Carl Linnaeus was the first to describe this 

species in 1753, and he proposed the following classification: Order: Asparagales, Family: Asphodelaceae, 

Genus: Aloe, Kingdom: plantae, Order: Asparagales, Family: Asphodelaceae, Genus: Aloe, Aloe vera is the 

name of the plant. Aloe barbadensis Mill., Aloe indica Royle, Aloe perfoliat L. var Vera, and Aloevulgaris 

Lam. are some of the synonyms. The majority of Aloe plants are non-toxic, but a handful are severely 

hazardous. There are over 420 different varieties of Aloe vera that have medical characteristics, with Aloe 

vera being the most potent and thus the most popular, as well as the most extensively farmed. 

Objectives of the Study  
1. To develop a new product- Aloe vera Jam.  

2. To conduct sensory evaluation based on Nine-point hedonic scale of the products formulated and to assess 

their acceptability. 

Nutrient Composition of Aloe Vera  

Components Composition (%db) 

Water 97 

Total solid content 0.64 

Soluble solid 0.55 

Phenolic compound 1.2 

Protein 6.8 

Minerals 15 

Sugar 16.5 

Lipids 3.9 

Polysaccharides 55.5 

Materials and Methods  
Ripen Fruits were selected 

 
Pulping of fruit 

 
Washing the fruit 

 
Soak the pulp of Aloe vera in Butter milk to avoid the much bitter taste 



 

 
Volume 04 - Issue 07 - July 2022       554 | P a g e  
 

 
Crushing the Aloe vera 

 
Addition of Aloe vera Puree 

 
Addition of Sugar 

 
Boiling 

 
Addition of Citric acid 

 
Juding the end point through Spoon test 

 
Further Cooking at 105-degree Celsius 

 
Jam was prepared 

 
Cooling 

 
Bottling and Capping 

 
Storage 

Sensory Evaluation  
Panel  Age Group Number 

Adults 18-25 years  10 members 

26-40 years 10 members 

Total   20 Members 

Mean Score of the Attribute of Aloe Vera Jam from Adults  
Name Of The Product Attributes 

Aloe Vera Jam Appearance Colour Taste Texture Flavour 

4.6 4.7 4.5 4.8 4.6 

 

 



 

 
Volume 04 - Issue 07 - July 2022       555 | P a g e  
 

Experimental Work in Laboratory  

 

Conclusion  
Aloe vera, a significant part of herbal medicine, provides a variety of health advantages, including wound 

healing, skin protection, and lowering blood glucose levels. However, the leaf of Aloe vera contains biological 

active materials that require cautious handling and harvesting. Temperature is a key aspect in the 

processing of Aloe vera, particularly in the gel extraction process. It has been determined that aloe vera 

can be infused with a variety of other nutrients to improve the nutritional content of food products such as 

Jam, jelly, dessert, fruit juices, curd. Among those Products we had developed a jam and we had made a 

sensory evaluation with a help of 9-point hedonic scale. Overall acceptability for the Attributes of Aloe vera 

jam was Appearance- 4.6, Colour- 4.7, Taste- 4.5, Texture- 4.8, Flavour- 4.6. 
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Soil organic matter is among one of the prime contributors to soil quality and crop residues are the 

precursors to soil organic matter (SOM). The stems, leaves, chaff and husks that remain in the fields after 

crops are harvested for either grain, seed or fiber are primary inputs of elemental carbon (C) into soil 

systems. In general, crop residues have been referred to as ‘wastes’ but as a natural and valuable resource 

these are also considered to be ‘potential black gold.’ The cynical implication of ‘residues’ may be referred 

as the remains after a part is taken or something leftover or useless. On contrary to this, crop residues offer 

a large, but finite potential mechanism for C sequestration and nutrient cycling. 

Crop residue management (CRM) is a widely-used cropland conservation practice. It provides significant 

quantities of nutrients for crop production. Besides affecting soil physical, chemical and biological functions 

and properties, it can also affect water movement, infiltration, runoff and quality. 

However, the decomposition of crop residues may have both positive as well as negative effects on crop 

production and the environment. The time till the crop residues is present on the surface it will lead to 

create wetter and cooler conditions, thus favoring disease and pest’s incidence and also provides pathogens 

with an additional source of energy to multiply. 

Crop residues are essentially used as bedding material for animals, livestock feed, soil mulching, bio-gas 

generation, bio-manure/compost, thatching material for rural homes, mushroom cultivation, biomass 

energy production as well as fuel for domestic and industrial use etc. 

However, there is a misconception to burn a large portion of crop residue is ‘on-farm’ primarily to clean the 

field for sowing the next crop. This trend of ‘on-farm’ burning of crop residues is intensifying in recent years 

due to shortage of human labour, high cost of removing the crop residue from the field and mechanized 

harvesting of crops. As per available estimates recorded, burning of crop residues is predominant in four 

states, namely, Haryana, Punjab, Uttar Pradesh & West Bengal. 

Adverse Effect of Crop Residue Burning  
1. Loss of nutrients: It is estimated that burning of one tonne of rice straw accounts for loss of 5.5 kg 

Nitrogen, 2.3 kg phosphorus, 25 kg potassium and 1.2 kg sulphur besides, organic carbon. Generally, crop 

residues of different crops contain 80% of Nitrogen (N), 25% of Phosphorus (P), 50% of Sulphur (S) and 20% 

of Potassium (K).  Incase if the crop residue is incorporated or retained in the soil itself, it gets enriched, 

particularly with organic C and N.  

2. Impact on soil properties: Heat generated from burning residues elevates soil temperature causing 

death of beneficial soil organisms. Moreover, frequent burning of residues leads to complete loss of 

microbial population and reduces level of N and C in the top 0-15 cm soil profile, which is foremost 

important for crop root development. 

3. Emission of greenhouse and other gases: Crop residues burning is a potential source of Green House 

Gases (GHGs) and other chemically and radiative trace gases and aerosols such as CH4, CO, N2O, NOX 

and other hydrocarbons. Besides, it also emits large number of particulates that are composed of wide 

variety of organic and inorganic species while many of the pollutants found in large quantities in biomass 

smoke are known or suspected carcinogens and could lead to various air borne/lung diseases. 

Strategies for Crop Residue Management  
The strategy inter-alia comprises: 
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1. Promotion of technologies for optimum utilization and in-situ management of crop residue in order to 

prevent loss of invaluable soil nutrients, minerals and improvement of general soil health. 

2. Promotion of diversified uses of crop residue for various purposes viz. power generation, as industrial 

raw material for production of bioethanol, utilization for paper/ board/panel industry, biogas 

generation/composting and mushroom cultivation in Public Private Partnership (PPP) mode.  

3. Capacity building of various stakeholders including farmers and extension functionaries under crop 

development programmes and organization of field level demonstrations on management of crop residues 

in all programmes/schemes. 

4. Promotion of adaptive research for crop residue management and development of machineries for 

effective utilization of such residues.  

5. Formulation and implementation of necessary policy measures for control of crop residue burning 

through suitable laws/ legislation/ executive orders etc. 
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Abstract  
Trichoderma viride is an eco-friendly bio-fungicide. It gives protection against a number of soil-borne / seed 

borne pathogens to crop in nursery beds and as well in field. It decomposes raw organic farm wastes, 

solubilizes soil phosphorus, reclaims adverse soils, promotes plant growth and protects soil eco-system. It 

also plays a major role in increasing the plant’s growth and vigour as well as built resistance in plants to 

drought and diseases. 

It is compatible with organic manures and bio-fertilizers. T. viride has a wide range of activity and used in 

paddy, maize, pulses, vegetable crops, oil seeds, cotton, ginger, turmeric, cardamom, tea, coffee and fruits 

crop etc. It is highly effective against the Pythium spp., Rhizoctonia spp., Fusarium spp., Sclerotinia spp., 

Macrophomina, Cephalosporium sp., Sclerotium rolfsii, Phytophthora sp., and root knot nematodes 

Meloidogyne sp. 

Keywords: Trichoderma viride, biocontrol, mycoparasitism, antibiosis. 

Introduction  
Trichoderma viride is mainly used as biocontrol agent for plant pathogens in crops. Trichoderma 

determines the promising results in control of the growth and toxin accumulation by pathogens. Recent 

works have shown that common plant disease such as root rot disease, damping off, wilt, fruit rot and other 

plant diseases can be controlled by Trichoderma viride. 

Importance of Trichoderma viride  
T. viride is a mold which produces spores asexually. The mycelium of T. viride can produce a variety of 

enzymes, including cellulases and chitinases which can degrade cellulose and chitin respectively. The 

mould can grow directly on wood, which is mostly composed of cellulose, and on fungi, the cell walls of 

which are mainly composed of chitin. It parasitizes the mycelia and fruiting bodies of other fungi, including 

cultivated mushrooms. 

 
Fig. Trichoderma viride 
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Trichoderma viride as a Biocontrol Agent  
Trichoderma viride was proved as an effective biocontrol agent against foliar and soil borne fungal 

pathogens. The efficiency of Trichoderma as biocontrol agents against fungal soil pathogens and indicates 

the need of production and development of Trichoderma based biocontrol agents to serve as a model for 

environment friendly biocontrol agent. Trichoderma effectively controlled the pathogen and simultaneously 

increased the growth of plants and proved as avirulent opportunistic symbiont in rhizosphere of the plant. 

Antagonistic Trichoderma enhanced resistance against the secondary infection of pathogen. 

Mechanism of Action  
The hyphae of Trichoderma spp., attach to the host fungal hyphae via coiling, hooks and appressorium like 

bodies. It penetrates the host cell wall by secreting lytic enzymes namely chitinases, proteases, glucanases. 

Trichoderma recognizes signal from the host fungus, triggering coiling and host penetration. Some species 

colonize the root with mycoparasitic properties through penetrating the root tissue and induce metabolic 

changes which induce resistance (Fig.1a &1b). 

  
Fig.1a) Attachment to the host hyphae 

by coiling 

Fig.1b) Penetrate the host cell wall by secreting 

lytic enzymes 

 

Sl. No. Crop Diseases Controlled  Causal Organism 

1. Soyabean Damping-off Pythium aphanidermatum 

2. Rice Sheath blight Rhizoctonia solani 

3. Cowpea Root rot Fusarium oxysporum 

4. Tomato Damping off Pythium aphanidermatum 

5. Soyabean Root rot F. oxysporum f. sp. adzuki 

6. Sunflower Charcoal Rot Macrophomina phaseolina 

7. Cotton Root rot Rhizoctonia bataticola 

8. Turmeric Rhizome rot Pythium aphanidermatum 

9. Black gram Root rot Macrophomina phaseolina 

10. Ground nut Stem rot Sclerotium rolfsii 

11. Ginger Soft rot or rhizome rot Pythium aphanidermatum 

12. Cardamom Damping off Pythium vexans 

13. Coffee Collar rot Rhizoctonia solani 

14. Papaya Stem rot/ Foot rot Pythium aphanidermatum 

15. Pepper Foot rot/ Quick wilt Phytopthora capsici 
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Mass Production of Trichoderma viride  

 

Conclusion  
Trichoderma viride is the most extensively used fungal antagonist. They are mass-produced using 

fermentation technology. They are used for the management of soil borne pathogens by seed treatment and 

soil application. It is environmentally safe and it has no residual toxicity. It has a broad spectrum of action 

and economically cheaper, easy to use. It is compatible with other biofertilizers and not harmful to 

beneficial soil microbes. Most strains have innate resistance to some agricultural chemicals. Strains 

available for commercial use are selected or modified for resistance to specific chemicals. 
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Abstract  
Bacillus velezensis is a novel species of bacillus that has been widely used as biocontrol agent against plant 

pathogen. it multiplying in the soil and colonizing around the roots of plants, bacillus mineralizes soil, 

breaks down organic matter so it is usable; chelates, phosphorous, iron, zinc, and some of the minor 

nutrients. Nitrogen is also more available when these microbes are in the soil. B. velezensis has been 

reported as wide activity against fungi and bacterial pathogen and become a potential biocontrol agent. We 

collected the recent studies on B. velezensis and reviewed the discovery and taxonomy, secondary 

metabolites, characteristics and application methods of B. velezensis. This review will give some direction 

to the research and application for the future studies on B. velezensis. 

Introduction  
B. velezensis gram-positive bacterium, abundantly found in diverse niches mainly soil, water, plant roots, 

and fermented foods. Rhizosphere is a highly competitive environment, where microorganisms constantly 

battle for resources to survive. B. velezensis are considered important plant growth promoting organism 

which, producing a vast array of biologically active secondary metabolites that can potentially inhibit the 

growth of plant pathogens. B. velezensis were preferred in agriculture due to their ability to form 

endospores, which can survive to heat exposure and desiccation and capacity to be formulated into stable 

formulation with long shelf lives. 

Morphology of Bacillus velezensis  
B. velezensis is a rod-shaped, Gram-positive. It is a symmetrical cylinder with rounded ends. A significant 

difference in pressure across the cytoplasmic membrane pushes the cell wall into a specific shape. When 

cultured on ordinary nutrient agar, the morphology circular colony, rough, opaque, fuzzy white or slightly 

yellow with jagged edges. 

 
Fig. 1: Bacillus velezensis 

Bacillus velezensis as Biocontrol Agent  
B. velezensis, an antagonistic bacterium produces several antimicrobial compounds as secondary 

metabolites against various phytopathogens. The Bacillus sp. produces spores, which can be used for the 

development of an effective microbial biopesticide formulation in the form of a BCA. 
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Table: Bacillus velezensis biocontrol agent: 

S.No Crop Disease Causal Organism 

1. Apple Bitter rot Colletotrichum gloeosporioides 

2. Wheat Head blight Fusarium graminearum 

3. Maize Corn stalk rot Fusarium graminearum 

4. Rose Crown gall Agrobacterium tumefaciens 

5. Pepper Black spot Xanthomonas euvesicatoria 

6. Rice Blast Magnaporthe oryzae 

7. Watermelon Wilt Fusarium oxysporum f. sp. niveum 

8. Soybean Root rot Phytophthora sojae 

9. Wheat Powdery mildew Blumeria graminis 

10. Wheat Spot blotch Gaeumannomyces graminis var. tritici 

11. Tomato Early blight Alternaria solani 

12. Lotus Root rot Fusarium oxysporum 

Mechanism of Action  
The hyphae of Trichoderma spp., attach to the host fungal hyphae via coiling, hooks and appressorium like 

bodies. It penetrates the host cell wall by secreting lytic enzymes namely chitinases, proteases, glucanases. 

Trichoderma recognizes signal from the host fungus, triggering coiling and host penetration. Some species 

colonize the root with mycoparasitic properties through penetrating the root tissue and induce metabolic 

changes which induce resistance (Fig.1a &1b). 

Mechanism of Action  
Bacillus velezensis exhibits both a direct and indirect biocontrol mechanism to suppress disease caused by 

pathogens. The direct mechanism includes the synthesis of many secondary metabolites, hormones, cell-

wall-degrading enzymes, and antioxidants that assist the plant in its defense against pathogen attack. 

The severity of disease caused by plant pathogens has traditionally been considered a function of the 

interplay between the factors at the three vertices of the “disease triangle”: host susceptibility, pathogen 

virulence, and environmental conditions. 

When B. velezensis is used for plant disease control, it may profoundly influence the complex plant-

environment-pathogen system through plant growth promotion (PGP), ISR, biofilm formation, competition 

for nutrients or colonization sites, cell lysis effects, and antibiotic production. 

Mass Production of Bacillus velezensis  
The nutrient broth is prepared in fermentor 

 
Sterilized at 15 lb pressure for 15 mts. 

 
Mother culture is added @ 1 lit / 100 lit of the medium 

 
Incubated at room temperature for 2 days 

 
Medium containing the bacterial growth of B. velezensis is used for mixing with talc powder. 

Conclusion  
B. velezensis. represent an environmentally friendly strategy for crop production improvement through 

different mechanisms of biological control, biofertilization and biostimulation. Although possibilities to use 

B. velezensis. for disease incidence reduction and crop production improvement are well known, their 

https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/fusarium
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/blumeria-graminis
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application is not a widespread practice, mostly because of inconsistent efficiency under different 

conditions. 

References  
1. Muhammad Fazle Rabbee,Md. Sarafat Ali,Jinhee Choi,BuyngSu Hwang, Sang Chul Jeong, and Kwang-hyun Baek 2019 Mar 

16.Bacillus velezensis: A Valuable Member of Bioactive Molecules within Plant Microbiomes. 

2. Zuo Chen, Lu Zhao, Wenqian Chen, Yilun Dong, Chao Yang,Chunliu Li 10 Aug 2020  Isolation and evaluation of Bacillus 

velezensis ZW-10 as a potential biological control agent against Magnaporthe oryzae. 
 

https://pubmed.ncbi.nlm.nih.gov/?term=Rabbee%20MF%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Ali%20MS%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Choi%20J%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Hwang%20BS%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Jeong%20SC%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Baek%20Kh%5BAuthor%5D
https://www.tandfonline.com/author/Chen%2C+Zuo
https://www.tandfonline.com/author/Zhao%2C+Lu
https://www.tandfonline.com/author/Chen%2C+Wenqian
https://www.tandfonline.com/author/Dong%2C+Yilun
https://www.tandfonline.com/author/Yang%2C+Chao
https://www.tandfonline.com/author/Li%2C+Chunliu


 

 
Volume 04 - Issue 07 - July 2022       564 | P a g e  
 

Edible Insects - An Alternative to Conventional Sources 

of Food 
Article ID: 37686 

B V Jayanth1, Kalyanam Sai Ishwarya Lakshmi1, Rakesh V1 
1PhD Scholar, Division of Entomology, ICAR-IARI, New Delhi-110012. 

 

 
 

According to the most recognized definition established by the World Food Summit in 1996, food security 

is a “situation that exists when all people, at all times, have physical, social, and economic access to 

sufficient, safe, and nutritious food that meets their dietary needs and food preference for an active and 

healthy life”. The definition is based on four pillars: availability, stability, access and utilization. Population 

growth, urbanization, dietary demand and Westernization of food styles, overexploitation and depletion of 

natural resources, climate change and land use for biofuel production are just some of the crucial factors 

that may jeopardize food security goals in the coming years. 

In particular, the dynamics of growth in the global demand for proteins, and especially animal proteins, 

have directed the attention of researchers to the identification of new protein sources that can meet the 

growing global demand. Categories of the alternative sources of animal proteins include: cultured meats, 

produced in vitro; plant-based meat analogs, manufactured using plants-extracted proteins; single-cell 

proteins (SCP), characterized by a microbial origin; earthworms and edible insects, which exhibit a high 

feed/meat conversion rate. Among the alternative sources of animal proteins mentioned so far, edible 

insects represent the option that most closely meets the necessary requirements for food security. 

According to FAO, the most common insects consumed globally are beetles (Coleoptera) (31 percent). This 

is not surprising given that the group contains about 40 percent of all known insect species. The 

consumption of caterpillars (Lepidoptera) is estimated at 18 percent while bees, wasps and ants 

(Hymenoptera) come in third at 14 percent. Following these are grasshoppers, locusts and crickets 

(Orthoptera) (13 percent); cicadas, leafhoppers, planthoppers, scale insects and true bugs (Hemiptera) (10 

percent); termites (Isoptera) (3 percent); dragonflies (Odonata) (3 percent); flies (Diptera) (2 percent); and 

other orders (5 percent). 

 
Order wise distribution of edible insects in India (Chakravorty, 2014). 

Insect Production Methods  
Edible insects can be obtained in three ways: 

a. Wild harvesting 

b. Semi domestication 

c. Farming 

Many studies indicated that 92% of known edible insect species are wild harvested, 6% are semi-

domesticated and only 2% are farmed (Yen, 2015). Out of 92 % wild harvested, 88 % are terrestrial insects 

and remaining are aquatic. 
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Wild harvesting: The method of collecting edible insects from wild or its natural habitats. 

Wild harvesting of some common edible insects (Ishara et al., 2022): 

Insect species  Harvesting technique 

Termites Light trapping  

House cricket Trapping and Handpicking 

Palm weevil Handpicking  

Beetle Handpicking 

Locust Handpicking 

Red palm weevil Handpicking 

Rhinoceros beetle Handpicking 

Caterpillar Handpicking 

Mole cricket Handpicking 

Grasshopper Light trapping & handpicking 

Honeybee Collecting honeycomb from hive 

Semi domestication: The captive state of an insect in which its living conditions are controlled by humans 

is called semi-domestication. It may also enable the manipulation of an edible insect’s habitat at a small or 

large scale, such as the insect’s behaviour and availability throughout the year. This is termed semi-

cultivation, as it resembles cultivating – a process that promotes the growth (or quality) of an organism 

through the use of labour and skill.  

Farming: Farming can produce large amounts of insects which can occur at different scales. It can be as 

simple as a single cage through to a large semi-automated factory. 

 
Designed structure of modern insect farm showing distribution of the operations  

(Ortiz et al., 2016) 

Benefits  
Health: 

a. Many insects are rich in protein and good fats and high in calcium, iron and zinc. Insects already 

form a traditional part of many regional and national diets. 

b. The nutritional values of edible insects are highly variable, not least because of the wide variety 

of species. Even within the same group of edible insect species, values may differ depending on the 

metamorphic stage of the insect, their habitat and diet etc. 

Environmental: 

a. Insects promoted as food emit considerably fewer greenhouse gases (GHGs) than most livestock  

b. Insect rearing is not necessarily a land-based activity and does not require land clearing to expand 

production.  

Livelihoods (economic and social factors): 

a. Insect harvesting/rearing is a low-tech, low-capital investment option that offers entry even to 

the poorest sections of society, such as women and the landless.  

b. Minilivestock offer livelihood opportunities for both urban and rural people because of their 

nutritional composition, accessibility, simple rearing techniques and quick growth rates, insects can 

A. Feedstock warehouse   B. Rearing area  

C. Harvesting room           D. Cleaning room  

E. Compost area                F. Insect processing room  

G. Control room  
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offer a cheap and efficient opportunity to counter nutritional insecurity by providing emergency food 

and by improving livelihoods and the quality of traditional diets among vulnerable people. 

Concerns  
Biological Hazards: While pathogenic microbes of insects (entomopathogenic) such as bacteria, viruses, 

fungi, parasites are considered harmless to humans and animals due to phylogenetic differences, insects 

can be a vector for various microorganisms that are detrimental to human and animal health, especially 

under poorly controlled hygienic conditions. 

Chemical Hazards: Chemical hazards like mycotoxins, pesticides, toxic metals, trace metals etc may pose 

risk by consuming insects. 

Physical Hazards: Dehydrated insects consumed whole can pose physical hazards due to the hard parts 

of the insects, such as stings, wings, rostrum, and spines on shinbones which can cause physical 

obstructions. 

Allergens: Allergic reactions to insects via inhalation or skin contact have also been documented. Workers 

on the insect farms may be prone to experiencing adverse reactions at their job sites. 

Antimicrobials: It is possible that antimicrobials may be added as a contingency measure to control 

microbiological issues in industrial rearing facilities which may get accumulated in the substrate. 

Conclusion  
1. Insects represent a sustainable source of food for 21st century as they can meet all nutritional demands 

requiring fewer resources to produce than most meat-based proteins derived from livestock. 

2. For distribution and consumption of industrially mass-produced insects as food all over the world, 

education of the public as well as image improvement of edible insects needs to be performed in order to 

establish and increase consumer acceptance.  

3. In order to produce insects on an industrial scale, technological improvement of rearing facilities for 

automated, cost-effective production processes are to be implemented. 

4. As with all foods, it is important to account for the possibility of risks in insects so, it is necessary to 

establish a hygiene and disinfection protocol that guarantees the food safety of insect derived products. 

5. Enhancing research on knowledge gaps, developing appropriate regulatory frameworks and encouraging 

collaboration among stakeholders will facilitate establishing a multidisciplinary pathway for the sector. 
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Introduction  
Rodents are the major vertebrate pests causing damage to various crops and commodities by feeding and 

indirect damage by spoilage, contamination and hording during on-farm and post-harvest stages. The 

analysis of the reviews on pre harvest losses indicates a range of 5-15% damage to cereal crops like rice 

and wheat. During 2001 it was reported that the overall losses of grain to rodents in India were 

approximately 25% in pre harvest and 25-30% in post-harvest situations bringing the loss to at least US$ 

5 billion annually in stored food and seed grain in India. It includes porcupine, squirrels, rats, mice, 

bandicoots, bamboo rats, voles and desert dwelling gerbils. In India, 128 species of rodents belonging to 46 

genera are present. Out of these, a dozen species qualify as a pest. Some are localized pest and some of 

them are pest of National significance. Being reservoir or vector of various dreaded diseases like Plague, 

Leptospirosis, Murine typhus etc. they are creating lots of health problems in human beings and domestic 

animals. Out of 128 species, about a dozen species are regarded as a pest; however, a pest complex of 2-3 

rodents occurs in any particular agro-climatic region. 

Benefits  
1. Cultural: 

a. Deep ploughing. 

b. Weed management. 

c. Reduction of bund size. 

d. Planting of non-preferred crops. 

2. Mechanical: Mechanical removing of rodent population is done by using different types of traps. It is 

one of the oldest practices of rodent management reported from earliest civilization. Mostly two types i.e. 

live traps and kill traps are being used to capture rodents live or dead. Some commonly used traps are 

Wonder trap, Sherman traps (for live trapping) and snap trap, urang o arrow trap, pit fall traps (for dead 

trapping). The live traps can capture more animals than kill traps and hence these can also be used on 

small scale, but to cover a longer area snap trap are more convenient, because of easy handling and low 

cost. About 54 Sherman or 60 snap traps per hectare are to be placed. Trapping method is more advisable 

for small areas with populations consisting of mostly adult rodents. 

3. Biological: 

a. Predators: Over exploitation of natural resources have disrupted the natural control of the 

rodents in the country. The major predators of rodents are cats, mongoose, jackals, foxes, owls, kites, 

monitor lizards and snakes. It is reported that rodents constitute prey items for the Cobra (75%) 

Russel Viper (75%), Krait (25%) and scaled viper (22%). However, the feeding rate of captive snakes 

is one rodent every three days. Rats and mice are the principal food of the barn owl which possesses 

a good predatory potential ranging from 1-6 (Avg.1.58) rodents/night.  

b. Microbes: The potential of micro parasite (viruses, bacteria and protozoan) and macro parasites 

(helminths and arthropods) as bio-control agents against rodents has been ignored because of health 

risk to domestic animals and human beings. Salmonella bacteria has been found to be effective 

against rats in Europe but ineffective against R.rattus and B.bengalensis yielding their mortalities 

to the extent of 16 and 18% respectively in India. The potential of helminths parasites in regulating 

the population of Indian rodents is not known. WHO Committee on zoonosis has also doubted the 

practical application of microbial rodenticides due to possible public health hazards.  
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4. Use Natural Deterrent Methods: 

a. Onion’s odour is one of the non-toxic, natural ways to get rid of rats. Humans aren’t the only ones 

who dislike the pungent odour of onions. Rats and mice cannot tolerate their smell either, so it’s an 

excellent way to keep them away from your home. Here’s what you can do – cut one slice and place 

it where the rats inhabit. Then replace it once it’s gotten rotten. 

b. Essential oils: There’s a list of essential oils that you could use as one of the safest and natural 

ways to eliminate rats. These includes: Peppermint, Citronella &Eucalyptus 

The robust smells of these oils can dissuade rats. It can be highly effective once rats get exposed to 

these essential oils in 5-10% concentration. 

c. Owl’s feather: Research shows that rats are smart enough to sense threats in their 

surroundings. In particular, learning, how to act and then escape from an owl’s attack. 

So, you can get rid of these pests by putting the feathers of their natural predators near their 

habitats. 

d. The most effective natural ways to get rid of rats. Place a few strands inside the holes or areas 

where they hide and visit the most.  

e. Ammonia is also a good rodent-repellent because of its pungent smell. Prepare 2 to 2 ½ cups of 

ammonia, 2 to 3 spoons full of detergent, and 100 to 200 ml of water. Mix all the ingredients in a 

bowl and place it where rats often stay.  

f. Steel wool can also be used to block rats’ access points. You can use it as a barrier to keep rats 

from getting inside your house. 

g. Cats and snakes are the natural predators of rats. As they are known to be wise, rats would 

automatically stop going back to a house if they have seen traces of their enemies. You could buy 

dried snake litter or cat litter from a pet store or zoo. Fool them by placing the litter in the holes 

where they usually dwell. 

h. Mothballs: Mothballs are one of the most tried-and-tested natural ways to get rid of rats. Place 

them in deserted areas that “could possibly be the rodents’ habitats” (yeah right!). 

