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Introduction 

Plant breeding is the purposeful manipulation of plant species in order to create desired genotypes and 

phenotypes for specific purposes. This manipulation involves controlled pollination, ploidy breeding, 

mutation breeding etc., or both, followed by artificial selection of progeny. Plant breeding, science of altering 

the genetic pattern of plants in order to increase their value. Increased crop yield is the primary aim of 

most plant-breeding programs; advantages of the hybrids and new varieties developed include adaptation 

to new agricultural areas, greater resistance to disease and insects, greater yield of useful parts, better 

nutritional content of edible parts, and greater physiological efficiency. Traditionally, plant breeders have 

made genetic changes in crops by using various crossing and selection methods, creating desirable hybrids; 

breeder also now attempt to induce favorable genetic mutations by use of ultraviolet light, gamma 

radiation, or chemicals. With the development of genetic engineering, plant breeders have increasingly 

used is techniques to introduce desirable traits (i.e., genes), often from other species, into cultivated plants. 

Reverse Breeding 

Revers breeding is a novel plant breeding technique designed to directly produce homozygous parental lines 

from any heterozygous hybrid plant, one of the most sought-after goals in plant breeding. The conventional 

way of making lite hybrids and capitalizing on hybrid vigour is by crossing selected inbred parental lines. 

The parental lines can be propagated indefinitely via self-fertilization and crossed together at will 

reconstitute the elite heterozygous genotype of the hybrid. The hybrid cannot itself be propagated sexually 

via seed without eventually losing its heterozygosity and thus its hybrid vigour. 

In some cases, elite or high performing heterozygous lines that have undefined parentage may be identified 

in a breeding programme. Reverse breeding is a technique that enables the breeder to go backwards from 

such an individual to directly recreate the homozygous parental lines that created it essentially allowing 

mass production through seed of an elite heterozygous genotype. Reverse breeding generates perfectly 

complementing homozygous parental lines through engineered meiosis. The method is based on reducing 

genetic recombination in the selected heterozygote by eliminating meiotic crossing over. Male or female 

spores obtained from such plants contain combinations of non-recombinant parental chromosomes which 

can be cultured in vitro to generate homozygous doubled haploid plants (DHs). 
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From these DHs, complementary parents can be selected and used to reconstitute the heterozygote hybrid 

in perpetuity. Since the fixation of unknown heterozygote genotype is impossible in traditional plant 

breeding, RB could fundamentally change future plant breeding. 

Selection of Heterozygous Plant 

An elite heterozygous line is selected for its phenotypic characteristics and the selected plant is elite and 

highly vigorous showing superiority for all characters and it is directly used for parental line production. 

Suppression of Crossing Over 

The reverse breeding process begins with the production of gametes (haploid microspores) from the 

heterozygous starting plant in which meiotic recombination has been suppressed. A range of techniques 

can be used to suppress recombination: 

Silencing of Key Genes: Silencing of key genes involved in recombination events are done through 

transient expression of a silencing construct using a viral vector, stable transformation of the silencing 

construct. The typical approach would be to use RNA interference (RNAi) or small interfering RNA 

(siRNA). The human meiotic recombination protein DMC1 forms octomeric rings, but is fully defective in 

both ssDNA and dsDNA binding activities, when an amino terminal deletion lacking 81 amino acids is 

made. Similar dominant-negative alleles of DMC1 resulted in loss of male meiotic recombination in mice. 

The key genes involved in the meiotic crossover are dmc1 (disrupted meiotic cDNA 1), dsy1 (desynaptic1), 

asyl (asynaptic 1), mpa 1(meioticprophaseamonipeptidase 1) and ptd (parting dancers). ShRNA:short 

hairpin RNA, SiRNA: small interfering RNA, RISC : RNA-induced silencing complex, Dicer - 

endoribonuclease dicer or helicase with RNase motif.  

Chemical Treatment: Generally, meiosis may be suppressed by chemical or physical means or 

environmental factors. Recombination can be prevented or suppressed by various means, in particular 

through diverse dominant transgenic approaches and also by chemical treatment. Exogenous application 

of compounds that cause inhibition or omission of recombination during meiosis would speed up the 

application of RB enormously. a major advantage for using chemicals that repress crossovers or graft 

transmission of silencing molecules is that the resultant RB products (DHs)are free of transgenes. 

Collection and Culturing of Achiamatic Gametes: Achiasmatic chromosomes (chromosomes that did 

not form crossovers) remain as univalent’s. The gametes produced from those chromosomes are called as 

achiasmatic gametes. Chiasmata that in bivalents promote segregation of homologues to opposite poles 

pole instead (non –disjunction). This leads to unbalanced chromosome numbers (aneuploidy) in the spores. 

Consequently, achiasmatic plants are highly sterile. The more univalent are present, the more aneuploidy 

pollen is formed.  

Generation of Doubled Haploids: Doubled haploid plants resulting from achiasmatic meiosis can be 

obtained from unfertilized ovules (gynogenesis) or from microspore and anther cultures (androgenesis). The 

efficiency of DH formation from haploid spores is species dependent. Development of RB is limited to those 

crops where DH technology is common practice. Doubled haploid technology is used to double the 

chromosomes in the haploid microspores resulting in completely homozygous genotypes.  

Doubled Haploids in Crop Improvement: The spontaneous parthenogenesis system was used to 

produce the first maize doubled are now a feature in many crop species, for barley (H. vulgare) it is 

estimated that 50% of contemporary cultivars in Europe are produced via a doubled haploid system. In 

vegetable crops, DHs are used prominently as parents for F1 hybrid seed production.  

Generation of Chromosome Substitution Lines: Chromosome substitution lines; a line in which a 

single chromosome of a donor genotype is substituted into the genome of a recipient genotype using 

appropriate aneuploidy stocks. If crossing over is eliminated in the F1 hybrid rather than the F2 

generation, RB can be used to generate chromosome substitution lines. Reverse breeding creates 

chromosomes substitution lines segregation of intact parental chromosomes also creates chromosome 

substitution lines, in which a single chromosome is substituted by the corresponding homolog from a 

different line. 

Tinkering with Meiosis: Recently much progress has been made to understand the process of meiosis in 

various organisms. In meiosis numerous genes has been found which are encoding for the functional 
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characterization of several key events such as recombination, cell cycle and chromosomal distribution. In 

plant breeding, the manipulations of these meiotic genes controlling the key events meiosis are done by 

using advanced tools. 

Backcrossing in CMS Back Ground: In several vegetable crops such as cabbages and carrots, breeders 

make use of cytoplasmic male sterility (CMS). In these systems, the presence of male sterility presents a 

special challenge to RB. In these cases, gynogenesis rather than androgenesis can be used to obtain DH 

plants. 

Preserving of Elite Genotype: In Arabidopsis thaliana reverse breeding is used to preserve elite 

genotypes, for parental line substitution, and to generate chromosome substitution lines. Non-recombinant 

chromosomes are fixed in doubled haploid lines, which are expected to be perfectly complementing. 

Reconstruction of Heterozygous Genotype: For crops where an extensive collection of breeding lines 

is still lacking, RB can accelerate the development of varieties. In these crops, superior heterozygous plants 

can be propagated without prior knowledge of their genetic constitution. 

Limitations 

Potential disadvantages for reverse breeding techniques arise from the fact that the generation of doubled 

haploid plant lines generally involves treatment with anti-mitotic drugs, such as colchicines which inhibits 

microtubule polymerization by binding to tubulin. Colchicine is a spindle poison inducing geno toxic effects 

as aneuploidy on human cells. Although colchicine is highly toxic and known to be more efficient in animal 

than in plant tissues it is still the most widely used doubling agent.an incomplete suppression of meiosis 

could occur and lead to changes in the degrees of meiosis and recombination. In addition, the presence of 

the RNAi or siRNA construct could have an effect on the balance of gene expression, silencing of other 

homologous sequences in the genome is possible. The effects of an incomplete suppression and changes in 

expression level can also run as a natural process in plants. 

Conclusion 

The combination of crossover suppression, followed by the regeneration of haploid spores into DHs results 

in novel and powerful breeding applications. One important application is the production of complementary 

homozygous lines that can be used to generate specific F1 hybrids. Additionally, when RB is applied to F1 

heterozygote’s, to generate chromosome substitution lines that allow targeted breeding on the single 

chromosome scale. RB is fully compatible with commercial CMS lines that are frequently used in modern 

agriculture.   

A key advantage of this method is the possibility of obtaining breeding lines for any heterozygote. Crops in 

which this technology might prove useful include cucumber, sorghum and rice, but it won’t be suitable for 

plants with more than 12 chromosomes, such as potato and soybean. 

As a plant breeding tool, reverse breeding may be regarded more versatile as its controlled deconstruction 

of complex genotypes into homozygous parental lines allows the further improvement of these lines by 

classic breeding methods. 
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Introduction 

Castor (Ricinus communis L.) is an important non- edible oilseed crop of arid and semi-arid regions of the 

world. It Belongs to family Euphorbiaceae, having chromosome number 2n = 20 and cross pollination up to 

the extent of 50%. Castor seed contains 48 to 56 % oil and having wide range of industrial uses. India is 

principal producer and sole exporter of castor seed, oil and some of its derivatives. 

Castor is grown in tropical, subtropical and temperate climates and almost cultivated in 30 different 

countries. India, China, Brazil, Africa, Thailand and South America are major castor growing countries. 

The major castor growing states in India are Gujarat, A. P., Rajsthan, Tamilnadu, Karnataka and Orissa. 

Gujarat is leading castor growing state of country. 

Basic Sex Form in Castor 

Type A: Monoecious: 

 

a. It is the most natural occurrence of annual and perennial castor.  

b. The spike has basal 1/3rd to ½ portions of male flowers, while the top portion has female flowers.  

c. In between these few whorls has both male and female flowers in an interspersed fashion. 

Type B: Pistillate: 
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a. It occurs as a rare recessive mutant with the spike having female flowers throughout the spike.  

b. It may be 100 percent pistillate or <100 % (70- 90 %) having a few male flowers in the basal 

portion. 

Type B: Sex revertant: 

 

a. It is a female that turns to monoecious at later stage. 

b. The basic sex forms are classified in different ways by different authors as the expression of sex 

in different locations is highly influenced by environmental condition. 

Interspersed staminate flower (ISF): A variant of pistillate form with male flowers interspersed, 

throughout the female flowers on the spike. 

 

Female promoting environment (F): Low temperature (<30˚C), young plants, early order spikes, high 

nutrition, less difference between maximum and minimum temperature promote female flowers and shift 

balance towards femaleness on a spike. 

Male promoting environment (M): Rainy season, high temperature (>32˚C), old plants, late order 

spikes, low nutrition and large difference between maximum and minimum temperature promote male 

flowers on a spike and incline towards maleness. 

Classification of sex variants as conventional and unconventional system in relation to the environment, 

Shifriss (1960). 

Conventional System 

Conventional variants are mainly monoecious variants, rare recessive females. These conventional 

variants are classified based on: 

1. Variation in sex tendency: The proportion of male: female flower on a spike is the sex tendency. 

2. Variation in sex pattern: Sex pattern is the distribution of male and female flowers on a spike. 

Form1: Monoecious, apical non interspersed, middle portion of spike is interspersed, apical region 

strictly female flowers and lower portion with staminate flowers. 

Form 2: Monoecious, apical interspersed like type D, a monoecious variant 

Form 3: Monoecious, terminal hermaphrodite, eg. A strongly male type like inbred 97. 
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Form 4: Female, identified in a backcross as controlled by a single recessive gene. This has further 

developed as ‘N’ type of pistillate mechanism.  

The conventional variants may be controlled by two major groups of genes: 

a. Qualitative genes which determine the kind of flowers to be produced whether    male or female. 

b. Polygene’s, which accelerate or deplete a substance (may be a growth regulator), the gradient 

differentiation of which determines the sex tendency. 

Unconventional System 

1. This system evolves from dominant female mutants who occurs spontaneously in nature from 

monoecious inbred of pattern A and D. 

2. Genetically unstable and influenced by environment. 

3. Though a mutant there is no difference between meiosis of normal monoecious and dominant female 

mutant and thus not associated with breakdown in gametic fertility. 

4. These variants form the basis for ‘S’ type of pistillate mechanism. 

Unconventional variants are three types: 

Type 1: Occur as a series of sex reversals (C to A). Sex reversal begin to bloom as female but later 

turn to monoecious. Plant may revert immediately following the appearance of primary spike. 

Type 2: Non reverted females. It has evolved from inbred stock of variants Queen 162 and Adam 

mistaef, which was classified under type of late, reverted female. Both variety having late maturity 

and produces their raceme at long intervals. 

Type 3: Mutating recessive females. It was developed from cross made between female mutant 137-

6 and a monoecist N-145-4, which was known to be heterozygous for the recessive female gene. 

Types of Pistillate Lines 

N type: 

a. It is based on the form 4 of the conventional variant as described by Shifriss (1960).  

b. Katayama (1957) describes it in a backcross line that exhibited a segregation ratio of 1:1 

monoecious to pistillate plants. 

c. The pistillate character is governed by a single sex switching gene f. 

d. If a plant is homozygous recessive ff for sex expression it remains as pistillate, while a 

heterozygous recessive Ff is a monoecious plant. Thus, a female plant when crossed with a 

monoecious, it gives 1:1 monoecious: female.  

e. This type can be maintained by sib-mating and seeds from female plants are harvested separately. 

The progeny from seed produced on female plant segregates in 1:1 ratio for female and monoecious 

plants. 

f. For production of F1 seeds utilizing N type pistillateness, the seed producer has to rouge out the 

normal monoecious plants from such female line before anthesis.  

S type: In S type essentially two mechanisms viz., sex reversals and Environment sensitive interspersed 

staminate flower (ISF) expression. 

a. Sex reversals: 

i. This S type pistillate line was obtained by selection within sex reversal variants at the 

Weigmann institute in Israel (Shifriss, 1956). 

ii. This system based on sex reversal variants behave like polygenic complex with dominant 

and epistatic effects. 

iii. Sex reversals are plant variants, which initiate as female and later revert to normal 

monoecious at any stage after the first raceme up to 5-10 sequential order racemes. 

iv. On continuous inbreeding sex revertants give a spectrum of sex reversals which may be 

early, late and non-reverted. 

v. Early revertants on selfing give > 50 per cent pistillate plants. Late revertants (after 4th 

order) on selfing give > 80 to 100 % pistillate populations and very less proportion of 

monoecious. These pistillate lines in turn are late reverted. 

vi. Development of stable pistillate lines from ‘S’ type is based on selection from the late order 

revertants.  
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vii. The genetic system governing time of phenotypic reversion is unstable, but reversion as 

such is not associated with any serious break down in the female producing mechanism. 

b. Non reverted female: 

i. Such females are developed from inbred stock of Queen 162 and Adam Mistaef, the 

population carry gene for interspersed staminate flower (ISF) expression at a high frequency. 

ii. The penetrance and expressivity of ISF in such type of females are determined by 

environment. 

iii. In a female promoting environment only few ISF flowers occur, which prematurely drop 

due to the competition from older female flowers that were fertilized by monoecious pollen in 

the vicinity. 

iv. This can be overcome by protecting the spikes from cross pollination by bagging. Though 

the initial male flowers drop, later developed male flowers fertilized the female flowers. 

v. Shifriss (1960) developed the true breeding non reverted female line that has the gene for 

environmentally sensitive ISF expression. 

vi. Pistillate line developed in Gujarat possesses both the systems of sex reversals and non-

reverted female carry the environmental sensitive gene for the expression of ISF, which 

offered an encourage for hybrid development programme in India in general and Gujarat in 

particular. The pistillate lines viz., VP 1, Geeta, SKP 35, SKP 52, SKP 93, etc., are the S type 

of pistillae line. 