This repellent can be readily found in the supermarket and is easy to use. Just be cautious in 

scattering them throughout the house as the smell is also anything from unpleasant to dangerous 

for humans and other animals. 

5. Chemical control: Following rodenticides are being commonly used in India. 

a. Zinc phosphide is the most commonly used acute rodenticides. It is highly toxic to variety of rodent 

species with LD 50 value of 25-35mg/kg. It is recommended at 2% concentration in cereal baits. It 

yields around 60-70% control success. 

b. Anticoagulants are another category of rodenticides with chronic toxic effects on target species 

which inhibit blood coagulation process and animal dies due to loss blood after 4-10 after consuming 

lethal dose. Second generation anticoagulant, Bromadiolone yield effective kill with single dose are 

recommended for management of fields rodents as well as commensally. Contrary to the acute zinc 

phosphide, Bromadiolone does not induce shyness or aversion. 

Precautions in Handling Rodenticides  
Following precautions should be followed to avoid any risk: 

1. No eating, drinking or smoking should take place when live or dead rodents or poison baits are handled.  

2. All cuts and abrasions on the hands and arms should be covered before starting the work. 

3. Any rodent bites should be reported and sought medical advice.  

4. Poison baits should be prepared in well ventilated room and care should be taken not to breathe in or 

absorb any poison.  

5. After poison bait preparation and field application, hands should be washed with soap properly.  

6. All poisons (pure chemicals, baits etc.) should be clearly labelled 'POISON' and held in a locked almirah 

and should be away from the reach of children.  

7. The poison bait should not be touched by bare hands. Any broad leaf or spoon or gloves, if available, 

should be used.  

8. When poison baits are laid, the residents/owner of the area should be cautioned about the treatment so 

that children, livestock and pets can be kept away for a day or two.  
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9. Poison bait should not be laid where the excess bait cannot be picked up in order to prevent any later 

danger. A record should be kept of the number and location of baiting points.  

10. While placing the baits in the burrow, the poison baits should be rolled deep in the burrows to protect 

birds, livestock and other non-target species.  

11. Fumigation as a rule should not be tried in residential buildings. If aluminium phosphide is being used 

for fumigation in the fields, the fumigant should be kept away from fire or lit cigarette, as it is highly 

inflammable. Do not handle the tablets, use an applicator or a long tube to insert them into the burrows.  

12. After the control operations, the left· over baits, should be picked up and dead rodents be collected and 

buried deep in the soil. 
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Abstract  
Crop growth and development are heavily influenced by the weather. Agro meteorological variables are one 

of the primary inputs necessary for crop simulation models to compensate for the implications of weather 

and climate variations on crop output. Maximum and minimum air temperatures, total sun radiation, and 

total rainfall are among them. Many crop models have been used to make strategic and tactical 

management decisions, as well as projecting yields. Crop yield and related factors, as well as natural 

resource consumption, are expected to vary due to short term and long variations in weather and climate 

conditions. Crop models have been widely employed in studies on the influence of climatic changes on crop 

production and food security. With the expanded advent of computers, crop models are projected to be used 

more by farmers, consultants, policymakers, and decision makers. In these applications, weather data in 

the form of historical data or observations collected during the current growing season, as well as short-, 

medium-, and long-term weather forecasts, will be crucial. 

Keywords: Crop model; Decision support system; Climate variability; Climate change and Strategic 

application. 

Introduction  
Agriculture and the weather: One of the most important factors that influence agricultural production 

is the weather. According to some estimates, weather variability accounts for up to 80% of agricultural 

production variability, particularly in rainfed production systems (Petr, 1991; Fageria, 1992). Plants, as 

well as pests and illnesses, are all affected by the weather. Before examining the role of agrometeorology 

in crop production simulation, it's vital to review the potential impact of various weather factors on growth 

and development of plants. Precipitation, air temperature, and sun radiation are the most important agro 

meteorological variables in agricultural output. The key meteorological variable that controls the rate of 

vegetative and reproductive growth is air temperature (Hodges, 1991). Most of the time, a rise in 

temperature promotes a rise in developmental rates. The inverse occurs at higher temperatures, with 

maturation rates slowing as the temperature rises. The processes that drive photosynthesis are influenced 

by solar radiation, which affects glucose partitioning and biomass growth of various plant components 

(Boote and Loomis, 1991). At low light levels, photosynthesis is commonly characterized as an exponential 

dynamical system with a linear response. Any of the plant processes are not directly controlled by 

precipitation. It is classified as a modulator since it has an indirect effect on numerous plant growth and 

developmental processes. Drought occurs when there is inadequate rainfall, while water logging happens 

when there is a lot of rain. Potential evapotranspiration, extractable soil moisture in the rooting zone, root 

dispersion, canopy size, and other plant and environmental parameters all contribute to drought stress in 

plants. Depending on the stage of development, drought can produce an increase or decrease in 

developmental rates. Drought tolerance is a function of species or cultivar in many circumstances, as 

certain species or cultivars are more drought-tolerant than others. Drought can also impair gross carbon 

uptake by triggering stomatal closure, resulting in a shift in biomass partitioning among plant components. 

Flooding or heavy rain occurrences can induce water logging stress. It can result in a shortage of oxygen in 

the rooting zone, which is necessary for root growth and respiration. A drop in soil oxygen content can cause 

a decrease in root activity, resulting in an increase in root senescence and root death rates. The overall 

consequence of water logging is a reduction in water absorption; the end result is comparable to the impacts 

of drought stress outlined above. 
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Weather and crop simulation models: Mize and Cox (1968) defined computer models as a mathematical 

representation of a real-world system. In actuality, including all of the interactions between the 

environment and the modeled system in a computer model is impractical. A computer simulation is, in 

most situations, a simplification of a real-world system. Many assumptions may be made in a model, 

especially when information on the system's interactions is insufficient or non-existent. There are various 

types of models depending on the scientific area, ranging from very simple models based on one equation 

to more complicated models containing thousands of equations. The study of agricultural crops is a 

combination of biology, physics, and chemistry. Simulators of plants and crops are a mathematical 

depiction of this system. Crop simulation models have several aims, one of which is to estimate agricultural 

productivity as a function of weather, soil conditions, and crop management. As a result, the meteorological 

variables stated earlier, such as air temperature, precipitation, and solar radiation, are crucial input factors 

for the simulation models. We'd like to classify them as key weather input factors, while classifying the 

others as secondary weather input variables, such as wind speed, relative humidity or dew point 

temperature, open pan evaporation, and soil temperature. 

Modeling data about the weather: The most popular source of weather data for modeling applications 

is national meteorological institutions, such as the National Weather Service (NWS) in the United States. 

Unfortunately, because their primary purpose is to service the aviation sector, the majority of these 

weather stations are positioned around airports. Airports are typically located near large cities, and the 

conditions at airports are not very reflective of the main agricultural production zones, due to the buildings, 

runways, and other developmental constructions that are common around airports. Airport weather 

stations are first-order stations, which collect both primary and secondary weather input variables 

manually or through automated techniques. Other types of weather stations that measure weather 

variables are also operated by national meteorological organizations. 

Approaches to modeling: Crop models, in general, combine current information from several fields, such 

as agrometeorology, soil physics, soil chemistry, crop physiology, plant breeding, and agronomy, into a set 

of mathematical equations that forecast growth, development, and yield. Baier (1979) gave some 

background and vocabulary for what he referred to as 'crop–weather models.' The report is based on a 

review for a World Meteorological Organization (WMO) expert forum on crop–weather models that took 

place in Ottawa, Canada, in 1977. Baier (1979) differentiated three types of crop growth simulation models: 

crop–weather analysis models, empirical–statistical models, and mathematical–statistical models. Crop 

growth models are physiological in nature, as they calculate the causal links between plant processes and 

the environment. Crop models are also deterministic in the sense that they make an accurate calculation 

or prediction. In this case, deterministic or predictive models, which provide a different answer for each 

calculation, would be the polar opposite. Crop models are simulation models in the sense that they employ 

one or more sets of differential equations to determine rate and state variables over time, often from 

planting to harvest maturity or ultimate harvest. Early crop simulation models only simulated 

photosynthesis and a simple carbon balance throughout time. Other processes, including as vegetative and 

reproductive development, as well as the water balance of the plant, were added subsequently. 

Weather and applications: Crop simulation models can be useful at several levels of application, from 

farm-level crop management decision support to research-level science advancement. The most crucial 

input data for all of these simulation model applications is weather data. Most applications aim to 

anticipate final yield, which can be in the form of grain, fruit, root or tuber yield, biomass yield for fodder, 

or any other harvestable crop. Certain applications calculate economic returns by combining the price of 

the harvestable commodity with the cost of inputs and production. Crop simulation models are one use for 

policy management. Crop simulation models' management applications can be divided into three 

categories: strategic, tactical, and forecasting. Crop models are used in strategic applications to evaluate 

alternative management strategies prior to planting a crop. 

Conclusion  
Weather data is one of the most important inputs for any crop model application. It will be vital to continue 

collecting weather data for all places where agricultural produce is a source of income. Denser weather 

station networks may be required to account for spatial weather and climate variability. It'll also be crucial 

to gather data on a daily basis, preferably more frequently, and to include at least the primary set of 
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variables required for crop modeling. For the application of crop models for yield forecasting and tactical 

decision making, easy access to weather data, particularly through the Internet and the World Wide Web, 

will be important. The problems of meteorological data interpolation and data gaps must be addressed for 

large-area and regional yield estimates. 
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Abstract  
A variety of methodologies are used in sustainable farming practices. Crop diversification is the most 

significant strategy for long-term agriculture development. It enables farmers to use biological cycles to 

reduce inputs, conserve natural resources, increase yields, and reduce risk from ecological and 

environmental concerns. It provides a significant opportunity for rural communities to generate additional 

money and employment. Crop variety encourages beneficial soil microbes to interact, pauses the disease 

cycle, and reduces the number of weeds. Agricultural variety improves the physical and chemical properties 

of soil, increasing land-use efficiency and crop productivity. Crop diversification has a lot of potential for 

addressing issues including insect-pest and weed revival, soil degradation, pollution, soil salinity, declining 

farm profit, and climate change. Crop diversification improved a farm's net returns, B:C ratio, and overall 

system productivity through a crop intensification system. Farmers are transitioning from low-value, low-

yielding crops to high-value, high-yielding crops in order to reap the benefits of crop diversification. Crop 

diversification thus offers a good chance of accomplishing the objectives of nutritional security, income 

growth, food security, job creation, and long-term agriculture development. 

Keywords: Crop Diversification, Sustainable Agriculture, Nutritional Security, Food Security 

Introduction  
A growing global population, particularly in many developing countries, demands more food, fibre, and oil 

supplies, offering a severe challenge to agricultural scientists to produce more from restricted, declining, 

and degraded land and water resources. By 2050, the global population is predicted to have expanded by 

50%, and global grain demand would have doubled. The stress brought on by climate change, as well as 

extreme weather and urbanization, adds to the load. In its current state, global agriculture poses a severe 

threat to agricultural sustainability. The greatest significant threat to food security and the environment 

is the depletion and deterioration of natural resources per capita. Existing intensification technologies are 

beginning to show signs of deterioration. Groundwater scarcity, fossil water exploitation, groundwater 

contamination, and rising CO2 levels in the atmosphere are all serious threats to sustainability. In 

sustainable production, a variety of approaches are employed. The site specific and particular nature of 

sustainable agriculture must be taken into account in specific plans. Reduced reliance on monocultures can 

improve resilience and lower the risk of total system failure, both of which are necessary for long-term 

agricultural success. Adjusting to shifting circumstances can be a dynamic and constant process. 

Diversification is the process of taking advantage of new market opportunities, technological 

advancements, policy changes, increased profitability, and production system stability. It is an effective 

approach for lowering risk in agriculture. Crop diversification is often defined as a shift away from less 

profitable crops and toward more profitable crops. Crop diversification is widely considered as one of the 

most environmentally feasible, cost-effective, and reasonable ways to reduce agricultural uncertainty, 

especially in the face of climate change. Crop diversification aids in the alleviation of second-generation 

issues such as soil deterioration, soil salinity, insect-pest and disease outbreaks, environmental pollution, 

farm profit decrease, nutrient imbalance, climate change, and so on. Crop diversification improves farm 

resilience, or an agroecosystem's ability to revert to its previous productive state after being disrupted, by 

boosting spatial and temporal biodiversity. Despite the fact that crop diversification is not a novel concept 
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for many rural people in developing and emerging economies, there has been little research on the topic to 

date. However, because to contemporary concerns about biodiversity loss, as well as human and 

environmental health, there is growing global interest in the topic. 

Crop Diversification is an Idea  
Crop diversification, as contrasted to specialized farming, is described as an attempt to increase crop 

diversity by crop rotation, multiple cropping, or intercropping, with the purpose of boosting ecological 

system productivity, sustainability, and supply. It may be a first step toward more sustainable agricultural 

systems, minor crop value chains, and social advantages. Agricultural diversification initiatives include 

improved agricultural diversity, better diverse crop rotations, mixed cropping, cultivation of grain legumes 

in typically cereal-dominated systems, perennial leys or grassland, and regionally appropriate varieties or 

variety combinations. Crop diversification is described as the substitution of one or more agricultural crops 

for another in developing countries. In agriculture, diversification is described as the investing of some 

farm productive resources, such as land, capital, farm equipment, and labour, into new businesses. 

Diversification is the process of switching from a less profitable farming system to a more profitable 

cropping system. Agriculture diversification refers to the move from a single crop's regional or temporal 

dominance to the production of a range of crops to meet the ever-increasing need for cereals, pulses, 

oilseeds, fibres, fuel, and feed. Crop diversification is a dynamic and iterative notion that encompasses 

spatial, temporal, value addition, and resource-complementary strategies, as well as a shift away from 

traditional and less-profitable crops. 

 
Fig1. Basic Concept of Crop Diversification 

Crop Diversification Approaches  

 

Horizontal Diversification  
Crop substitution and crop intensification are the two main methods for doing so. The two basic processes 

of agricultural diversification have been these two ways. Crop substitution refers to the replacement of any 
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crop that is growing as a monoculture crop or has a tendency to specialise. During the green revolution, for 

example, there was a trend toward cultivating solely cereal crops. In recent years, the tendency in 

developing countries has shifted dramatically. Farmers are transitioning away from monoculture cereals 

as a staple food and toward high-value crops such as vegetables, spices, and other high-value crops. Crop 

substitution has various advantages, including increased net returns, improved resource use efficiency 

(land and labour), and a break in the pest and disease cycle. Crop intensification, on the other hand, is the 

addition of additional high-value crops to an existing cropping system in order to boost the farm's total 

productivity. We need to move away from basic crop rotation and toward intensive systems like multiple 

cropping, intercropping, relay cropping, and so on if we want to reap the benefits of agricultural 

diversification. Crop intensification contributes to increased job opportunities, profitability, and energy 

efficiency. 

Vertical Diversification  
Vertical crop diversification, on the other hand, is a measure of the degree and extent to which agricultural 

production has become industrialized. Farmers and others use this strategy to boost the marketable worth 

of crops by adding value to them through packing, processing, regional branding, and merchandising. Food 

crop vertical diversification can also be defined as the expansion of post-harvest activities, such as the 

processing and transformation industries, to allow food crops to be sorted, graded, processed into both food 

and industrial products, packed, stored, and transported to domestic or export markets. In terms of 

generating money and jobs in rural areas, the expansion of processing and transformation businesses 

appears to be the most crucial element. Both types of diversification (i.e., multiple cropping or horizontal 

diversification and agri-business or vertical diversification) will be necessary to enhance crop yields and 

income creation at the local, regional, and national levels. 

Others Approaches  
1. Land based approach 

2. Water-based approach 

3. Varietal diversification 

4. Diversification for nutritional security 

5. Diversification for nutrient management 

6. Diversification for pes management 

7. Diversification for mitigation and adaption of climate change. 

Conclusion  
Diversification is one of the most efficient strategies to enhance agricultural revenue, resulting in increased 

food, nutrition, and environmental security, as well as a reduction in poverty in developing nations. It has 

a significant impact on agro-socio-economic benefits. It resulted in a year-over-year increase in revenue. 

Allows for the production of crops based on market need. Price fluctuation is smoothed out. Increase the 

grain equivalent yield, system production efficiency, relative production efficiency and land use efficiency. 
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Introduction  
Jamun, commonly known as Java plum or Indian blackberry, is an evergreen tree. Its scientific name is 

Syzygium cuminii. India and East Indies, two Southeast Asian nations, are where it first appeared. It is a 

member of the Myrtaceae family (the typical character being flowered with numerous stamens). They have 

a strong resemblance to the significant spice "clove," Syzygium aromaticum. They are frequently grown in 

tropical climates, similar to an evergreen tree that grows thick leaves and offers significant year-round 

shade. It is a distinctive tree that grows quickly and is known for tolerating extreme weather, including 

high rainfall and water shortage situations. As a result, it is a very well-liked avenue tree across the nation. 

It can withstand flooding and, after the plants are established, drought. Additionally, it acts as a windbreak 

on the bunds and an aesthetic tree. Jamun trees can be found all throughout India; they are widely 

dispersed from the North to the South and from the East to the West. The Gangetic plains, the western 

peninsula, the Western Ghats region, and the Central highlands adjacent to the Gangetic plains are where 

jamun variety is found. It thrives in both cultivated and natural environments. One of India's most valuable 

plants, jamun fruit has a variety of medical and nutraceutical benefits. 

 

Health Benefits of Jamun  
1. Jamun is highly useful and advised for those with anaemia due to its high iron content. Jamun is one of 

the best foods for naturally purifying blood since it contains a lot of iron, which also boosts the number of 

red blood cells and haemoglobin in the blood. 

2. The finest treatments for digestive problems may be found in Jamun Fruit. It has been demonstrated 

that this purple stone fruit has a remarkable therapeutic impact on several digestive issues, including 

diarrhoea and ulcers. Jamun fruit's antibacterial properties assist in protecting your digestive tract from 

infection and lower your risk of developing appendicitis or severe diarrhoea. 



 

 
Volume 04 - Issue 07 - July 2022       577 | P a g e  
 

3. It is well known that this Indian berry can be of great assistance to those with diabetes, especially type 

II. Jamun fruit has a low glycemic index because it contains less glucose. The glycemic index serves as a 

gauge for how food may affect your blood sugar levels.  

4. When consumed, this fruit also causes the creation of saliva, which aids in the breakdown of food in the 

mouth and improves stomach digestion. Eating Jamun fruit seasoned with roasted cumin powder and black 

salt might also calm your irritation.  

5. The jamun fruit is having very beneficial phytochemicals, such as flavonoids and polyphenolic 

substances. Jamun is very useful in treating cancer, heart, and liver conditions since it has anti-cancer and 

chemo-preventive characteristics.  

6. Jamun is a rich source of fibre, which helps with digestion, avoids chronic diseases, and treats a number 

of gastrointestinal issues like constipation, bowel disturbances, nausea, diarrhoea, and dysentery.  

7. Vitamin C is abundant in jamun fruit. Skin has been reported to benefit greatly from vitamin C. Its 

ability to lighten and brighten skin is established. Along with being an antioxidant, collagen also fights 

free radicals and produces a protein that delays the onset of ageing.  

8. Jamun fruit also contains vitamins C, calcium, iron, and potassium. It supports bone health by 

preventing osteoporosis and other calcium shortage issues. A healthy neural system requires calcium, 

another crucial vitamin. 

 

Composition and Uses  
Jamun is used mostly in India for the manufacture of deserts since it has a very nice flavour and taste. 

Typically eaten as a fresh fruit, but these days it is also used to make a variety of delectable beverages, 

including squash, wine, vinegar, jellies, jam, and sweet pickles (Ochse et.al.,1961). Jamun juice is an 

excellent diabetic treatment. In the summer, nectar of the jamun makes a great pleasant beverage. In 

addition to fruit, jamun seed powder is excellent for diabetic patients since it immediately lowers the level 

of sugar in the urine. Additionally, it is a very good source of iron, which helps treat anemia. Jamun wood 

is used to make railroad sleepers, as well as for construction materials and agricultural machinery. Bark 

has astringent properties and is used to clean the mouth (Purohit, 1985). 

Nutritional Composition of Jamun (Per 100g Fruit)  
Constituents  Content  

Moisture (%) 83.5-85.2 

Protein (%)  0.50-0.55 

Fat (%) 0.12 

Calorific value (per 100 g)1 82 

TSS (0Brix) 9-10.5 

Acidity (%) 1.5-2.5 
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Pectin (%) 2.5-3.5 

 

Total sugar (%) 

6.5-7.5 

Vitamin C (mg/100g) 30-35 

Vitamin A (IU) 75-95 

Iron (%) 0.1-0.01 

Calcium (%) 0.02 

Phosphorus (%) 0.01 

Conclusion  
Jamun is regarded as a miracle tree since it has multiple medical benefits from the ground up through the 

leaves, seed, fruits, and even the bark. While the leaves of the tree are helpful for gum and tooth disorders, 

the pulp and seeds are important for treating diabetes. The tree's bark guards against gingivitis and works 

well to prevent worm infestations in the body. Jamun is a potent source of several different nutrients. It 

contains a wide range of vitamins, including as vitamins A and C, calcium, iron, fibre, magnesium, 

potassium, glucose, protein, and high levels of antioxidants and phenolic compounds, which have a number 

of reported human health benefits. 
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Introduction  
Large volume of crop residue is generated after harvesting of field crops. These residues generally include 

stubbles, stalks, leaves and seed pods but stubbles are the major contributor for production of crop residues. 

India is producing more than 500 Mt of crop residue annually in which cereal crops shares 70% of the total 

residues production (352 Mt). Among the cereal crops only rice contributes to 34% of the generated crop 

residues. Uttar Pradesh generates the highest amount of crop residues (60 Mt) followed by Punjab (51 Mt) 

and Maharashtra (46 Mt) (NPMCR, 2014).  

Major portion of the produced residues are used as fodder, fuel and industrial processes. In spite of this, 

178 Mt of crop residues are left as surplus and it is estimated that about 87 Mt of surplus crop residues are 

burnt every year across the country (Teri, 2019). Rice, wheat, and sugarcane are three crops that are prone 

to crop residue burning in Northern India. Only in Haryana, Punjab, Rajasthan, and Uttar Pradesh are 

more than 30 Mt of paddy straw burned annually (Datta et. al., 2020). Agri-residues are burned on the 

field, which not only degrades the quality of the soil and pollutes the environment but also reduces the 

soil's productivity. Additionally, it has a negative impact on the health of living things. Therefore, it is 

crucial to handle agricultural residue effectively, whether on or off the farm. 

Importance of Crop Residue Management  
Burning of the crop residues has a negative impact on the microorganisms and soil climate. Therefore; as 

a measure of on-field management, straw incorporation in soil improves soil fertility by increasing the 

amount of organic matter, N, P, and K in the soil. Residue management through conservation agriculture 

improves the soil fertility, soil health, tilth, retain moisture and increases organic matter content. In 

addition to the off-field management, Crop residues can be used as alternative source of renewable energy 

as it has moderately higher calorific value and it emits very less amount of greenhouse gas as compared to 

fossil fuel. 

Crop Residues Management Options  
Agri-residue can be managed in several ways. The management procedure includes in-situ and ex-situ 

management of the crop residue. Following are some residue management options; 

1. Residue burning: This is the most common practice that is being adopted by the Indian farmers to 

manage the surplus residue. Crop residue obstruct the tillage implement for field preparation as well as 

seed sowing for the subsequent crop. Farmers chop off the stubbles, dry them out and burn completely to 

facilitate the timely sowing of next crop. It is the cost-effective and rapid field clearing solution for the 

farmers but at the same time this measure has numerous negative impacts on the soil, environment and 

production.  

2. Surface retention and mulching: Surface retention and mulching is a viable management practice 

where crop residues from the preceding crop are left in the field without tillage. In this situation residues 

decompose slowly on the soil surface, retain soil moisture, increases soil organic carbon and microbial 

activity, reduces soil erosion and soil fertilizer requirement. This is the cost effective and energy efficient 

management practice of crop residues. The use of zero tillage seed drill (Happy seeder) helps to sow seeds 

without disturbing the standing as well as loose residues in the field. 

3. Straw incorporation: In this management practice, remaining stubbles or straw is incorporated in the 

soil by means of ploughing. It returns most of the plant nutrients into soil and conserves the soil nutrients 

in long term basis. However, the practice of residue incorporation is being adopted by very few farmers 

because of its high incorporation cost, energy and time consumption. 
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4. Baling and removing the straw: Surplus crop residues efficiently can be used as animal feeding, 

alternative fuel source in biogas plant, farm animal bedding and mulching for different crops. The standing 

stubbles of the crops are cut and smaller bales are formed using straw baller and removed from the field 

for further use. This method involves higher operational cost for removal and storage. The input cost of this 

management process can be offset from revenue earned by selling the residue bales. 

Smart Management Technique  
IoT based approach for residue management: The main motive of the IoT based crop residue 

management is to prevent residues burning and utilize the residue in an effective and profitable way. The 

residues can be sent to the major end user like biogas plant and for animal feeding. Residue burning in the 

field can be detected smartly using IoT. Different sensors like temperature sensor, smoke sensor and fire 

sensor interfaced with microcontroller can be used in the field to detect fire in the field. The sensed data 

will be sent to the cloud (authority) from that field for taking the immediate action. Satellite imaging 

(MODIS) can also be used to produce fire count maps of the fields, location and intensity of the fire. The 

imaging data can be communicated with IoT platform and the authorities will be sent to the location to 

stop burning (Haddad and Elsadi, 2019).   

Another conceptual approach can be proposed for residue management using IoT. Smart bins with radio 

frequency identification (RFID) tags and global positioning system (GPS) can be placed in fields. Ultrasonic 

sensor will be connected with the smart bins. Signal will be sent to the trucks when the bins will quarter 

to full and smart trucks will carry the residue to the desired location for its end use. The bins will have the 

provision for automatic weighing the residue and the data will sent to the cloud from where end user can 

assess the data. As per the requirement of the residues end users can communicate. Farmers will be greatly 

benefited using this IoT based conceptual proposal. The IoT based conceptual framework is shown in Fig 

1. 

 
Fig 1. Framework for IoT enabled crop residue management (Bong et. al., 2018) 

Conclusion  
The smart management and utilization of the crop residue is necessary to sustain soil health and increase 

productivity. Crop residue can be converted from waste to wealth with proper management. IoT based crop 

residue management approach can detect and prevent the residue burning in the field and, save the 

environment from pollution. It can prevent acute air pollution and human health hazards. Real time and 

continuous acquisition of the crop residue data is possible using IoT. Farmers as well as end users can be 

greatly benefited using IoT based crop residue management practice. As technology is involved in this 

approach, farmers and end users should be trained to adopt this approach. 
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Abstract  
Trichoderma harzianum is a fungus that can be used as a biocontrol agent. It is a soil borne fungus as is 

used for seed treatment, soil application and foliar application for suppression of disease-causing fungal 

pathogens. Novel properties like mycoparasitism, antibiosis and competition with fungal pathogens make 

T. harzianum a bio-agent. It helps in mobilisation of immobile minerals and maintains hormonal balance 

for optimum growth and development. Still in our country commercialization of Trichoderma is yet to be 

developed and awareness of bio-agents and bio-fertilizers to be focused more to improve the quality of 

environment. 

Keywords: Biocontrol, T. harzianum, disease, soil, root. 

Introduction  
Trichoderma harzianum is an Ascomycetian fungi under order Hypocreales. All the species in the genus 

Trichoderma are used as a biocontrol agent against various fungal pathogens. In soil they are the most 

prevalent culturable fungi. It is a saprophytic fungus found worldwide mostly isolated from soil. In this 

article the study of its characteristic nature and other biochemical and biological activities have been 

reviewed. 

 
Fig:1 Trichoderma harzianum 

Plant Diseases Controlled by Trichoderma harzianum 

Crop Name of the disease Causal agent 

Pepper plant Root rot disease Rhizoctonia solani 

Egg plant Root rot disease Macrophominaphaseolina 

Pepper Phytopthora Blight Phytophthora capsici 

Cucumber Damping off Pythium spp 

Tomato Wilt Fusarium oxysporum 

Tobacco Brown spot Alternaria alternata 

Tomato Collar rot  Sclerotium rolfsii 

Favorable Condition  
Favourable range of pH is between 4.6-7.6. Favourable temperature for growth and sporulation of T. 

harzianum and is between 25-40°C. 

Mechanism of Biocontrol Action  
1. Mycoparasitism 

2. Competition for nutrients or space. 

3. Antibiosis - Production of antimicrobial compounds (enzymes and antibiotics). 
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4. Induced resistance. 

5. Tolerance to stress through enhanced root and plant development. 

6. Solubilization and sequestration of inorganic nutrients. 

7. Inactivation of the pathogen’s enzymes. 

 
Fig:2 Coiling mechanism of Trichoderma 

  
Fig.3. Mode of action by T. harzianum Fig:4 Mechanism of action 

Preparation of Mother Culture  
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Mass Production of T. harzianum  

 

 

 

 

 

 

 

 
Fig:5 Mass production of T.harzianum 

Conclusion  
As a mycoparasitic and antagonistic fungus T. harzianum is suggested to be a powerful environmental 

opportunist, which is able to interplay in communities of invasive Trichoderma spp. in various disturbed 

ecosystems and thus replace or suppress the local mycofauna. Hence the genome sequence of such an 

outstanding opportunistic fungus as T. harzianum is expected to provide a platform to identify genetic 

resource to be used in pest control, disease control and in improvement of plant growth, yield and soil 

health. 
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Introduction  
Fruits and Vegetables are recognized as an indispensable component of balanced diets because they provide 

different vitamins, minerals, dietary fiber and phytochemicals in food we consume. Deficiencies in 

micronutrients, also known as hidden hunger, have become a serious nutritional issue affecting one-third 

of human population in developing countries of Africa, Asia and Latin America (White and Broadley, 2005). 

The recent Global Nutrition Report- 2020, concludes that India is falling short of targets for all four 

nutritional indicators viz., 1) stunting among under-5 children, 2) anaemia among women of reproductive 

age, 3) childhood overweight and 4) exclusive breastfeeding.  

Biofortification or biological fortification refers to nutritionally enhanced food crops with increased 

bioavailability to the human population that are developed and grown using modern biotechnology 

techniques, conventional plant breeding and agronomic practices (Garg et al., 2018). Though vegetables are 

naturally rich in vitamins and minerals, several varieties possessing significantly better nutritional 

qualities have been developed through conventional breeding approaches. Identification of natural 

variation available in germplasm, mass, pedigree, back cross and recurrent selection methods were mostly 

used for this purpose. A brief compilation of such achievements is presented in Table 1. 

Table 1: Achievements of improved nutritional quality in fruits and vegetables by               

conventional breeding methods: 

Crop Nutraceutical Base line Improvement through 

Conventional 

Breeding 

Improved Variety 

through 

Conventional 

Breeding 

Pomegranate Iron 0.30 mg/100g 5.6-6.1 mg/100g Solapur Lal Fresh 

arils 

 
Zinc 0.35 mg/100g 0.64-0.69 mg/100g 

Vitamin C 10.2 mg/100 g 19.4 -19.8 mg/100 g 

Tomato Lycopene 4.5 mg/100 g fw  5.97 mg/100g fw Arka Samrat 

Brinjal Phenolics  

22 mg/100 g fw 

31.21 mg/100 g fw Pusa Safed Baingan 

Phenolics 33.5 mg/100 g fw Pusa Hara Baingan 1 

Anthocyanin 13.8 mg/100 g fw 48.2 mg/100g fw Pusa Shyamla 

Bitter gourd Phenolics 4.3 mg/100 g fw  6.51 mg/100 g fw Pusa Aushadhi 

Phenolics 4.3 mg/100 g fw Pusa Rasdhar 

Onion Quercetin 52 mg /100 g fw 101.2 mg/100g fw Pusa Madhavi 

107.42 mg/100g fw Pusa Ridhi 

74.6 mg/100g fw Pusa Soumya 

Carrot Beta-carotene 4.5 mg/100 g fw 7.55 mg/100g fw Pusa Yamdagini 

Lycopene  386 mg/100g fw Pusa Rudhira 

Anthocyanin 200 mg/100 g fw 339 mg/100g fw Pusa Asita 

Red cabbage Anthocyanin Negligible 109 mg/100g fw Primero  

Cauliflower Sinigrin  23.94 μ mol/ 100 g fw Pusa Sharad 

Purple 

Cauliflower 

Anthocyanin 

 

Negligible 375 mg/100g fw Graffiti 

Broccoli Glucosinolates  15.2-59.3 μ mol/100 g fw Green broccoli 
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26.3 μ mol/100 g fw Purple broccoli  

Bhendi Anthocyanin Negligible 3.0mg/100g Kashi Lalima 

Zinc  49.7ppm  

Sweet Potato  β-carotene 2-3mg/100g 14.0 mg /100g Bhu Sona  

Anthocyanin Negligible 90.0 mg /100g Bhu Krishna   

Tapioca  Carotene Negligible 466 IU/100g Sree Visakham 

Conclusion  
For Vegetables and Fruits, quality may be regarded as a complex characteristic which determines its value 

and acceptability by consumers. Nutritional Qualities and associated health benefits of fruits and vegetable 

crops is becoming important criteria for their increase in consumer’s diet. In this respect, breeding 

programmes for improving the content of nutrients complex quality traits and shelf life in vegetables are 

becoming more important for breeders. 
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Introduction  
Evapotranspiration is a crucial variable for hydrological and agro-meteorological investigation in order to 

optimize water consumption in agricultural sector. Evapotranspiration is a combination of two dynamic 

processes viz. evaporation and transpiration. A special consideration is given to crop evapotranspiration, 

further defined under standard and non-standard conditions (FAO). 

 

Modeling of ETc is a complex process due to its non-linear structure and complex relationship between 

meteorological and crop parameters. Estimation of ETc using empirical formulas and models based on these 

formulas such as Penman montieth equation and Priestley-Taylor equation is laborious and prone to 

mistakes because it is difficult to effectively take into account the many factors that affect the uniformity 

and stability of the continuity between soil, plants, and the atmosphere (Allen et. al., 2011). This generates 

a need to estimate and simulate ET by more accurate and handy technique such as machine learning 

methods. 

Why to Use Machine Learning Algorithm?  
Machine learning is the sub-part of artificial intelligence, in artificial intelligence system is already 

intelligent but in machine learning system is required to be trained using set of data. 

 

Machine Learning Algorithm  
Machine learning involves three broad classifications described as supervised in which data set is fed in 

the system with pre-defined labels, un-supervised in which raw data are fed without providing any labels 

and reinforced in which feedback is provided by the system. 
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Machine learning algorithm is a process that uses data to build a machine learning model. Model uses the 

predefined algorithm that has been developed as per the estimate required and then accordingly tasks are 

performed to predict the output on the basis of input provided. Some algorithms used in general in machine 

learning models are Linear regression, logistic regression, decision tree, regression tree, k-nearest 

neighbor, support vector machine, k-means clustering, k-nearest neighbor, Navie Bayes, Bagging, Random 

Forest etc. 

Estimation of Evapotranspiration Using Machine Learning  
There are different methods for estimating evapotranspiration holding some advantages and 

disadvantages in accordance with the availability of data and requirement. Food and Agriculture 

Organization (FAO) recommended Penman-Montieth equation which is used on a large scale. This method 

was tested against various other equations and under different meteorological situations at different time 

steps for ET estimation. Overall conclusion confirmed the superiority of FAO Penman-Montieth equation 

with respect to other equation for ET estimation (Pereria et al 2015).  

FAO Penman-Montieth formed the basis of comparison for testing various machine learning models that 

can be more economical and less time-consuming option for ET estimation. Machine learning models can 

be used with minimum available meteorological data such as temperature, solar radiation, humidity wind 

speed. Only one of the available data can also be choosen for estimation. 

Advantages of Applying Machine Learning Model  
1. It is an economical method as compared to other tedious empirical formula 

2. It is less time-consuming approach as provides the result in very less time 

3. It provides flexibility in working with a smaller number of input data  

4. It can estimate the result in any region once trained with the available data set 

5. It has very accurate estimation that depends on selection of appropriate algorithm 

6. It provide ease in calculating the result from remote location. 

Different Aspects of Using ET Estimation Machine Learning Models  
Feng et. al. (2017) Studied the relevance of different machine learning algorithim such as artificial neural 

network, multiple linear regression and extreme machine learning model for estimation of ETo by feeding 

temperature as input data and comparing the results with Hargreaves Samani (HS) model. It was 

concluded that machine learning models showed greater ability and were more accurate in estimating ETo 

as compared to HS model. 

Yamaca S S and Todorovicb M (2018) Utilized k-NN and Adaboost algorithm for predicting ETc on daily 

basis and investigated the performance by feeding temperature, solar radiation, humidity and wind speed 

in four different scenarios. Results revealed that, merely by using temperature and combination of 

temperature and solar radiation as an input data and adopting k-NN algorithm, results were better than 

obtained from complex equations. 

Francesco Granata (2019) Four variations of each model were developed in this study, each with a different 

machine learning algorithm that M5P Regression Tree, Bagging, Random Forest and Support Vector 
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Regression. Different models showed different level of accuracy. Model with more number of input was 

accurate but model with little less inputs also in comparison provided good result. 

Conclusion  
Agriculture machine learning is a clearly defined model that gathers particular data and employs 

particular algorithms to produce the desired outcomes. For the assessment of irrigation needs among other 

things, an accurate evapotranspiration prediction is crucial. Machine learning algorithms are a strong tool 

that can make precise predictions if experimental data are provided. 
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Introduction  
There is an increasing recognition that the development and use of genetic variety in cereal crops will be 

essential to reaching the necessary agricultural output (Griggs et al., 2013). Since the beginning of 

domestication, humans have used nucleotide sequence variation as a primary predictor of heritable 

phenotypic difference to enhance crops.  Presence of variation is basis of any crop improvement program. 

Variation can be heritable or induced using mutation breeding. Variation in form of nucleotide sequence 

(SNP detection) is crucial for crop improvement. The identification of beneficial mutations has been 

substantially advanced by the development of the TILLING (targeting induced local lesions in genomes) 

method (McCallum et al., 2000). TILLING enables rapid identification of mutations in genes of interest 

from within a mutagenized population, and has been applied to a wide range of crops including wheat, rice, 

maize, and sorghum in order to evaluate mutations in target genes. 

TILLING-A Reverse Breeding Technique  
Earlier in breeding, we were focused on forward genetics, which answers the question that what is the 

genotype of the particular phenotype i.e., what is the sequence of the mutant gene causing the altered 

phenotype? However, in reverse genetics we see the different phenotypes. It has only just become possible 

to pursue reverse genetics in an intensive and thorough manner because to the recent avalanche of whole 

genome sequences (table 1). The genomic sequences of numerous cereal types have been obtained through 

recent research on cereal crops, laying the groundwork for the identification of genetic variants linked to 

improved performance or average phenotypic values. 

Machine Learning Algorithm  
Machine learning involves three broad classifications described as supervised in which data set is fed in 

the system with pre-defined labels, un-supervised in which raw data are fed without providing any labels 

and reinforced in which feedback is provided by the system. Machine learning algorithm is a process that 

uses data to build a machine learning model. Model uses the predefined algorithm that has been developed 

as per the estimate required and then accordingly tasks are performed to predict the output on the basis of 

input provided. Some algorithms used in general in machine learning models are Linear regression, logistic 

regression, decision tree, regression tree, k-nearest neighbor, support vector machine, k-means clustering, 

k-nearest neighbor, Navie Bayes, Bagging, Random Forest etc. 

Table 1: Difference between forward and reverse genetics: 

Forward Genetics Reverse Genetics 

Phenotype                          Genotype Genotype                       Phenotype 

Select a biological process Select a gene or genes of interest 

Generate mutant populations Generate mutant populations 

Screen for mutant with a desired phenotype Develop and conduct sequence-based mutant 

screens 

Map and clone the gene responsible for the 

phenotype 

Analyze the phenotype of the mutants 

TILLING  
In order to find point mutations in regions of interest, the generic reverse genetic technique known as 

TILLING combines chemical mutagenesis with PCR-based screening. McCallum et al. (2000)  evaluated 

TILLING as effective tool that uses heteroduplex analysis to identify which individuals in a population 
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have single nucleotide changes in particular genes. utilises high-throughput screening for nucleotide 

polymorphisms in a specified sequence, sequence availability, and conventional mutagenesis. 

TILLING was originally used by McCallum et al. in 2000 when they were attempting to understand the 

role of the chromomethylase gene in Arabidopsis. Claire McCallum tried to describe CMT2 using reverse 

genetic methods including T-DNA lines and antisense RNA, but she was unsuccessful. Colbert et al. (2001) 

modified the TILLING procedure by using a mismatch-specific celery nuclease called CEL1 in place of 

DHPLC to detect SNPs. 

Applications of TILLING  
1. Despite the availability of newer technologies for the targeted modification of genes, such as CRISPR-

Cas, TILLING remains a useful and effective functional genomics tool for studying the genes responsible 

for desired phenotypes. This is because large populations can be screened for mutations before bringing 

plants into the field, lowering the cost of phenotyping, and it generates genome-wide mutations that allow 

for the simultaneous targeting of multiple genes. 

2. It is unaffected by the size of the genome, the reproductive system, or the number of generations. 

3. High throughput and automated data processing are both possible. TILLING is suited for any organism 

that may be substantially mutated, including those without genetic tools.  

4. Valuable for important genes, where sublethal alleles are necessary for phenotypic study. 

5. For organisms without effective transformation mechanisms, TILLING is the only workable solution. 

Eco-TILLING  
The first publication of the EcoTILLING method in which TILLING was modified to mine for natural 

polymorphisms was in 2004 from work in Arabidopsis thaliana. EcoTILLING is similar to TILLING, except 

that its objective is to identify natural genetic variation as opposed to induced mutations. EcoTILLING 

is similar to TILLING, except that its objective is to identify natural genetic variation as opposed to 

induced mutations. This approach allows one to rapidly screen through many samples with a gene of 

interest to identify naturally occurring SNPs and / or small INs/DELS. 

Applications of Eco-TILLING  
Mapping- Detection of polymorphism that can be used as genetic markers  

Association analysis- Correlating natural polymorphisms with phenotypic traits 

Mutational profiling- Characterizing the amount of genetic variation in a species 

Biodiversity- Determining the evolutionary history of natural populations Eco-TILLING is useful for 

association mapping study and linkage disequilibrium analysis. 

Conclusion  
TILLING extends the long-established practice of using existing variation for functional genetic discovery. 

Its dependence on technology that discovers sequence variation means that forthcoming advances in SNP 

detection and in DNA sequencing can enhance TILLING. As a result, we can expect TILLING to continue 

to evolve in the coming years. 

 
Source: Kumar et al. 2017 
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Hydroponics  
Hydroponics comes from the Latin language and it means working water.  "hydro" means "water" "ponos" 

means "labor". The min word we can use for hydroponics i.e Soil less growing! “Cultivation of plants in 

water” or also called as “the cultivation of plants without using soil” The science of growing plants in a 

medium other than soil, using essential plant nutrient elements dissolved in water. 

 

History of Hydroponics  
Ancient peoples such as the Babylonians and Aztecs used hydroponics: 

  
Hanging gardens of Babylon Floating Islands in Mexico 

Professor William Frederick Gericke  
Hydroponics became popular in the 1920s when a scientist named Dr. William F. Gericke of University of 

California demonstrated the laboratory experiments in plant nutrition on a commercial scale. In doing so 

he termed these neurochemical systems as HYDROPONICS. Gericke created a sensation by growing 

tomatoes and other plants to a remarkable size in his backyard in mineral nutrient solutions rather than 

soil. 

Different Types of Media Used in hydroponics  
Diahydro 

Expanded clay 

Rockwool 
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Coir 

Perlite 

Vermiculite 

Sand 

Gravel 

Brick Shards 

   

Vermiculite Expanded Clay Perlite 

Nutrient Elements and their Acceptable Concentration in a Hydroponic Solution  

Element *Ppm in solution 

 Limits Average 

Nitrogen 150-1000 300 

Calcium 300-500 400 

Magnesium 50-100 75 

Phosphorus 50-100 80 

Potassium 100-400 250 

Sulphur 200-1000 400 

Copper 0.1-0.5 0.5 

Boron 0.5-5.0 1.0 

Iron 2.0 -10 5.0 

Manganese 0.5-5.0 2.0 

Molybdenum 0.001-0.002 0.001 

Zinc 0.5-1.0 0.5 

Which Crops can be Grown in Hydroponics?  
Basically, high value crops can be grown. Popular are: Tomatoes, Cucumbers, Peppers, Lettuce, herbs. 

Types of Hydroponics System  
Six types of hydroponic system 

Passive Wick System 

Deep Water Culture System – Floating Platform 

Nutrient Film System – Gutter System 

Continuous Drip System 

Ebb and Flow System 

Aeroponic System 

Passive systems (no moving parts) are great for beginning hydroponics gardeners because they are 

inexpensive, portable, and simple to set up. 

Active systems employ pumps and other devices to deliver nutrient solutions to plant roots. 



 

 
Volume 04 - Issue 07 - July 2022       595 | P a g e  
 

Passive Wick System  
Simple System, No Moving Parts, Nutrient Solution Delivered with a Wick: 

 

 
Simple Water Culture System Floating Platform Set-up with FishTank 

 
Floating Platform System in a Plastic Storage Tub 

Foam and Plant Pots  
Cut the Styrofoam sheet in a rectangle with the measurements 1 inch less than the inside measurement of 

the aquarium for both the length and width. This allows for a ½ inch gap between the platform and the 

side of the aquarium around the entire perimeter. It is needed so the platform will float freely and not bind 

with the sides of the aquarium. Place a net pot in hole to make sure that it fits snuggly. 

Nutrient Film Technique Systems  
Most popular system used in hydroponics, also known as gutter hydroponics. Nutrient solution washed 

onto plant roots.  
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Reservoir contains a nutrient solution which is pumped through the system using a water pump. 

Drip Systems  
Nutrient solution dripped onto the plant from a line either above the plant or sitting on the grow medium. 

Water and nutrients in separate tank pumped through system. 

 

Advantages of Hydroponics  
Hydroponics can be used in places where in-ground agriculture or gardening are not possible. 

Hydroponics may potentially produce much higher crop yields. 

Plants grown without soil typically use around 90% less water than those grown in soil, due to the recycling 

and reusing of the water and nutrient solutions. 

Hydroponics require the use of minimal pesticides and fertilizers compared to that of soil-based plants, 

meaning that no chemicals are being released in the environment 

Having direct access to the water and nutrients, plants grown in hydroponic systems do not need to develop 

large root systems and will therefore offer the grower a shorter harvest time. 

Conclusion  
Because of the emphasis focused on the environment and ecosystem, many growers endorse hydroponics 

as the best system. When compared to other agricultural methods, it is a type of soilless agriculture that 

offers many benefits. Hydroponics is fully customized to meet the goals and objectives demanded by people 

investing in it while designing a working system. An effective project planner is required, who will highlight 

the aim, vision, goals, objectives, and sources of benefit that will result in successful production. 
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Introduction  
Rice (Oryza Sativa L.,) is a principal food crop of south and south eastern countries and it is the staple food 

for more than two-thirds of the Indian population. The global population is expected to reach 9 billion 

people by 2050. This demands for significant efforts to increase grain production, and it is expected to add 

44 million tons staple crops per year for ensuring sufficient food production for such huge population. The 

demand for rice therefore is expected to grow continuously as population is continuously growing.  Despite 

the earlier success in rice production, which made India self-sufficient, the future years warrant refined 

approaches to overcome the yield plateau and stagnant genetic potential and feed ever growing population. 

Although rice production has significantly increased from 34.5 million tonnes in 1960-61 to 117.5 million 

tonnes in 2020-21, this significant increase over years was achieved by introduction of semi dwarf varieties, 

through improved crop management, adoption of hybrid varieties and improved plant protection practices. 

Rice production needed to be increased 42% by 2050 to feed the demands of an ever-increasing human 

population globally (Hari Prasad et al., 2018). 

Hybrid Rice  
Due to the potential of hybrid rice in increasing both rice production and productivity, many countries are 

focusing on exploiting the benefits of this technology. The development and demonstration of the 

commercial feasibility of hybrid technology in China by the late 1970’s marked the second major landmark 

in the history of rice breeding. Impressed with how the technology found extensive adoption and enabled 

China to achieve major breakthroughs in rice production and productivity, many countries in tropical Asia 

revived interest in hybrid rice breeding (Hasan et al., 2020). Hybrid rice, which has been developed in more 

than 40 countries worldwide and plays a key role in the global food supply, has a 10–20% yield advantage 

over conventional rice and occupies approximately 60% of the total rice area in China. 

Hybrid Rice in India  
In India so far, a total of 105 rice hybrids have been developed and released. It has been 25 years of 

cultivation since India released its first rice hybrid, but the area under hybrid rice cultivation has reached 

only 3 million ha (6.8%) out of 44 million hectares under rice cultivation. The main reason for this lower 

rate of adoption of hybrid rice technology has been the low level of heterosis i.e. 15–20% (0.75–1.0 t/ha), 

which may not be sufficient enough to outperform the inbred varieties which are yielding equivalent to 

hybrids. One of the reasons for low level of heterosis is insufficient genetic diversity among the lines used 

as parents in hybrid rice production which pose a constraint in breeding and adoption of hybrid rice 

technology in tropics. To further increase the heterosis level efforts are now focused more on breeding 

parental lines from indica/tropical japonica crosses. Commercialization of hybrid rice technology on wide 

scale depends on availability of genetic diversity among parental lines followed by selection of diverse 

parents for developing highly heterotic hybrids. The heterotic group development in hybrid rice breeding 

has been initiated by rice breeders (Beukert et al., 2017) which will allow the in selecting potentially diverse 

parents for hybridization, thereby helping breeders to concentrate more on promising crosses between the 

groups. 

Heterosis in Rice  
Heterosis in rice was observed as early as in 1926. However, attempts for the adaptation of hybrid 

technology were initiated only in 1966 by Yuan Long Ping, father of Hybrid rice, in China. The identification 

of wild abortive (WA) type cytoplasmic male sterility (CMS) in 1970 was a breakthrough in exploiting 

heterosis in rice breeding. Rice hybrids have a yield advantage of 15–20 per cent over the best 
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conventionally bred varieties. Heterosis is one of the major considerations in hybrid breeding and it is 

important to assess whether it is possible to obtain sufficient heterosis for commercially important 

characters in the hybrid combinations. Hence, heterosis has direct relevance in breeding programs aimed 

at developing superior hybrid combinations and superior parental lines which contribute to the 

development of heterotic combinations. Amudha et al., (2010) reported the performance of four heterotic 

hybrids for yield showed better adaptability to aerobic conditions by exhibiting heterotic vigour for 

maximum number of yield components and water stress tolerant traits. 

Advantage of Three Line Over Two-Line Hybrid Systems  
The hybrid rice developed using the three- and two-line hybrid breeding systems dominates hybrid rice 

production in most of the hybrid rice growing countries. The three-line system utilizes a cytoplasmic male-

sterile (CMS) line, a restorer line and a maintainer line to produce hybrid seeds and to maintain the CMS 

line. The restorer line carries special CMS-restorer genes to restore the fertility of the special CMS line. 

The germplasm resources related to cytoplasmic sterility are limited: only 1-5% of rice germplasms can 

serve as maintainer lines and only 15-20% of rice germplasms carry CMS-restorer genes. The limited 

genetic resources of the restorer lines and the low genetic biodiversity of CMS and restorer lines in the 

three-line system have prevented further developments. Yuan (1990) suggested that the two-line system is 

more amenable to hybrid rice development and extensive germplasm resources can be deployed for the 

development of heterotic hybrid combinations. The two-line system has more extensive germplasm 

resources that are beneficial to the development of heterosis, because almost all normal rice cultivars can 

restore male fertility. The two-line breeding system uses either photoperiod-sensitive genic male-sterile 

(PGMS) or thermo-sensitive genic male-sterile (TGMS) lines as sterility lines under the restrictive 

condition or maintainer lines under the permissive condition. Almost all normal rice cultivars can restore 

the male fertility of the PGMS and TGMS lines, thus providing broader genetic resources to better exploit 

heterosis in rice. Therefore, compared with the three-line system, the advantages of the two-line system 

include labour and time savings, better grain quality and higher yields, greater effectiveness and 

economical use of simpler procedures for breeding and hybrid seed production. Although the two-line hybrid 

breeding system was developed relatively late, it provides essential advantages over the three-line system. 

Conclusion  
Though three-line hybrid breeding system in rice is very successful, but it requires maintenance of three 

lines and larger area and higher production cost. Hence, it is concluded that the TGMS lines will reduce 

the cost of seed production apart from the increasing the heterosis. But the main problem with TGMS lines 

is its instability. Hence, TGMS lines with stable sterility can be exploited commercially for the development 

of two-line rice hybrids in India. 

References  
1. Amudha, K., K. Thiyagarajan, S. Robin, Silvas Jeba Kumar Prince, R. Poornima, and K. K. Suji. 2010. Heterosis under aerobic 

condition in hybrid rice Electronic Journal of Plant Breeding 1(4): 769-775. 

2. Beukert, U., Z. Li, G. Liu, Y. Zhao, N. Ramachandra, V. Mirdita, F. Pita, K. Pillen, and J. C. Rief. 2017. “Genome-based 

identification of heterotic patterns in rice.” Rice 10:22. https://doi.org/10.1186/ s12284-017-0163-4 

3. Hari Prasad A. S., P. Senguttuvel, P. Revathi, K. B. Kemparaju, K. Sruthi, R. M Sundaram, M. Seshu Madhav, M. S Prasad, 

and G. S. Laha. 2018. “Breeding strategies for hybrid rice parental line improvement.” Oryza 55(spl): 38–41 

4. Hasan, M. J., U. M.  Kulsum., R. R. Majumder, and U. Sarker. 2020. “Genotypic variability for grain quality attributes in 

restorer lines of hybrid rice”. Genetika 52: (3) 973- 989. 

5. Yuan L.P. 1990. Progress of two-line system hybrid rice breeding, Sci. Agric. Sin. 23: 1–6. 
  



 

 
Volume 04 - Issue 07 - July 2022       599 | P a g e  
 

Rooftop Gardening: A New Era of Gardening 
Article ID: 37698 

Ajay Kumar1, Sudheer Kumar Yadav2, Sudeshna Kharga1, Rakesh Jangid1 
1ICAR-Indian Institute of Horticultural Research, Bengaluru-560089, Karnataka. 

2Babasaheb Bhimrao Ambedkar University, Lucknow-226025, Uttar Pradesh. 

 

 
 

Abstract  
Rooftop gardening is one of the best methods for urban greening.  It has many benefits for the environment, 

economy, and urban landscape. The research for green roof establishment is most prevalent in Germany, 

but is still under development in our country. Extensive green roof systems with light and shallow 

substrates enable plants to grow without significant changes in building structure, but suitable plant 

species must be selected. There are few strategies to improve rooftop gardening such as political 

commitments, building regulations and laws, land use regulations for both public and private land and, as 

so on. Government policies have also implemented by few states and union territory to scale up the rooftop 

gardening. 

Keywords: Rooftop gardening, Green roof, Fruits and vegetables, Benefits and constraints, Government 

policies. 

Introduction  
Rooftop gardening can be an effective method in ensuring food supply and satisfying nutritional needs of 

the inhabitants. Rooftop gardening, although is being practiced in the city in many forms for years in the 

past, there have been hardly any concerted effort on part of the Government, community organizations and 

as well the general citizens to integrate it to urban agriculture. Proper understanding of the problems and 

prospects associated with the adoption of policies will contribute, to a great extent, to increased food supply 

in the city. It identifies the long-term policy measures for rooftop gardening that can become the basis for 

a sustainable approach for urban agriculture.  Therefore, the specific priority objectives are to investigate 

the existing urban agricultural policies and practice in the city with a particular reference to rooftop 

gardening; to identify the potential areas where policy interventions are required for promoting rooftop 

gardening to meet the needs of people of our country. Which leads to the formulation and successful 

implementation of the policies with regard to rooftop gardening. 

Among rooftop farming types, open-air rooftop farming is the most common in contrast to more complex 

systems, such as rooftop greenhouses, which need a higher economic investment, or indoor farming, linked 

to a large energy demand. As part of urban agriculture, rooftop farming is linked to multiple sustainability 

benefits. Main opportunities are enhancing urban food security which is of particular interest in “food 

deserts” boosting community empowerment, social inclusion and social cohesion processes and improving 

the environmental performance of new local food systems (e.g., reducing food transportation distances and 

food waste, enhancing urban biodiversity). 