NES type 

a. This type is combination of both N and S type as it carries the homozygous recessive gene for 

pistillateness and environment sensitive genes for ISF, which are not confined to any particular 

raceme order and are temperature dependent.  

b. Further it was identified that temperature above 31˚C promotes ISF while lower temperature 

results in fully female racemes. Thus, this type of pistillate lines can be maintained during summer, 

whereas hybrid seed production can be safely done during normal kharif / late kharif planting.  

c. CENES 1 female line developed by Zimmerman and Smith (1966), and 240 female line by 

Ankineedu and Rao (1973), JP 65 from GAU, Junagadh, and a number of pistillate lines viz., SKP 

4, SKP 6, SKP 13, SKP 16, SKP 23, SKP 24, SKP 42, SKP 72, SKP 84, SKP 86, SKP 106, SKP 108, 

etc. from GAU, S.K.Nagar are NES type pistillate lines. 

Conclusion 

1. Castor is known for its sexual polymorphism in which gene ‘F’ for monoecism which controls a genetically 

stable series of sex variants ranging from female (f) to strongly male inbreds. 

2. Sex reversals occur spontaneously in many natural populations and    inbred races. They represent a 

genetically unstable series of females differing in time of life at which they turn to monoecism. 

3. The phenotypic changes from femaleness to monoecism are developmentally irreversible. 

4. Sex reversals is influenced by genetic and non-genetic factors affecting sex tendency.  

5. The high degree of instability of sex mechanism in castor calls for adoption of appropriate method of seed 

multiplication from 

6. Basic to foundation stage, as to maximize the recovery of pistillate plants in hybrid seed production plot. 

Future Thrusts 

1. More emphasis should be given to minimize the number of ISF expression on primary and later order 

raceme. 

2. Development of less sensitive pistillate lines to environments for high    hybrid seed production. 

3. Early and synchronous development of capsules on primary and secondary racemes. 

4. Molecular breeding approach should be initiated to understand the mechanism of environmental 

sensitive gene for ISF expression. 

Table 1.  Morphological features of Castor Pistillate lines/Male inbreds/Germplasm: 

S. N. Lines Sex Expression Morphological features 

1 VP-1 Pistillate G3SPN-12-20, Dwarf, cup shape leaves, convergent branches, 

short Internodes, spike medium long semicompact 
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2 Geeta Pistillate  M2NSPN-16-22, Medium tall, Flat leaves, divergent 

branches, long Internodes, spike medium long loose 

3 JP-65 Pistillate  R0SPN-12-16, medium plant height, flat leaves, divergent 

branches, long Internodes, spike medium long semicompact 

4 SKP-84 Pistillate  M3SPN-19-25, Medium height, cup shape leaves, convergent 

branches, short Internodes, 3-4 nectary on nodes, spike long 

semicompact 

5 JI-96 Male M3SPN-15-19, tall, divergent branches, loose spike, 

monoecious 

6 SKI-215 Male M2NSPN-18-22, tall, divergent branches, loose spike, 

Intertype 
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Introduction 

Biological control of insect pests is an important component of Integrated Pest Management. Among 

biocontrol agents, the egg parasitoids from the genus Trichogramma (Hymenoptera: Trichogrammatidae) 

are the effective parasitoids in controlling pest outbreaks, mainly from the order Lepidoptera. 

Trichogramma is a dominant genus of egg parasitoids and most widely exploited natural enemies in 

horticultural ecosystems. These parasitoids have been used to control many of insect pests which infest 

vegetables like tomato, cabbage, and potato as well as fruit crops like apple, olive, pomegranate and grape. 

Under field conditions, releases of several million female wasps/ha through the season proved to be very 

effective in suppressing the key lepidopteran pests of many crops accomplishing parasitism up to 91%. 

Therefore, egg parasitoids are a promising biocontrol agent for control of lepidopteran pests. 

Life Cycle of Trichogramma spp. 
Trichogramma spp. (Hymenoptera: Trichogrammatidae) have a short generation time and can be easily 

mass-produced and they could kill the Lepidopteran pests during the egg stage (Hassan, 1993). 

Trichogramma is solitary endoparasitoid, it seeks out and parasitizes host eggs, more than one egg may be 

inserted into each host egg. After hatching, the parasitoid larvae feed on the contents of the host egg. The 

wasps pupate within the egg and adults chew an emergence hole to escape. It takes about 10 days from the 

time of parasitism to emergence of wasps at a constant 27 °C. 

 

Egg Parasitoids in Vegetable Crops 

In vegetable ecosystem, the egg parasitoids (Trichogramma, Trichogrammatoidea) are mainly used on 

Lepidoptera. T. chilonis is found effective as natural and augmentation control agent for several 

lepidopteran pests. T. pretiosum were shown effective to destroy 40% of H. zea eggs in tomato fields. 

Inundative releases of T. chilonis, T. brasiliensis and T. pretosium for Helicoverpa control in tomato and 

okra have been demonstrated as effective. Utilization of semiochemicals is helping for improving the field 

performance of mass-released parasitoids. The tomato leafminer, T. absoluta (Meyrick) (Lepidoptera: 

Gelechiidae) has become an economically important pest in the major tomato-producing countries in the 

Mediterranean Basin countries of Europe and North Africa. Egg parasitoids of T. absoluta have been 

belonged to the order Hymenoptera. The most important T. absoluta egg parasitoids are found in the 

Trichogrammatidae family. T. pretiosum, T. exiguum, T. evanescens, T. minutum and T. cacoeciae are more 

general parasitoids, by which it’s likely to parasitize a range of different species. These egg parasitoids 

wasps have been widely used to control T. absoluta. 
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Egg Parasitoids of Fruit Orchards 

In temperate fruit crops, there is a good scope for biocontrol of the codling moth with repeated release of 

Trichogramma embryophagum. In tropical fruits, against lemon butterfly, both Trichogramma chilonis 

and Telenomus incommodus provide varying levels of natural parasitism around the year, with T. chilonis 

offering scope for augmentative biocontrol. Eggs of fruit sucking moths are found to be naturally parasitized 

by Trichogramma. Ber fruit borer, Meridarchis scyrodes and Citrus fruit sucking moth, Othreis fullonia 

appears to be effectively controlled by T. chilonis releases. 

Conclusion 

Egg parasitoids like Trichogramma spp. are prevalent everywhere, but the species collected from one 

cropping system may not work very well in another cropping system. Therefore, selection of the 

strain/ecotype plays a crucial role for the biocontrol of insect pests. The suitability of the strain, 

parasitisation rate under laboratory conditions, inundative releases under field conditions on each pest 

should be further studied and exploited in different cropping ecosystems. 
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Tomato is most important vegetable crop next to potato. It is cultivated for fresh fruits and processed 

products. There are several plant pathogens which attack tomato crop and lead to reduction in both quality 

and quantity of fruit yield. The timely and effective management of these diseases are required to reduce 

the losses. 

Damping Off – Pythium aphanidermatum 

Symptoms: 

a. Pre-emergence damping off: Seedlings disintegrate before they come out of soil surface. It 

results in poor seed germination. 

b. Post-emergence damping: This is characterized by development of disease after seedlings have 

emerged out of soil surface but before the stems have lignified.  

i. Lesions are formed at collar region. 

ii. Infected areas appear water soaked and brown. 

iii. Plants shrivel and collapse due to softening of tissues. 

iv. Infected stems become thin, hard (wire stem symptoms) and infected seedlings topple 

down. Disease appears in patches both in nursery and in fields.  

Management: 

a. Nursery should be raised in light soil with proper drainage. 

b. Burn farm trash on the surface of the beds.  

c. Seeds should be sown on raised beds 6-8” high (15cm). 

d. Low seed rate should be used. 

e. Drench soil with 1% Bordeaux mixture or copper oxychloride @ 0.3% or metalaxyl @ 0.2%. 

f. Seed treatment with Trichoderma viride (4 g/kg of seed) or Thiram (3 g/kg of seed).  

g. Spray 0.2% metalaxyl during cloudy weather. 

Fusarium Wilt: Fusarium oxysporum f. sp. lycopersici 
Symptoms: 

a. The first symptom of the disease is clearing of the veinlets and chlorosis of the leaves.  

b. The younger leaves die in succession and the petiole and the leaves droop and wilt. At later stage, 

browning of vascular system occurs. 

c. Later the entire plant wilts, stunted and dies in few days. 

Management: 

a. Remove and destroy the affected plants. 

b. Spot drench with carbendazim @ 0.1%.  

c. Crop rotation with a non-host crop such as cereals. 

Early Blight – Alternaria solani 
Symptoms: 

a. Small, isolated, scattered pale brown spots appear on the leaves. 

b. Fully developed spots are irregular, brown to dark brown in colour, and with concentric rings 

inside the spot. 

c. Spots coalesce to form large patches resulting in the leaf blight. 

d. Lowest leaves are attacked first and the disease progresses upwards. 

e. In severe attacks the entire plant may be defoliated. 
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f. Elongated lesions may also develop on stems and petioles, which break at the point of infection. 

g. Brown spots are also seen on calyx. 

h. Slightly dark, sunken, round to irregular lesions on fruit at the calyx end. 

Management: 

a. Use disease free seed. 

b. Remove and burn diseased crop debris. 

c. Spray mancozeb @ 0.25% or chlorothalonil @ 0.2% or zineb @ 0.25% at weekly intervals. 

Late Blight – Phytophthora infestans 

Symptoms: 

a. Leaves have large, dark brown blotches with a green gray edge which is not confined by major 

leaf veins. 

b. Infections progress through leaflets and petioles, resulting in large areas of dry brown leaves. 

c. Stem infections are dark brown with a rounded edge. 

d. In cool, wet weather, entire fields turn brown and wilted. 

e. On tomato fruits dark brown, circular spots appear which enlarge to cover large parts of fruits. 

Spots may become mushy as secondary bacteria invade. 

f. In high humidity, thin powdery white fungal growth appears on infected leaves, tomato fruit and 

stems. 

Management: 

a. Healthy seeds should be selected for planting. 

b. Grow resistant varieties  

c. Spray metalaxyl @ 0.1% or Mancozeb @ 0.25% at 10-15 days interval. 

Buck Eye Rot – Phytophthora parasitica 

Symptoms: 

a. Symptoms appear both on green and ripe fruit. 

b. Disease begins on tomatoes as a small brown, water- soaked spots.  

c. In the early stages of the infection, the spot is both firm and smooth, but as the spot increases in 

size and starts to develop its signature alternating rings, the spots become rough and sink in at the 

spot’s margins. 

Management: 

a. Tomato should be planted in raised beds. 

b. Crop rotation with non-solanaceous crops. 

c. Reduce the possibility of direct soil to fruit contact by mulching around the base of tomato plants. 

d. Spray with chlorothalonil or maneb or metalaxyl or mancozeb @ 0.1-0.2%. 

Leaf Curl: Tomato leaf curl virus (ToLCV) 
Symptoms: 

a. Characterized by severe stunting of the plants with downward rolling and crinkling of the leaves.  

b. The newly emerged leaves show slight yellow colouration and later show curling symptoms.  

c. Older leaves become leathery and brittle.  

d. The nodes and internodes are significantly reduced in size. 

e. The infected plants look pale and produce more side branches giving a bushy appearance. The 

infected plants become stunted.  

Management:  

a. Use yellow sticky traps @ 12/ha to monitor the white fly.  

b. Raise barrier crops-cereals around the field.  

c. Remove weed host.  

d. Protected nursery in net house or green house.  

e. Spray imidachloprid 0.05 % or dimethoate 0.05% @ 15, 25, 45 days after transplanting to control 

vector. 
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Tomato Mosaic – Tomato mosaic virus 

Symptoms: 

a. Symptoms appear as light and dark green mosaic mottle and distorted crinkled younger leaves.  

b. The plants are stunted and leaves may be distorted to a fan leaf or tendril like. 

c. The symptoms vary depending on the strain of the virus. Some strains cause yellowing or leaf 

mottling which may also affect the fruit.  

d. Some other strains produce streak symptoms consisting of longitudinal necrotic streaks on stem 

or petioles. Such affected plants are killed. 

e. Necrotic sunken lesions also appear on fruits and sometimes internal necrosis or browning of 

mature fruit occurs.  

Management: 

a. Rouge out and destroy diseased plants. 

b. Sowing of diseases free plants. 

c. Soak the seeds in 10% Tri-sodium orthophosphate for 15 to 20 minutes prior to sowing. 

d. Heat treatment for 2-4 days at 70° C. 

e. Avoid injury to tomato plants. 
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Kadaknath, also called Kala Masi ("fowl having black flesh"), is an Indian breed of chicken. They originated 

from Dhar and Jhabua, Madhya Pradesh. These birds are mostly bred by the rural poor and tribals. There 

are three varieties jet black, golden and pencilled. The meat from this breed has a geographical indication 

(GI Tag) tag that was approved by the Indian government on 30 July 2018. 

 

The Kadaknath is popular for its adaptability and its grey-black meat, which is believed to infuse vigour. 

Its colour is caused by melanin. The breed is considered to have originated from the Kathiwar Alirajapur 

jungles in Jhabua district of Madhya Pradesh. 

Poultry farming is primitive and is making a lot of profit in current times. Kadaknath breed is inhabitant 

to the Jabhua and Dhar districts of MP. Because of its growing demand, farming for this famous breed has 

started in the states of Andhra Pradesh, Kerala, Telangana and Tamil Nadu. Weight for the breed ranges 

between .50 grams to 1.75 kilo and takes around 107 to 115 days. 

Kadaknath farming generates income and profit within a very short span of time and is solely based on 

eggs and meat. For getting started one needs to have a bit of training and a small piece of land to start the 

business. A proper business plan has to be prepared and should include functions like housing, feeding, 

caring, labour resource, investment and marketing. 

Prior to 2 months, birds can be fed pre-starter broiler feed along with maize crumbs. Post 2 months, they 

can be given a 20% protein diet. Based on the weight and age, you can start with broiler feed and then with 

regular feed. This breed needs minimum care and can feed on seeds, grass, leafy vegetables etc. 

The rosters weigh 1.8–2 kg (4.0–4.4 lb) and the hens 1.2–1.5 kg (2.6–3.3 lb). Kadaknath hens eggs are 

brown with a slightly pink tint they are poor setters and rarely hatch their own brood. Eggs weigh an 

average of 30–35 g. 
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Kadaknath birds are grey-black all over and have gold plumage with greenish iridescence. The greyish 

black colour is present in the legs and toenails, beak, tongue, comb and wattles even the meat, bones and 

organs have grey colouration. 