Besides, multiple cultivation systems can be used in urban rooftop farming. Current projects involve from 

sophisticated growing systems (e.g., high-tech hydroponics) to soil-based crops cultivated in recycled 

containers (e.g., pallet cultivation). Among them, soil-based is the most commonly used technique. Even 

more, some rooftop farming experiences combine agriculture production with livestock, such as “The 

FARM:shop” in London (UK) which provides vegetables, fish and chicken products through an integrated 

rooftop-aquaponics system. 

Why Does Need of Rooftop Gardening (RTG)  
As the population of our country is increasing and the demand for food and expenditure on food is also 

increasing. But the resource is scarce as agricultural land is converting to residential, commercial or 

industrial land uses. It reduces the possibility of increasing more and more agricultural food products. 

Again, food contamination such as harmful chemical usage to ripe fruits, hazardous or inorganic fertilizer 

and pesticide use to increase production, etc. In these circumstances, to solve these problems and find a 
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way out, initiation of rooftop farming can be a possible and potential solution. Rooftop farming can benefit 

society by improving air quality, reducing carbon in the atmosphere, thereby creating a healthy 

environment. Moreover, the people will get pesticide free vegetables with their own efforts. 

Types of Rooftop Garden  
There are two main types of comprehensive and intensive green roof systems. Extensive green roofs are 

lightweight, have a narrow range of plants and are built for low maintenance; these green roofs differ in 

soil depths of 5-15 cm (2-6 in) with a weight increase of 70-170 kg/sq.ft (14-35 lb / sq.ft), typically consisting 

of mosses and herbs and are distinguished by low capital costs, high plant variety, and minimal 

maintenance needs. On the other hand, extensive green roofs have deep soils, a wide selection of plants, 

and are built for human recreational use. These have a soil depth ranging from 20-60 cm (8-24 in) with a 

saturated weight increase of 290-967.7 kg/sq. ft (60-200 lb/sq.ft). The roofs are frequently accessible and 

characterized by increased weight and structural implications, elaborate irrigation, and drainage systems, 

increased plant diversity (trees and shrubs) and more maintenance needs. 

On the basis of uses and appearance, it is possible to categorize green roof and roof gardening into four 

forms. 

1. Extensive green roofs. 

2. Extensive with some intensive plantation. 

3. Plants in fixed and designed pots. 

4. Plants in movable pots. 

Selection Criteria of Vegetables and Fruits for Rooftop Gardening  
As it depends upon a number of parameters (dimensions, drought resistance, pH, exposure etc.), the choice 

of plant species for a roof garden is very important. It may take an experienced gardener to know which 

perennials plants will perform best in such a special environment. Low-maintenance plants are grown in 

a multi-layered lightweight system, which includes a root-repellent membrane to prevent plants from 

rooting in the roof, a drainage system and a growing medium that is lighter than the soil used on the 

ground. Intensive irrigation is important for rooftop gardening and the frequency of watering decides 

whether the plant species can grow well or not. So, the species which are more tolerant to drought are more 

suitable for rooftop gardening. Another important factor is the pH. Acidophilic and acidophobic plants will 

never grow together on the same soil. Plants and soil against a wall begin to wilt and dry out much sooner 

than those only a few feet away, because of the considerable heating of the wall by the sun.  

Suitable fruits and vegetables for rooftop gardening: There are many numbers of fruits and 

vegetables which are very suitable for the rooftop gardening. Lower mass weight fruit plants and vegetables 

should be primary choice for RTG. Some important fruits and vegetables are given in following list: 

Fruits: Citrus species, Pomegranate, Strawberry, Raspberry, Guava, Dragon Fruit, Karonda, Dwarf 

papaya, and Dwarf banana etc. 

Vegetables: Tomato, Brinjal, Chilli, Onion, Radish, Carrot, Leafy Vegetables, Cucurbits, Beans, 

Cauliflower, Cabbage, and Okra, Peas etc. 

Benefits and Constraints of Rooftop Gardening  
There are number of advantages of RTG in urban areas as well as rural areas: 

a. Green roofs can help in the absorption of carbon dioxide and help reduce air pollutions. 

b. Storm water runoff, flooding and water pollution can be reduced 

c. The building and surrounding area’s aesthetics will be enhanced and property value could be increased 

d. Economically, there are no additional land costs 

e. Temperatures around the building can be lowered in the summer 

f. A building can be further insulated from the cold in the winter 

g. The roof life can be extended by protecting it from various weather conditions 

h. Heating and cooling bills will be reduced 

i. The rooftop garden space can be used for food production 

 



 

 
Volume 04 - Issue 07 - July 2022       601 | P a g e  
 

Some major constraints that have been found in RTG: 

a. Proper sloped roof is required for RTG, which are in lack and shadow of taller buildings on smaller 

ones is one of the major barriers for RTG. 

b. The terrace has to be properly waterproofed before setting up the terrace garden or else there 

may be leaks in the roof. 

c. If there is no proper slope provided in the terrace the water may be stagnant in between the plants 

during rains. 

d. The wind speed will be high in the terrace when compared with the ground level, hence proper 

protection must be given to the plants to prevent it from getting damaged. 

e. Frequent maintenance and cleaning might be required as there will be shedding of dry leaves. 

f. There are high chances of pests and insects to be present in the terrace garden which might require 

frequent attention. 

g. Lack of good quality seeds and planting materials; and suitable cultivars for RTG. 

h. The limited access of urban poor to high valued land (in this case RT) in our country is the most 

important constraint preventing the poor to involve and exploit their skills as urban farmers. 

Strategies to Improve Rooftop Gardening  
1. Strong political commitment and solid policy guidelines are the preconditions for creating supportive 

environment for RTG. 

2. A committee consisting of both the government representatives and the related organizations should be 

formed in order to identify the possible strategies. 

3. Financial and economic and social analysis of the project should be undertaken to justify the projects. 

4. Building regulations and laws have to be amended that take into consideration the weight of RTG in the 

construction. New buildings and structures should have sound foundations to stand against the muddy 

loose earth. Pillars of the proposed buildings should be strong enough to bear the load of the building. 

5. The building roofs should be sloped down in such a way that the rainwater passes down quickly and 

easily. 

6. More information about crops and fertilizers, water and pesticides, could greatly increase crop production 

while immunization and advice on feeding would improve livestock and reduce the number of premature 

deaths. 

7. Donor agencies and NGOs effort in promoting RTG will create an environment that will help the Govt 

and the public in this regard. Bangladesh is fortunate to have a number of NGOs with their innovative 

credit models. Those models of financing can be replicated in providing support for RTG projects. 

8. The project should be handled from a multi-dimensional approach and therefore a single department 

should be created to coordinate implementation of the project among housing, services, and environment, 

planning authority. 

9. The question of scarcity of land can be addressed with proper policy strategy. 

Government Policies  
Mumbai: The policy was drafted by the Gardens Department of BMC (Brihanmumbai Municipal 

Corporation) to make RTG mandatory for all new buildings.  Mumbai had set a target to plant rooftop 

gardens with more than 2,000 m2 to make up for the lack of green spaces in the city. BMC has also given 

instructions to the builders to install vertical gardens at construction sites instead of the tin sheets 

barricading their projects.  

Bihar: The Agriculture department of Bihar proposed to provide subsidy for terrace gardening at their 

house rooftops to promote terrace gardening for the improvement of climatic conditions in the state.  The 

government has selected five smart cities (Patna, Muzaffarpur, Gaya, Bhagalpur and Bihar Sharif) for this 

policy. The agriculture department will give 50% subsidy on the cost of required inputs for its practice in 

the 300 square feet area to the interested people. 

Andhra Pradesh (Vijaywada):  The government would offer a special packet containing tarpaulin sheet, 

mixture of sand and fertilisers, seeds bag, neem powder and oil and farming equipment to promote rooftop 

farming in houses. The packet would generally cost Rs. 6,000 but the government was offering 50 per cent 

subsidy and providing it for Rs. 3,000. 
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Tamil Nadu: The Government of Tamil Nadu has announced the do-it-yourself kit program for the 

promotion of roof top vegetable garden in Chennai and Coimbatore. The Government of Tamil Nadu has 

proposed this scheme with two goals: Goal 1: Utilize thousands of acres of rooftops to scale-up vegetable 

gardening through a citywide strategy involving stakeholders such as residential welfare associations 

(RWAs). Goal 2: Encourage students of 200 corporation schools to take up vegetable gardening and rooftop 

farming in order to promote a value-based education and supplement the Government of Tamil Nadu’s 

Nutritious Meal Program. 

Conclusion  
It can be concluded that rooftop gardening is not only the source of fresh fruits and vegetables but also 

provides in-depth ecosystem services and promotes the sustainability of urban areas. RTG approach would 

incorporate many other important approaches like reduced rainwater run-off, improved aesthetic value, 

biodiversity, temperature benefits by addressing the issue of urban heat island and better air quality. 

Future Prospects  
However, poor access to technical advice, services and quality inputs at reasonable price, technical advice 

for rooftop gardening related to load bearing capacity of roof, potential leakages, lack of training and follow-

up etc. are the major hindrances in sustaining the practice. Therefore, to strengthen the urban agriculture 

practices, these constraints are required to be addressed. Government of India or state government should 

propose a scheme on RTG to scale up the rooftop gardening or urban agriculture. 
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Summary  
Slash-and-burn agriculture, migratory primitive agriculture, nomadic agriculture, hoe-and-burn 

agriculture, and in north-east India, "Jhumming" or "Jhum" cultivation are some of the numerous names 

for it in different parts of the country. Previously lands were left for 20 years for replenishment but 

nowadays due to the high population it led to intensive shifting cultivation with shorter fallows of 4-5 years 

resulting in poor yields and a decline in soil fertility. Increasing pressure on available land and consequent 

short jhum cycle has caused large-scale land degradation and landslide in the North Eastern region during 

monsoon season. Therefore, it is necessary to rehabilitate the abandoned jhum lands and to take up proper 

preventive measures. 

Introduction  
The origin of shifting cultivation practice dates back to the Neolithic period about 9000 years B.C. Shifting 

cultivation mainly involves the selection and removal of forests by slash and-burn techniques followed by 

mixed cropping, harvesting, and fallowing for a short period before abandoning the site. 

India is the only country where shifting cultivation is confined to hill areas in the Northeast, southern 

Orissa and tribal belts of Andhra Pradesh and is commonly known by the local vernacular names, 'Jhum' 

in Assam, 'Adimolik' in Arunachal Pradesh; 'Kumri' in Chennai; 'Dahi' in Orissa; 'Natra' in south-east 

Rajasthan and 'Bagad', 'Dewar', 'Dipa'and 'Ponde' in Madhya Pradesh. The problem of shifting cultivation 

is acute in Andhra Pradesh, Orissa and North-eastern states.  

About 10 million hectares of tribal land stretched across 16 states estimated to be under shifting cultivation 

in India. In the hilly terrain of Northeast India, Jhumming is the dominant economic activity. Over 80% of 

the people living in the hills are dependent on shifting cultivation. Cultivation of Jhumming seriously 

affects the forest cover as it destroys the vegetation and damages the resilience characteristics of the 

ecological environment. 

Jhum Cultivation Process  
The farmer prepares the land for cultivation by clearing it beforehand. Then he clears the land of all 

vegetation and burns all of it in a controlled way. Every time it rains, the water washes plant ashes into 

the soil, enhancing its fertility by introducing potash. Swidden is the name of this cleared ground, which is 

currently ideal for cultivation and will be suitable for crop production for the next two to three years. Proper 

rotation is the key to Jhum cultivation. 

The process of Jhum cultivation begins before the onset of summer and is done during the month of 

December and January. Without the use of a plough, holes are dug in the soil before being filled with seeds 

commonly by female workers. They merely complete this activity with the use of basic tools like digging 

sticks or dibblers. Women and children work together to cultivate the crops for their sustenance. 

When the soil fertility starts to decline after three years, it can no longer support the soil's ability to feed 

the crops. They stop cultivating the land and begin the other one. After fifteen to twenty years, people 

return to develop that ancient land after letting it gradually regain its fertility 

Crops: Most farmers who employ this technique do so in order to support their daily lives and have two 

square meals. From the same field, they produce a wide range of crops exclusively for themselves. Food 

crops, vegetables, paddy, beans, millets, and other crops are typically grown. 
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Advantages of Jhum Cultivation  
Jhum cultivation has various advantages. First and foremost is the replenishment of soil. It helps the soil 

gain back all the nutrients it has lost during the cultivation. The recycling process helps the natural 

vegetation grow back and this is what is exactly required for the soil. The burnt natural vegetation which 

turns into ash provides nutrients to the crops and acts like natural fertilizers. This offers organic farming 

advantages through shift cultivation or Jhum cultivation.  

It is very useful for the people living in hilly areas. It is the easiest way to cultivate their crops. Small 

bushes and weeds can be easily removed with a small manual instrument. Within a short period 

of time crops can be easily produced and harvested. No danger of flood or drought as stream water in hills 

can easily irrigate this land regularly. It helps the used land to get back all lost nutrients naturally. This 

method is environmentally friendly as it is organic. It reduces environmental degradation. Soil-borne 

diseases also decrease by using this method. It reduces the use of pest control medicine. 

Disadvantages of Jhum Cultivation  
The major drawback of this method of farming is the destruction of the forest. Forests take years to 

establish, but this practice destroys them in a day for their own purposes of life. 

Due to rapid population growth, the amount of land available for shifting agriculture is decreasing. Heavy 

soil erosion caused by forest destruction results in flooding in rivers and low-lying areas. The amount of 

area already used for this type of cultivation is strained, which causes the soil to lose more nutrients 

without being replenished. Significant deforestation also contributes to global warming. Biodiversity is lost 

as a result. It is not profitable. 

Control Measures  
The system of shifting cultivation cannot be avoided completely but should be discouraged. All the 

solutions vary from region to region. It’s only government and cultivators together who can find solutions 

to the problems of those areas.    The alternate substitute for the system should be advocated among the 

tribals. Approach to the process can be made in the following ways. 

1. Physical: It deals with the development of infrastructure facilities keeping the climatic and 

physiographic situation in view. The objective is to control soil erosion, development of fertile land with 

many folds uses and conservation of rainwater. It includes: 

a. Contour bunding (30% slope) 

b. Graded bunding 30-60% slope 

c. Bench terracing (60-100% slope) 

d. Contour ditches (71500 mm annual rainfall) 

e. Grassed water ways-spill ways 

f. Water harvesting structures, ponds. 

2. Agronomic: Management of different crops to get a good harvest and fulfill the need of tribals is aimed 

at. The various steps followed are: 

a. Contour ploughing: Plowing across the slope 

b. Selection of crop variety 

c. Integrated nutrient management including more organics and Bio-fertilizers. 

d. Mixed farming: poultry, dairy, piggery, fishery, goatery, apiary, mushroom and cultivation of 

medicinal plants. 

Steps to Improve Jhum Cultivation  
Farmers should be aware of the loss that they might incur if they do not follow the procedure of Jhum 

cultivation appropriately. Some forest areas can be protected and cultivation should not be allowed in the 

protected areas to prevent deforestation. There are methods of growing trees and crops at the same time to 

get the benefits of both and reduce the disadvantages of each type. They are as follows: 

1. Home Gardens. 

2. Fallow forestry by the planting of native tree species. 

http://www.akmindia.in/organic-farming-pros-cons/
http://www.akmindia.in/organic-farming-pros-cons/
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3. Traditional practices of cultivation of food crops Aji system of the Apatani, zabo system of Chakesang, 

bun system of the Khasi Hills, alder-based system of the Angami, and the tree-based rice cultivation of the 

Konyak are some of the best practices being followed by traditional communities.  

4. Agroforestry: large scale plantation of fast-growing timber and economically important tree species 

with intercropping of ginger, turmeric, black pepper, and lemon grass has proved to be ecologically viable, 

economically sustainable and socially acceptable.  

5. Cash crop cultivation: A few examples of how cash crop cultivation has replaced shifting agriculture 

include the growing of broom grass in Meghalaya, rubber in Tripura, tea in Tripura, Manipur, Meghalaya, 

and Arunachal Pradesh, cashew nut plantations in the Garo Hills of Meghalaya, floriculture in Mizoram, 

and passion fruit in Nagaland, Manipur, and Mizoram. 

6. Timber tree plantations: A sizable portion of shifting agricultural land has been transformed into 

timber tree plantations in villages where there is enough land but where residents have left for employment 

or commerce (de-population). The states of Nagaland, Manipur, Mizoram, and, to a lesser extent, 

Meghalaya, have all experienced this. This method has aided in land rehabilitation and profit generation 

for landowners.  

7. People, on the other hand, can resort to cultivating mushrooms, aloe vera, spirulina, sugarcane, 

pomegranate, banana, azolla, etc. while giving time for the vegetation to grow back. The residues 

produced the cultivation including the ash produced that might be an advantage to the crops can prove to 

be a pollutant for the water bodies nearby. Several viable alternative land use models and land 

management practices can be introduced in areas under shifting cultivation. 

Conclusion  
Jhum cultivation is one of the greatest threats to the biodiversity of our planet. Nevertheless, it supplies 

farming families with food, firewood, medicines and other domestic needs, though it produces low yields. 

The long-term objective should be to develop alternatives to jhum cultivation that are ecologically sound, 

economically feasible, and culturally acceptable. 

Therefore, the transition from jhumming to sedentary farming should be progressive and gradual. The 

people of the tribal societies with strong traditions might not embrace the extreme and revolutionary 

approach to changing the jhum system. It is necessary to create biologically viable mountain eco-systems 

in these areas by altering agricultural practices. Improving jhum practice and the land use system could 

be taken into consideration when creating an eco-development plan for the area. Farmers, however For the 

Jhum practice to be revived, a cooperative and convergent strategy with new land use regulations for 

location-specific and farmer-centric technologies is necessary. 
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Introduction  
The Indian blackberry or black plum (Syzygium cumini L.), commonly known as Jamun, is a valuable yet 

underutilized stone fruit crop of India that belongs to the Myrtaceae family. Although it is indigenous to 

India and Myanmar, it has naturalised throughout South East Asia and the Pacific. Jamun fruit tree is an 

evergreen tropical and sub-tropical tree, having dense foliage, and a resourceful fruit tree of both food and 

medicinal value. Fruits range in size from small to large, are ovaloid in shape, dark red or purple in colour, 

appetising and have a nice flavour. They are also high in vitamins, minerals, and carbohydrates. The pulp 

varies in colour from dark red to white to purple and is juicy with a sweet to astringent flavour. Along with 

having nutritional value, its fruits and seeds have a variety of medical benefits, including a diuretic, 

antiscorbutic, anti-diabetic, astringent, stomatic, and carminative. The diastatic conversion of starch into 

sugars is reduced or stopped by the glycoside, antimellin or jambolin and the alkaloid jambosin, which are 

found in seeds. It holds a very important position in ayurvedic medicines. It is considered to be beneficial 

for those with diabetes. For the cure of diabetes, powdered seeds are also very helpful. Due to its significant 

medicinal value, particularly for its anti-diabetic characteristics, Jamun fruits have recently gained 

popularity among people. Both large and small cities have seen an increase in the demand for this fruit. 

The fruiting, yield, and fruit quality of these Jamun trees vary greatly (Patel et al., 2005). 

Jamun fruit has a delicious, pleasant flavour, and is most often eaten as a dessert. In addition to being 

consumed raw, it may be used to make delicious drinks, juices, squash, wine, vinegar, jam, and pickles. In 

the summer, Jamun squash is a refreshing drink. For treating diarrhoea, a small amount of fruit syrup is 

quite helpful. The fruit is also utilised to make wine. In addition to possessing cooling and digestive 

characteristics, the vinegar made from the juice of slightly under-ripe fruit has stomachic, carminative, 

and diuretic effects. Due to its high protein, carbohydrate, and calcium content, the seed can be utilised as 

an animal concentrate (Prakash et al., 2010). There is no information available regarding its total acreage 

in India. 

Storage of Jamun Fruits  
The fruits have a short shelf life. Under normal circumstances, they cannot be kept for more than 3 to 4 

days. But at low temperatures of 8 to 10°C and 85 to 90% relative humidity, pre-cooled fruits placed in 

polythene bags can be kept properly for up to three weeks (Ghosh et al., 2017) 

Nutritional Composition of Fruits  
The Jamun fruit has a lot of nutritional value. It is a good source of iron and Vitamin C in addition to 

carbohydrates, and proteins. The following table 1 lists this fruit's nutritional value. 

Table 1: General chemical constituents and minerals of Jamun fruit and seed: 

Constituents Pulp Seed 

Total soluble solids (°Brix) 13.39 – 16.33 1.25 – 1.55 

Total Carbohydrates (%) 97.50 – 97.68 89.39 – 89.97 

Total Sugar (%) 7.47 – 8.29 4.85 – 6.23 

Fat (%) 0.16 – 0.20 1.17 – 1.39 

Fiber (%) 0.47 – 0.59 1.15 – 1.27 

Protein (%) 0.62 – 0.68 4.33 – 5.03 

Anthocyanin (mg/100g) 189.43 – 201.73 16.48 – 20.46 

Ascorbic acid (mg/100g) 47.61 – 51.95 1.70 – 1.98 

Calcium  70.25 – 92.65 109.05 – 162.67 
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Potassium 155.17 – 189.63  537.09 – 675.83 

Sodium 10.03 – 13.43 31.77 – 55.95 

Iron  3.87 – 5.47 3.4 – 5.0 

Source: Ghosh et al., 2017 

Benefits of Jamun Fruits  
1. The abundance of iron and vitamin C in Jamun makes it beneficial to raise the haemoglobin level and 

purifying the blood. It's excellent for people with anaemia and jaundice.  

2. Jamun's dietary fibres and antioxidants are excellent for controlling cholesterol levels and preventing 

plaque development, which keeps your heart healthy.  

3. The Jamun fruit contains potassium, which aids in the prevention of conditions including high blood 

pressure, heart issues, and stroke.  

4. It has anthocyanins with strong anti-inflammatory effects that prevent the arteries from hardening. 

5. The Jamun fruit is rich in vitamins A and C, and also has antacid attributes, which treat digestive 

disorders. 

6. Jamun is an excellent fruit to use in weight loss recipes and regimens because it is low in calories and 

high in fibre. It enhances digestion and the body’s metabolism, which keeps you full and satisfied for a 

longer time. 

7. Ayurveda claims that Jamun aids in the control of diabetes. Numerous research-based studies depict the 

consumption of Jamun to lower blood glucose levels. The seeds include compounds like jamboline and 

jambosine that lower blood glucose levels and boost insulin production. Jamun lessens the symptoms of 

diabetes, such as thirst and frequent urination. 

8. It assists in the strengthening of gums and teeth. Gum bleeding can be prevented due to Jamun's 

Vitamin K content and anti-bacterial qualities. 

Conclusion  
Despite being a little fruit, Jamun has several medicinal and pharmaceutical benefits. However, it is an 

unexplored fruit. Jamun is traditionally utilized especially for the treatment of diabetes and related 

complications and also for various diseases. Most pharmacological works on diabetes were carried out with 

seeds. Thus, an effort was undertaken to ascertain the usefulness and nutritional benefits of Jamun fruits. 
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Abstract  
Bacillus thuringiensis (Bt) is a unique bacterium in that it shares a common place with a number of 

chemical compounds which are used commercially to control insects important to agriculture and public 

health. It produces pore forming proteins known as cry and cry toxin, to kill their host insect larva. In this 

factor, the expression of certain cry toxins in transgenic crops contributed to an efficient control of insect 

pest. In this review, the basic characteristics, mode of action and mass production of Bt has been discussed. 

Keywords: Cry toxin, Bacillus thuringensis. 

Introduction  
Bt is a soil-dwelling bacterium that naturally produces a toxin that is fatal to certain herbivorous insects. 

The toxin produced by Bt has been used as an insecticide spray since the 1920s and is commonly used in 

organic farming. Bt is also the source of the genes used to genetically modify a number of food crops so that 

they produce the toxin on their own to deter various insect pests. The toxin is lethal to several orders of 

insects, including Lepidoptera (butterflies, moths, and skippers), Diptera (flies), and Coleoptera (beetles), 

though a number of Bt strains are available to make its use more target-specific. It is a group of strains or 

isolates of naturally occurring soil bacteria which mainly exerts toxicity through the production of Crystal 

(Cry) toxins. Cry toxins are used worldwide as aerial sprays or in transgenic plants  to control disease-

vector insect and crop pest populations. 

 
Fig1: Bacillus thuringinsis 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/crop-pest
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Fig 2: Mode of action of Bacillus Thuringinsis 

Multiplication of Bacillus thuringinsis  
Bacillus thuringinsis is easily multiplied on Luria-Bertani broth (LB), nutrient agar and T3 agar media. 

Pure culture of Bt is maintained on the agar slants while it is multiplied in the broth (medium without 

agar) of these media in flasks for testing against insects. It is essential to store the pure culture of Bt in 

10% glycerol at -80°C and revive the cultures on Luria- Bertani agar (LA) slants when required. It is 

desirable to restrict sub-culturing of Bt on media to two sub-cultures at 15-day intervals to avoid occurrence 

of mutations in the cultures. After inoculation, the flasks are plugged with sterile cotton and placed on a 

shaker at 30°C. Time taken for complete growth, sporulation and lysis is 48–72 h depending on the 

strain/isolate. The Bt spores and crystals are then recovered from the broth through centrifugation, the 

resultant pellet is dried and milled to get a powder, which is used for bioassays. 

Flow Chart of Mass Multiplication of Bt  
Bt is easily multiplied on Luria-Bertani broth (LB), nutrient agar and T3 agar media. 

 
Pure culture of Bt is maintained on the agar slants while it is multiplied in the broth. 

 
It is essential to store the pure culture of Bt in 10% glycerol at -80°C 

 
Restore the cultures on Luria- Bertani agar slants when required. 

 
It is desirable to restrict sub-culturing of Bt on media to two sub-cultures at 15-day. 

 
After inoculation, the flasks are plugged with sterile cotton and placed on a shaker at 30°C. 

 
Time taken for complete growth, sporulation and lysis is 48–72 h. 

 
The Bt spores and crystals are then recovered from the broth through centrifugation. 
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The resultant pellet is dried and milled to get a powder, which is used for bioassays. 

Management  
Crops Bt gene used Against the pest 

Corn  Cry 1 A b Heliothis zea 

 
Potato Cry 3A Leptinotarsa decemlineata 

 

Cotton Cry 1 Ac Cotton ball worm 

 

Tomato Cry 1 Ab Tobacco hornworm 

 

Brinjal Cry 1 Ab Fruit borer 
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Chickpea Cry 1 Ac Pod borer 

 

Sugarcane Cry 1 Ab Shoot borer 

 

Rice Cry 1 Ab Yellow stem borer, Striped 

stem borer 

 

Conclusion  
These bacteria can live and multiply within the bodies of insects, and produce spores and protein crystal 

toxins which can result in death of the insect host. In order to work as a biological insecticide, Bt. or its 

spores or crystal toxins must be eaten by the insect. In this factor, the expression of certain cry toxins in 

transgenic crops contributed to an efficient control of insect pest. 
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Introduction  
Cowpea (Vigna unguiculata Linn.) is one of the most important legume crops also known as lobia, belongs 

to family Leguminaceae. It is used as green legume, fodder, vegetable as well as green manure crop. The 

cowpea plant is usually erect and possess ribbed stems and smooth trifoliate leaves which are arranged 

alternately on the stems (CABI, 2008). The seeds of cowpea contain 23.4 percent protein, 18 percent fat, 

60.3 percent carbohydrate and also a rich source of lysine and tryptophane (Singh, 1983). In India, the 

pulses occupy nearly 25.26 lakh hectare area with a production of 16.47 million tonnes during the year 

2015-16 (Anonymous 2016). Cowpea is cultivated throughout the India and the major growing states are 

Karnataka, Andhra Pradesh, U.P., Bihar, Punjab, Haryana, Rajasthan and Madhya Pradesh. In Bihar, 

cowpea is of great important because of its short duration, high yielding and quick growing capacity along 

with high protein content. The crop is also known to provide quick cover on the ground and this help in 

conservation of soil. In Bihar the major cowpea growing districts are Nalanda, Bhojpur, Vaishali, 

Muzaffarpur, Samastipur, East Champaran and West Champaran districts mainly grown for vegetable 

and grains and to lesser extent as a fodder crop. It is well adapted to stress and has excellent nutritional 

qualities. It is a most versatile pulse crop because of its smothering nature, drought tolerant characters, 

soil restoring properties and multi-purpose uses. 

Pests of Cowpea  
Legume Pod Borer (Maruca testululis) 

Distribution and Importance: Maruca is widely distributed throughout the tropics and sub-tropics 

where it may cause extreme damage. It is a major cowpea pest in Africa and Southeast Asia. 

 

Biology and Damage: The adult is a nocturnal moth, light brown with whitish markings on its forewings. 

The larva is light brown with irregular brown-black dorsal, lateral and ventral spots and a black head. 

Adult moths, which live for up to a week, lay eggs on leaf buds, flower buds and in flowers. Eggs hatch in 

about 5 days and the larvae feed on tender parts of the stem, peduncles, flower buds, flowers and pods. The 

characteristic signs of larval feeding are webbing of flowers, pods, and leaves and production of frass on 

pods. The spatial separation of pods is important; points of contact between pods, and between pods and 

leaves are especially prone to damage. About 150 eggs are laid per female. There are five larval instars 

which together last 8 to 10 days before pupae develop in the soil. The pupal stage lasts 5-7 days before 

adults’ hatch.  
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Management: 

a. ETL: 3/plant 

b. Phosalone 0.07% (Spray fluid 625 ml/ha). Note: When the activity of coccinellid predator (both 

grubs and adults) is seen, insecticide application should be avoided. 

Cowpea Aphid Aphis craccivora  
Distribution and Importance: Aphis craccivora is an important legume pest of Asia and recent 

observations suggest that aphids may also be seasonally important in parts of Africa. This species of aphid 

not only causes direct damage to its hosts (including groundnut as well as cowpea) but also transmits 

cowpea aphid-borne mosaic virus. 

 

Biology and Damage: A. craccivora is a medium sized, shiny black aphid whose biology varies depending 

on climate and soil. Under favorable conditions a generation may take only 13 days. Adults live from 6-15 

days and may produce more than 100 progeny. On cowpea aphids normally feed on the undersurface of 

young leaves, on young stem tissue and on pods of mature plants. When present in large numbers, they 

cause direct feeding damage. The plants become stunted, leading to leaf distortion, premature defoliaion 

and death of seedlings. An indirect and generally more harmful effect, even of small populations, is the 

transmission of cowpea aphid-borne mosaic virus.  

Management: 

a. ETL: 20/2.5 cm shoot length 

b. Spray any one of the following (Spray fluid 250 l /ha): 

i. Methyl demeton 25 EC 500 ml/ha 

ii. Dimethoate 30 EC 500 ml/ha. 

Flower Thrips Megalurothripssjostedti  
Distribution and Importance: Flower thrips are among the most important pests of cowpea. In West 

Africa, they are frequently responsible for total crop loss. 

 

Biology and Damage: Adult thrips, which are shiny black, minute insects, are found feeding in flower 

buds and flowers (Plate 7). Severely infested plants do not produce any flowers. When the thrips population 

is very high, open flowers are distorted and discolored. Flowers fall early with the result that pods are not 

formed. The entire life cycle takes 14-18 days. Eggs are laid in the flower buds and nymphs feed and do 

extensive damage. Pupae are produced in the soil. 

Gram Pod Borer: Helicoverpaarmigera  
Symptoms of damage: 

a. Defoliation in early stages 
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b. Larva’s head alone thrust inside the pods and the rest of the body hanging out. 

c. Pods with round holes. 

 

Identification of the pest: 

Eggs – are spherical in shape and creamy white in colour, laid singly 

Larva – shows colour variation from greenish to brown. Green with dark brown grey lines 

laterallyon the body with lateral white lines and also has dark and pale bands. 

Pupa – brown in colour, occurs in soil, leaf, pod and crop debris 

Adult - light pale brownish yellow stout moth. Fore wing grey to pale brown with V shaped speck. 

Hind wings are pale smoky white with a broad blackish outer margin. 

Management: 

a. ETL: 5-6 eggs or 2-3 small larvae / plant 

b. Bird perches @ 50 / ha 

c. Set up light trap 

d. Pheromone traps @ 12 / ha 

e. NPV @ 250 LE / ha + 0.1 % teepol 

f. Apply any one of the following insecticides: 

g. Azadirachtin 0.03 % WSP 2500-5000 g/ha 

h. Bacillus thuringiensis serovarkurstaki (3a,3b,3c) 5%WP1000-1250 g/ha 

i. Dimethoate 30% EC 1237 ml/ha 

j. Emamectin benzoate 5% SG 220 g/ha 

k. Indoxacarb 15.8% SC 333 ml/ha 

l. Chlorantraniliprole 18.5 SC 150ml/ha 

j. Spinosad 45%SC 125-162 ml/ha 

l. NSKE 5% twice followed by triazophos 0.05% 

m. Neem oil 2%. 

Whitefly: Bemisiatabaci  
Symptoms of damage: 

a. Leave mottled and yellowish in colour. 

b. vector of yellow mosaic virus. 

 

Identification of the pest: 

Adults -are small, yellow bodied insects with white wings which are densely   covered with a waxy 

powder. 

Nymphs and pupae -are black and round or oval. Pupae have marginal bristles 
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Management of sucking pests: 

a. Shaking the infested plants over the vessels of oil and water or oily cloth gives most effective. 

b. Spray methyl demeton 25 EC 500ml or dimethoate 30 EC 500 ml or phosphomidon 85 WSC 250 

ml/ha. 

Leaf Hopper:  Empoascakerri  
Symptoms of damage: 

a. Leave mottled and yellowish in colour. 

b. Green colour insects found under surface of leaves. 

 
Identification of the pest: Adult – elongate, active, wedge shape, green insects. 

Management: Spray the infested crop with methyl demeton 750 ml in 700 - 1000 L water per hectare. 
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Introduction  
Pennisetum glaucum (L.) R.Br. an Asian annual grass belongs to the family Poaceae and it is grown widely 

in semi-arid and arid tropics of Asia and Africa. It is usually cultivated as a food, fodder and fuel crop in 

regions that are too hot, too dry and have soil constraints that prevent economic production of other staple 

food grain crops (Hash and Witcombe 2002). In India, it is mostly grown in the states of Andhra Pradesh, 

Gujarat, Haryana, Karnataka, Madhya Pradesh, Rajasthan, Tamil Nadu, parts of Delhi, Punjab and Uttar 

Pradesh Pearl millet is having a very good nutritional value in terms of higher levels of protein, zinc and 

iron (Das 2017). Rust of bajra or pearl millet commonly appears in the warmer regions and has been 

reported from many parts of the world including North America, Sudan, Kenya, Nigeria, Uganda, South 

Africa, Rhodesia, Tanzania, Pakistan, and India. It appears in the later stage of crop growth and usually 

occurs at the flowering and seed developing stage, generally after the grain-filling stage thus causing little 

loss in grain yield. The yield of pearl millet has increased considerably with the introduction of hybrids, 

but these have become susceptible to fungal diseases. Among various diseases, rust caused by Puccinia 

substriata var. indica is one of the major concerns in pearl millet-growing areas of the world. 

Symptoms  
The disease causes extensive damage to both dry and irrigated crops. When the plants are infected early 

in the season the disease results in a heavy reduction in grain yield. The symptoms appear in the form of 

small, brownish-yellow pustules in groups, arranged often in longitudinal series, on the leaves. Usually, 

the uredia begin to develop at the time the crop is about to flower though in some cases they have been 

observed much earlier. Uredia is deeply yellowish-brown and occurs on both sides of the leaf, being more 

common on the upper surface. The distal half of the leaf is infected first and then pustules spread over both 

the surfaces. The mature pustules rupture and release rusty spores. Symptoms may appear on the stem, 

leaf sheath and other plant parts also. 

 
Fig No 1: Symptoms of rust (photo credit to B. Chandrashekar) 
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Severely rusted plants look reddish-brown. Telia develop much late than the uredia. They are smaller, 

isolated or in groups and long which remain covered by the epidermis. The whole leaf may wither 

completely and death of the diseased leaf occurs from top to bottom. When the incidence of rust is heavy 

the field presents a scorched appearance. In the later stages, telia replace uredinia which are black, ovoid 

and subepidermal (Map 2012). The cluster of spores (urediniospores) is made in the pustules which are 

responsible for spreading the rust disease among the crops. After the ageing of pustules, they become 

darker in colour and look like another spore teliospore. If disease incidence is higher more rust pustules 

can appear on stems and the plants will fall down. The teliospore contains hard outer layers which assist 

to live in the soil for a longer period. 

Disease Cycle and Epidemiology of Bajra Rust Pathogen  
A low temperature of 10 to 12˚C is required for teliospore germination. The spell of rainy weather is also 

very favourable for the occurrence of the disease. P. substriata var. indica is a biotrophic, macrocyclic, 

heteroecious and air-borne pathogen, it produces teliospores and uredospores on the pearl millet, and 

further produced aecial spore on the alternate host like brinjal (Solanum melongena) (Thakur, 1987). The 

uredial cycle is repeated on bajra resulting in subsequent new infections, while the basidiospores germinate 

on brinjal, the alternate host, or other solanaceous species such as S. torvum, S. xanthocarpum, etc. Rust 

may be able to survive on the brinjal crop, which grows all year-round. Urediniospres have a yellow-brown 

layer containing four equatorial germ pores. Teliospore has 2 cells, Spores are dark brown, produced on a 

pedicel. Spermagonial and aecial stage occur on the alternate host like solanum to complete their life cycle.  

For several minutes, orange-yellow, dot-like pycnia develop on the upper surface, whereas orange-coloured 

aecia develop on the lower surface of the leaves of brinjal. Pycnia and aecia may develop on the petioles 

also. The uredia are sub-epidermal. At maturity, they rupture the epidermis, which forms flakes around 

the sori and the uredospores are then exposed. The uredospores are borne on hyaline pedicels, which are 

longer than the spores. The telia are also sub-epidermal like uredia and remain covered by the epidermis 

for a long time without bursting. They are dark brown or black in colour. The teleutospores are bright 

brown, cylindrical to long oval, rounded or flattened at the tip, which has a much-thickened wall, slightly 

narrowed at the septum and smooth. 

 
FIG NO: 3. A. Uridiospore. B. Teliospore (photo credit to B. Chandrashekar) 

Urediospore are oval, pyriform or elliptic with four equatorial genu pores, measuring 120 to 150 µm in 

length, and 350 to 400 µm in diameter. The uredospores are yellowish, brown with a coloured wall and 

sparsely echinulate and the echinulations being abundant near the apex. Paraphyses are present mainly 

along the margins, which are longer than the pedicels of the spores. Uredospores germinate producing one 

or more germ tubes. Teliospores are 260 to 360 µm in length and have a short colourless stalk. The apical 
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germ-pore is indistinct, but they germinate at the apex in the usual way, with the formation of a 4-celled 

promycelium (basidium), which bears elliptical basidiospores, 11 x 6 µm in diameter. 

 
FIG NO: 3. The life cycle of rust of pearl millet 

Management of Rust Disease  
1. Preventive sprays with 100 ppm of Cupramar and Dithane S-31 have been found to control the disease 

to some extent. 

2. Fungicides viz., Triadimefon, Hexaconazole and Propiconazole have been tested for the management of 

pearl millet rust, Hexaconazole @ 0.1% found most effective (Nagarajan and Patil 2014).  

3. Effective control of rust of bajra has been reported using bio-control agents (e.g., Chaetomium globossum, 

Trichoderma koningii, Fusarium oxysporum, etc.) by Sinha and Kapooria in 1966. 

4. Biocontrol agents, Trichoderma spp. have been found very effective in controlling the disease (Harman 

2000). 
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Introduction  
Climate change has various and complex effects on agricultural crops and their corresponding insect, pests 

and diseases directly and indirectly. Direct impacts are on pests’ and pathogens’ reproduction, 

development, survival and dispersal, whereas indirectly the climate change affects the relationships 

between pests/pathogens, their environment and other species such as natural enemies, competitors, 

vectors and mutualists. Temperature and rainfall are the most important environmental factors affecting 

pest behaviour, distribution, development and reproduction. Climate change creates new ecological niches 

that provide opportunities for insect pests to establish and spread in new geographic regions and shift from 

one region to another. Increase in the population and hazards of insects like aphids can be implied as the 

increase transmission of related diseases. Some pests, like fall armyworm (which feeds on a growing 

number of crops, including maize, sorghum, millet) and Tephritid fruit flies (which damage fruit and other 

crops), have already spread due to warmer climate. Others, such as the desert locust (the world's most 

destructive migratory pest), are expected to change their migratory routes and geographical distribution 

because of climate change. Therefore, farmers can expect to face new and intense pest problems in the 

coming years due to the changing climate. The spread of crop pests and pathogens across physical and 

political boundaries threatens food security and is a global problem common to all countries and all regions. 

Impact of Temperature on Pests and Diseases  
Insect physiology is very sensitive to changes in temperature, and their metabolic rate tends to 

approximately double with an increase of 10◦C. Species that cannot adapt and evolve to increased 

temperature conditions generally have a difficult time maintaining their populations, while other species 

can thrive and reproduce rapidly. Wheat, which is normally grown in temperate climates, warming will 

accelerate the growth of pest populations, and rice grown in tropical zones, will decrease in the growth of 

pest populations. The effects of increased temperatures are greater for above ground insects than for those 

that spend most of their life cycle in the soil, because soil is a thermally insulating medium that can buffer 

temperature changes and thus reduce their impact. For example, under warmer conditions, aphids are less 

susceptible to the aphid alarm pheromone they normally release when threatened by insect predators and 

parasitoids, which can lead to increased predation.  

Whitefly populations are primarily regulated by environmental factors such as temperature, precipitation, 

and humidity in general. High temperature along with high humidity correlates positively with whitefly 

population build-up. Future changes in insect population dynamics depend on the level of global 

temperature increase in coming years. Climate models predict that the average temperature of the globe 

will increase by 1.8–4◦C by the end of the current century. The general consequences of global warming on 

insect dynamics include: expansion of geographic range, increased survival rates of overwintering 

populations, increased risk of introduction of invasive insect species, increased incidence of insect-

transmitted plant diseases due to range expansion and rapid reproduction of insect vectors, reduced 

effectiveness of biological control agents such as natural enemies, etc. Increased temperatures will 

accelerate the development of these types of insects (cabbage maggot, onion maggot, European corn borer, 

Colorado potato beetle) possibly resulting in more generations (and crop damage) per year. It has been 

estimated that with a 2˚C temperature increase insects might experience one to five additional life cycles 

per season. Temperature may change gender ratios of some pest species such as thrips potentially affecting 

reproduction rates. Global warming results altitude wise range expansion and increased overwintering 

survival of corn earworms Heliothis zea and Helicoverpa armigera may cause heavy yield loss and put forth 

major challenge for pest management in maize.  

http://www.fao.org/fall-armyworm/en/
http://www.fao.org/locusts/en/
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A change in temperature may favour the development of different dormant pathogens, which could induce 

an epidemic. Increase in temperature with sufficient soil moisture may increase evapotranspiration 

resulting in humid microclimate in crops and may lead to incidence of diseases favoured under these 

conditions. Diseases such as common bunt (Tilletia caries) and Karnal bunt (Tilletia indica) in wheat can 

be of importance under changing climatic conditions in regions with low productivity if proper seed 

treatment is not followed in this crop. In India, in the last decade the disease scenario of chickpea and 

pigeon pea has changed drastically; dry root rot (Rhizoctonia bataticola) of chickpea and Phytophthora 

blight (Phytophthora drechsleri f. sp. cajani) of pigeon pea have emerged as a potential threat to the 

production of these pulses. Higher risk of dry root rot has been reported in Fusarium wilt chickpea-resistant 

varieties in those years when the temperature exceeds above the normal. Temperature can also affect 

disease resistance in plants, thus affecting the incidence and severity of the diseases. Temperature 

sensitivity to resistance has been reported for leaf rust (Puccinia recondita) in wheat, broomrape 

(Orobanche cumana) in sunflower, black shank (Phytophthora nicotianae) in tobacco and bacterial blight 

(Xanthomonas oryzae pv. oryzae) in rice.  

Temperature also plays a vital role for the occurrence of bacterial diseases such as Ralstonia solanacearum, 

Acidovorax avenae and Burkholderia glumea and bacteria also proliferate in the areas where temperature 

dependent diseases have not been previously observed. Even the incidence of virus and other vector-borne 

diseases also alter. Mild and warmer winters make aphids easy to survive thus spreading Barley yellow 

dwarf virus (BYDV) and also increase viruses of potato and sugar beet. 

Impact of Precipitation on Pests and Diseases  
Changes in the amount, intensity, and frequency of precipitation are very important indicators of climate 

change. As observed in most events, the frequency of precipitation has decreased while the intensity of 

precipitation has increased. This type of rainfall pattern has favoured the occurrence of droughts and floods. 

Pest species that overwinter in the soil are directly affected by overlapping rainfall. In short, heavy rainfall 

can lead to flooding and prolonged stagnation of water. This event threatens pest survival and at least 

affects their diapause. In addition, pest eggs and larvae can be washed away by heavy rains and flooding. 

Small-bodied pests like aphids, mites, jassids, whiteflies etc. can be washed away during heavy rainfall. 

Wireworms (Agriotes lineatus L.) are very damaging pests of crops such as potatoes, corn, sugar beet, etc. 

become a much greater problem as a result of increased summer rainfall events as opposed to ambient and 

drought conditions. For instance, drought might affect sap-feeding insects, such as whiteflies or spider-

mites, differently than it would affect lepidopteran stemborers.  

Herbivorous insects are affected by drought through several mechanisms: 

a. Dry climates may provide suitable environmental conditions for the development and growth of 

herbivorous insects 

b. Drought-stressed plants attract some insect species. For example, when plants lose moisture 

through the process of transpiration, water columns in the xylem break apart or cavitate, producing 

an ultrasonic acoustic emission that is detected by harmful bark beetles (Scolytidae)  

c. Plants stressed by drought are more susceptible to insect attack because of a decrease in the 

production of secondary metabolites that have a defense function. 

Heavy precipitation during the preflood season has been a limiting factor for the summer migration of the 

white-backed planthopper (Sogatella furcifera). On the other hand, very dry seasons can indirectly impact 

insect herbivores by limiting the availability of food during their development period. Cotton infestation by 

the cotton bollworm (Helicoverpa armigera) depends on the extent of heterogeneity of host plants (cotton, 

corn, tomato, sorghum) in the landscape, which in turn depends on the variability in drought and flooding 

patterns. Similarly, changes in rainfall patterns could induce changes in coffee berry ripening time, and in 

turn negatively impact the development period of the coffee berry borer (Hypothenemus hampei).  

High moisture favours foliar diseases and some soil borne pathogens such Phytophthora, Pythium, R. solani 

and Sclerotium rolfsii. Drought stress affect the incidence and severity of viruses such as Maize dwarf 

mosaic virus (MDMV) and Beet yellows virus (BYV). Decreased levels of rainfall may lead to decreased 

incidence of downy mildew infections of grape. Some pathogens such as apple scab, late blight and several 

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/whitefly
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/stemborer
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/planthopper
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/sogatella-furcifera
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/helicoverpa-armigera
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/hypothenemus-hampei


 

 
Volume 04 - Issue 07 - July 2022       621 | P a g e  
 

vegetable root pathogens are more likely to infect plants with increased moisture content. Other pathogens 

like the powdery mildew species tend to thrive under conditions with lower (but not low) moisture. 

Conclusions  
The impacts of climate change on crop pest and diseases are multiple and complex. They depend mainly on 

temperature, with specific impacts of both mean and extreme temperatures, but they likely also depend on 

other climatic factors such as heavy precipitation or drought. While consequences can be both positive and 

negative for pests and diseases, most climate change scenarios tend to favour pests and pathogens 

proliferation worldwide. Overall, the increasing impact of climate change on pests and diseases is expected 

to extend into the future, especially as mean global temperature is predicted to increase during the next 

decades according to all available climatic scenarios. Thus, it is necessary to evaluate under climate change 

the efficacy of current physical, chemical and biological control tactics, including disease-resistant 

cultivars, and secondly, to include future climate scenarios in all research aimed at developing new tools 

and tactics. 

  

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/insect-pests
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/climatic-factor
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Abstract  
Biocontrol of pest insects by natural enemies may be an effective, cheap and environmentally friendly 

alternative to synthetic pesticides. The cosmopolitan parasitoid wasp species Bracon brevicornis 

(Hymenoptera: Braconidae) use lepidopteran species as hosts, including insect pests like Ephestia 

kuehniella or Ostrinia nubilalis. Bracon brevicornis is an ectoparasitoid of a wide range of larval-stage 

Lepidopterans, including several pests of important crops. It is widely distributed and recorded from 

Ostrinia nubilalis, Antigastra catalaunalis, Adisura atkinsoni, Earias sp., Helicoverpa armigera,Noorda 

moringae, Opisina arenosella, Pectinophora gossypiella, Chilo partellus etc.In this review, the 

characteristics nature, mechanism of action, mass production, and economic uses of Bracon brevicornis has 

been discussed. 

Keywords: Biocontrol, Braconidae, Bracon. 

Introduction  
Pest control is an acceptable and necessary part of modern agriculture and is required for increasing crop 

production and improves natural economy. However, some of the methods used during the past few decades 

have produced undesirable side effects that create possible hazards such as some chemicals leave 

undesirable residues in food, water, and the environment. However, the increasing attention for 

environmental safety and global demand for pesticide free food necessitated the search for eco-friendly 

methods of pest management. As a result, many researchers are seeking less hazardous alternatives to 

conventional insecticides. There is a core of important alternatives in insect pest management such as 

biological control. One such is the Bracon sp. Braconid wasps represent one of the most diverse and 

abundant of the parasitoid groups. Their most common hosts are the larvae of Lepidoptera, Coleoptera, 

and Diptera. Bracon is an ectoparasitoid that attacks larvae of several species of Lepidoptera, mainly 

pyralid moths. It is an important potential biological control agent of stored product moths. The biology of 

the parasitoid differs when reared on different hosts. It belongs to the: 

Domain Eukaryota 

Kingdom Metazoa 

Phylum Arthropoda 

Subphylum Uniramia 

Class Insecta 

Order Hymenoptera 

Genus Bracon 

Species brevicornis 

 
Figure 1 Adult image of Bracon Brevicornis 
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Lifecycle  
Bracon brevicornis are important parasitoids where the parasitism was observed throughout the year, it 

ranged from 26.2 to 26.7% during the peak period of infestation. It attacks the larval stage of the insect 

host and lays eggs on the surface of the host insect. Larvae upon hatching start feeding on host body fluids 

by inserting their mouth parts into host. From each host larvae 2 or more parasitoid larvae develop and 

pupate. 

 

 
Figure 2 Life cycle of Bracon brevicornis 

1. Female and male wasps, 

2. Female wasp injects venom, 

3: Parasitoid eggs on host (encircled), iv: parasitoid larvae, 

4: Pupated parasitoid larvae. 

Bracon brevicornis - Biocontrol Agent  
Bracon sp are highly polyphagous, gregarious, and ecto-larval parasitoids of several species of Lepidopteran 

larvae. They parasitize a variety of important Lepidopteran pests of stored product and field crops. 

Table 1: Biocontrol agent activity on pests. 

Crop Pest Scientific Name 

Rice Rice moth Angoumois grain 

moth 

Indian meal moth 

Corcyra cephalonica Sitotroga 

cerealella Plodia interpunctella 

Castor Shoot borer 

Semilooper 

Conogethes punctiferalis Achaea 

janata 

Cabbage Head borer Leaf webber Hellula undalis Crocidolomia 

binotalis 

Gram Pod borer Helicoverpa armigera 

Cotton Spotted pod borer Spotted 

bollworm 

Maruca testulalis Earias vitella 
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Tomato Tobacco caterpillar Spodoptera litura 

Coconut Black head caterpillar Opisinia arenosella 

Maize Wax moth Galleria mellonella 

Mass Production  
Production procedure: 

a. Sandwitch method: 

 
b. Tub method: 

 
Figure 3 Flow chart of mass production of Bracon brevicornis 
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Conclusion 

Bracon brevicornis is a potential agent for biological control of crop pests in real field conditions.It is a 

general parasitoid and can produce a very high number of progeny on various lepidopteran pests. Hence, 

it can be used as an effective biological control agent. 
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Abstract  
As the population of world continue to increase day by day, so does the demand for food, placing pressure 

on the farmers. According to the UN Food and Agriculture Organization, the world will need to produce 

70% more food in 2050.  In the time of increasing demand for food, precision agriculture provides a higher 

yield with lower input costs and leads to reduction in environmental pollution and agriculture labor. 

Modern-day agriculture is expected to increase the usage of the latest technologies dramatically. It consists 

of a system like Internet of Things (IoT) for monitoring basic parameters and helping as a decision support 

system. IoT is helping change the way that farmers practice precision farming. Major benefits of the IoT 

system in agriculture is improved efficiency, accuracy, economic gains and better quality of life. Foughali 

et al. (2017) developed the alert system for the control of water stress of plants using IoT technology. It 

helps in monitoring real-time soil conditions and send the notifications by SMS. Jirapond et al. (2019) 

developed the system for watering crops based on wireless sensor network and reported clear benefits, 

moisture content of the soil was maintained properly for vegetable growth, reducing cost and increasing 

productivity. In another study, Ahmed et al. (2019) developed a monitoring system for early plant disease 

forecast that leads to maintain the crop growing environment in favorable conditions. The developed model 

sufficiently detected the powdery mildew disease in tomato and issued the warning message to the user 

before the outbreak of the disease. Thus, the IoT platform has a very vast scope in precision agriculture for 

monitoring and control of various parameters of crop, soil and environment. 

Keywords: Internet of Things, Precision Agriculture, Smart Farming. 

Introduction  
IoT: IoT is short of Internet of Things, it is inter-networking of physical devices. This system has an ability 

to transfer data over a network without requiring human to human or human to computer interaction. 

Examples- Smart home systems, autonomous farming equipment, wireless fitness tracker, voice assistant 

(Siri, Alexa & Google Home). Following are the benefits of using IoT in agriculture: 

a. Data collection- All data can be collected with the help of installed sensor. 

b. Reduction of Risk- Due to collection of up-to-date information. User can estimate the situations 

in future and can predict some problem that may arise. 

c. Automation- Many processes become automated & their efficiency is growing. Thus, farmers can 

pay attention to their other important work. 

d. Higher Quality: IoT makes it possible to avoid challenges and remove all issue. So, the quality of 

the product is improving. 

IoT Application in Agriculture  
Applications Area Examples 

Monitoring Crop 

Soil 

Irrigation water 

Weather 

Remote sensing 

Machinery 

Plant height & leaf parameter, Leaf area index 

Chemistry, Moisture 

pH and salinity 

Air (T & RH), rainfall, radiation, and wind speed & direction 

Plant disease detection, Crop biomass & N content 

Vehicle position and yield data,  

Documentation Machinery 

 

Remote sensing 

Yield mapping for fertilisation planning, Field Mapping, soil 

mapping 

Mapping crop development, Mapping soil structure 
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Forecasting Machine learning 

model 

Max. & min. T at field level, forecasting soil moisture, plant 

disease forecasting, Frost prediction, Forecast of harvest and 

fertilisation dates 

Controlling Irrigation 

machinery 

Autonomous vehicle 

and robot 

Variable rate fertilisation, site specific weed control, In-row 

cultivation in precision seeding 

Autonomous vehicle, in-field obstacle detection 

IoT based Monitoring System: Basic IoT-based monitoring system for precision agriculture provides 

environmental monitoring services that maintain environment around the crop in an optimum condition. 

The basic monitoring system consists of at least these three modules, namely- 

1. Hardware Module. 

2. Software module. 

3. Agriculture Module. 

Hardware Module  
It consists of an Agro-weather station as a part of monitoring system for forecasting. It is equipped with 

sensors to measure the temperature & humidity of the air and soil, leaf wetness, rain intensity, solar 

radiation, wind speed and wind direction. It senses these parameters at a programmable period and send 

these parameter’s value to programmable modules. 

Software Module 

The software module of monitoring system consists of two components, An artificial intelligence (AI) 

component and a graphical user interface (GUI) component. The AI component processes and analyze the 

sensors reading and suggest the specific measure that can be taken to maintain the optimum crop 

condition. Users are able to access the software module using GUI. 

Agriculture Module 

It consists of laboratory experiments to develop the crop model and validate the performance of developed 

IoT system for monitoring the crop environment.  