Also known as Kali Masi, Kadaknath is a unique chicken breed that’s black in colour. It’s not just the meat 

that’s black, but most of its organs as well as bones are black too the blackness is not just limited to it, the 

eggs of this chicken are black as well. This chicken is found in the tribal-dominated Jhabua district and 

had also got GI tag last year after a legal battle with Chhattisgarh. This variety of chicken is believed to 

have medicinal properties in it with 25-27 per cent protein and low-cholesterol (0.73-1.03 %) content. As 

compared to the other chicken varieties, this one is highly nutritious. The taste of this chicken variety is 

quite subtle as compared to others, and so it’s being promoted all over. 

Protein content in kadaknath is higher than 25% in an ordinary bird it varies between 18-20%. Research 

has shown that this species has lower cholesterol (0.73-1.05%) than white chicken (13-25%) High levels of 

18 amino acids out of which 8 are essential for the human and rich in hormone. Vitamins B1,B2,B6, B12, 

C and E, niacin, protein, fat, calcium, phosphorus, iron, nicotinic acids, etc.  

Kadaknath has special medicinal value in homeopathy and a particular nervous disorder. The tribal uses 

kadaknath blood in the treatment of chronic disease in human beings and its meat as aphrodisiac (Believed 

to infuse vigour in Make). 

Experts says that Viagra or Sildenafil Citrate is basically a vasodilator designed for increasing blood flow 

to the heart and the melanin pigment in kadaknath does the same. Kadaknath chicken has a peculiar 

effectiveness in treating women discuss, sterility, Menoxenic (abnormal menstruation), habitual abortion. 

The eggs are also an ideal nutritive, especially for old people and high blood pressure victims, since the 

cholesterol content is lower Rich in amino acids and higher than that of other kinds of birds. The eggs of 

kadaknath chickens can be used effectively to treat severe headaches, headaches after giving birth, 

faintness, asthma and nephritis (acute or chronic inflammation the kidney): 

1. High Protein more than 25% (highest of all chicken breeds). 

2. Low fat 0.73-1.05% only (lowest of all chicken breeds). 

3. Vitamins B1, B2, B6, B12, C and E, niacin, protein, fat, calcium, phosphorus, iron, nicotinic acid etc. 

4. High levels of 18 essential amino acids as well as hormones that are required by the human body. 

5. The Central Food and Research Institute, Mysore, studied its medicinal qualities and found it suitable 

for cardiac patients as it increases blood supply to the heart. 

The bird is very popular among the adiwas is mainly due to its adaptability to the local environment, 

disease resistance, tasty meat quality, texture and flavour. though the flesh of this breed is black, it is 

considered not only a delicacy of distinctive taste. 

Eggs 

The eggs are also an ideal nutrilive, especially for old people and high blood pressure victims, since the 

cholesterol content is lower Rich in amino acids and higher than that of other kinds of birds. The eggs of 

kadaknath chickens can be used effectively to treat severe headaches, headaches after giving birth, 

faintness, asthma and nephritis (acute or chronic inflammation of the kidney).  

Kadaknath has special medicinal value in homeopathy and a particular nervous disorder. The tribal uses 

kadaknath blood in the treatment of chronic disease in human beings and its meat as aphrodisiac (Believed 

to infuse vigor in Make). Experts says that Viagra or Sildenafil Citrate is basically a vasodilator designed 

for increasing blood flow to the heart and the melanin pigment in kadaknath does the same. kadaknath 

chicken has a peculiar effectiveness in treating women discuss, sterility, Menoxenic (abnormal 

menstruation), habitual abortion. 

Kadaknath meat is unique as it is black in color and has several medicinal properties to cure various 

ailments. In recent times the popularity of Kadakanth is growing mainly because of the taste combined 

with medicinal values. The meat is black in color due to the large melanin content, a genetic condition 

called “Fibromelanosis”. Kadakanath blood in often used in the treatment of chronic disease in human 

beings and the meat is considered as an aphrodisiac.     
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Kadaknath has special medicinal value in homeopathy and a particular nervous disorder. 

Research has shown that the Kadaknath species has lower cholesterol than normally available white 

chicken and also contain high levels of essential amino acids as well as hormones that are required by the 

human body. Kadaknath chicken has many kinds of amino acids (18 kinds of amino acids including the 8 

essential amino acids for human body), Vitamins B1, B2, B6, B12, C and E, niacin, protein, fat, calcium, 

phosphorus, iron, nicotinic acid, etc. 

Laboratory tests clearly show that the Kadaknth chicken contains certain hormones, blue pigment and 

amino acids required by the human body and are considered to be very useful to increase blood cells and 

haemoglobin. 

Presently there are abundant clinical experiences has indicating Kadaknth Chicken Meat to 

effectively treat woman’ s ailments like sterility, menoxenic (abnormal menstruation), habitual abortion, 

blood leucorrhoea, metrorrhagia, and sickness after giving birth to offspring. This black meat is also known 

to be useful in cure of pulmonary problems – tuberculosis (TB), heart diseases, neurasthenia (a 

condition of nervous debility supposed to be dependent upon impairment in the functions of the spinal 

cord), and children osteomalacia (a condition marked by softening of the bones). 
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Guava (Psidium guajava L.) is known as poor man’s apple and commercially presently it has become one 

of the most common fruits of India. It is contributing 4.1% to the total fruit production in India. The crop 

covers about 2.60 lakh hectare area of the country with an annual production of 38.26 lakh tonnes with an 

average productivity of 14.75 metric tonnes per hectare. The major guava producing states are Madhya 

Pradesh, Uttar Pradesh, Bihar and Maharashtra. The existing guava production is not able to meet our 

present demand of guava fruits to the increasing population of the country. It also necessitates enhancing 

the production potential of guava under available resources. Besides, all available high production 

technologies such as use high yielding varieties, high density orcharding, the use of PGR's has been proved 

as a powerful tool to meet this demand by influencing fruit production directly or indirectly various plant 

processes like germination, rooting, growth and productivity of guava. 

 

Effects of Growth Regulators 

Role of PGR’s on seed germination: Seed propagation is important especially in hybridization as well 

as for raising rootstocks. The germination of guava seeds is uncertain due to hard seed coating over the 

endocarp which results in poor germination and takes long time to germinate. Application of GA3 will 

improve germination as well reduces the germination period. GA3 helps in early germination due to it reacts 

on the embryo and causes denovasynthesis of hydrolyzing enzymes particularly amylase and protease and 

this hydrolyzed food is utilized for growth of embryo. The increased germination with GA3 might be due to 

fact that either GA3 involved in the activation of cytological enzymes with GA3 stimulates seed germination 

of an amylase enzyme which convert insoluble starch into soluble sugars or might have antagonized the 

effect of inhibitors present in seeds.  

Role of PGR’s in propagation by cuttings and stooling: Guava is hard to root therefore; its 

propagation by cuttings under ordinary conditions is not successful. It is only successful under intermittent 

mist conditions with the aid of rooting hormones like IBA and NAA. Cuttings treated with IBA at 1000 

ppm will improve the rooting percent. The cuttings of 10-12 cm long with 3-4 leaves, were dipped for 5 

seconds in IBA, NAA or IAA, each at 1500, 2500 or 3500 ppm, respectively and planted in sand will improve 

the rooting. Application of IBA at different concentration in semi hard wood cuttings of guava achieved the 

good percent of rooting. 

Role of PGR’s in propagation by air layering: Among different growth regulators IBA, NAA play a 

major role in initiation of roots in layers of various fruit species. The combination of IBA 5000 ppm with 
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rooting media gave a maximum percentage (84.75%) of rooted air layers in cv. Lucknow-49. Ringing and 

girdling interrupt the downward translocation of carbohydrates, hormones and other possible root 

promoting substances which helps in shoot initiation and formation from ring area of layer. Using these 

techniques on shoots prior to their removal for use as cuttings improve the rooting. 

Role of PGR’s on flowering, fruit set, fruit growth and development: Flower induction, flower 

intensity and crop regulation to a great extent can be manipulated by the use of plant growth regulators 

via blossom or fruit let thinning at early stage. GA spray of 200 ppm at flower bud initiation stage increased 

yield of guava fruit.  Spraying of GA3 at 15/30 ppm in the month of January proved to be effective in 

increasing fruit retention and yield.  

Role of PGR’s on canopy management: Canopy management is one of the important tools to 

accommodate more number of plants per unit area or to adopt different planting systems such as high 

density planting and Meadow orcharding and these planting systems will helps to increase the 

productivity. Due to absence of dwarfing rootstocks in guava the pruning and use of growth regulators play 

vital role in management of canopy. Guava tree respond well to canopy modification with respect to 

vegetative and reproductive growth and it produces fruits on current season shoots therefore, modification 

of canopy through pruning and use of certain growth regulators may be steps to enhance the production 

efficiency. Paclobutrazol and ethephon may be useful in high density planting as paclobutrazol helps in 

making the plants dwarf by producing a retarding effect on the growth of tree through inhibition of 

gibberellin biosynthesis, a key plant growth promoter. Similarly, ethephon acts as a ripening hormone and 

it enhances the ripening process along with its growth retardation effect. Ethephon at higher 

concentrations (500-3000 ppm) proved to be quite effective in reducing the plant height. Stock and scion 

girth was found to be increased with ethephon. The PBZ 500 ppm markedly restricts the plant growth. 

Role of PGR’s on crop regulation and fruit thinning: Crop regulation plays major role in Guava for 

generating more income to the farmers. In subtropical climate, three distinct periods of flowering and 

fruiting are found in the guava. These three distinct periods are: 

a. Ambebahar (February-March flowering and fruit ripens in July-August). 

b. Mrigbahar (June-July flowering and fruit ripens in November- January). 

c. Hasta bahar (October flowering and fruit ripens in February to April). 

The winter crop is superior in quality, free from pests and diseases and also fetches better price in market 

as compared to rainy season crop. The various efforts have been made to deblossom the rainy season crop 

with certain chemicals, growth regulators and cultural practices in order to have a better winter crop. 

Deblossming of rainy season crop with foliar application of NAA 800 ppm will help to increase yield of 

winter crop. 600 ppm NAA caused highest shedding of blossom and young fruitlets compare to 50 ppm NAA 

and 30 ppm 2, 4-D meanwhile the application of NAA has been a useful to get a better winter crop. 

Growth Regulators in Enhancing Shelf Life of Guava 

Guava is a delicious and nutritious fruit and highly perishable in nature among the tropical and sub-

tropical fruits, therefore cannot be stored for longer period. Certain post-harvest treatments like Giberellic 

acid, 2, 4-D, Malic hydrazide, Benzyl adenine application will increase or extend the shelf life of the fruit. 

Growth Regulators in Improving Quality Parameters 

Growth substances application will increase the TSS and other quality attributes in many fruit crops. In 

guava application of 2, 4-D increased the TSS in Cv. Allhabad Safeda. The NAA (40-80 ppm) also helps to 

increase in TSS in guava. Maximum increase in TSS total sugars, reducing sugar and non-reducing sugar 

was with foliar spray of 60 ppm 2,4-D may be due to quick metabolic transformation of starch into soluble 

sugars and early ripening in response to growth substances. 

Growth Regulators in Micro-Propagation 

Studies on in-vitro propagation of guava demonstrate that shoot tip explants from mature trees are capable 

of forming multiple shoots. Proliferation of shoot tip was obtained on MS media containing different 

combinations and concentrations of auxins and cytokinins.  However, highest number of shoots per explant 

was obtained from cultures grown on medium supplemented with 1 mg/L BAP only. About 80% shoots 

rooted well when media was supplemented with IBA and NAA (0.2 mg/L each) together. Addition of 
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activated charcoal showed beneficial effects on rooting percentages and plantlet growth. In-vitro clonal 

propagation of guava ‘Banaras local’ was achieved by culturing nodal explants of mature trees on 

Murashige and Skoog (MS) media supplemented with 4.5 μM6-benzyladanine (BA) alone or in combination 

with either 0.6 μM indole-3-acetic acid (IAA), 0.5 μM indole-3-butyric acid (IBA) or 0.3 μM gibberellic acid 

(GA3). Multiple shoots were induced to form by enhancement of axillary branching and BA (4.5 μM) without 

any auxin and gibberellin was found to give best shoot multiplication rate. A number of studies show that 

In-vitro propagation of guava is successful only when it is supplemented with different combination of plant 

growth regulators. 
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Introduction 

India is unique in its way. It is having varied culture and lingual unit, surrounded by people from various 

social and cultural backgrounds. People of India have various cuisine and their social and religious pursuits 

vary. Indian cuisine varies from region to region. Traditionally, some states in India have their cuisine, 

that they prepare during social gatherings and religious congregations.  

The vegetarian diet is popular in India, but some regions, especially in the coastal areas are known for 

their non-vegetarian cuisines. It may be noted that in the Indian context, the term 'vegetarian diet' includes 

foods of plant origin as well as dairy-based products, while the term 'non-vegetarian' also includes animal-

based products such as all types of meats, eggs as well as fish. Many vegetarians consume eggs but abstain 

from other meat and fish-based products.  

Rice and wheat are the staples of India. However, different regions in India, such as Punjab, Southern 

India, West Bengal, Maharashtra, and Gujarat are known for specific unique dishes. Bread is an important 

part of Indian cuisine. Lentil was considered the second most important food in India. It is served with rice 

dishes or with various types of bread. In Indian cuisines, snacks are served with tea or coffee and 

accompanied with mint or tamarind sauce. During festivals and religious occasions, different types of 

confections; such as mithai, halwa, kheer, payasam, sevai, are prepared. Ingredients that are involved 

include condensed milk, grain flours, lentils, semolina, chickpea flour, and vegetables such as carrots and 

pumpkins. Beverages are one of a kind with different ingredients and preparation processes following 

different parts of India. Tea and coffee are popular across India. A special tea is called masala tea in which 

tea leaves are boiled with spices such as cardamom, ginger, and clove. India is known for its spices and 

herbs. Christopher Columbus discovered the Indian spices while traveling around the world. Indian 

traditional foods have a strong flavor owed to the combination of spices and herbs. The many similarities 

between the culinary regions of India are highlighted with the exquisite use of spices and flavorings. 

Over the generations, the curative effect has been traditionally established. The traditional Indian diet is 

"functional" as it contains high amounts of dietary fiber (whole grains and vegetables), antioxidants (spices, 

fruits, and vegetables), and probiotics (curds and fermented batter products), which are wise choices for 

health promotion. These functional molecules help in weight management, blood sugar level balance, and 

support the immunity of the body. The functional properties of foods are further enhanced by processing 

techniques such as sprouting, malting, and fermentation. 
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At different stages of life, the constitution of the human body changes and it requires unique eating habits 

to sustain normal physiological functions. As indicated by these diverse stages, our ancestors had different 

foods that were healthy and nutritionally dense. Many Indian traditional foods impart beneficial effects on 

human physiology beyond providing adequate nutrition. The health benefits thus derived may range from 

ensuring normal physiological functions in the body such as improving gastrointestinal health, enhancing 

the immune system, weight management, and providing better skeletal health, among others, to reducing 

blood cholesterol, oxidative stress, the risk of cardiovascular diseases, inflammatory diseases, various types 

of cancers, and possible prevention of diabetes, and neurodegenerative diseases. Traditional Indian foods 

have been prepared for many years and preparation varies across the country. 