IoT devices help in: 

a. Saving fertilizers and chemicals due to early forecasting of crop disease 

b. Boosting soil fertility due to real-time feedback and smart correction 

c. Increasing machinery efficiency by continuously monitoring of machine 

d. Monitoring state and live-location of farm machinery 

e. Saving irrigation water by using smart irrigation technique and real-time monitoring of field 

moisture. 

Conclusion 

As discussed, IoT has very high potential in Precision Agriculture for monitoring various farm parameters 

to control mechanical components of agriculture machinery. Based on the survey by BI Intelligence, 

adoption of IoT devices in the agriculture industry was approx. 75 million in 2020 and growing 20% 

annually. At the same time, the global smart agriculture market size is expected to triple by 2025, reaching 

$15.3 billion as compare to being slightly over $5 billion back in 2016. This data shows the potential of IoT 

devices in agriculture sector. 
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What is a Nursery?  
An enclosed area in which young plants or plants that need regulated environmental conditions, timely 

irrigation, nutrient rich media etc., in their early stages of growth, are grown and safeguarded before they 

are being transplanted into the real field. It is to be noted that these young plants are acclimatized 

(Hardened) before transplantation. 

It is a fact to be acknowledged that a nursery plays significant role in any commercial grower’s business. 

One cannot run the risk of sowing those tiny, inconspicuous seeds in the field and end up losing them. The 

seeds might have been sown deeper than necessary, they might have got lost or been eaten up by some 

burrowing animal etc. Also, a nursery makes possible cultivating a crop that which cannot be grown 

without proper care in its early growth stages. 

High-Tech Nursery  
Previously, nurseries just comprised of seed beds, young saplings in polybags, FYM heap, Fertilizer bags, 

implement shed, a source of irrigation and an office room allocated to the nursery caretaker who maintains 

a clear record of everything that is of significance. Be it the total expenditure in buying fertilizers or the 

amount fetched by selling the saplings. Everything is recorded in a systematic manner.  

Now the times have changed and yes, the way one establishes and raises a nursery has also been changed. 

The nurseries now have become very sophisticated with modern and highly efficient maintenance systems. 

IoT Application in Agriculture  
IoT based Monitoring System: Basic IoT-based monitoring system for precision agriculture provides 

environmental monitoring services that maintain environment around the crop in an optimum condition. 

The basic monitoring system consists of at least these three modules, namely- 

1. Hardware Module. 

2. Software module. 

3. Agriculture Module. 

What is it that had Made Nurseries High-Tech?  
It consists of an Agro-weather station as a part of monitoring system for forecasting. It is equipped with 

sensors to measure the temperature & humidity of the air and soil, leaf wetness, rain intensity, solar 

radiation, wind speed and wind direction. It senses these parameters at a programmable period and send 

these parameter’s value to programmable modules. 

Software Module 

High tech nurseries have overcome the limitations like poor control over climatic factors, low germination 

percentage, longer duration and high cost involved in conventional methods of primary plant raising. These 

improvements differentiate high-tech nurseries from the basic nurseries. 

High-Tech Vegetable Nursery Production 

Vegetable nursery raising has been commercialized these days with the increasing demand for quality 

planting material. The seeds of some vegetables are first sown in the nursery beds and the seedlings from 

those beds are later transplanted into the field.    

Techniques followed: 
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a. Polythene sheet mulch: Post sowing of the seeds in the nursery beds, the irrigation is supplied 

up to field capacity. Then the beds are covered with transparent polythene sheets in airtight 

condition by covering the sheet edges with soil. This covering of the beds maintains the 

microclimatic conditions that hasten the germination process. The sheets can be removed post 

germination. 

 

b. Shade nets: High temperature, say >30 degrees C, during seedling growth must be avoided and 

the shade nets are the structures that aid in this process. Cover the nursery beds with 50% or 60% 

shading nets about 60-90 cm above ground by providing a suitable support. Also, the covering of 

nursery beds with polythene sheets about 60-90 cm above ground during the nights of winters 

maintains the optimum temperature and protects young seedlings from severe winter frost and low 

temperature injury. 

 

c. Automatic seeding unit: This consists of a machine that prepares a uniform mixture of 

cocopeat, vermiculite and perlite in the ratio of 3:1:1. The unit fills the 90 cavity pro-trays with the 

mixture and also places the seeds in them all by itself. This procedure is highly automized and the 

pro-trays then are conveyed to the beds using a conveyor belt. Each bed can easily accommodate 40-

42 pro-trays on it. In toto, 8000-8400 seedlings can fit in easily in the arranged pro-trays. 

 

d. Overhead irrigation and fertigation: All the pro-trays are supplied with sufficient amount of 

moisture through overhead irrigation with highly automized machines. After an interval of 5-10 

days from sowing, the fertilizers along with irrigation water are sprayed onto the pro-trays which 

allows all the seedlings to receive equal amount of fertilizer resulting in uniform growth of the 

seedlings. 
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Summary 

The high-tech nursery now-a-days plays a major role in quality plant production and comes in aid of 

farmers, horticulturists and the commercial growers. The seedlings that are grown in high-tech nurseries 

have a strong root and shoot system and easily get acclimatized when planted in the field. 

Reference 
A.K. Pandey. High-tech Nursery and quality transplant production  in vegetable crops, compendium, 2020. 
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Uttarakhand is a hill state situated in the North-Western Himalayas of India, blessed with naturally 

occurring agro-climatic regions suitable for cultivation of a wide range of agri-horticultural crops with great 

potential for income generation. Horticultural practises are the main occupation of inhabitants of the 

temperate region of Uttarakhand. The Himalayan region is endowed with enormous genetic diversity, 

including different wild species and landraces. Horticulture (including cultivation of fruits, vegetables, 

flowers, spices, medicinal & aromatic plants, and off-season vegetables) plays a major role in determining 

the economic development of the hilly region (Sati 2004). The Himalayan region is famous for its 

picturesque valleys and natural beauty.  

Contour farming is the lifeline of the Himalayan people. It is a downward-sloping section that has been 

fragmented into consecutive flat surfaces. These surfaces are commonly used for the cultivation of fruits 

and vegetables etc. It is an ancient method of preventing soil erosion, conserving soil, and utilising vacant 

plots of land. The most advantageous aspect of this farming is to place all manures and water on the highest 

surfaces and it will naturally reach the lowest surface. These systems are suited to the environmental 

conditions of the particular locality (Martin and Sauerborn 2013; Thrall et al. 2010). Terrace farming can 

be also easily seen in the roadside valleys of Uttarakhand and Himachal Pradesh also. 

Horticulture Profile  
The geographical attributes and agro-climatic conditions of Uttarakhand are ideal for the production of 

subtropical and temperate fruit crops and the quality of its planting material. In hilly areas, fruits like 

apple, pear, peach, plum, apricot, almond, chestnut pecanut kiwi fruit, persimmon and walnut etc are 

produced in mid to high altitude, while mango, litchi, malta, oranges, lemon, aonla, guava, and 

pomegranate are mostly grown in Tarai and valley areas. Potato, cauliflower, cabbage, broccoli, tomato, 

onion, European carrot, brinjal, French bean, pea, and okra are among the major vegetables grown in the 

state. The state has the unique advantage of producing off-season vegetables in hilly areas, which fetch a 

good price in the market. The major spices are grown like ginger, garlic, coriander, cumin, turmeric, and 

chilli etc. 

Ranking of Uttarakhand in Horticulture in India  
1. Uttarakhand ranks first in the country in production of Pear (0.788 lakh MT), Peach (0.579 lakh MT), 

Plum (0.362 lakh MT) and Apricot (0.282 lakh MT) (www. shm.uk.gov.in). 

2. Uttarakhand rank second in the country in production of Walnut (0.19 lakh MT) followed by Jammu & 

Kashmir (2.10 lakh MT) (www. shm.uk.gov.in). 

3. Uttarakhand ranks third in the country in production of Apple (0.62 lakh MT) followed by Jammu & 

Kashmir (13.68 lakh MT) and Himachal Pradesh (6.25 lakh MT) (www. shm.uk.gov.in). 

4. Uttarakhand produce 14.70 crore spikes of cut flowers and rank eighth in the country. 

5. Uttarakhand rank eighteenth in the country in establishing food processing units. 

6. Productivity of spices is highest in Uttarakhand (7.21MT/ha) against national average of 1.80 MT/ha 

(www. shm.uk.gov.in). 
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Table 1. Area, production and productivity of horticulture in the Uttarakhand (2015-2016): 

Crop Area 

(lakhs 

ha) 

Production 

(lakhs MT) 

Productivity 

(MT/ha) 

state 

Productivity 

(MT/ha) 

National 

level 

Rank of 

country in 

terms of 

productivity 

Rank of 

country in 

terms of 

production 

Fruits 1.753 6.591 3.76 11.70 30th 18th 

Vegetable 

(including 

potato) 

0.898 9.454 10.52 17.30 23rd 19th 

Spices 0.126 0.857 6.82 1.80 1st 19th 

Flowers 0.013 Loose-0.017 

Cut- 1471 

lakh no. 

- - - Overall 8th 

& 2nd in cut 

flowers 

Total 2.790 16.919     

Source: State Horticulture Mission Govt. of Uttarakhand 

Table 2. Temperate fruit production in Agro-climatic zones in Uttarakhand: 

Agro-climatic zone Altitude (a msl) Climatic feature Crop 

Tarai and lower 

Doon 

Upto 600 m Humid sub-tropical 

climate 

Low chilling Peach, Pear and Plum, 

Tomato, Brinjal, Chilli, Okra, 

Cucurbits. 

Upper Doon, Bhawar 

and lower Shivalik 

600 m-1200 m Sub-tropical to sub 

temperate climate 

Peach, Pear, Plum And Apricot, 

Tomato, Brinjal, Okra, Beans  

Middle Garhwal-

Kumaon 

1200 m-1800 m Sub temperate to 

temperate climate 

Peach, Plum, Apricot, Apple, Almond 

And Walnut, Beans, Chilli, Potato, 

Brinjal Etc. 

Upper Garhwal and 

Kumaon 

1800 m-2400 m Wet temperate 

climate with 

moderate snowfall 

Apple, Peach, Plum, Plum, Apricot, 

Almond And Walnut, Potato, Onion, 

Cabbage, Pea, Garlic, Lettuce Etc 

Cold Zone (Munsiari, 

Badrinath areas etc.) 

2400 m-3600 m Wet temperate to 

dry temperate 

climate with heavy 

snowfall and severe 

cold.  

Apple, Walnut, And Sea-Buckthorn, 

Potato, Kale, Lettuce, Cauliflower, 

Cabbage, Radish, Turnip Etc. 

Source: State Horticulture Mission Govt. of Uttarakhand 

Cultivation of Crops  
The entire Himalayan range is favourable for growing a wide range of fruits, vegetables, flowers, spices 

and other cash crops. Small areas with their own micro climatic conditions provide suitable sites for 

growing particular crops such as apple, plum, peach, almond, apricot, kiwi and persimmon, walnut, citrus 

fruit etc are mainly grown as on commercial scale. 

In case of vegetables such as turnip, radish, potatoes, cabbage, cauliflower, onion, garlic, kale, lettuce and 

other cash crops like ginger, chillies and capsicum etc. and flowers such as orchids, gladioli, carnation and 

chrysanthemums. 

The fruits and vegetables cover around 16 per cent of crop land. The proportion of lands under fruit crops 

is much higher in the western Himalayas (20 per cent), than the central and eastern Himalayan region (5 

per cent only). The current trends towards rapid expansion of horticultural crops will have positive 

implications for improving the food and economic security of the farmers to enhance farmer income. 
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Fruits 

1. Apple (Malus domestica L.): Among temperate fruit crops, Apple is one of the major horticultural 

crops produced in the state. It accounts for 17% of the total area under fruit crop production in the State 

and 13% of the total fruit production. The State ranks third in production of apple after Jammu & Kashmir 

& Himachal Pradesh accounting 11% of area and 5% of all India production of apple. Apple is cultivated in 

almost all hilly districts of the State. In Uttarakhand it is mainly grown in Uttarkashi, Almora, Nainital 

in area viz., 9225 ha, 1578 ha and 1244.67 ha with a production of 20191.50 MT, 14080 MT and 8550 MT 

respectively [www. shm.uk.gov.in, 2019-2020]. Traditional cultivars such as Benoni, Early Shanburry, 

Fanny, Red Delicious, Royal Delicious, CITH-Lodh Apple, Ambri, Lal Ambri, Gold Delicious, Starkrimson, 

Red Chief, Gala, Red fuji and Spur group are well grown in hilly areas etc. Present days the new strains of 

Gala series as well as Delicious group are also grown at commercial scale in the state.    

2. Pear (Pyrus communis L.): Important fruit crop of temperate region. It belongs to the family Rosaceae. 

Pear fruit is rich source of protein and vitamins due to its wider adaptability of climate and soil pear can 

be grown in subtropical to temperate regions. In Uttarakhand it is mainly grown in Almora, Pithoragarh, 

Nainital in area viz., 3328 ha, 1256 ha and 614.24 ha with a production of 35794 MT, 12577.05 MT and 

9141.50 MT respectively [www. shm.uk.gov.in, 2019-2020]. Traditional cultivar such as Bartlett, Red 

Bartlett, Max Red Bartlett, Conference (Pollinizer), Flemish, Beauty (Conference), Kashmiri Nakh, Kieffer, 

Laxton’s Superb, Pant Pear 3 and Pant Pear 17 are well grown.  

3. Peach (Prunus persica L):  Peach along with its smooth-skin mutant, the nectarine, is a temperate 

juicy fruit of excellent appearance and quality. It has high nutritive value being rich in protein, essentials 

amino acids, minerals and vitamins. The major cultivars such as July Elberta, Red June, Florda Sun, Sun 

Haven, Red Haven, Saharanpur Prabhat, J.H. Hale and Red Globe etc. are mainly grown on commercial 

scale.  

4. Plum (Prunus salicina L.): Plum is fleshy and delicious temperate fruit. The fruit is a big berry with 

juicy pulp and a hard seed in centre.  In Uttarakhand it is mainly grown in Almora, Nainital, Tehri in area 

viz., 2618 ha, 596.75 ha and 1201.30 ha with a production of 20564 MT, 6295 MT and 2687.90 MT 

respectively [www. shm.uk.gov.in, 2019-2020]. The major cultivars such as Santa Rosa (act as pollinizer), 

Red Beaut, Frontier, Au-Rosa, Greengage, Methley and Mariposa etc. are mainly grown on commercial 

scale. 

5. Walnut (Juglans regia L.): Walnut is known for King of nut. It belongs to family Juglandaceae. The 

agro-climatic conditions of Himalayan region of India are eminently suited for commercial exploitation of 

walnuts from the North-Western Himalayas to the North-Eastern hill region. The Kernels contains fat, oil, 

carbohydrate and protein etc.  In Uttarakhand it is mainly grown in Almora, Dehradun, Pauri in area viz., 

2824 ha, 2777.06 ha and 2149.24 ha with a production of 8498 MT, 4099 MT and 1467.16 MT respectively 

[www. shm.uk.gov.in, 2019-2020]. The major cultivars such as Hamdan, Sulaiman, Govind, Pusa Khor, 

CITH Walnut-1, 2, 3,4,5,6,7,8,9, and 10 etc. are mainly grown on commercial scale. 

6. Apricot (Prunus armeniaca L.): Apricot is a deciduous fruit tree of the family Rosaceae and rank next 

to peach and plum in economic importance among the temperate stone fruits. In Uttarakhand it is mainly 

grown in Almora, Nainital, Dehradun in area viz., 2299 ha, 394 ha and 1189.48 ha with a production of 

17902 MT, 2926 MT and 1757 MT respectively [www. shm.uk.gov.in, 2019-2020]. The major cultivars such 

as Kaisa, Moorpark, New Castle, Nugget, Harcot, Royal, Turkey, Charmagaz, Halman CITH A-1 CITH A-

2, CITH A-3 etc. are mainly grown on commercial scale. 

7. Kiwi (Actinidia Deliciosa L): Kiwi is major temperate crop grown also in hilly region of Uttarakahnd. 

It belongs to family Actinidiaceae. The major cultivars are grown in India namely Habbard, Monty, Bruno, 

Alison, Tomori and Abbott. 

Vegetables 

1. Pea (Pisum sativum L.): Pea is a quick growing, an annual herbaceous vine that requires the trellis to 

support growth. It is a rich source of protein (25%), amino acids, sugars (12%), carbohydrate, vitamins A 

and C, calcium and phosphorus, apart from having a small quantity of iron. In Uttarakhand it is mainly 

grown in U.S. Nagar, Tehri, Dehradun in area viz., 3710 ha, 2246.20 ha and 1786 ha with a production of 
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30648.30 MT, 21319.05 MT and 10226 MT respectively. The major cultivars such as Ageta, Arkel, Early 

Badger, VL-7, VL-13, VL-14 and VL-15 are well grown. 

2. Cabbage (Brassica oleracea var. capitata L.): Among the cole crops, cabbage grown in more than 

ninety countries throughout the world and consumed globally. In Uttarakhand it is mainly grown in 

Haridwar, Nainital, Pithoragarh in area viz., 651 ha, 985 ha and 683.15 ha with a production of 13539.50 

MT, 12335.25 MT and 9331.57 MT respectively. The major cultivars are Golden Acre, Pride of India, 

Copenhagen Market, Pusa Ageti, Pusa Mukta, Pusa Drum Head and Red Acre are well grown. 

3. Cauliflower (Brassica oleracea var. botrytis L.): Cauliflower is a popular vegetable and this belongs 

to the family Cruciferous. It works as anti-cancer agent. It promotes heart health, lower cholesterol levels. 

In Uttarakhand it is mainly grown in Dehradun, Haridwar, U.S. Nagar in area viz., 903.50 ha, 487 ha and 

336 ha with a production of 16705 MT, 10142.50 MT and 5712 MT respectively [www. shm.uk.gov.in, 2019-

2020]. The major cultivars are Early Kunwari, Pusa Early Synthetic, Pant Gobhi 3, Pusa Deepali Pusa 

Synthetic, Pant Shubhra, Pusa Shubhra and Pant Gobhi 2 etc.   

4. Onion (Allium cepa L.): It is most important crop grown in temperate region (Elevation upto 1800 m 

– 2400 m. The green leaves and immature and mature bulbs are eaten raw used in preparation of sauces, 

soups and seasoning of food on account of its special characteristic pungency. It is due to the presence of 

sulphur bearing compound known as allyl-propyl-disulphide. In Uttarakhand it is mainly grown in Tehri, 

Pauri, Haridwar in area viz., 831.60 ha, 527.50 ha and 292 ha with a production of 7389.71 MT, 7156.50 

MT and 6094 MT respectively. The major cultivars such as Agrifound Dark Red, Agrifound Light Red, Arka 

Niketan, Arka Pragati, Arka Kalyan, Arka Pragati, Pusa White Flat, Pusa White Round and Early Grano 

are mainly grown on commercial scale.   

5. Radish (Raphanus sativus L.): The leafy tops are very rich in vitamin A, B, C and minerals 

particularly Ca and Fe. The roots and leaves are consumed both as salad and as cooked vegetable.  In 

Uttarakhand it is mainly grown in Almora, Pithoragarh, Pauri in area viz., 858 ha, 821.80 ha and 607 ha 

with a production of 15968 MT, 10301.62 MT and 8401.60 MT respectively. Radish contains alkaloids 

known as isothiocyanate though it is good source of carbohydrates and minerals. The major cultivars such 

as Pusa Himani and Palam Hriday etc. are mainly grown on commercial scale.    

Irrigation Management 

In Uttarakhand, farmers adopt generally two types of irrigation practices i.e., the rainfed and the irrigated. 

Most of the farming system in the state is rainfed. The net irrigated area of the state stands at 3.38 lakh 

hectares [https://agriculture.uk.gov.in/ (2009-2010)]. The net irrigated area to net sown area for the state 

is 45 percent. Being large area under hills, irrigation is available mostly in the plains and valleys. So, there 

is a need to generate alternate sources of irrigation to increase the net irrigated area, which in turn shall 

also increase the cropping intensity of the state. Technologies like drip irrigation, sprinklers etc. can also 

be used for better water management. 

Conclusion 

A large part of geographical area in Uttarakhand is hilly terrain having primarily rainfed subsistence agri-

horticultural crops. The diversification of hill horticulture can provide better choices and quality options 

for sustaining the livelihoods of hill farmers. There is an urgent need to improve productivity of crops, post 

harvest handling and processing of (jam, jelly, syrup, candies etc) fruits and vegetables. It is also important 

to introduce organic farming practices to enrich soil and increase soil depth for sustained development of 

horticulture in the long run in Uttarakhand. 
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Sunflower seeds are one of the most nutritious and healthy foods. Sunflower is described as “drenched with 

sun-vitality” because the head follows the sun, ending up facing the west “to absorb the few last rays of the 

dying sun”. India is one of the largest producers of oilseed crop in the world. Oilseeds occupy an important 

position in the Indian agricultural economy. Our country accounted for 4.77 percent (1250 thousand MT) 

of total world production of sunflower in 2004. Due to source of high-quality edible oil, sunflower oil is used 

as cooking oil in different recepies. It’s importance increases as sunflower oil is considered as a heart 

friendly oil. Besides oil, almost every part of sunflower has commercial value. It is used in the 

manufacturing paints, resins, plastics, soap, cosmetics and many other industrial products. Sunflower as 

an oilseed is a newly introduced crop in the country. This crop has gained importance due to its short 

duration of maturity, containing of excellent quality of oil, photo-insensitivity, and wide adaptability into 

different kinds of cropping pattern, high-energy hull and drought tolerance. It is a short duration crop and 

can be incorporated in different type of cropping pattern. Sunflower is grown as inter cropping with crops 

such as Groundnut, Pigeonpea, Castor, Soybean and Urd bean. Since it is a photo-insensitive crop, it can 

be grown throughout the year. Oil cake is rich in high quality protein (40 – 44 percent) and used as cattle 

and poultry feed. This crop is considered valuable from economic as well as ornamental point of view. 

Sunflower is a robust oilseed crop, the seeds of which contain about 20% protein in addition to 40—50%, oil 

which has a mild taste, pleasant flavour, good keeping quality with acceptable amounts of vitamins A, D 

and E. Sunflower meal is the by-product of the extraction of oil from sunflower seeds. In terms of 

production, it is the 4th most important oil meal after soybean meal, rapeseed meal and cottonseed meal 

(Oil World, 2011). Hulls obtained during decortication of sunflower have high fibre content and can be used 

as roughage in certain animal feeds. Alternately, they can be used to produce heat by burning, as they yield 

the same amount at heat as lignite coal. Hull content of sunflower seeds varies between 30-40% depending 

on the variety, which are often removed before oil extraction. Its presence would cause great wear on 

machinery with higher energy requirement as well as its presence in cake or meal would reduce their 

biological value, this is because of their deleterious effects on oil presses: they hinder lower oil extraction 

and reduce the quality of both oil and meal (Kartika, 2005). Reducing the hull content by 1% improves 

pressing capacity by 2.5%. A well-managed dehulling process yields seeds with 8-12% hulls remaining on 

the kernels (Campbell, 1983). The hull mostly contains crude fiber and insignificant quantity of fat. The 

hull would reduce the total yield of oil by absorbing and retaining oil in the pressed cake, hence its removal 

is must. Traditionally the hull of sunflower seed was removed by hand. The flattened shape of sunflower 

seed presents an inherent difficulty for complete dehulling of the seed using a disc hulled as considerable 

proportion of seed escapes undecorticated. Different types of treatments to dehull the seeds such as, wet 

dehulling, manual and mechanical methods are used. The removability of hull is poor in all wet dehulling 

pretreatments. Sunflower seeds that are dehulled by mechanical method are most acceptable method 

among other methods. Dehulling increases the protein content and decreases the fibre content. However, 

while sunflower seeds are often subject to dehulling, either to make confectionery products or before oil 

extraction in the case of oil seed types, the process is costly and dehulled seeds are seldom used as animal 

feed (OECD, 2007). Recent sunflower varieties have less hulls and are more difficult to decorticate. 

Sunflower Seed Proteins  
The protein content of the seed varies with the genotype from 9 to 24% (Jackson, 1956; Smith and Guard, 

1958). Selection for high oil content resulted in decreased protein content because protein and oil contents 

are negatively correlated. However, a redistribution of protein fractions has occurred during selection for 

high oil content, resulting In an Increase of the albumin fraction. Moreover, an Increase In the ratio of 

albumin (17-23%) to globulin (55-60%) Improved protein quality greatly since globulins have higher levels 

of phenylalanine and aspartic acid but lower concentrations of methionine, cystine and lysine than the 

https://www.feedipedia.org/node/674
https://www.feedipedia.org/node/52
https://www.feedipedia.org/node/550
https://www.feedipedia.org/node/5724
https://www.feedipedia.org/node/13723
https://www.feedipedia.org/node/13753
https://www.feedipedia.org/node/6226
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albumin (Baudet and Mosse, 1977). Environmental factors can also affect protein content and quality. 

Protein content increased from 14 to 20% as environmental temperature Increased from 10 to 26°C 

(Canvln, 1965). Borodulina and Suprunova (1976) Indicated that growing sunflower under dry land 

conditions tends to increase the salt-soluble fraction of protein and lower its quality. Sunflower protein has 

a potential in human and animal nutrition as a protein source. Under optimal processing and dehulling 

conditions, the protein quality of a meal from sunflower seed is equivalent to that of soybean meal. 

However, when processing conditions are harsh or when excess heat is used to desolventize the meal, some 

decline in biological value occurs due to the destruction of lysine, arginlne and tryptophan (Clandlnin, 

1958). 

Sunflower Hulls  
The pericarp or hull Is composed of approximately equal proportions of lignin, pentosans and cellulosic 

materials representing 82 to 86% of the total weight of the hull (Earle et al., 1968) . The lignin and the hull 

carbohydrate are highly indigestible by animals. Hull content of sunflower seeds varies between 30—40% 

depending on the variety. Its hull mostly contains crude fibre and insignificant quantity of fat. It is usually 

removed before oil extraction otherwise its presenee would cause great wear on machinery with higher 

energy requirement as well as its presence in cake or meal would reduce their biological value. Moreover, 

the hull would reduce the total yield of oil by absorbing and retaining oil in the pressed cake, hence its 

removal is must. 

 

Processing Procedures of Sunflower Seeds  
Processing conditions of sunflower seeds during oil extraction are critical for maximizing oil yield and in 

producing a good quality meal that can be used successfully in animal or human nutrition. Hence, 

processing conditions are optimized for this purpose but sometimes at the expense of the nutritive qualities 

of the meal. Sunflower seed may or may not be dehulled prior to extraction, depending primarily on the 

design of the processing plant. Dehulllng has many advantages; it reduces the movement of an unnecessary 

mass through the systems, it reduces wear in the expeller, it reduces the wax content of the oil, and it 

reduces the fiber content of the meal (Dorrell, 1976). The kernels are crushed or rolled, then cooked to 

facilitate the disruption of oil-bearing tissue (Macuk, 1971). The cooking temperature has been shown to 

affect the efficiency of oil extraction and nutritive value of the meal. The flaked kernels are prepressed in 

a screw press or expeller (Tlndale and Hill-Haas, 1976); then the oil is extracted using an organic solvent. 

The main solvent used is hexane, but other solvents can be used. Solvents are recovered by evaporation 

using heat. Morrison et al. (1953) reported an increase in the oil content of sunflower meal when the cooking 

temperatures were decreased from 115°C and 127°C to 93°C and 104°C in the cooker and conditioner, 
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respectively. Also, sunflower meal processed at lower temperatures (93-104°C) supported better growth 

when fed to growing chickens. 

Table 2.-Chemical composition of sunflower meal 

Composition 

Metabolizable energy (kcal/kg) * 
 

1.81 

Crude protein (%) 
   

31.40 

Calcium (%) 
   

0.30 

Total phosphorus (%) 
  

1.00 

Crude fiber (%) 
   

23.00 

Methionine (%) 
   

0.72 

Lysine (%) 
   

1.22 

Methionine + cystine (%) 
  

1.25 

Threonine (%)       1.19 

*Rostago et al. (2005)       

Chemical Composition of Sunflower Meal 
The chemical composition of sunflower seed meal compares favourably with most other vegetable-type 

meal. The main exceptions are the higher fiber and ash contents, which tend to reduce the metabolizable 

energy of the meal. Composition of the meal tends to vary directly with the efficiency of the dehulllng and 

extraction procedures. Dehulling is usually biased towards minimum loss of oil-bearing tissue; therefore, 

the meal contains more fiber than desired for optimum quality (Dorrell, 1976). The sunflower meal protein 

has a well-balanced amino acid composition. Sunflower meal Is known to be a good source of calcium, 

phosphorus and B-complex vitamins (Morrison, 1975; Clandinin, 1958). Sunflower meal is free of toxic 

compounds that may seriously impede its use in human or animal nutrition.This article focused on 

assessments of the productive effects generated by the usage of the decorticated sunflower seeds in the 

poultry feed. 

Sunflower de oiled cake is another name for sunflower meal. This is our main product of solvent extraction 

where we extract oil from sunflower cake. 

It's rich in nutrition and is an excellent choice for all livestock feed. 

Parameters - Characteristics 

Protein - 28 to 30% 

Moisture - 12% Max 

Fibre - 17% to 20% 

Sand and/or Silica - 2% Max 

Conclusion 

Sunflower seed extracts such as sunfoil, meal, and cake could be a promising human diet and livestock 

feed. The exploitation of sunflower seeds products with high protein content has application in food 

processing and various pharmaceutical and agriculture. Therefore, the focus should be on oilseeds 

production in averting food shortage and high consumption of cholesterol foods that form part of the human 

diet with diseases‐causing tendencies.    
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In a major relief to consumers suffering from high inflation, edible oil companies in India are set to slash 

prices following a readjustment of global supply chains and relaxation of export. Landed prices of palm oil 

declined 16% to $1,520 a tonne, from the levels prevailing a month back. Sticky food inflation will likely 

moderate in the near term on eased domestic supplies and softening prices of key edible oils, giving comfort 

to the Reserve Bank of India (RBI), which is battling “persistent” inflation. Global prices of oil palm, 

soybean and sunflower oils have declined 10-16% in the last one month as supplies picked up. This, coupled 

with a slashing of tariff barriers on imports of edible oils and the removal of an export ban by Indonesia, 

has let leading food companies in India cut retail prices. More price reductions are in the offing, as tariff 

cuts and global supply improvements start fully reflecting on landed cost of crude edible oils. 

In the race to get on top of rising inflation, the government on May 24 allowed tariff-free imports of crude 

soyabean and sunflower oils during this financial year and the next. The tax waiver is subject to an annual 

cap of 2 million tonne for each oil, which will more than suffice to meet the needs of domestic refiners and 

ease supplies in the domestic market. The government also removed a residual 5% agriculture 

infrastructure development cess on the two crude edible oils. 

A similar tax relief for palm oil was also demanded by the local processors, but the government has chosen 

not to accede to it for the time being. The government would watch the market situation before taking a 

call on whether to make palm oil imports also tax-free. Palm oil imports are roughly 60% of India’s edible 

oil imports. 

Crude palm oil imports currently attract only a 5% agri infra cess and a 10% education cess upon it, 

meaning a total tax incidence of 5.5%. Basic customs duty waiver will apply till September 30. 

Although global edible oil prices are still elevated compared to a year ago, the decision by Indonesia, the 

largest global exporter of palm oil, to lift ban on exports is improving global supplies. The exporters of crude 

sunflower from Ukraine have commenced using the Poland land route. 

India meets 56% of its annual edible oil consumption via imports and annual imports are around 13 to 14 

million tonne (MT). Around 8 MT of palm oil is imported from Indonesia and Malaysia, and while other 

oils, such as soya and sunflower, come from Argentina, Brazil, Ukraine and Russia. 

India’s retail inflation eased to 7.04% in May from a 95-month high of 7.79% in April. Price pressure in 

food products, the dominant segment within the consumer price index with an almost 46% weight, eased 

from April’s 17-month peak of 8.31% to hit 7.97% in May, partly aided by a conducive base.  

Retail prices of branded edible oil are inching down as packaged consumer goods firms pass on the gains 

from import duty cuts and cooling global prices, in a relief for millions of households scarred by rising 

prices. While Adani Wilmar, Patanjali, Mother Dairy and Emami Agrotech have already cut prices, others 

are expected to introduce promotions to win back consumers lost to cheaper products. 

Adani Wilmar has reduced the price of its 1 litre Fortune refined Sunflower oil pack from ₹220 to ₹210, and 

that of Fortune Soyabean and Fortune Kachi Ghani (mustard oil) 1 litre pack from ₹205 to ₹195. Patanjali 

Ayurved has lowered edible oil prices by 7-10%, Prices have been cut across its entire range of cooking oils 

including soybean, groundnut, sunflower and rice bran after oil prices softened. New Delhi-based milk 

cooperative Mother Dairy recently cut maximum retail prices (MRP) of its Dhara edible oils by up to ₹15 

per litre across variants. “This reduction is largely being done for oils majorly consumed in our country 

such as mustard oil, soyabean oil and sunflower oil, on account of recent government-led initiatives, 

reduced impact of international markets and ease in availability of sunflower oil, including improved 

domestic sunflower crop.  
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Cargill India has reduced the maximum selling price of its Gemini sunflower cooking oil by ₹35 per litre. 

Similarly, Emami, popular in the east, and other companies, have also reduced prices, along with the fall 

in international prices, Edible oil prices surged worldwide during 2021-22, as oilseed production fell, and 

manufacturing and logistics costs rose. However, the recent reduction in import duty on crude and refined 

edible oils have helped FMCG companies pass on the benefits to consumers. Global palm oil prices have 

also dropped below $1,300 per metric tonne, from the peak levels of $1,800-1,900 per metric tonne. Further 

pressure likely due to peak production season for palm oil in SE Asia, rising Indonesian exports   

India imports roughly 14 million metric tonnes of vegetable oils every year, of which palm oil accounts for 

about 60%, followed by soybean oil and sunflower oil, at 35%-40%, showed data from the Solvent Extractors’ 

Association of India. However, late April, Indonesia, the world’s biggest producer and exporter of palm oil, 

temporarily banned exports citing domestic shortages, before lifting it on 23 May. 

The new base import price of crude palm oil now stands at $1,620 per tonne as against $1,625 per tonne. 

Similarly, RBD palm oil and RBD palmolein base prices have also been reduced to $1,757 per tonne and 

$1,767 per tonne, respectively. The base import price of crude soya oil has been reduced to $1,831 per tonne, 

compared with $1,866 per tonne. The base prices are used to calculate the amount of tax an importer needs 

to pay. 

India’s palm oil imports in May fell 10 per cent as compared to April as top producer Indonesia curbed 

exports of the edible oil. The Solvent Extractors’ Association (SEA) said India imported 5,14,022 tonnes of 

palm oil in May, down from 5,72,508 tonnes in April. 

India imports over 13.5 million tonnes of edible oil every year, out of which, 8-8.5 million tonnes (around 

63 per cent) are palm oil. The country is the world’s largest importer of palm oil and is dependent on 

Indonesia and Malaysia for its demand. Nearly 45 per cent of the total edible oil imports come from 

Indonesia and the remaining from neighbouring Malaysia. India imports roughly 4 million tonnes of palm 

oil from Indonesia each year. 

Duty-Free Imports of Edible Oils  
According to an official notification, the central government has allowed duty-free import of 20 lakh tonnes 

each of crude soyabean oil and crude sunflower oil for this year and 2023-24. It means that till March 31, 

2024, a total of 80 lakh tonnes of crude soybean oil and crude sunflower oil could be imported duty-free. 

  

https://www.news18.com/india/
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Abstract  
Tulsi is known as holy basil. It is a sacred plant in Hindu belief. Tulsi is the most significant medicinal 

plant. The roots, seeds and leaves of tulsi are majorly used. Tulsi plant is not only used in ayurvedic 

medicines but also used in other medicinal purposes. The research studies analysis that tulsi a holy basil 

is a clinical outcome after the ingestion. Tulsi is famous for household medication for many diseases like 

injury, back pain, stomach disease etc. The reviewed studies suggest that tulsi is an effective treatment for 

cancer, skin diseases, diabetes and mental stress. 

Keywords: Tulsi, Holy basil, Ayurvedic medicine, Ocimum sanctum, essential oil, medicinal. 

Introduction  
Herbal Plants are one of the most important sources of medicine. From Ancient times, these herbal plants 

are very important place in our life. Tulsi is one of the most common herbs used in Indian traditional 

system. It is also named as “Queen of Herbs”. Tulsi is known as “The elixir of life” because it promotes 

longevity.  The additional name of tulsi is “Vishnupriya” which expresses the delight of Lord Vishnu. It is 

called as Holly Basil in English and Ocimum sanctum in botanical. Tulsi is cultivated for religious as well 

as traditional medicine purpose. It is widely used as an herbal tea. In India and Nepal, the three main 

monotypes of Tulsi are cultivated i.e Rama tulsi, Krishna tulsi and Vana tulsi. It is one of the healing herbs 

that contains Vitamin A and Vitamin C. 

 
Figure 1. Ocimum tenuiflorum 

Objective  
The present study discusses the medicinal and beneficial role of tulsi in the present scenario. 

Synonyms  
Language Name of Tulsi 

Sanskrit Surasa, Krishna tulasi, Bana tulasi 
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Hindi Tulasii, Vishnu priya 

English Holy Basil 

Punjabi Tulsi 

Urdu Raihana,Tulss 

Varieties of Tulsi  
Tulsi is cultivated in different parts of the World. 

Holy basil Rama tulsi 

Krishna tulsi 

Amrita tulsi 

Vana tulsi 

Mediterranean basil Sweet basil 

Thai basil 

Purple basil 

Vietnamese basil 

Italian Genovese basil 

Lemon basil 

African blue basil 

American basil 

 
Figure.2 Tulsi plant 

Health Benefits of Tulsi in our Life 

1. Fever 

2. Kidney Stone 

3. Cough 
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4. Heart diseases 

5. Stress 

6. Sore Throat 

7. Skin disorders 

8. Insect bites 

9. Dental disorders 

Conclusion  
Increased cost of medicine has become burning public health concern in the developing countries. If 

everyone chose natural products like herbs which are not only beneficial for health but also cost effective. 

Tulsi is a conventional plant used for the management of a large variety of disorder such as skin and dental 

disorders, heart diseases, cough, kidney stone and mental stress etc. 

References  
1. Warrier PK. Indian Medicinal Plants. Chennai, India: Orient Longman; 1995. p.168. Upadhyay: Medicinal value of Tulsi plant 

International Journal of Green Pharmacy • Jan-Mar 2017 (Suppl) • 11 (1) | S10 

2. Aggarwal K, Kannan AT, Chhabra P, Kumar P, Trikha VK. Knowledge, attitudes, beliefs and practices regarding measles in 

a rural area of Delhi. J Commun Dis 2002;34:128-34. 

3. Gupta SK, Prakash J, Srivastava S. Validation of traditional claim of Tulsi, Ocimum sanctum Linn. As a medicinal plant. 

Indian J Exp Biol 2002;40:765-73 

4. Chattopadhyay RR. Hypoglycemic effect of Ocimum sanctum leaf extract in normal and streptozotocin diabetic rats. Indian J 

Exp Biol 1993;31:891-3. 

5. Modak M, Dixit P, Londhe J, Ghaskadbi S, Devasagayam TP. Indian herbs and herbal drugs used for the treatment of diabetes. 

J Clin Biochem Nutr 2007;40:163-73. 

  



 

 
Volume 04 - Issue 07 - July 2022       644 | P a g e  
 

Goniozus nephantidis - An Effective Ectoparasitoid 
Article ID: 37712 

Raveena Maathri. R. A1, Suruthi. M1, Rajasekar. G2 
1UG Scholar, S. Thangapazham Agricultural college, Vasudevanallur, Tenkasi. 

2Assistant Professor, Department of Plant Pathology, S. Thangapazham Agricultural College, 

Vasudevanallur, Tenkasi, 

 

 
 

Abstract  
Goniozus nephantidis (Muesebeck), a gregarious larval or prepupal ectoparasitoid, one of the dominant and 

effective parasitoids of O. arenosella. Black-headed caterpillar, Opisina arenosella, is a serious and endemic 

pest of coconut palms, causing severe defoliation and yield loss. The mass production of G. nephantidis 

would be suitable for promoting localised production at village or district level especially for farmers, 

unemployed graduates, private and public sector units and NGOs. 

Keywords: Black-headed caterpillar, Corcyra cephalonica, Opsinia arenosella. 

Introduction  
Goniozus nephantidis (Hymenoptera:Bethylidae) is the most widely used parasitoid of Opisina 

arenosella.  It is a study gregarious larval or prepupal ectoparasitoid.  The host larvae are parasitized and 

the parasitoid even feeds on host body fluid. The parasitoid is also capable of suppressing the population 

by merely stinging and paralyzing 1st – 2nd instar larvae.  G. nephantidis is the most common and effective 

parasitoid of late instars caterpillars of O. arenosella in several parts of the country. Presently, G. 

nephantidis is mass multiplied on Corcyra cephalonica under laboratory condition and then the mass-

produced G. nephantidis released to the field against pests on the host. 

 
Fig: Adult of Goniozus nephantidis 

Favourable Condition  
1. Temperature -28˚C 

2. Relative humidity-72%. 

Host for G. nephantidis  
S.No Crop Pest Scientific Name Images 

1. Coconut Black headed 

caterpillar 

Opsinia arenosella 
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2. Rice Rice moth Corcyra cephalonica 

 
3. Groundnut Leaf miner Aproaerema 

modicella 

 

Life Cycle  

 
Fig: Infection cycle of G.nephantidis 

1. Incubation period: 1.5 days  

2. Larval period: 4-6 days  

3. Prepupal period: 2-2.5 days  

4. Pupal period: 4 days  

5. Total: 11-14 days  

6. Premating period: 1-2 days 

7. Pre oviposition period: 2-3 days 
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Culturing Method  

 

Production Procedure  
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Field Release of Parasitoids in the Coconut Gardens  
1. Adult parasitoids have got a capacity of flying upto a height of 30 meters to 100 meters.  

2. The parasitoids should be released at least in 3 stages at weekly intervals @ 10 per tree.  

3. The lid/cork of the container may be opened and parasitoids released by tapping the jar/ tube gently. 

4. The released parasitoids will immediately fly and search the pest caterpillar in the leaf folds and deposit 

their eggs thereby parasiting the pest larvae.  

5. Further multiplication of parasitoids in the field will occur naturally.  

6. Parasitization will be effective on 2nd and 3rd instar pest larvae.  

7. The parasitoids will be lost vigour if the field temperature is > 35˚C. 

Conclusion  
The larval parasitoid G.nephantidis is an efficient parasitoid which helps in suppression of O.arenosella in 

field. In field condition, host guarding or parental care of the G. nephanditis are able to competitive to other 

natural enemies and thus prevent/minimize the hyper parasitism. Frequent release of the parasitoid at 

certain intervals will helps to reduce the black headed caterpillar population. 
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Abstract  
Trichoderma spp is have been widely used in agricultural application due to its well-known biological 

mechanism in the usage of microbial inoculant in trichoderma based product. Transgenic strain of 

Trichoderma atroviridae express the Aspergillus niger glucose oxidase – encoding gene, goxA, had increase 

capabilities as a fungal bio control agent. The transgenic strains also more quickly over grew and lysed the 

plant pathogen Rhizoctonia solani and Pythium ultimum. 

Keywords: Trichoderma spp, biological control, plant growth promotors, T. atroviridae as a biocontrol 

agent. 

Introduction  
Trichoderma atroviridae is a soil filamentous fungus.it is belonging to the genus Trichoderma and it’s 

highly interactive in soil, root and foliar conditions.it is used as a plant growth enhancer, bio stimulants, 

bio fertilizers and as effective bio control agents against various plant pathogens. This organism is 

attributed to a combination of successful nutrient competition, production of enzyme, antibiosis, induce 

secondary metabolites production and also induce host defense mechanism. 

Characteristics of Trichoderma atroviridae  
1. Branched conidiophores that cluster into fascicles. 

2. Broad and straight/flexuous branches of hyphae  

3. Conidial pigments are either white or bright green in color. 

4. Synanamorphs are recognized by their solitary conidiophores that are verticillately branched and that 

bear conidia in a drop of clear green liquid at the tip of each phialide. 

5. Chlamydospores are typically unicellular subglobose and terminate short hyphae. 

Chlamydospores  

 
Fig 1: Unicellular subglobose and terminate short hyphae 
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Conidia  

 
Fig 2: Branched conidiophores that clusters into fascicles. 

Mode of Action  

 
Fig 3: Mode of action of Trichoderma atroviridae 

1. Competition – for space and nutrient under specific condition do not get substrate. 

2. Mycoparasitism – hyphae of trichoderma either grow along the host hyphae or coil around it. 

 
Fig 4: Coiling mechanism of hyphae around the pathogen 
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3. Antibiosis – in such antagonostic relationship spp.A produces a chemical substance that is harmful to 

spp.B without a spp. A deriving any direct benefit. Eg: Trichoderma secreted – trichodermin, viridine, 

trichothecin, sesqterpine. 

4. Endophyte: Trichoderma Strain Promotes Growth of Its Hosts and Defends Against Pathogen Attack. 

5. Induced resistance: Its mode of action does not depend on direct killing or inhibition of the invading 

pathogen, but rather on increasing physical or chemical barrier of the host plant. 

Preparation of Mother Culture  

 

Mass Multiplication  
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Trichoderma atroviridae as a Bio Control Agent  

 

Application Methods  
1. Seed treatment: 6- 10g of Trichoderma formulation per kg of seed before sowing. 

2. Nursery treatment: apply 10-25 kg of Trichoderma formulation per kg of 100 m² of nursery bed. 

Application of neem cake and FYM before treatment increases the efficacy. 

3. Cutting and seedling root dip: Mix 10g of Trichoderma formulation along with 100 g of well rotten 

FYM per lit of water and dip the cuttings and seedlings for 10 min before planting 

4. Soil treatment: Mix 1 kg of Trchoderma in 100 kg of FYM and cover it for 7 days with polythene bags. 

sprinkle the heap with water immediately. Turn the mixture in every 3-4 days interval and then broadcast 

in the field. 

Conclusion  
Trichoderma atroviride produced in different culture conditions increased some growth parameters of plant 

and also reduced the pathogenicity effects of R. solani. The integration of signaling molecules released by 

Trichoderma that activate plant growth and defense responses, and the beneficial effects as a consequence 

of indirect mechanisms such as mycoparasitism, antibiosis and competence in the rhizhosphere are 

emerging as a new regulatory node by which these fungi affect plant growth. Trichoderma and plants are 

essential for utilizing those fungal species in the field. 
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Abstract  
The Maconellicoccus hirsutus is a serious pest of grapevine and citrus in India.  These bugs are hard to kill 

in the plantations and gardens. Heavily infested clusters of the fruits give weak appearance, shrivel and 

droop down. Because of this the marketability is lost. The Australian Ladybird beetle, Cryptolaemus 

montrouzieri is an effective predator of the mealy bug. These mealy bugs are used as natural hosts for the 

mass production of the predatory beetle. Now a days biocontrol agents play a vital role in controlling pests 

in crop production especially in case of organic farming. The need for mass production is that this biocontrol 

agents are short- living. Hence, they must be mass reared to ensure perfect pest management. The efficient 

use of this biocontrol agents in the right time can make a considerable effect in the pest control. 

Keywords: Maconellicoccus hirsutus, Cryptolaemus montrouzieri. 

Introduction  
M.hirsutus (pink mealy bug or hibiscus mealy bug) is a serious pest of various economically important 

crops. These bugs are hard to kill in the plantations and gardens. Heavily infested clusters of the fruits 

give weak appearance, shrivel and droop down. Because of this the marketability is lost. The Australian 

Ladybird beetle, Cryptolaemus montrouzieri is an effective predator of the mealy bug.  These mealy bugs 

are used as natural hosts for the mass production of the predatory beetle. The grapevine mealy bugs occur 

throughout the year on grapevine.  The bugs are found the leaves, shoots, nodes, bunch and loose bark in 

the vine.  The adult females are pinkish and covered with a mealy coat. The fecundity per adult is 350-500 

eggs. The orange-coloured eggs hatch in 5-10 days and the crawlers migrate and settle on places that 

support their food requirement.  The crawlers become sedentary as they advance in age.  The multiplication 

rate of the bugs is higher in summer months and life cycle gets prolonged during cooler months. 

 
Fig.1 Pink hibiscus mealybug 
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Lifecycle  

 
Fig.2 Life cycle of M.hirsutus 

Mass Production of M. hirsutus  
1. Colony establishment: 

The colonies of the mealy bugs are established from field collection initially. Guava plantations, 

vineyards, croton plants, citrus and pomegranate gardens are good reservoirs of the mealy bug 

populations. 

 
From them a primary colony under quarantine is established separately in the lab utilizing the 

quarantine facility 

 
During this period the colony is purified to obtain mealy bug population free of attacks by parasitoids 

and scavenging ants 

2. Culture maintenance: 

The mealy bugs are cultured on pumpkin (red) in the laboratory.  It is very difficult to maintain the 

colony on the natural host plants. The selection of pumpkin is critical for successful development of 

mealy bugs. 

 
Fleshy pumpkins with intact peduncle and deep ridges and furrows of weight 2.5 kg devoid of wounds 

and mouldy patches are used for multiplication of the bugs. 

 
The pumpkins are soaked in carbendazim 0.5% for 1 min. and shade dried.  The cut ends and wounds 

are plugged with molten wax.  Along the furrows burlap is provided to facilitate settling of the 

crawlers. 

 
The pumpkins are placed in large sized cages over stainless steel stands. The cages are set up in ant 

proof conditions as the mealy bugs secrete honey dews which attract ants invariably. 
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Ovisacs of healthy adults are collected and placed on fresh pumpkin in the laboratory individually. 

 
From them, the eggs are allowed to hatch and multiply. The crawlers move along the burlap and settle. 

 
In a month time, the mealy bugs begin to smother the entire surface of the pumpkin. From this stock, 

subsequent colonies are established. 

 
When the colony is in active growth period with breeding females, the ovisacs are collected with the 

help of camel hair brush and transferred to fresh pumpkins prepared as above. 

 
During the mass production care is taken to avoid fungal invasion. The cages, steel ware and burlap 

used are sterilized using common bleach. Used pumpkin fruits with symptoms of mould invasion are 

disposed of immediately. 

Role in Biocontrol Agent Production  
Maconellicoccus hirsutus is used for the mass production of some bio control agents. The list of the bio -

control agents and the pest controlled are given below: 

S.NO Bio-control agents Nature  of attack Crop  Pest   controlled 

1 Anagyrus kamali 

     

 . 

Endoparasitoid Citrus, 

Grapevine, 

hibiscus 

Maconellicoccus 

hirsutus,Ferrisia virgate 

and Nipaecoccus viridia 

2 Cryptolaemus 

montrouzieri 

Predator Citrus,Coffee, 

Grapes 

Maconellicoccus 

hirsutus, Planococcus 

citri, Ferrisia virgata 

and Pulvinaria maxima. 

Conclusion  
Now a days biocontrol agents play a vital role in controlling pests in crop production especially in case of 

organic farming. The need for mass production is that this biocontrol agents are short- living. Hence, they 

must be mass reared to ensure perfect pest management.  The efficient use of this biocontrol agents in the 

right time can make a considerable effect in the pest control. 
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Abstract  
Biological control are the vital components of an integrated pest management practices. Chelonus 

blackburnii an egg larval paradsitoid, found to be the best biocontrol agent against various polyphagous 

pest especially , Helicoverpa armigera .This present study involves the general characters mass production 

and management practices which are carried by Chelonus blackburnii has been released. 

Introduction  
Chelonus blackburnii is introduced from Hawaii.  A parthenogenetic egg-larval parasitoid, Chelonus. 

blackburnii has a fairly wide host range but in India the common meal moth Corcyra cephalonica and 

potato tuber moth Phthorimaea operculella have often been used for multiplication of this 

parasitoid. Chelonus blackburnii alters the feeding performance of pests upon parasitism which it severely 

affects the growth and development of a pest. 

The exotic egg larval parasite Chelonus blackburnii was mass reared on Corcyra cephalonica in the 

laboratory in India and released at Mundhal, Haryana for the biological control of Pectinophora gossypiella, 

Earias vittella and Heliothis armigera on cotton. Indirect recoveries using paper strips with eggs of Corcyra 

cephalonica showed that the parasite was breeding and becoming established in the field. 

Kingdom – Animalia         

Phylum - Arthopoda 

Class – Insecta 

Sub class – Dicondylia 

Order – Hymenoptera 

Family – Braconidae 

 
Fig 1.1 
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Main Host  

 

Favourable Condition  
It requires 25 – 30oC. 

The relative humidity is 65%. 

Life Stages of Chelonus blackburnii  
1. The egg-larval Parasitoid is pink bollworm. Pectinophora gossypiella is presented. 

2. Pink bollworms were reared in the laboratory on a wheat germ diet. 

3. At 29°C, Parasitoid eggs (0.12—0.18 mm) begin to eclose ≈22 h after oviposition.Three instars occur in 

this species. 

 
Fig 1.2 

4. The 1st instar is endoparasitic and ranged in length from 0.14 mm to 1.25 mm. 
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5. The 2nd instar also is endoparasitic and is 1.89–3.04 mm long. This stadium lasts approximately 2–

3days. 

6. The 3rd instar is an average of 3.82 mm long and is endoparasitic early in its development but becomes 

ectoparasitic toward the completion of its development. This stadium lasts approximately 3 days. 

7. The pupal stage lasts 6–7 d. adult parasitoids begin to emerge 21days after oviposition. 

Mass Production  

 

Rearing of Chelonus blackburnii  

  
Fig 1.3 Fig 1.4 

Field Release  
1. Potato tuber moth: Two releases @50,000 adults release-1 in the field and 5 adults 1kg potatoes in 

godowns. 
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2. Cotton bollworms: 50,000 adults week-1, first release coinciding with sighting of eggs in the field. 

3. Helicoverpa armigera at weekly intervals, first release coinciding with sighting of eggs in the field 
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Endocannabinoid system is a largest biological system in the body, it helps to regulate and balance body 

functions. Endocannabinoids naturally produced in human body. Cannabis is a natural herb having good 

amount of protein, fat, antioxidants and phytocannabinoids- Tetrahydrocannabinol (THC) and Cannabidiol 

(CBD). Cannabis largely grown in Canada, China and the European Union. Cannabis had many health 

benefits such as reducing chronic pain, depression and inflammation. It also useful for treating neurological 

problems i. e., autism, Parkinson’s disease and Alzheimer's disease. 

 

Human Endocannabinoid System  
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Working Principle of Endocannabinoid System  
Endocannabinoids system works in the body with the help endocannabinoids, enzymes and receptors. 

Endocannabinoids such as anandamide and 2 AG (Arachidonoyl Glycerol) binds the CB1 and CB2 receptor 

in the body and light on many functions in the body mainly brain related functions. Anandamide have more 

affinity towards binding CB1 receptors than the CB2 receptors. 2AG have greater affinity towards binding 

CB2 receptor than CB1 receptors. If the endocannabinoid not work or imbalance occur in the body 

phytocannabinoids CBD (Cannabidiol) and THC (Tetra hydrocannbidiol) helps to work in the body because 

these phytocannabinoids mimicking the property of endocannabinoids and helps to manage many brain 

related diseases specially in autism and parkinson’s diseases. 

Phytocannabinoids  

 

Cannabis Nutrition Composition  

 

 

 

 

 

 

Hemp 

Species of cannabis 

legally grown for 

variety of commercial 

uses 

High level of CBD 

Low level of THC 

Marijuna 

Species of cannabis smoked 

or eaten for medical and 

recreational purpose 

High level of THC 

Low level of CBD 
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Therapeutic Effect  
Study on effects of CBD-enriched cannabis extract (CE) on autism spectrum disorder symptoms was carried 

out by (Fleury-Teixeira et al., 2019). Eighteen autistic patients undergoing treatment with 

compassionate use of standardized CBD-enriched CE were selected for the study. After 6 months of 

treatment, most patients, including epileptic and non-epileptic, showed some level of improvement in more 

than one of the eight symptom categories evaluated such as Attention Deficit Hyperactivity Disorder; 

Behavioral Disorders; Motor Deficits; Autonomy Deficits; Communication and Social Interaction Deficits; 

Cognitive Deficits; Sleep Disorders and Seizures, with very infrequent and mild adverse effects. 