History of Traditional Foods 

Traditional foods started with the inception of tradition, which dates back to Aryan civilization (3000 BC) 

followed by Harappan (2000 BC), Vedic (1500 BC), and later the Hindu culture as influenced by other 

cultures, and Indian food habits followed the changing cultural patterns. Diets were created by our 

ancestors originally to meet their survival needs. People of various Indian cultures gradually enriched them 

through long empirical experience using combinations of a variety of primary food materials, especially the 

locally available food grains and vegetables that nutritionally complement and supplement each other. 

Around 7000 BC, sesame, eggplant, and humped cattle had been domesticated in the Indus Valley. By 3000 

BC, turmeric, cardamom, black pepper, and mustard were harvested in India.  

As a land that has experienced extensive immigration and intermingling through many millennia, India's 

cuisine has benefited from numerous food influences. Invasions from Central Asia, Arabia, the Mughal 

empire, Persia, and others had a deep and fundamental effect on Indian cooking. Influence from traders 

such as the Arab and Portuguese diversified subcontinental tastes and meals.  

As with other cuisines, Indian cuisine has absorbed the new-world vegetables such as tomato, chili, and 

potato, as staples. These are relatively recent additions. Islamic rule introduced rich gravies, pilafs, and 

non-vegetarian fare such as kebabs, resulting in Mughlai cuisine (Mughal in origin), as well as such fruits 

as apricots, melons, peaches, and plums. The Mughals were great patrons of cooking. Lavish dishes were 

prepared during the reigns of Jahangir and Shah Jahan. The nizams of Hyderabad meanwhile developed 

and perfected their style of cooking with the most notable dish being the Biryani. During this period the 

Portuguese and British introduced foods from the new world such as potatoes, tomatoes, squash, and chilies 

as well as cooking techniques like baking.  

Throughout history, India’s borders have seen the passage of many in search of its distinctly aromatic 

spices. From cardamom to turmeric, the spices of India have led to the creation of one of the world’s most 

flavourful cuisines. This has contributed to better health protection, improvement of digestibility, 

resistance to health disorders, and increased human longevity. India has a heritage of many indigenous 

ethnic cultures, and thousands of delicious and functional diets have been developed over millennia. 

Region-Wise Foods of India 

1. North Indian Food: In North India, flatbreads made from whole wheat flour (atta) are eaten as a staple 

and almost with all major meals of the day. Roti and paratha are common types of flatbreads. Lentils (dal 

items) and preparations of vegetables are also mostly eaten with rice and flatbread. There is liberal use of 

ghee or clarified butter in North Indian cuisine. Food in North India is also oilier or buttery as compared 

to South Indian dishes. Traditional preparation of North Indian food involves the use of ground spices like 

garam masala (a five-spice mix also known as a mixture of hot spices).  

2. East Indian food: Mustard seeds and paste, chilies (both green and red), paanch phoran (a mix of five 

spices—mustard seeds, cumin seeds, onion seeds, fennel seeds, and fenugreek seeds) are common spices 

used in cooking. Dahi (yogurt), nariyal (coconut), maize, and besan (gram flour) are commonly used 

ingredients. Milk and dairy products play a major role in the preparation of sweets in Eastern India.  

3. South Indian: Food South Indian food mostly involves the use of Rava (wheat semolina) and whole rice. 

In South India, a lot of rice is consumed in the form of dosa (Indian savory crepe), idli (steamed savory rice 

cake), idiyappam (rice flour pressed into noodle form and then steamed), appam (a kind of pancake made 

with coconut milk and fermented rice batter). Puliogare (tamarind rice), coconut rice, bisibellebath (lentils 
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and rice dish), parotta (layered flatbread made with white flour), and puttu (rice portioned in cylindrical 

form) are also popular dishes. Rice is combined with sambar (a soup-like lentil dish tempered with whole 

spices and chilies) and rasam (a hot-sour soup-like lentil dish), dry and curried vegetables and meat dishes, 

and a host of coconut-based chutneys and papadum (deep-fried crispy lentil pancakes). South Indian meals 

are mostly prepared in coconut oil or refined oil. Gingelly (sesame) oil is also common in the south since it 

imparts a fragrant and nutty aroma. In South Indian cuisine, there is a generous use of curry leaves and 

dried red chili for tempering.  

4. West Indian Food: The western region of India has the most assorted varieties of food dishes. Food is 

spicy and largely vegetarian in Rajasthan, while Gujarati cuisine is acknowledged for its slight sweet touch 

and is traditionally vegetarian. In Maharashtra, Malvani cuisine (fresh coconut-based hot and sour curries 

with fish and seafood) is famous in coastal regions, while the interiors have the more prudent, Vidharba 

cuisine, which uses a lot of dry coconuts. Goan food is rich, piquant, and strongly flavored with coconut, red 

chilies, and vinegar. In Gujarat and Rajasthan, corn, lentils, and gram flour, dry red chilies, buttermilk, 

yogurt, sugar, and nuts; in Maharashtra, fish, rice, coconut, and peanuts and, in Goa, fish, pork, and rice 

are the common ingredients for cooking. 

Traditional Foods – Health Benefits 

Several traditional foods have been endowed with different kinds of medicinal benefits. Foods are believed 

to contain ‘hot’ and ‘cold’ properties. In South India, ‘Ugadi pachadi’ consisting of nee, mango, jaggery giving 

five different tastes, is consumed on traditional ‘New years’ day. It is believed that these different tastes 

provide different experiences one has to face in life. It is commonly believed that ‘Ugadi pachadi’ has a 

laxative effect while idli serves as an antacid, ‘sunniundalu’ (made of barley, rice, jowar) is curative for 

urinary tract infection, ‘ariselu' are believed to add bulk to the feces and thereby serves as a laxative. There 

are many traditional beliefs about the medicinal properties of traditional food products. These beliefs 

include:  

1. Certain lactic acid bacteria (eg: Lactobacillus acidophilus) and molds have been found to produce 

antibodies and bacteriocins.  

2. The beneficial health effects of lactic acid bacteria on intestinal flora have been well documented. 

Ingestion of foods containing live lactic acid bacteria is likely to improve resistance against diarrhea-

causing microorganisms. 

3. Substances in traditional fermented foods have been found to have a protective effect against certain 

types of cancer. 

Conclusion 

Indian traditional foods are of sources of nutrients and are rich sources of antioxidants, vitamins and 

minerals. Consumption of traditional foods are important in reducing certain diseases which increase the 

lifespan of the people. 
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A grain of modern maize comprised of about 73% starch, 9% proteins, 4% oil and 14% other contents 

including fibre. Endosperm and germ are two main parts of the maize grain and comprising about 80% and 

10% of grain dry weight, respectively. The endosperm is about 90% starch, whereas germ contains about 

30% oil and 18% protein. Among protein contents, endosperm is comprised of about 80% protein and rest 

is present in germ. Germ protein is of superior quality but endosperm protein is of poor quality due to 

deficiency of essential amino acids that is lysine and tryptophan. Based on solubility, maize endosperm 

protein is classified into following fractions: 

1. Albumins: water soluble 

2. Globulins: soluble in saline solutions 

3. Prolamine or zein: soluble in alcohol 

4. Glutelins: soluble in alkali. 

Among these protein fractions in normal maize endosperm, zein or prolamine is comprised of 60% 

proportion, gluten 34%, albumin 3% and globulin 3%. Germ proteins are comprised of about 60% of 

albumins. Zein fraction in endosperm has lower lysine content which is about 0.1/100 g of protein.  In 

opaque-2 (o2) maize, zein fraction is greatly reduced to 50% with concomitant increase in non-zein fraction 

(albumins, globulins and glutelins). In o2maize, endosperm has two times higher lysine and tryptophan 

con-tents, whereas leucine contents are reduced by 30%. Increased tryp-tophan contents lead to an increase 

in niacin synthesis, which helps to prevent pellagra and enhance the nutritional quality.  Bioavailability 

of protein was also 90% in o2 mutant maize. Cultivars with improved agronomic per-formance and protein 

quality were named as quality protein maize. QPM is regarded as biofortified maize due to improved 

nutritional profile. Nutritional value of maize is poor for monogastric animals in-cluding humans due to 

absence of essential amino acids like lysine and tryptophan. Lysine is comprised of only 2% of total protein 

contents in normal maize (NM) which is even less than half of the amount recommended by Food and 

Agricultural Organization (Food & Agricultural Organization, 2008). Biological value (absorption and 

utilization of protein by body) of QPM is about 80%, whereas for NM it ranges from 40% to 57% and highest 
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known for egg is 86%. United Nations Children's Fund (UNICEF) reported that the inclusion of QPM in 

daily life proved to be effective for combating malnutrition. QPM has higher lysine, tryptophan and leucine 

contents along with higher biological value and higher protein intake. QPM also has higher contents of 

non-zein protein (al-bumin, globulin and glutelin fractions), which are rich in lysine and tryptophan.   

Table 1. Lysine and tryptophan levels as percentages of total protein in whole grain flour of 

conventional and QPM (o2o2) genotypes: 

Traits CM  QPM 

Protein (%)  > 8  > 8 

Lysine in endosperm protein (%)  1.6-2.6 (mean 2.0)  2.7-4.5 (mean 4.0) 

Tryptophan in endosperm 

protein (%) 

0.2-0.6 (mean 0.4)  0.5-1.1 (mean 0.8) 

Nutritional Benefits of QPM 

The basic source of QPM’s nutritional benefits is the opaque2 mutation. The higher lysine and tryptophan 

contents of QPM varieties, compared to CM, provide a more balanced protein for humans and other 

monogastric animals. There is an overwhelming amount of data demonstrating the nutritional superiority 

of QPM over CM. The nutritional benefits, especially for people who depend on maize for their energy, 

protein, and other nutrients, are sufficient to justify its widescale production and promotion. QPM improves 

growth rates and nitrogen metabolism, suggesting that it may be as efficacious as consuming casein, the 

milk protein. Due to the significantly enhanced levels of tryptophan and lysine it contains, QPM also 

reduces by half the amount of maize that needs to be consumed to get the same amount of biologically 

usable protein from a maize diet. 

QPM: Advantages 

1. It is an affordable source of balanced protein diet to the millions of rural and poor families which depend 

largely upon maize for their daily need of dietary protein & calorie intake.  

2. Several nutritional studies have demonstrated and recognized the potential of QPM to eliminate the risk 

of protein malnutrition especially in the maize consuming populations.  

3. Protein quality of QPM is highest among all cereal staple foods consumed by humans. 

Seed Production (QPM) 

The strict standards for the different classes of seed must be followed to ensure good quality seed 

reproduction in QPM. It is easily vulnerable to genetic contamination throughout crossing due to single 

recessive gene (o2o2) coupled with many complementary modifier genes. So, the laboratory analysis for 

tryptophan and protein determination is essential to ensure that the content of the two amino acids are as 

above the required minimum amount. The protein quality, after every two years, is highly recommended 

in case of foundation seed multiplication. 

Breeder Seed Production 

To ensure protein quality and endosperm modification of seed, it is important that breeder’s seed be 

produced in half- sib isolation blocks. This is done in 3 stages described below: 

Stage 1: 

a. Plant 300-500 representative plants in isolation in breeder’s seed production field. 

b. At harvest, shell each ear separately. 

Stage 2: 

a. Plant each ear as a single female row 

b. Bulk equal quantities of each ear to plant as male rows for pollen pollination 

c. Plant 3 rows of female to 1 row of male in a half-sib isolation block. Female rows must be 

detasselled. 

d. Conduct mild selection by rejecting all rows that deviate from the variety description. 

e. At harvest, select the best representative rows and plants within rows of the variety under 

production to provide seed for the next seed production cycle. 
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f. Select 1-2 ears from representative rows to constitute the 300 -500 female rows for the next 

production stage 

g. Conduct laboratory analysis of seed sample of the selected ears. Use only ears that have 

acceptable protein and tryptophan levels for the bulk seed to have unacceptably low protein quality. 

Note that laboratory analyses could be limited to every third cycle of breeder’s seed production to 

save time and money. 

Stage 3: Proceed to plant the third cycle of seed production as in cycle. After counting seed to plant as 

female in storage, and bulk the rest of the seed together with the remaining seed of the male rows to 

constitute the breeder’s seed for seed producers. 

Foundation Seed Production 

Foundation seed must be produced from a fresh stock of breeder’s seed and can be used re-used for 2 

generations/cycles.  The foundation seed producing companies should also maintain a quality check on their 

foundation seed blocks by conducting laboratory analyses. This will not only ensure that the benefits of 

protein quality are passed on to seed producers and, eventually, to farmers and consumers, but will also 

help breeder seed producers maintain the required quality standards of the variety. At this point we clear 

in my minds that no seed producer of QPM go through above criteria to ensure good quality protein seed 

maize to farmers. This changes genetic composition of the variety and we turn to blame farmers for low 

seed adoption. 

Adoption of QPM Varieties: Challenges and Opportunities 

Development of nutritious maize varieties is a sustainable approach to improve the health status of 

malnourished peoples.  Although QPM has many nutritional advantages, there are many challenges in the 

wider adoption of QPM varieties. Some of these challenges are briefly discussed here: 

1. Misconception about the low yielding potential of nutritionally rich crops like QPM is demotivating the 

growers to adopt the QPM varieties. 

2. In some cultivars, it is difficult to discriminate the QPM and non- QPM cultivars due to minor differences 

in lysine and tryptophan contents. 

3. Nutritional contents like lysine and tryptophan are phenotypically invisible, therefore, it is challenging 

to convince the growers, traders, dealers and consumers about the nutritional profile of varieties. 

4. Deterioration or dilution of nutritional quality of QPM varieties due to foreign pollen of non-QPM 

varieties is also a serious concern of produce quality. 

5. Maintenance of recommended isolation distance of 200–400 m depending upon the environment. 

Maintenance of time isolation and space isolation also becomes challenging when seed production is to be 

done for various varieties on one farm. 

6. Lower acceptability for nutritious varieties due to change in appearance, colour and other aesthetic 

traits. 

7. Most of the QPM germplasm was developed for tropical and sub- tropical regions, whereas little work 

was done for QPM development in temperate maize. Therefore, QPM germplasm of tropical and sub-

tropical background give lower yield and stability under temperate conditions due to lack of adaptation. 

8. Stability of tryptophan contents in maize cultivars under temper-ate conditions is also key challenge in 

adoption of QPM cultivars in temperate environment. Lack of awareness about the health benefits of QPM 

varieties is a bottle-neck in the acceptability or adoption of these varieties. 
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Grapevines are one of most widely grown fruit crops in the world. It is either eaten fresh, dried as raisins 

or used for production of brandy, wine and other non-fermented drinks. There are various diseases which 

threaten the grapevines and cause significant yield losses. Therefore, it is essential for the farmers to 

identify these diseases and manage them timely.   

Downy Mildew - Plasmopara viticola 

Symptoms: 

a. Initially irregular, yellowish, translucent spot appear on upper surface of leaves. 

b. The lower surface of leaves shows white cottony growth. 

c. The infected leaves turn brown resulting in premature defoliation. 

d. White fungus growth appears on berries and berries become wrinkled and discoloured. 

e. Later infected fruits become mummified. 

Management: 

a. Infected plant parts should be prunned, removed and burnt. 

b. Prophylatic sprays of Bordeaux mixture or Copper oxychloride @ 0.25 % (2.5g /l) or Mancozeb 

(2.5g/l) and thereafter spraying with Metalaxyl @0.2% (2g/l), Fosetyl - Al @ 0.1% (1g/l) are effective 

in managing the disease. 

Powdery Mildew - Erysiphe necator (Earlier Uncinula necator) 

Symptoms: 

a. On upper surface of leaves powdery growth appears. 

b. Floral infection results in shedding of flowers and poor fruit set. 

c. Powdery growth on older berries results in severe cracking of berries. 

Management: 

a. Proper site should be selected for planting where vines are exposed to sun all day since as high 

temperature and sunlight are inhibitory to growth of pathogen. 

b. Proper training and pruning of plant to improve air circulation which promotes rapid leaf drying.  

c. Remove crop debris from the ground after leaf drop or incorporate it into the soil at the beginning 

of the season.  

d. Foliar spray with Dinocap @ 0.03 % (0.3 g/l) or Benomyl @ 0.3 g/l or Triadimefon @ 0.1 g/l or 

Penconazole @ 0.5 g/l. 

Anthracnose/ Bird’s Eye Spot - Elosinoe ampellina 

Symptoms:  

a. Infection occurs on all plant parts including leaves, stem, tendrils and berries. 

b. Shoots are more susceptible to infection than leaves. 

c. Initially circular, greyish black spots with yellow halo appear. 

d. Later these spots become circular, sunken, ashy grey in colour surrounded by dark margins (bird's 

eye appearance). 

e. Black, sunken lesion appears on young shoots. 

f. Severe infection leads to mummifications of berries. 

Management: 

a. All cankerous canes should be prunned and destroyed by burning. 



 

 
Volume 4 - Issue 03 - March 2022       27 | P a g e  
 

b. Spray vineyards at time of leaf emergence with thiophanate methyl (Topsin - M) @ 0.1% (1g/l), or 

bitertanol @ 0.1% (1g/l) or Benomyl @ 0.1% (1g/l or Carbendazim @ 0.1%(1g/l). Four sprays should 

be done during rainy season at 10-15 days interval. 

Botrytis Bunch Rot (Gray Mold) - Botrytis cinerea 

Symptoms: 

a. Infection of ripe berries is the most common and destructive phase of this disease. 

b. Infected berries first appear soft and watery. The berries of white cultivars become brown and 

shriveled, and those of purple cultivars develop a reddish color.  

c. Under high relative humidity and moisture, infected berries are usually covered with a gray 

growth of fungus mycelium.  

Management: 

a. Perform proper pruning to promote good air circulation and light penetration 

b. Avoid wounding to vines by controlling insects, birds, and other grape diseases. 

c. Choose cultivars with open clusters and avoid tightly clustered ones as tight clusters have more 

severe botrytis bunch rot infection. 

d. Spray with fungicides like Procymidone or Vinclozoline or Iprodione @ 1g/l. 
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Introduction 

Modern agriculture based on chemicals is not sustainable because of many problems such as loss of soil 

productivity from excessive erosion and associated plant nutrient losses, surface and ground water 

pollution from pesticides, fertilizers and sediment, impending shortages of non- renewable resources, and 

low farm income from high production costs. As a result, there is increasing awareness of the need for 

alternative agricultural systems. Such a system should integrate traditional practices with modern 

understanding of life science. The concept of soil, as a living system, is central to alternative farming 

systems as opposed to chemical farming. 

Vermiculture Biotechnology 

Biotechnology essential involves a large-scale application of bio-systems for economic and effective 

processing of materials to produce value added. Vermiculture is culturing of earthworms. Vermiculture 

biotechnology is, therefore, an aspect of biotechnology involving the use of earthworms as versatile natural 

bioreactors for effective recycling of non-toxic organic wastes to the soil, resulting in soil improvement and 

sustainable agriculture. Earthworms are invertebrates assigned to phylum Annelida, class Chaetopoda 

and order Oligochaeta. Oligochaeta includes the major earthworms belonging to Megascolecidae, 

Lumbricidae and other families. More than half the earthworm species of the world belong to 

Megascolecidae. The genus Phretinia alone has a large number of species. Both Megascolecidae and 

Lumbricidae are valuable to agriculture and are, therefore, intimately linked to human welfare, 

development and progress.  

The commonly used species are:  

1. Eiseniafretida, Perionyx excavates, Lumbrieusrubellus, L. terrestris, Eudrillus spp.  

2. Lampitomauritii, Octochaetona serrate, DrawidaWillsi, O. surensis and O. thurstoni.  

3. Earthworm’s gut is an effective tubular bioreactor with raw materials (feed) entering from one end and 

the product (castings) coming out through the other end.  

4. They maintain a stable temperature through novel temperature regulation mechanisms, thus 

accelerating the rates of bioprocesses and preventing enzyme inactivation caused by high temperatures. 

Procedure to Prepare Vermicompost 

Culturing technique: A large number of wooden, plastic, card board or cement boxes of various sizes can 

be used. This volume can accommodate 1500 worms. Culturing is done indoors avoiding sunlight and rain.  

Culture bed: At the bottom of the box, a layer of bedding material is spread to a thickness of 2.5 to 5.0 cm. 

this can be any biodegradable material. On this, a second layer of about 5 cm thick partially digested cow 

dung is spread. Water is sprinkled on the bed to get a moisture level of 30-40 per cent. Worms or their 

cocoons are then introduced on the bed.  

Feed composition: Dried dung of cattle, sheep, horse, pigs or droppings of poultry and small shredded 

pieces of vegetable waste form the ideal food for the worms. Cattle dung can be fed as such if available, but 

other dung materials or vegetable wastes can be mixed in equal quantity with cattle dung for feed 

acceptability. Wheat bran, grain bran and vegetable waste, when added to dung in 10: 11.1 ratio, will 

enhance the quality of the compost and biomass production.  

Feed application: The feed is to be placed uniformly in a layer on the culture bed and replenished as 

when it disappears from surface.  

Worm cast production and collection: When compost is ready, watering is stopped for 2-3 days, when 

all the worms retire to the bed below where some water still exists. The compost is then dry and can be 

piled in small heaps in ambient conditions for a couple of hours when all the worms will godown the heap 
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to the bed. The heaps then become compost heaps containing worm cocoons. Fresh feed material should be 

placed immediately the worms and should be discarded after 6 months and a fresh bed should be laid as 

done earlier.  

Application of Vermicompost 

In orchards the dose depends on the age of the tree. A deep ring of 15-20 cm is to be formed around the 

tree. A thin layer of dry cow dung and bone meal with 2-5 kg of vermicompost is then applied. This is 

covered with a thin layer of soil. This ring is mulched with organic matter and a light spray of water is 

given. In plots, a handful of vermicompost should be applied near the rootzone. The application should be 

repeated after one month and water should be added to keep it moist. For general use in agriculture, 

vermicompost should be applied at 5 t/ha. Vermicompost is mixed with equal quantity of dried cow dung. 

This is broadcasting when seedlings are 12-15 cm high and water should be sprinkled. 

Benefits of Vermiculture Biotechnology 

Vermiculture biotechnology can be fruitfully utilized to gain several benefits:  

1. Less reliance on purchased inputs leading to low cost of production.  

2. Enhancement of soil productivity.  

3. The produce with better taste, lustre and keeping qualities without toxic residues can be produced, 

fetching a higher price.  

4. Recycling of organic eastes is achieved. 

5. There is a cost-effective pollution abatement technology 

6. Wastes create no pollution, as they become valuable raw materials for the soil biotechnology processes 

References 
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Botanical name: Lentinula edodes (Berk.) Singer. 

Phyllum: Basidiomycota. 

Introduction 

1. The word ‘shiitake’ was originally originated from Japanese words: shii which means oak and take which 

means mushroom, reflecting the significance of oak wood as the natural host of the fungus. The name 

shiitake is now the most popular name for this mushroom that is the most popular specialty mushroom 

worldwide. 

2. In the U.S. and France shiitake mushroom is also called as ‘The black forest mushroom’ and ‘lectin’ 

respectively 

3. In China, different forms of shiitake are known by various names such as means ‘Xianggu’ (or Siang-gu) 

“The fragrant mushroom”, ‘Dong-gu’ “The winter mushroom”, and ‘Hua-gu’, “The flower mushroom” or “The 

variegated mushroom”. 

4. Shiitake is a wood land mushroom that are saprophytic and grows on dead material. 

5. The cultivation of shiitake mushrooms had been originated in China during the Sung Dynasty (AD 960-

1127). Since only emperor and his family could consume the mushroom so it was called “Emperor’s food”. 

6. The great interest in shiitake’s commercialization is due to its unique flavor / taste, nutritive value and 

medicinal properties. 

7. A refined culture technique, natural bed logs or synthetic media technique now grows the mycelium in 

a much cheaper hardwood sawdust medium supplemented with 8%–25% of a starch-protein mixture and 

some calcium sulphate. 

Identification 

1. Fruiting bodies of shiitake mushroom are usually scurfy scaled umbrella shaped, gilled with serrated 

margins and cap were light brown in color with centrally cream colored stiped. 

2. Stipe is either slightly bulbous or clavate at base and fibrillose in texture. 

3. Fruiting body has white and soft flesh and are convex in shape with enrolled margins when mushroom 

is younger but it became tough and umbonate or depressed and margins get upturned with the time passes.  

Nutritional Importance 

1. Its fungal mycelia has high content of proteins, fibers, vitamins, minerals, low content of lipid specifically 

cholesterol and are rich in beta- glucans and less than 10% crude fat. 

2. In the raw form, they are composed in 88-99 percent of water and the supply of 11-12 percent of proteins, 

lipids, carbohydrates and also vitamins and minerals. 

3. Dried shiitake contain 58-60 percent of carbohydrates, 20-23 percent of protein, 9-10 percent of fiber, 

and 3-4 percent of fat. 

4. They are a good source of B group vitamins such as B1, B12 and also provitamin D2. 

5. It contains vitamin A, vitamin E, vitamin C, vitamin D and mineral viz. calcium, magnesium, 

Manganese, Phosphorus, Potassium, Selenium, Zinc, Sodium. 
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Medicinal Importance 

1. Shiitake mushroom because of their high fibre content, proteins, microelements and low caloric value, 

are almost ideal for diets designed to prevent cardiovascular diseases as first suggested by traditional 

Chinese Medicine. 

2. Lentinus edodes can lower both blood pressure and free cholesterol in plasma, as well as accelerate 

accumulation of lipids in liver by removing from circulation. 

3. Shiitake combines several antiviral, antifungal, and major antibiotic agent. It is helpful in 

gastroenteritis, tonsillitis, flu, ear infection, bronchitis, tuberculosis, respiratory allergies, pharyngitis etc. 

4. Lentinan present in shiitake show Antiviral properties and known to be powerful enough to combat a 

host of autoimmune disorders triggered by various viruses including hepatitis B, herpes simplex – type I 

and II. and HIV. 

5. Lentinan also possess immunostimulant and anti tumour properties and used as anti-cancerous drugs. 

6. Shiitake Mushroom also Promotes bone health and Skin Health, Boost energy level, and brain fuctions 

and Fight obesity. 

7. Shiitake have anti-ageing effect and contain heptoprotective and antioxidant properties. 

8. Intake of shiitake mushroom increase probiotic activity in stomach and intestine. 

In both Japan and China, shiitake is recognized to be an “elixir of life” and is widely consume. 

Market Status 

1. Shiitakes were grown in the United States in the late 1970s and have been popular in Asia for over 1,000 

years. 

2. They are traditionally eaten as vegetables and have also evolved extensively reaching production of 7.5 

million tones. 

3. It is second most cultivated mushroom after button mushroom followed by oyster mushroom. 

4. Eighty-three percent of organic shiitake mushrooms are cultivated in Japan. The United States, Canada, 

5. Singapore, and China also produce these mushrooms. 

6. Shiitake is nutrition dense food, rising health consciousness is leading to the increase in demand. In 

India it has been cultivating at very small scale which needs to be extended. 

Production Technology of Shiitake Mushroom Spawn Production 

1. The spawn is prepared on wheat grains in half liter capacity wide mouthed glass bottles. To achieve the 

objectives, clean the grains to remove any broken or shriveled grains either by sieving or hand picking of 

undesired grains. 

2. Wash the bold grains 4-5 times to remove the dirt among grains and soak overnight in clean water. 

3. Now, boil these grains in water for 15 minutes taking care that grains should not split but remain slightly 

soft after boiling. Simultaneously, sterilize a cement plate form for drying boiled grain. 

4. Spread the boiled grains in thin layer over that plate form remove excessive water and enable them to 

cool about 25-30°C and checked for water content 60-65%. 

5. Then mix the cooled and dried grains with 1.2 percent commercial grade gypsum (CaSO4) i.e. 12gm per 

kilogram grain on dry basis and 0.3 percent calcium carbonate (CacO3) i.e. 3gm per kilogram grain on dry 

basis. Gypsum prevents the sticking of wheat grains together and calcium carbonate helps to maintain the 

pH 5.5-7.5. 

6. Fill the grains in clean glass bottle up to 2/3 of its capacity. 

7. Plug the bottles with non-absorbent cotton and covered with butter paper. 

8. Sterilized these bottles in autoclaves at 12 1°C (15 lbs pressure) for 60 minutes on two consecutive days. 

Take out Sterilized bottles from the autoclave and shake to avoid clumping of grains and allowed to cool. 

9. Transfer the sterilized bottles to hood of Laminar air flow and inoculate with 9 mm disc of a vigorously 

grown seven days old culture of Lentinula edodes. 

10. Incubated the inoculated bottles at 25±1°C in B.O.D. incubator and shaking were done after 7 days. 

Entire grains were covered with fine mycelial growth after 15-20 days. 