Aran et al. (2021) conducted study on cannabinoid treatment for autism. Participants (N = 150) divided 

into three group whole plant extract (50), pure cannabinoids (50) and placebo group (50). Intervention 

carried out for 12-weeks followed by a 4-week washout and predetermined cross-over for another 12 weeks 

to further assess tolerability. Results showed that changes in total scores of HSQ-ASD (Home Situation 

Questionnaire) and APSI (Autism Parenting Stress Index) did not differ among groups. Disruptive behavior 

on the CGI-I (Clinical Global Impression) was improved in 49 per cent on whole-plant extract versus 21 per 

cent on placebo. Median SRS (Social Responsiveness Scale) score improved by 14.9 on whole-plant extract 

versus 3.6 points after placebo. Common adverse events included somnolence and decreased appetite was 

reported. 

Balash et al. (2017) carried out research on medical cannabis (MC) in Parkinson disease. Forty-seven 

men with Parkinson’s disease aged 65-75 were selected for the study. Telephonic interview was done to 

collect demographic data, clinical characteristics and adverse effects of MC consumption. Results found 

that MC effect improvement for falls, pain relief, depression, tremor, muscle stiffness and sleep. The most 

frequently reported adverse effects from MC were psychotropic (38.3 %) cough (34.9 %) in those who used 

MC by smoking. Major adverse effects were not found in the patients. 

Study on cannabis treatment for motor and non–motor symptoms of Parkinson disease (PD) was conducted 

by (Loton et al., 2014). Twenty-two patients with PD attending the motor disorder clinic were selected for 

the study. Cannabis treatment daily for a period of two months was given to patients.  Standard scales 

were used to know the effect of medical cannabis. Unified Parkinson Disease Rating Scale (UPDRS) score 

improved significantly from 33.1 at baseline to 23.2 after cannabis consumption. Analysis of specific motor 

symptoms revealed significant improvement after treatment in tremor, rigidity and bradykinesia. 

Nutrition Supplementation  
Effect of hemp (cannabis) addition on the physicochemical properties, cooking quality, texture parameters 

and sensory properties of durum wheat pasta was carried out by (Teterycz et al., 2021). Pasta was 

fortified with 5–40 per cent of commercially available hemp flour. Results showed that the addition of hemp 

flour lead to an increase in the protein, total dietary fiber (TDF), ash and fat content in the pasta samples. 

Pasta enriched with hemp flour at the level of 30–40 per cent contains (19.53–28.87 %) of protein and 

(17.02–21.49 %) of TDF. All enriched pasta samples were also characterized by safe Tetrahydrocannabinol 

(THC) and cannabidiol (CBD) content. Addition of hemp flour up to 25 per cent to pasta had good sensory 

properties and these were accepted by consumers. 

Mikuleca et al. (2019) investigated a study on hemp flour as a valuable component for enriching 

physicochemical and antioxidant properties of wheat bread. Bread was supplemented with 15, 30 and 50 

per cent of hemp flour. Subjected for chemical, texture, organoleptic characteristics, color of the crumb, 

changes in the crumb texture, polyphenol profile, total polyphenol and furan derivatives content. Results 

revealed that hemp flour influenced the color of the crumb by increasing its browning index from 29.69 to 

46.26, polyphenols content by increasing from 256.43 to 673.59 mg GAE/kg. For industrial production, 

addition of hemp flour up to 30 per cent is best. 

Conclusion  
Cannabis (medical marijuna) an important herb having many phytocannabinoids which are mimic the 

properties of endocannabinoids present in our body. Patients such as autism, Parkinson’s disease and 

Alzheimer’s disease they are suffering from imbalance in the endocannabinoid system majorly in the brain. 

The mimicking properties of phytocannabinoids help to reduce symptoms in some extent in patients. 

Addiction of cannabis not found any major side effects compared to other commercially available drugs and 
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alcohol hence cannabis for medical purpose is beneficial to the patients who are suffering specially from 

neurological diseases to reduce their symptoms in some extent. 
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Importance of Oilseeds  
Oilseeds are regarded as one of the India's and the world's most significant crops. They are extremely 

essential in terms of nutritional and economic value. Edible oils are a vital part of a healthy diet and gives 

energy. Fats and oils are vital nutrients that account for roughly 40% of total calories in the diet. They 

provide vegetable oils, which are increasingly being chosen over animal fats as people become more health 

conscious. The majority of the oilseed meal is made up of proteins, with high levels of essential amino acids 

that are good for human health and well-being. Oilseed crops are a viable crop with great promise for 

improving human diets, preventing hunger, food poverty and generating money in the society. They provide 

employment opportunities to more than 10 million people indirectly. Oil-cake is utilised as cattle feed as 

well as fertiliser for certain crops. Linseed oil and other vegetable oils, are widely used in the production of 

paints, varnishes and lubricants.  

Soaps and detergents, as well as greases, lubricants and candles, are the most common non-food uses of 

fats and oils. Recently, the biofuels market has given edible oilseeds a significant new non-food application; 

i.e., as feedstock for biodiesel production and as a mineral oil alternative in agricultural machinery.  

In the last three decades, the oilseeds industry has been one of the most dynamic sectors in agriculture 

globally, rising at a rate of 4.1 percent per year, outpacing agriculture and livestock output growth. From 

2021 to 2026, the oilseeds market is predicted to rise by USD 93.2 billion, with a 5.64 per cent Compound 

Annual Growth Rate (CAGR). 

History of Oilseeds and Current Scenario  
India contributes for around 15-20% of world oilseeds area, 6-7% of vegetable oil production, and 9-10% of 

overall edible oil consumption. The area and production of oilseeds is concentrated in the Central and 

Southern parts of India. The diverse agro-ecological conditions in the country are favourable for growing 

nine annual oilseed crops. 

Between 1986 and 1998, yearly growth rates of oilseeds were (Area: 3.05%, Production: 6.36 %, Yield: 

3.73%), but, between 1999 and 2009, they were (Area: 2.44%, Production: 5.4%, Yield: 2.96 %). The decadal 

fall in CAGR of area, production, and productivity has offered fillip to the oilseed economy's consolidation 

and rejuvenation. However, integrated efforts by the TMOP and favourable weather conditions and support 

provided by the Government of India to the Oilseeds production/developmental programmes and policies, 

the country registered the greatest output of 324.79 lakh tonnes oilseeds during 2010-11 with a record 

productivity level of 1193 kg/ha. 

Of late, production was 361.009 lakh tonnes in 2020-21 and 332.192 lakh tonnes in 2019-20, up from 108.3 

lakh tonnes in 1985-86. The rise is shown not only in production but also in productivity, which has 

improved from 570 kg/ha in 1985-86 to 1254 kg/ha 2020-21.  

However, with the improvement in productivity in the last two decades, simultaneously the CAGR 

(Compound Annual Growth Rate) of vegetable oils consumption increased at 4.3% and now at faster pace 

of about 6 per cent. The per capita consumption of vegetable oils was 14 kg/year during 2010-11 and it is 

19 kg/year which is more than the recommended fat intake. The agricultural officials stressed on the need 

to bring down the per capita edible oil consumption in the country, as the present average 19 kilograms is 

extremely unhealthy and general health indicators of the people would improve to a large extent if the per 

capita consumption was brought down to 12 kg. 
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The total demand for vegetable oil for a population of 1276 million people is expected to be 204 lakh tonnes. 

In terms of oilseeds, it's about equivalent to 680 lakh tonnes, provided the proportion of different oilseeds 

remains constant in the next years. To achieve near-self-sufficiency in vegetable oils, the country will need 

to generate around 544 lakh tonnes by the end of the XII plan from all oilseeds. Because of the production 

gap between demand and supply, the country is forced to rely on imports.  

India’s cooking oil imports will continue to grow at a high growth rate of 3.4 % per annum till 2030 due to 

growing urbanization and changing dietary habits with a shift toward highly processed foods (The 

Economic Survey 2021-22). The gap between demand and supply of edible oils is about 56 per cent and is 

met through imports. 

Challenges  
1. Nearly 72 percent of the entire oilseeds area is devoted to rainfed cultivation, which is primarily practised 

by marginal and small farmers. 

2. Lack of adequate technology, production under input-scarce conditions, and battling biotic and abiotic 

stressors are some of the key causes of poor oilseed productivity. 

3. In comparison to other countries, the average yield of most oilseeds is extremely low. Oilseed agriculture 

in India takes place in high-risk areas with uncertain returns on investment. 

4. The yields vary greatly across India, with Tamil Nadu being particularly fruitful. 

5. The technology component included in low-cost and no-cost technologies created for efficient crop field 

management is driver of slow-growth in oilseed crops. 

6. A shift in cropping pattern to other crops, where farmers are offered better incentives. 

7. Increased yield gaps for oilseeds. 

8. Oilseed crop prices are volatile as a result of changing weather patterns and political instability, 

impacting oil crop growers' output. As a result, limiting oil supply to manufacturers. 

9. There were no proper procurement mechanisms for pulses, oilseeds and other crops-except paddy and 

wheat-since the Green Revolution. Besides, the actual procurement at MSP (Minimum support price) 

cannot reach more than 20 per cent of peasantry. 

10. Because of the discriminating policy toward oilseeds, growing these crops has become extremely 

disincentivised, resulting in massive deficits and a large reliance on imports. 

11. The farmers unacceptance of the long-term government initiatives and lack of skill towards oilseed 

crops cultivation. 

12. The augmented procurement of pulses and oilseeds through Price Support Scheme (PSS) and Private 

Procurement and Stockist Scheme (PPSS), thus, cannot be a solution to rising farmers’ incomes. The actual 

procurement reached only five per cent of market arrivals for pulses and oilseeds in 2019 crop season. 

13. If GM (Genetically modified) oilseed crops are allowed, Oil seed industry players are worried about the 

fake GM seeds. 

Government Initiatives  
1. The National Mission on Edible Oil-Oil Palm (NMEO-OP) In August 2021, with a financial outlay of 

$1.43 billion to promotes palm oil cultivation by providing affordable “Fresh Fruit Bunches” (FFB) to 

farmers for plantings and guaranteeing assured procurement by the industry.  

2. The Indian government’s palm oil policy emphasizes increased production in the north-eastern states 

and the Andaman and Nicobar Islands, with aims to expand to 650,000 hectares (ha) of cultivation by MY 

2025/26. 

3. Boosting production include increasing the number of seed gardens and oil palm nurseries, improved 

drip irrigation coverage under oil palm, diversification of area from low yielding cereal crops to palm oil. 

4. The National Mission on Oilseeds and Oil Palm (NMOOP) is the primary domestic oilseeds policy. In 

2018, the NMOOP scheme merged with the National Food Security Mission (NFSM) and activities are 

implemented through the broader NFSM (oilseeds and oil palm) policy. This arrangement is implemented 

in 25 states and comprises three sub-missions: Mini Mission I (Oilseeds); Mini Mission II (Palm oil) and 

Mini Mission III (Tree-borne Oils). 
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5. Through NFSM –Oilseeds, financial assistance is being provided for Seed Components (production & 

distribution of certified seeds, seed hubs and mini kits,); Inputs, Transfer of Technology through Block 

Demonstrations, Frontline Demonstrations (FLDs), Cluster Frontline Demonstrations (CFLDs), farmers 

and extension workers training etc were carried out. 

6. National Food Security Mission -Oil Palm (NFSM-OP) is being implemented in 14 states. m, financial 

assistance is being provided to the farmers @ 85% cost of planting material and @ 50% cost of other 

components such as maintenance cost of new plantations for four years, 

7. The scheme of Targeting Rice Fallow Areas was launched in 15 districts of 6 Eastern states in Rabi, 

2016-17 for utilization of rice fallows for cultivation of oilseeds in six Eastern states 

8. To curb the spike in edible oil prices, the government had initiated several measures including the 

imposition of stock limit along with monitoring of stocks declared by entities to prevent hoarding  

9. The government recently has also cut the basic import duty on Crude Palm oil, Crude soyabean oil, and 

Crude sunflower oil from 2.5% to nil. The Agri-cess on these oils has been brought to 5%. 

Solutions  
1. The world has accepted GM oilseed cultivation; hence the India could approve GM oilseeds to improve 

its productivity. 

2. Promotion of GM oilseeds is not devoid of fake seed delivery system; hence this can be put to check by 

real time traceability method using block chain technologies, which is already evidently successful in seed 

delivery system of other crops.  

3. There are continuous efforts to subsidise oilseeds production in a bigger way in India, however liberalised 

trade policies do not allow trade distorting subsidies until unless it is within the permissible limits. 

However, the other alternative and creative non-tariff-based policy can boost oilseeds output. 

4. Maintaining the intensity and consistency of present government efforts to promote oilseeds through a 

variety of policy initiatives for at least 5-6 years in order to attain self-sufficiency. 

5. Price is the best incentive for the grower to stay motivated; and this non-monetary, non-tariff policy 

initiative (import monitoring and regulation) cannot be faulted by our overseas trading partners. 

6. Due to a disparity in local supply and demand, prices are controlled by exporting countries, demotivating 

home growers; thus, import limitations to some extent can stimulate domestic growers and stabilise prices. 

7. Contractualization of a large number of scattered oil processing and refineries near cultivating areas in 

order to create a proper procurement and marketing system. 

8. Improving supply side scenarios in oilseeds cultivation, as well as discouraging excessive use of vegetable 

oils in household consumption, in order to reduce aggregate demand for oilseeds and encourage consumers 

to adopt other healthier consumption habits. 

Conclusion  
Since the inception of Technological Mission on Oilseeds (TMO), the production and productivity levels 

oilseeds has improved to a peak of 30 MT hither to, owing to its integrated efforts. But, the increased 

consumption and overall oilseeds requirements are outpacing output and productivity rates, and 

production has been stuck at 31-32 million tonnes. We need to break this stagnation and aim to increase 

the output. If production of oilseeds goes up to around 60 MT due to improvement in yield, then total edible 

oil production will go up to 14 MT which will reduce import of edible oil by 50 per cent. For the increasing 

consumption and vegetable oil requirements, the current efforts are insufficient; more intensive and 

integrated activities in the field are required. Although the government is taking numerous steps to 

promote oilseeds, persistent and better efforts in a comprehensive approach will enable India become self-

sufficient in oilseeds. While subsidies for oilseed production are urgently needed, price incentives might 

also encourage farmers to switch to oilseed crops. To support domestic oilseed farmers once 50% of the 

desired growth has been achieved, price stability in domestic markets should be enhanced by import 

restrictions, thereby channelling economic gains to domestic producers. With all these heightened efforts, 

once again India can prove its efficacy in oilseeds sector and can hasten up the process of decreasing the 

shortfall of supply in the country. 
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Introduction  
Mutations, often mentioned as "touchstones of genetic science” which helps in unravelling the novel 

mechanisms with advanced biological thinking. Mutation breeding provides numerous benefits in crop 

improvement programs namely, editing a specific trait in a cultivar without altering the genetic make-up. 

The supplementary advantage of mutation breeding is that it modifies the trait with different degree and 

dimensions to produce multiple mutant alleles. It also helps in breaking the linkage barrier without 

affecting the equilibrium of the crop. Introduction of these valuable macro mutations for increasing genetic 

diversity and deployment of such trait-specific genetic stock would be certainly useful for further crop 

improvement. 

Mutagens  
A chemical or physical agent which has ability to cause permanent mutational events in plants or other 

living organisms is called mutagens and this process of creating variability is known as induced 

mutagenesis. Induced mutagens throw a relatively high frequency of mutants with shorter time period 

compared to spontaneous mutation. The genetic variability is induced by either breakages in chromosomes 

or changes at genetic level. Plant breeders apply induced mutagens to overcome the constraint of bottle 

neck in genetic base of plants. Hence, creation of variability by mutation with several physical and chemical 

mutagens has momentously contributed to plant breeding studies. Selection of typical and effective 

mutagen based on the material used for mutagenesis should be given with prime importance. Effective 

mutagens should produce higher frequency of desirable mutants with low biological damages. Mutagens 

are grouped into two clusters namely physical and chemical mutagens. 

Physical Mutagens  
Physical/mutagenic irradiation are the first identified and frequently employed mutagens in mutation 

breeding that induces variation by causing breaks on DNA double strand. The utilization of ionized 

radiation method began early at 20th century. It has made a significant contribution in breeding 

methodology for more than 50 years. It was employed to development a mutant with superior features and 

to create variability for many complex traits. Physical mutagens impose less risk than chemical agents in 

terms of detoxification after mutagenic treatment. When x-rays were utilized first by Muller, the other 

physical mutagens like β- particles, gamma rays, electron beam by, ion beam, UV radiation were also 

employed in mutational experiments to induce variation in different crop species. 

Gamma Rays  
Among mutagenic radiations, gamma ray was the most preferable mutagen in many crop species for 

generation of new variability. For the past four decades, the utilization of gamma ray has been enhanced 

because of its wide availability and versatility in usage. Gamma rays possess high penetrating power and 

its energy level varies from 10 Kev to several hundred KeV. Cobalt-60 (Co-60) and Cesium-137 (Cs137) are 

the two common sources of gamma rays. It is a type of ionizing radiation that interacts with atoms or 

molecules to generate free radicals in cells.  These free radicals will either damage or modify the important 

components of plant cell. Free radicals would affect the anatomy, morphology and physiology of plants 

differentially depending on the irradiation level. These effects would bring changes in cellular structure 

and metabolism of crop plants such as modulations in photosynthesis, alterations in anti-oxidative system, 

dilation of thylakoid membranes and accumulation of phenolic compounds. Gamma rays contributed 

around 64 per cent of radiation induced mutants from 1930 to 2004. Gamma rays have been successfully 

used as a mutagenic agent in inducing extensive mutations in crop plants (Yasmin et al., 2020). 
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Electron Beam  
New effective methods with higher mutation induction ability are highly preferred for the success in 

mutation breeding. Apart from the conventional electromagnetic radiations like X-ray and gamma rays, 

the electron beam has recently emerged as an alternative source of energy to induce mutation. Electron 

beams are generated from particle accelerators that are capable of accelerating electrons to near the speed 

of light (~190,000 miles/second). The electron beam accelerator uses commercial electricity as an energy 

source and can be easily switched on and off.  

The electron beam reported to have little effect on the function of plasma membrane and protein but, it 

results in gene mutation by inducing higher proportion of DNA damages via single-strand breaks (SSB) 

and double-strand breaks (DSB). The electron beam was found to be stronger than gamma rays in 

consideration of their effects at a similar dose and cell type. It was observed that higher mutation frequency 

and spectrum in electron beam treated population than gamma rays in rice. The utilization of the electron 

beam is gaining importance because of its improved efficiency in creating variation, cost effective, safety 

and smaller radiation damage. Various scientists in several crops effectively utilized electron beam 

mutagenesis (Mondal et al., 2017). 

Chemical Mutagens  
Initially the mutation breeding was all about radiation or physical mutagens like X-rays, gamma rays, 

radioactive elements and thermal neutrons. Nevertheless, the discovery of chemical with potential 

mutagenic ability was a breakthrough in mutation breeding history. The utility of chemical mutagens was 

proposed while observing the effect of mustard gas in Drosophila. The milestone research of Donini and 

Sonnino (1998) first demonstrated use of chemicals viz., iodide sulphate, copper sulphate and urethane as 

mutagens during the second world war.  

The majority of overwhelming strong chemical mutagens were reported through a concept of 

“microgenetics” that deals with the study of structure and functions of genes, mutagenic changes and 

identification of mutant population.  

The chemical mutagens gained the importance in breeding program because of inducing high mutation 

frequency, ease in use and require no demand of any specialized equipments. Unlike radiation 

methodologies, chemical mutagens tend to cause single base pair changes viz., deletions and translocations. 

A wide range of chemical mutagens were effectively used by many research in crop improvement. 

Ethyl Methane Sulphonate  
The most commonly used chemical mutagens were grouped under alkylating agents. They are further 

classified into mono-functional and bi/ poly-functional mutagens. EMS is a mono-functional alkylating 

agent that induces a high proportion of mutants in base sequences with less chromosomal aberrations. 

EMS replaces the hydrogen with an alkyl group (C2H5) in the nitrogenous base. EMS selectively alkylates 

the guanine base, thus influences DNA-polymerase to place thymine residue over a cytosine residue 

opposite to O-6-ethyl guanine during DNA replication. Hence, it leads to a random point mutation through 

deletion, transitions, transversions and frameshift mutation with least chromosomal breakages. Around 

70 - 90 per cent of base changes in EMS mutated population are found to be GC to AT base pair transitions 

(Souza et al., 2017). 

Determination of Lethality Dose  
The first and foremost step in mutation breeding is to optimize the mutagenic dose before the conduct of 

field trials. This optimization can be done using a roll towel germination test or simple pro tray or pot 

culture techniques. The seed germination and growth reduction are the parameters that aid in selection of 

a critical dose.  

Lethal Dose 50 (LD50 is considered as the oldest and effective method determination of optimum dose. LD50 

is the critical dose that kills 50 per cent of the plants. If the dose of the mutagen is less than LD50, the 

frequency of mutation will be very minimum. However, higher mutagenic dose (greater than LD50) will lead 

to higher biological damages and chances for survival of plants will be very less. Hence, the mutagenic dose 

which induces high mutation frequency along with low biological damage/growth reduction is considered 

as the optimum dose. There are two main factors that affect the optimization mutagenic dose viz., biological 
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system (varies from crop to crop, species to species, variety to variety and different plant parts) and 

mutagenic agent (type of the mutagen, dose/concentration, duration of treatment, pH of the solution, 

temperature, moisture content, presoaking, carrier agents and metallic ions). Recently, the concept of 

growth reduction (GR30 and GR50) was also considered as primary criteria in fixing optimal mutagenic dose. 

GR50 is calculated based on various quantitative traits viz., shoot length, root length, plant height and 

others morphological traits. 

Summary  
For effective induced mutation, the foremost step should be identification of mutagen type and their dosage 

optimization is very much necessary for the crop improvement. 

References  
1. Donini, P., and A. Sonnino. 1998. "Induced mutation in plant breeding: current status and future outlook." In Somaclonal 

variation and induced mutations in crop improvement, Springer: 255-291. 

2. Mondal, S., V. C. Petwal, A. M. Badigannavar, P. G. Bhad, V. P. Verma, S. G. Goswami, and J. Dwivedi. 2017. "Electron beam 

irradiation revealed genetic differences in radio-sensitivity and generated mutants in groundnut (Arachis hypogaea L.)." 

Applied Radiation and Isotopes 122: 78-83. 

3. Souza, P. F. N., F. D. A. Silva, F. E. L. Carvalho, J. A. G. Silveira, I. M. Vasconcelos, and J. T. A Oliveira. 2017. "Photosynthetic 

and biochemical mechanisms of an EMSmutagenized cowpea associated with its resistance to cowpea severe mosaic virus." 

Plant cell reports 36 (1): 219-234. 

4. Yasmin, K., D. Arulbalachandran, E. Dilipan, and S. Vanmathi. 2020. "Characterization of 60CO γ-ray induced pod trait of 

blackgram-A promising yield mutants." International Journal of Radiation Biology: 1-21. 

  



 

 
Volume 04 - Issue 07 - July 2022       670 | P a g e  
 

Direct Seeded Rice (DSR) 
Article ID: 37719 

E. Vijayakumar1, M. S. Ranjani2 
1Department of Crop Improvement, S.Thangapazham Agricultural College, Vasudevanallur, 

2Department of Genetics and Plant Breeding, TNAU, Coimbatore. 

 

 
 

Introduction  
Rice (Oryza sativa L.) is one of the most vital and staple food crops in the world for more than 50% of the 

global population. Rice provides 35–75% of the total calories to more than three billion Asians. It is planted 

in about 154 million hectares annually or on about 11 per cent of the world’s cultivated land with the 

production of about 518.4 million tonnes. In South Asia, rice is cultivated in an area of 60 million hectares 

and produces slightly above 225 million tonnes of paddy, accounting for 37.5 per cent of the global area and 

32 per cent of global production. Within South Asia, both India and Bangladesh are major rice-growing 

countries. India occupied the largest rice area in the world with 43.86 million hectares (more than a quarter 

of the global rice area) and contributes a little less than a quarter of global production (Ministry of 

Agriculture, Government of India, 2020-21). To meet the global rice demand, it is estimated that about 114 

million tonnes of additional milled rice need to be produced by 2035, which is equivalent to an overall 

increase of 26 per cent in the next 25 years. The possibility of expanding the area under rice in the near 

future is limited. Therefore, this extra rice production requirement has to come from a productivity gain. 

This increased demand will have to be met from less land, with less water, less labour and less chemicals, 

thereby ensuring long-term sustainability (Abdullah et al., 2021). 

Rice crop establishment can be performed in three ways: dry seeding, wet seeding, and transplanting. 

Although these methods differ, each has different striking traits. Sowing dry seeds over dry (unsaturated) 

soils is known as dry seeding, and seeds can be broadcasted, drilled, or dibbled. Sowing pregerminated 

seeds in wet (saturated) puddled soils is known as wet seeding. Because the seeds are sown directly, the 

dry and wet seeding procedures are generally referred together as direct seeding. Transplanting, on the 

other hand, is the dominating crop establishment technique in Asia, with seed sown in raised beds and 21–

25-day old seedlings transplanted in main field under puddled conditions.  

In Asia, rice is traditionally cultivated by transplanting seedlings into puddled soil (wet tillage). From the 

nursery to fields, the transplanted rice in wetlands through puddling helps in water loss and to control 

weeds with more established seedlings and to increase more nutrient availability. However, in manual 

transplanting method requires 25 – 50 human days per ha. However, between 2004–05 and 2011–12, the 

workforce will decrease by roughly 30 million and due to rapid economic growth in non-agricultural sectors 

made increased labor wages that weakening the labor force in coming years. Furthermore, in terms of 

Green House Gas (GHG) emissions, wetland rice cultivation accounts for emissions 55% of agriculturally 

derived GHG gas emissions worldwide and 12% of anthropogenic methane gas (Goswami et al., 2018). 

Direct Seeded Rice (DSR)  
Transplanted rice framework is labor, water and energy intensive and is getting to be less productive as 

these assets are getting to be progressively rare. It also degrades the physical qualities of soil, has a 

negative impact on the performance of subsequent upland crops, and contributes to methane outflows. 

These characteristics need a significant shift in wet rice biological systems from puddled transplanting to 

direct seeding of rice. 

Dry Direct Seeded Rice  
Dry seeding is the process of broadcast sowing/row seeding/drilling/dibbling dry rice seeds on dry (or moist) 

soil. Farmers developed dry DSR as a conventional strategy to adapt to local agroecological conditions. In 

Most rainfed upland or dryland habitats, as well as certain rainfed lowland and deep-water environments, 

this method is being followed. 
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Wet Direct Seeded Rice  
Wet seeding, particularly aerobic wet seeding, is becoming more popular in irrigated and rainfed lowlands. 

Because of high wages and manpower shortages, most industrialized nations plant rice through water 

seeding. Because of the movement of agricultural workers to nonfarm occupations and the resulting labor 

scarcity and high wages for manual transplanting, farmers in developing nations are increasingly using 

wet seeding. When transplanting is postponed, farmers turn to wet direct sowing (Ishfaq et al., 2020). 

Breeding for Direct Seeded Rice  
Nowadays, the breeding efforts to develop suitable varieties or hybrids and agronomic packages for 

promoting direct-seeded rice is under way. So far, no variety/hybrids have been developed that possesses 

traits specifically needed to produce high yield under dry direct-seeded conditions and required crop 

architecture under various crop establishments. On-station and on-farm trials involving the evaluation of 

Dry-DSR cultivation have used rice varieties/hybrids that are primarily bred for puddled transplanting. 

Therefore, one can argue that comparisons of crop performance of rice in Dry-DSR with transplanted 

varieties have been biased. So, an ideal plant type for DSR conditions should have traits to deal with 

problems associated with weed competition, spikelet sterility and lodging (Sarage et al., 2020).  

To address the complex research and mounting issues associated with DSR, International Rice Research 

Institute (IRRI), Losbanos, Philippines established the Direct Seeded Rice Consortium (DSRC) in the year 

2017. DSRC is a public-private multi-stakeholder research platform on DSR with the core goals to improve 

environmental and socioeconomic sustainability of rice production systems by developing and optimizing 

innovations, science based agronomic practices to facilitate wide-scale adoption of mechanized and precise 

DSR practices in Asia and Africa.   

To adopt the direct-seeding systems, the plant should possess ideal combination of morpho-physiological 

traits such as high yield potential, anaerobic seed germination and tolerance of early submergence, early 

and uniform emergence, high seedling vigor, better weed competitiveness, strong and thick stem for lodging 

resistance. This clearly signifies that the specificity of traits required for efficient adaptation to various 

crop establishments. 
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