11. This spawn is known as mother spawn or master spawn. The spawn prepared for commercial use was 

prepared on sterilized wheat grains in polypropylene bags inoculated with a spoon full of mother spawn. 
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Mushroom Production 

Shiitake (Lentinula edodes) can be cultivated by two methods Japnese method (Natural Log method) and 

Taiwan Method (Synthetic log method). Synthetic log method or Tiwan method of shiitake mushroom 

(Lentinula edodes) cultivation which is given as follows: 

1. Preparation of substrates: Wheat straw, rice straw, mustard straw and saw dust can be used as 

substrate for growing of different strains of L edodes. Soak the substrate in water for overnight. Drained 

off the excess water the next morning, for this spread the substrates over cemented floor or polythene sheet 

or table top to drain off the excess water until moisture content reaches 6570%. Then fill the substrate in 

auto-calveable polyethene bags of 1kg capacity upto 2/3 of its height. Close the mouths of the bags with the 

help of neck and non-absorbent cotton, covered with butter paper and secure with rubber band. Then 

sterilize the filled bags in autoclave for 1hour at 121oC (at 15psi) for 2 consecutive days. 

2. Spawning: Spawning should be done inside laminar air flow in aseptic condition (to avoid 

contamination) by thoroughly mixing of spawn with substrates at the rate of 2% and tightly plug the bags 

with the help of cotton plugs. Transfer the substrate filled bags to the crop house where optimum 

temperature and relative humidity should be 18-25°C and 40-60%. 

3. Spawn Run: Spawned bags should be kept for incubation at 22 ± 2°C in cropping room for the completion 

of spawn run. This requires 35-60 days for the complete white mycelial growth inside the bag. 

4. Removal of Polycover and Browning of Spawned Bags (Synthetic log): After completion of 

mycelial growth, polycover of bags has been removed and exposed the substrate blocks to an environment, 

conducive for browning of the exterior bag surface (45weeks). Frequent watering should be done on 

substrate blocks everyday with the help of foot sprayer as needed and maintain 80- 85 per cent humidity. 

5. Chilling treatment: The chilling treatment (Cold shock treatment) helps in initiation of pin heads, 

removal of excess CO2 and to maintain moisture in substrate blocks. The bags should be kept at 120 C for 

12hrs in chilled water or refrigerator for the initiation of pin head formation and after 12 hrs bags should 

be kept in again cropping room at 180 C for fruiting body development. 

6. Growth of sporophore: After chilling treatment blister and bumps starts to form, which developed 

into small pin heads and it require 72 hrs for a complete fruit body development. Control the humidity by 

frequent irrigation through electric humidifier, maintain carbon dioxide and oxygen by time-to-time 

ventilation while light intensity through fluorescent tube (8-10 hr light). 

7. Harvesting and yield: Picking should be done before margin rolled upward and colour change by 

slightly twisting and pulling of sporophores. Two flushes can be harvested from the bag at one week of 

intervals. 
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Camel milk is rich in many nutrients that are important for overall health. When it comes to calorie, 

protein, and carb content, camel milk is comparable to whole cow’s milk. However, it’s lower in saturated 

fat and offers more vitamin C, B vitamins, calcium, iron, and potassium. It’s also a good source of healthy 

fats, such as long-chain fatty acids, linoleic acid, and unsaturated fatty acids, which may support brain and 

heart health. One-half cup (120 ml) of camel milk contains the following nutrients. 

Camel’s milk is generally an opaque white colour and has a faint sweetish odour but sharp taste; sometimes 

it can be salty. In a meta-analysis study camel milk was examined and compared with other milks in five 

manuscripts. The results published in FAO are shown (below). The average amount of components of camel 

milk is protein 3.1%; fat 3.5%; lactose 4.4%; ash 0.79%, and total solids 11.9%. The most important factor 

in camel milk is water content. The total solid content is similar to that human milk: 

1. Calories: 50. 

2. Protein: 3 grams. 

3. Fat: 3 grams. 

4. Carbs: 5 grams. 

5. Thiamine: 29% of the Daily Value (DV). 

6. Riboflavin: 8% of the DV. 

7. Calcium: 16% of the DV. 

8. Potassium: 6% of the DV. 

9. Phosphorus: 6% of the DV. 

10. Vitamin C: 5% of the DV. 

Camel milk has a similar nutritional composition to whole cow’s milk but provides less saturated fat, more 

unsaturated fat, and higher amounts of several vitamins and minerals. Lactose intolerance is a common 

condition caused by a deficiency of lactase; the enzyme needed to digest the sugar in dairy known as lactose. 

It can cause bloating, diarrhoea, and abdominal pain after consumption of dairy products. Camel milk 

contains less lactose than cow’s milk, making it more tolerable for many people with lactose intolerance. 

Camel milk is a remedy for viruses causing diarrhoea. Two studies overviewed the effects of camel milk on 

diarrhoea. An animal study in 2010 indicated that fermented camel milk had a higher content of sodium 

and potassium and stopped diarrhoea in model rats. It can be concluded that fermented camel milk can be 

considered as a good food for high nutritive and therapeutic applications. A review study reported 

improvement in Crohn’s and autism diseases such as diarrhoea; bowel movements were considered normal; 

thus, the authors offered a new perspective on the etiology of some diarrheal diseases 

One study in 25 people with this condition found that only 2 participants had a mild reaction to roughly 1 

cup (250 ml) of camel milk, while the rest were unaffected  

Camel milk also has a different protein profile than cow’s milk and appears to be better tolerated by those 

with an allergy to cow’s milk. One study in 35 children ages 4 months to 10.5 years old with cow’s milk 

allergy noted that only 20% were sensitive to camel milk through a skin-prick test   What’s more, camel 

milk has been used to treat diarrhoea caused by rotavirus for hundreds of years. Research suggests that 

the milk contains antibodies that help treat this diarrheal disease, which is especially common in children. 

Camel milk may be a better choice for people with lactose intolerance or cow’s milk allergy. Plus, it may 

have antidiarrheal properties. 

Camel milk has been shown to lower blood sugar and improve insulin sensitivity in people with both type 

1 and type 2 diabetes. The milk contains insulin-like proteins, which may be responsible for its antidiabetic 

activity. Insulin is a hormone that helps regulate blood sugar levels. Studies indicate that camel milk 

provides the equivalent of 52 units of insulin per about 4 cups (1 litre).  
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It’s also high in zinc, which may help in a 2-month study in 20 adults with type 2 diabetes, insulin 

sensitivity improved among those drinking 2 cups (500 ml) of camel milk, but not among the cow’s milk 

group Another study found that adults with type 1 diabetes who drank 2 cups (500 ml) of camel milk daily 

in addition to diet, exercise, and insulin treatment saw lower blood sugar and insulin levels than those not 

given camel milk. Three people no longer needed insulin in fact, a review of 22 research articles determined 

that 2 cups (500 ml) per day is the recommended dose of camel milk to improve blood sugar control in those 

with diabetes Camel milk may lower blood sugar and improve insulin sensitivity, especially in people with 

type 1 and type-2 diabetes.  

Camel milk contains compounds that appear to fight various disease-causing organisms. The two main 

active components in camel milk are lactoferrin and immunoglobulins, proteins that may give camel milk 

its immune-boosting properties Lactoferrin has antibacterial, antifungal, antiviral, anti-inflammatory, and 

antioxidant properties. It inhibits the growth of E. coli, K. pneumoniae, Clostridium, H. pylori, S. 

aureus, and C. albicans, organisms that can cause severe infections. What’s more, one rat study found that 

camel milk protected against leukopenia (low white blood cell count) and other side effects of 

cyclophosphamide, a toxic anticancer drug.  

These results support the immune-boosting properties of the milk Additional research suggests that camel 

whey protein is responsible for the milk’s ability to fight harmful organisms. It may have antioxidant 

properties that help your body fight free radical damage. Camel milk contains lactoferrin, 

immunoglobulins, and camel whey protein, which may be responsible for its ability to fight organisms and 

boost immunity. 

  



 

 
Volume 4 - Issue 03 - March 2022       35 | P a g e  
 

Quinoa Farming and Use 
Article ID: 36262 

Nitesh Sharma1 
1MPKV, Rahuri. 

 

 

Summary 

Qunioa is a pseudo-cereal crop it is a new crop in Rajasthan & easly grow acidic, alkaline soil & rainfed 

crop. Qunioa is very use for human life because in found different type mineral, vitamin, other & also grow 

for purpose of fodder (green manuring). 

Introduction of Quinoa 

QUNIOA is a grain crop that is grown for its edible seeds and It is pronounced KEEN-wah. Quinoa was 

known to the Incas as "the mother of all grains" It is an annual dicotyledonous plant and grow about 1 to 

1.5 meter in height. Quinoa seed are highly nutritional and have high percent of protein compared to other 

cereals. Quinoa (Chenopodium quinoa Wild.) is a pseudo cereal native to the Andean regions of South 

America (Matiacevich et al. 2006). Quinoa is one of the oldest crops of the American continent. Archeological 

findings in northern Chile have shown that quinoa was used prior to 3000 вс. in Ayacucho, Peru, evidence 

has been obtained that quinoa was cultivated there before 5000 вс. The quinoa plant was widely cultivated 

in the whole Andrean region, in Columbia, Equator, Peru, Bolivia, and Chile, before the Spanish conquest. 

However, the habits and traditional foods of natives were replaced with foreign crops such as wheat and 

barley). Quinoa belongs to the Chenopodiaceous family, genus Chenopodium. Its botanical name is 

Chenopodium quinoa Wild. (Valencia-Chamorro 2003). The classification of quinoa was first made from the 

colour of the plant and fruits. The flowers are mostly bisexual or pistil late (female) and are generally self-

pollinated, though some cross-pollination does occur. 

International Year of Quinoa 2013 

Botanical Name: Chinopodium quinoa 

Family: Amaranthaceae  

Genus: Chenopodium 

Origin: Andean region of South America  

Common Name OF Quinoa: Quinoa parka, Dawe, chuppah and kinwa  

Soil: Quinoa prefers neutral soils although it is usually grown on alkaline soils up to ph of 9 and acidic 

soils up to ph of 5. Sandy loam soil is good for quinoa and avoid heavy clay soils. Soil should have good 

drainage and high organic with moderate slopes. 

Climate: The Ideal temperature for quinoa cultivation is around 18o C to 20oC although it withstands temp. 

Extremes ranging from 39o c to -08o 

Propagation: Propagation is done through seeds 

Land Preparation and Sowing: Land should be given couple of ploughing to make weeds free and bring 

the soil fine tilth stage. Quinoa crop can be sown the mid in May. Soil temperature reaches 5O to 7o c. Seed 

directly sown in May field or transplanted. Plant density 150 to 1500 plants / sq. meter area. Row spacing: 

12.5cm or 25cm. Seed rate 15 to 20 kg/hectare, depth of seed is 1 to 3 cm.   

Irrigation: Generally, rain fed crop do not require any irrigation if there is well distributed rain fall 

throughout the year. 

Manures and Fertilizers: 

a. 20-30 tonnes FYM Par/hec. 

b. N:-  120ks. Par/hec. 

c. P:-  50ks. Par/hec. 

d. K:-  50ks. Par/hec. 

https://www.britannica.com/science/pollination#ref75892
https://www.britannica.com/science/pollination#ref75892
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Pest and Diseases: Tarnished Plant bug, stem borer, flea beetles, aphids, leafhoppers, beet armyworm. 

Fungal leaf spots. Stalk rot, damping off, downy mildew, grey mold and bacterial blight. 

Harvesting:  Quinoa crop will be ready for harvesting in 3 to 4 months after sowing depending on the 

variety. The Qunioa crop can be harvested using either combine with a standard header sorghum header   

Yield: Generally, on an average yield of 5 qtl. to 15 qtl.  of grains can be expected. However, with proper 

farm management practices, fertilizer and improved variety. Yield of up to 5 tones/hac of grain and green 

manures or fodder of 5 to 10 tones/hac Can be obtained.     

Colours: The main colour of quinoa are green. Purple, and red that changes in different colour shades 

during maturation period. 

Health Benefits 

Nutrition: Quinoa is often considered a whole grain as the whole grain seed is eaten without any parts 

being removed. Botanically, quinoa is not classified as a grain. It is a pseudo-cereal. This means it is a non-

grassy plant used in much the same way as cereals and grains with a similar nutritional profile. The seeds 

of pseudo-cereals can be milled and ground into flour just as other grains and cereals. However, 

nutritionally, quinoa is considered a whole grain. Whole grains include the entire intact grain seed without 

removing any of its parts. In contrast, when grains are milled or refined like white bread, white rice, and 

white pasta, they have been processed to create a finer, lighter texture. This process removes most of the 

fiber and important nutrients. Whole grains, such as quinoa, provide essential vitamins, minerals, and 

fiber. These helps regulate the digestive system and keep you fuller and more satisfied. In contrast, pasta, 

white rice, and white bread provide simple carbohydrates that are quickly digested but little else in the 

way of nutritional value. Quinoa is naturally gluten-free. One cup of cooked quinoa, weighing 185 grams 

(g), contains: 

1. 222 calories 

2. 8.14 g of protein 

3. 5.2 g of fiber 

4. 3.55 g of fat, of which 0.42 g is saturated 

5. 39.4 g of carbohydrate 

6. Magnesium - 30 percent recommended daily allowance (RDA) 

7. Manganese - 30 percent RDA 

8. Phosphorous - 28 percent RDA 

9. "About 25 percent of quinoa's fatty acids come in the form of oleic acid, a heart-healthy monounsaturated 

fat, and about 8 percent comes in the form of alpha-linolenic acid (ALA), the omega-3 fatty acid most 

commonly found in plants." 

Quinoa has a high protein-to-carbohydrate ratio when compared with other grain products. It was proposed 

by NASA to be an ideal food for long duration space flights. 

a. It is a complete protein: It is one of only a few plant foods that are considered a complete 

protein, containing all nine essential amino acids - these are the amino acids that our bodies cannot 

produce and, therefore, need to consume.  

b. High fiber: High-fiber diets have been shown to help improve blood sugar control. This can be 

beneficial for individuals with diabetes or prediabetes. 

c. Quinoa antioxidants: Quinoa provides a higher number of antioxidants than other common 

grains used in a gluten-free diet. Most gluten-free products consist of corn, rice, or potato flour and 

lack the nutrients that products incorporating quinoa can provide. 

d. Prevents kidney stones: Quinoa has a potential protective effect against kidney stones. This 

is because quinoa helps manage potassium levels.      

e. Quinoa in the diet: Quinoa is a versatile ingredient and can be used in various healthy recipes. 

Quinoa has a naturally bitter coating called saponin that keeps insects away without having to use 

pesticides. The saponin is easily removed by rinsing quinoa with water before consuming. Although most 

packaged quinoas have the saponin already removed, it is never a bad idea to give it an extra rinse. It is 

easy to incorporate quinoa into your diet - just use it in place of rice in any recipe. Its small grains cook to 

tender in as little as 15 minutes. 

https://www.medicalnewstoday.com/articles/195878.php
https://www.medicalnewstoday.com/articles/161547.php
https://ndb.nal.usda.gov/ndb/foods/show/6587?fgcd=&manu=&lfacet=&format=&count=&max=50&offset=&sort=default&order=asc&qlookup=quinoa&ds=&qt=&qp=&qa=&qn=&q=&ing=
https://www.medicalnewstoday.com/articles/245588.php
https://www.medicalnewstoday.com/articles/286839.php
https://www.medicalnewstoday.com/articles/40253.php
http://www.sciencedirect.com/science/article/pii/S1550413115005173
https://www.medicalnewstoday.com/info/diabetes/
https://www.medicalnewstoday.com/articles/154193.php
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Use 

1. Quinoa farming has bright future due to its high protein content and less carbohydrate compared to rise. 

2. Quinoa is also grown for purpose of fodder (green manuring). 

3. Quinoa extract is also used in soaps, shampoo and body milk. 

4. Quinoa is incredibly nutritious and healthy. 

5. Quinoa is gluten free and good for people with gluten intolerance. 

6. Quinoa is fully loaded with anti-oxidants. 

7. Quinoa is a good source of minerals like magnesium. 

8. Quinoa seeds are used as substitute of rice. 

9. Quinoa is thought to help prevent a number of diseases. 

10. It is relatively high in antioxidants, compared with other grains and cereals. 

11. It can be prepared in as a little as 15 minutes. 

12. Quinoa has a naturally bitter coating called saponin that acts as an insecticide 

13. Gluten-Free and Perfect for People with GlutenIntolerance. 

14. Very High in Protein, With All the Essential Amino Acids. 

15. Has a Low Glycemic Index, which is Good for Blood Sugar Control. 

Conclusion 

Quinoa farming has bright future due high protein-to-carbohydrate ratio when compared with other. 

Quinoa is a versatile ingredient and can be used in various healthy recipes. grain products. Quinoa is often 

considered a whole grain as the whole grain seed is eaten without any parts being removed. Whole grains, 

such as quinoa, provide essential vitamins, minerals, and fiber.  It was proposed by NASA to be an ideal 

food for long duration space flights and Quinoa is also grow for purpose of fodder. 

  

https://www.medicalnewstoday.com/articles/301506.php
https://www.medicalnewstoday.com/articles/195878.php
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Introduction 

A genetic resource means genetic material of actual or potential value; genetic material means any material 

of plant, animal, microbial or other origin containing functional units of heredity. The gene pool or genetic 

material in natural and cultivated stocks of organisms of actual or potential value that is available for 

human exploitation. 

It is desirable to maintain as diverse a range of organisms as possible, particularly of domesticated cultivars 

and their ancestors, in order to maintain a wide genetic base. The wider the genetic base, the greater the 

capacity for adaptation to particular environmental conditions. 

Plant genetic resources (PGR) are the basic materials that are essential for development of improved crop 

varieties designed to combine high yield potential with superior quality, resistance to diseases and pests, 

and also better adaptation to abiotic stress environments. Their continued availability to plant breeders is 

necessary not only for sustaining advances in crop productivity but also for stabilising production in the 

country. 

Features of Plant Genetic Resources 

Genetic pool represents the entire genetic variability or diversity available in a crop species. Germplasm 

consists of land races, modern cultivars, obsolete cultivars, breeding stocks, wild forms and wild species of 

cultivated crops. It includes both cultivated and wild species and relatives of crop plants. It is collected 

from centres of diversity, gene banks, gene sanctuaries, farmer’s fields, markers and seed companies. It is 

the basic material for launching a crop improvement programme. It may be indigenous or exotic. 

Germplasm 

The germplasm collection is a collection of large number of genotypes of a crop species and its wild relatives.  

In other words, it is the sum total of hereditary or genes present in a species. 

Germplasm Activities 

There are six important activities related to plant genetic resources were exploration and collection, 

conservation, evaluation, documentation, distribution and utilization. 

Exploration and Collection 

Exploration refers to collection trips and collection refers to tapping of genetic diversity from various 

sources and assembling the same at one place.   Collection is essential to reduce the loss of genetic diversity 

which is taking place due to genetic erosion and extinction. Before dealing with various aspects of collection, 

it is essential to explain genetic erosion and extinction. 

Genetic Erosion 

Gradual reduction in genetic variability due to elimination of various genotypes is called genetic erosion. 

There are five major reasons of genetic erosion discussed as follows. 

1. Replacement of land races with improved cultivars.  

2. Modernization of agriculture.  

3. Extension of farming into wild habitats.  

4. Grazing into wild habitats. 
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Extinction 

Extinction refers to permanent loss of a crop species due to various reasons. Thus, collection of genetic 

resources is essential to conserve the genetic diversity and to minimize loss of genetic diversity due to 

genetic erosion and extinction. The exploration and collection are a highly scientific process. 

Conservation 

Conservation refers to protection of genetic diversity of crop plants from genetic erosion. There are two 

important methods of germplasm conservation or preservation, via (1) in situ conservation, and (2) ex situ 

conservation. These are described below: 

In situ conservation: Conservation of germplasm under natural conditions is referred to as in situ 

conservation. It requires establishment of natural or biosphere reservoir, national parks or protection of 

endangered areas or species. In this method of conservation, the wild species and the complete natural or 

semi natural ecosystems are preserved together.  

Ex situ conservation: It refers to preservation of germplasm in gene banks. This is the practical method 

of germplasm conservation. 

Evaluation 

Evaluation refers to screening of germplasm in respect of morphological genetical, economic, biochemical, 

and physiological, pathological and entomological attributes. Evaluation of germplasm is essential from 

following angles. To identify gene sources for resistance to biotic and abiotic stresses viz, earliness, 

dwarfness, productivity and quality characters. To classify the germplasm into various groups. To get a 

clear picture about the significance of individual germplasm line. 

Documentation 

Documentation refers to completion, analysis, classification, storage and dissemination of information. In 

plant genetic resources, documentation means dissemination of information about various activities such 

as collection, evaluation, conservation, storage and retrieval of data. 

Distribution 

The distribution of germplasm is one of the important activities of genetic resources centers. The specific 

germplasm lines are supplied to the users on demand for utilization in the crop improvement programmes. 

Distribution of germplasm is the responsibility of the gene bank centre where the germplasm is maintained 

and conserved. The germplasm is usually supplied to the workers who are engaged in the research work of 

a particular crop species. Germplasm samples are generally supplied free of cost to avoid cumbersome work 

of book keeping. The quantity of seed samples to be sent is usually small, depends on the availability of 

seed material and demands received for the same and several other factors. Proper records are maintained 

about the distribution of material. After evaluation users should send a report about important characters 

of the accessions to the distributor who will record the information in the germplasm register for 

documentation purpose. The germplasm is usually distributed after evaluation by collection centre for one 

or two crop seasons. It helps in acclimatization and purification of the material. Without distribution to the 

actual users, there is no point in collection the germplasm. 

Utilization 

Utilization refers to use of germplasm in crop improvement programme. The germplasm can be utilized in 

various ways. The uses of cultivated and wild species of germplasm are briefly discussed below: 

1. Cultivated germplasm: The cultivated germplasm can be used in three main ways (1) as a variety, (2) 

as a parent in the hybridization, and (3) as a variant in the gene pool. Some germplasm lines can be released 

directly as varieties after testing. If the performance of an exotic line is better than a local variety, it can 

be released for commercial cultivation. In some cases, new variety is developed through selection from the 

collection. 

2. Wild germplasm: The wild germplasm is used to transfer resistance to biotic and abiotic stresses, wider 

adaptability and sometimes quality such as fiber strength in cotton. However, utilization of wild germplasm 

poses three main problems viz (1) hybrid inviability - inability of a hybrid to survive, (2) hybrid sterility – 
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inability of a hybrid to produce off spring, and (3) linkage of undesirable characters with desirable ones. 

Thus, utilization of wild germplasm for crop improvement is a difficult task. 

Conclusion 

Plant genetic resources are the basic materials that are essential for the development of improved crop 

varieties with better adaptation to all kinds of environmental factors. The conservation of plant genetic 

resources plays a vital role in the creation of variation in crop species. The major aim of plant genetic 

resources is to reduce genetic erosion by utilization and conserving of germplasm of extinction varieties 

and to identify the gene sources for various environmental stresses towards sustaining crop productivity. 

An authorized user of plant genetic resources is should be well aware of the profound activities on 

germplasm. The collection and conservation are the most tedious and time-consuming process even though 

it is done mainly to protect the variation from genetic erosion. The other activities like evaluation, 

documentation, distribution and utilization have their own benefits. 
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Introduction 

India agriculture has gone through rapid advancement and farmers has benefited from research and 

adoption of new technologies. In recent year, use of drone in agriculture has gained importance and most 

of the states are actively engaged in checking the suitability of this new technology in agriculture. Drones 

are gaining importance for increasing efficiency application of crop protection chemical and saving drift to 

environment along with reducing exposure to human being to hazardous chemicals. 

Pre-Application 

1. Confirm not to fly in the drone-forbidden area (airport or electronic station). 

2. Ensure your Drone is digital sky compliant with ‘No Permission-No Take-off hardware and firmware. 

3. Obtain Unique Identification Number (UIN) From Director General of Civil Aviation for commercial 

operations and keep it handy. 

4. Ensure drone is in good condition (not damaged) and fit for flying safely. 

5. Fly in visual line of sight (VLOS): Always be within visual range of your drone. 

6. Ensure the operators are trained on both drone operation and safe use pesticide.  

7. No alcoholic drinks should be consumed within 8 hours preceding operation.  

8. Calibrate drone spray system to ensure nozzle output and accurate application of labeled rates.  

9. Check if drone is in good condition and that there is no leak in the spraying system. 

10. Confirm a place for take-off, landing and tank mix operations. 

11. Check and mark proposed treated area, boundary, the obstacles (walls, trees) around the field for safe 

operation.  

12. Set up the least buffer zone (as specified by DGCA/CIB&RC) between drone treatment and the non-

target crop.  

13. Do not spray pesticides near water sources (less than 100m from target area) to avoid polluting water 

sources.  

14. Check if the public has been intimated at least twenty-four hours in advance through a written 

intimation to the competent authorities that is the executive officer of the respective gram panchayat & 

panchayat samiti, as well as the concerned agriculture officer of the area. 

15. Concerned territory in-charge/operators to ensure that animals and persons not connected with the 

operations shall be prevented from entering such areas for a specific period. 

16. Don’t fly drone over groups of peoples, public events, or stadiums full of people without permission  

17. Don’t fly drone over government facilities/military bases or over/near any no-drone zones and private 

property unless permission is given. 

18. Don’t fly drone in controlled airspace near airports. 

19. Don’t drop or carry hazardous material. 

20. Don’t fly drone from a moving vehicle, ship or aircraft. 

During Application 

1. Read labels carefully to understand safety guidance. 

2. Wear Personal Protect Equipment (PPE). 

3. Do not eat, drink or smoke while spraying. 

4. Confirm the flying route was reasonable to minimize turn around. 

5. Operation team shall always stay at the downwind end of the field and backlight direction. 
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6. Spray with pure water first to test operation for at least 5 minutes wherever feasible and required. 

7. Ensure two-step dilutions to fully dissolve the pesticide. 

8. Adopt proper pressure for optimized droplet spectrum (>100µm). 

9. Check weather conditions for:  

a. Appropriate wind speed. 

b. Appropriate temperature. 

c. Appropriate humidity. 

10. Ensure appropriate water volume. 

11. Ensure appropriate flying height above target crop. 

12. Ensure appropriate water volume. 

13. Ensure appropriate flying speed. 

14. Avoid having to walk through crop which has been contaminated by drifting spray. 

15. Don’t spray during active bee foraging period of the day avoid spray drift to flowering nectar crop. 

16. When spraying pesticides that are toxic to non-target organisms such as fish, birds and silkworm 

strictly abide by the product label requirements and take effective measures to avoid risk. 

17. Use anti-drift nozzle to decrease drift to human and environment. 

Post Application 

1. Timely evacuation and transfer to fresh air. 

2. Triple rinse of empty container is mandatory. 

3. Ensure waste generated is kept to a minimum. 

4. The disposal of waste must conform to the local laws. 

5. Never burn or bury hazardous waste. 

6. Never leave empty containers in the field. It should be disposed of as per the Insecticides Rule 1971. 

7. Set up warning signs in the spray area for reminding people. 

8. Take a shower and put on clean clothes. 

9. To prevent leakage of plant protection products in the process of transport and waiting to use. 

10. Securely store plant protection products away from unauthorized people, animals and food when 

transporting and storing PPP. Safely dispose all spills immediately. 

11. Follow the maintenance schedule as prescribed by the drone manufactures. 

Critical Parameters to be Considered for Drone Based Pesticide Application 

Drone related: 

1. Only director central of civil aviation (DGCA) certified/approved drone shall be permitted to carry-out 

agriculture spray. 

2. The drone must have capability to handle variable payload (depleting tank). The nozzle system should 

be attached in a manner that the spray swath is continuous when sprayed from the minimum permitted 

height above the uniformly distributed crop (e.g., paddy/sugarcane). 

3. The drone must be fitted with accurate altitude sensor to ensure desired height above the crop is 

maintained throughout the spraying mission. 

4. The GPS accuracy of the drone and accuracy of the map shall be characterized and the same shall be 

utilized to define the safety/buffer margin while creating the geo-fencing around the field or obstacles. 

5. The drone spray system must support variable flow control to ensure uniform dispensing of the payload. 

6. The drone must have necessary fail-safes including return to home (RTH) on empty tank and auto 

mission restart from the point RTH was engaged. 

7. The drone spray system should be leak proof and dripping of pesticides/insecticides should be avoided 

during the application. 

Pesticides/ Insecticides 

1. Only central insecticides board and registration committee (CLB &RC) approved Pesticides/Insecticides 

shall be used. 

2. The dose has to remain within the range approved by CIB&RC. 

3. The Pesticides /Insecticides (liquid/solid) compatibility with the drone spray system shall be established 

prior to the mission for the desired dilution. The minimum dilution shall be decided based on the fulfillment 
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of the above –mentioned requirements and ensuring satisfactory coverage of sprayed input both 

horizontally and vertically. 

4. Pesticides/ insecticides should be diluted only with clean water wherever applicable or with another 

suitable ingredient as has been approved by the CIB&RC. 

Pilot Training 

1. Only DGCA certified pilots shall be permitted to fly the agri drones. 

2. A training module as devised by NIPHM, Hyderabad encompassing pesticide/insecticide handing, Agri-

mission specific operational protocols, and relevant crop protection guidelines shall be made mandatory for 

pilots operating pesticide spray drones. 

Drift Management-Critical Operational Parameters 

Majority of land holdings are small and possibilities of spray drift to the nearby crop fields while spraying 

with drones. To minimize the spray drift, apart from wind limitation, the following are important and to 

be suitably adopted: 

1. Spray height above crop canopy 

2. Speed of the drone 

3. Suitable nozzles and droplet size 

4. A buffer zone can be demarcated (geo fenced) 

5. Spray schedule should be at appropriate time gap cither before rainfall or after rainfall. 

6. Others, as specified in guidelines issued by CIB &RC from time to time. 

Safe Guarding the Non- Targets 

1. Buffer zone as per CIB&RC approved guidelines to cater to pesticides/Insecticides drift, shall be 

maintained between the adjacent farms or different crops to avoid spray on non-targets. 

2. During the spray operation, operator should always maintain the distance approved by CIB&RC from 

the drone and avoid windward direction as much as possible. 

3. No human or animal movement shall be permitted within the farm during and immediately after the 

spray operations. 

4. Drone based pesticides spray operations should be conducted at a distance approved by CIB&RC from 

water bodies, residential areas, fodder crops, public utilities, dairy, poultry etc. and as DGCA guidelines. 

Registration Requirements of Pesticides for Drone Application 

For registration of insecticides/pesticides and for use with drone, the applicant shall apply before 

secretariat of CIB&RC, in the manner, as prescribed by CIB&RC Under the insecticides Act, 1968. 

Spray Monitoring Form & Date Submission 

Spray monitoring date duly filled by the operator/service provider shall be submitted through email (as 

mentioned in the guidelines issued by CIB&RC)/ online portal within seven days of application of pesticides 

through drone. 

Conclusion 

This technology increases consistency and efficiency of crop management, besides reducing the cost. This 

will help in enhancing the productivity as well as efficiency of the agricultural sector; use of drones in 

agriculture may also give ample opportunities to provide employment to people in rural areas. 
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Introduction 

The necessity for increasing food production to meet the demand of increasing population in India. The 

total area under cultivation is constant over past years. Maintenance of soil fertility in the cultivated 

regions of the country is one of the preconditions of maintaining and improving the current crop yield levels. 

Moreover, the conventional machines used for crop nutrient spraying are heavy and may compact the soil 

along with mechanical damage to crop. Unmanned aerial vehicles which are usually known as drones can 

be a best alternative to overcome these challenges. Drones can be used for targeted input application, timely 

diagnosis of nutrient deficiency, crop health monitoring, rapid assessment of crop yield and crop losses. It 

also saves input cost. 

Different Standards and Prerequisites for Using Drones to be Followed to Reduce Drift 

and Air Pollution 

The following prerequisites need to be followed before, during and post-operation: 

Before Application: 

a. Drone assisted spraying system comprises of real time kinematic global positioning system (RTK 

GPS), flight controller, remove control system, battery module, motor with propellers and spraying 

system. Components have to be checked for their soundness, safety and integrity before operating 

the drones in the field. 

b. The service provider and operator should have flying permissions flying license from DGCA. In 

addition, the operator must have a training certificate on operation, repair and maintenance and 

safe use of soil and crop nutrient from ICAR/Govt. approved training centers. 

c. The weather conditions like cloudiness, light intensity, temperature, wind velocity and direction 

should be recorded and decisions should be taken accordingly. 

d. The crop and field conditions and any obstacles near the field should be monitored. Safe distance 

(not less than 10 m) of nearby people from the drone take off place must be ensured. 

e. Avoid flying of the drones near high-tension electrical towers to avoid signal interferences. 

f. There should be appropriate buffer zone between drone treatment and the non-target crop. Drone 

should be operated 100 m away from water bodies, residential areas, fodder crops, public utilities, 

dairy, poultry etc. during soil and crop nutrient application. 

g. The reach of soil and crop nutrient spray should be avoided during active bee foraging period of 

the day in flowering nectar crop. When spraying soil and crop nutrient that are toxic to non-target 

organisms such as fish, birds and silkworm, it should be strictly abided by the product label 

requirements and effective measures need to be taken to avoid risks. 

h. The drone and spraying unit should be properly calibrated before flying. 

i. The operator should use Personal Protect Equipment (PPE) throughout the operation.    

j. Always use clean water for preparing the solution of soil and crop nutrient. Containers and buckets 

used for mixing soil and crop nutrient should never be used for domestic purpose even after thorough 

washing. 

k. The service provider should carry additional spare parts like propellers, batteries (minimum for 

sets), motors and nozzles to the operational site. 

During Application:  

a. Monitor the behavior of drone continuously during operation to avoid accidents. The spraying 

system should also be monitored for not being choked during operation. 
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b. Drone should be flown at a height of 1.0 to 3.0 m above the targeted crop canopy at a speed not 

exceeding 8 m/s during spraying. 

c. Discharged drone batteries should be replaced immediately. 

d. Never apply over-dose and higher concentration of crop nutrients than the recommended. 

e. Movement of human or animal should not be allowed in the operational field during spraying 

using drones. 

Post Application:  

a. After completion of spraying operation, the operator and the team should leave the operational 

site to receive fresh air, free of soil and crop nutrient residuals. Entry to the treated field 

immediately after operation should be avoided without wearing protective clothing. Warning sign 

at least for 2 hours may be put at the sprayed site to avoid hazards to humans. 

b. Left over spray solutions should be disposed-off at safer place like barren and isolated areas. 

Triple rinse of empty containers should be done. The disposal of waste must containers should never 

be left in the field. Empty containers of crop nutrients should not be re-used for storing other articles. 

c. While transporting or storing PPPs (Plant Protection Products), the area should be beyond the 

reach of children, animals and unauthorized persons. 

d. Hands and face need to be washed with clean water and preferably with soap, immediately after 

the spraying operation. Also, the clothes must be changed. In case any sign of body contamination 

with hazardous or poisonous chemicals is perceived, consultation of doctor must be sought. 

e. After every 20 hours of flight, the drone should be inspected for the wear, loosen screws, scratches 

and distortion in propeller and frames. 

Conclusion 

Drone technology increases the efficiency of crop management reduces the cost and enhanced the crop 

productivity. 
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Introduction 

With global population increase, intensive chemical-based farming has become the essential part of the 

agriculture. In a short run, although, it gives impressive result, but in a long run, it is silently exerting 

detrimental impact on environment. It degrades the soil health as well as pollutes the environment through 

chemical toxic residues. As a consequence, crop growth and yield get reduced and agricultural 

sustainability gets hampered. Under such scenario, an alternative of chemical farming is highly required 

which can provide sustainable agricultural production without deteriorating environmental health. In this 

regard, organic agriculture can substitute chemical farming approach. One of the earliest known forms of 

organic agriculture is biodynamic farming which aims to produce food on a sustainable manner. 

Biodynamic Farming 

It is a type of farming in which entire farm is treated as a living system which interacts with environment 

to make healthy soil and produce food for nourishing, vitalising humanity. In biodynamic farming, different 

components such as field, forest, plant, animal, soil, compost, people and spiritual energy are interlinked 

as organs of an organism in holistic or dynamic way. It creates personal relationship with world, with 

nature and offers to work as a group. Although it started slowly, it is gaining worldwide popularity now 

specially in countries like USA, Germany, France, Italy, Australia etc. In India, biodynamic farming is 

showing prospects in Gujarat, Madhya Pradesh, Uttarakhand, Uttar Pradesh, Andhra Pradesh, Kerala, 

Punjab, Karnataka, Tamil Nadu, Telangana, West Bengal, Assam etc. 

It was one of the earliest known organic agriculture movements introduced by Austrian philosopher, Rudolf 

Steiner in 1924 (Paull, 2011). This unique concept of farming can be applied anywhere for production of 

food. Biodynamic farming strictly follows biodynamic calendar which is created based on the position of 

moon and stars. It revitalizes the soil and does crop cultivation and other farming activities based on the 

cosmic energy. It is similar to usual organic farming practices like exclusion of use of chemicals (fertilizer 

and pesticides), utilization of crop diversification, residue retention, organic based manures (such as green 

manures, composts etc.), legume cropping, cover crops, inter/mixed cropping, water conservation measures, 

removal of weeds, diseases and insect pests through physical, cultural and biological methods etc. But in 

case of organic farming, livestock feed and various inputs of crop cultivation can be imported from outside, 

while in biodynamic farming, full or at least 50% of these are grown inside the farm. Besides, organic 

farming follows the ordinary calendar, while biodynamic farming follows its own calendar of crop 

cultivation based on cosmic energy. 

Advantages of Biodynamic Farming 

1. It brings several components of farm together to make healthy growth of the living farm. 

2. It activates the soil to increase its own fertility through composting or livestock based wastes, cover 

crops, crop rotation, crop residues etc. 

3. Biodynamic farming does not promote genetically modified organisms and supports diversity of seeds 

(open pollinated), variety, livestock breeds. Here, seeds and livestock breeds are produced on farm using 

selection and breeding.  These locally developed plants and animals have high nutritional values and 

immunities against pest and diseases. 

4. It promotes and takes care of animal husbandry as farm animals are integral components of this farming 

through their interrelationship with crops. 
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5. It protects the soil from erosion through various soil conservation practices. 

6. It maintains harmony between different components of nature with human beings. 

7. It promotes the diversity in forest or natural ecosystem. 

8. Biodynamic farming heals soil and thereby, enhances the health of plant, animal, human being and 

entire planet on sustainable manner. 

9. It ensures biodiversity of natural ecosystem through diverse vegetables, herbs, flowers, fruits, cereals, 

seeds, forage, pasture, hedgerows, different types and breeds of animals, microorganisms etc. 

10. It stimulates the growth and activity of beneficial soil microorganisms.  

11. It creates habitat for natural predators to control insects and diseases biologically. 

12. It completely prevents the environmental pollution. 

13. It provides consistent production and the produce can be marketed at high price. 

14. The produce of biodynamic farming is of high nutritional quality and vitality. 

15. It heals weak parts of the nature resulting from over exploitation. 

Several Biodynamic (BD) Preparations 

There are 9 preparations as follows, which are exclusively used in biodynamic farm (Selvaraj et al., 2006): 

1. BD 500 (Cow horn manure): In order to prepare it, at first, cow dung collected after feeding the cattle 

with high quality feed for 2 days. A pit with 18 inches’ depth is dug in a place where soil quality is good. 

The collected fresh cow dung is filled in to cow horns in October/November month (During winter, earth is 

breathing in and cosmic earth force is most active) and the horns are placed in pit 1 inch apart with base 

downwards, surrounded with 50% compost and soil. After that, pit is covered with soil and kept for 4-6 

months. 

Pit should be moist and shaded (temperature 20⁰C) as well as free from weeds and earthworms. After 4-6 

months, during February/March, one horn is taken out to check fermentation. If green coloured dung is 

turned in to dark colour, earthy smelling humus, it is ready for use.  

The decomposed cow dung @25 g is mixed into 15 l of rain or warm water (15-20⁰C) and the solution after 

stirring clockwise/anticlockwise for 1 hour can be sprayed during evening hours to 1acre area to increase 

the soil fertility.  Generally, 4 sprays can be made (February, May, November and December) in a year. It 

improves seed germination, root growth, micro-organisms’ activities and releases lime, nitrogen and 

various other essential elements. BD 500, once prepared, can be stored for 1 year. In earthen ware pot, the 

preparation is poured and covered with loose fitted lid. The pot is kept in box, surrounded with coir pith 

and kept it moist in dark at or below 25⁰C. 

2. BD 501 (Cow horn silica): Preparation of BD 501 starts with crushing silica quartz with rod/ mortar-

pestle/hammer to make fine powder. The powder is then moistened with water to make concentrated paste 

and the paste is filled in to cow horns. Thereafter, cow horns are buried in soil pit 1 inch apart with base 

downwards, surrounded with 50% compost and soil for a period from March/April to September (During 

summer, earth is breathing out and cosmic light energy is most active). 

It is generally used after 1-2 spray of BD 500. 1 g decomposed silica is mixed in to 15 l of warm water and 

stirred clockwise/anticlockwise for 1 hour before sunrise. After that, during early morning, foliar 

application is done using knapsack sprayer as a form of mist. Usually, 2 spraying i.e., at early growth stage 

and just before harvesting can be sufficient. It improves light metabolism, chlorophyll contents, 

photosynthesis of plants and colour, aroma, flavour, quality of the produce. BD 501 can be stored in open 

place exposing to sunlight for 3 years in glass jar with loose fitted lid. 

3. BD 502 (Yarrow, Achillea millifolium): BD 502 is prepared from yarrow flowers and urinary bladder 

of stag under planetary influence of Venus. Cosmic power of the yarrow flowers can be increased by cosmic 

activity of bladder. In order to prepare it, firstly, the bladder id blown up with air, followed by drying. A 

portion of the bladder is cut and filled with flower through funnel. 

Before filling, dry bladder is moistened with water. After filling the bladder with flower and plant extract, 

the cut portion of bladder is stitched with cotton thread. The bladder is then stored in basket and covered 

with lid. The basket is put in mud pot with soil inside and buried during September and lifted during March 

for its use. 
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4. BD 503 (Chamomile, Matricuria chamomilla): It is prepared from chamomile flower and cow 

intestine under the influence of Mercury. Horizontal, two rows of petals around the cone are harvested in 

tray and stored in air tight condition. Unwashed cow intestine is cut into 15 cm bits and undigested matter 

is squeezed out through finger. Using a cotton thread, cut bits are tied at one end. The dry flowers are 

poured into open end through funnel and then, it is placed in mud pot surrounded with soil and buried in 

October and lifted in February/March. 

5. BD 504 (Himalayan stinging nettle, Urtica parviflora): BD 504 is prepared from leaves of Urtica 

parviflora under the influence of Mars. In mud pots, dried leaves are poured and covered with lids. If the 

leaves are too dry, the leaves are moistened with the extract of fresh leaves before filling. The mud pots are 

buried in September and lifted after 1 year.  

6. BD 505 (Himalayan oak bark, Qurcus glauca): It is prepared from bark of oak and skull of any 

domestic animal (calcium is the source of bark and skull) under the influence of moon. At first, oak bark is 

crushed and crushed bark is filled in to the brain cavity of skull. Opening of skull is covered with proper 

shaped bone piece. 

The skull is then placed in wet environment with plants and weeds (rain drain/swampy places) in 

September and lifted in March. Due to wet environment, there will be foul smell from the end product and 

it can be reduced by drying. Further, fungal infestation can be seen during the fermentation process and it 

can be corrected by frequent turning. 

7. BD 506 (Dandelion, Taraxicum officinalis): It is prepared from dandelion flowers and bovine 

mesentery under the influence of Jupiter. Here, dried dandelion flowers are filled into fat free, unwashed 

cow mesentery and wrapped them into parcel using jute thread. Then, the parcel is placed in mud pot 

surrounded with good mixture of soil and compost and buried in September. The preparation can be lifted 

in March and during that time mesentery may not be found. 

8. BD 507 (Valerian, Valeriana officinalis): BD 507 is prepared using valerian flowers under the 

influence of Saturn. The flowers are clipped and ground into fine paste using mortar-pestle. The paste is 

added in water @ 1: 4 ratios. The product can be stored in a cool place.  

BD 502-506 can be applied @ 1 g into 5 m3 of compost. BD 507 @ 10 ml is mixed into 2-5 l of water for 

spraying. Pits required these preparations have 12-18 inches’ depth, 2 feet length, 2 feet breadth. Pits 

should be well drained, fertile and free from weeds and plants. Inner sides of pits are lined with bricks 

except the bottom. Pits are moistened (not water logged) by sprinkling water. These biodynamic 

preparations can be stored in glass jars and thereby, the jars are put in well insulated (with coir pith) box. 

These boxes are placed in moist, cool, dark, aerated place. 

9. BD 508 (Equisetum arvense): It is prepared from horse tail plant (Equisetum arvense) or casuarina. A 

strong tea like substance is made by boiling 1 kg of Equisetum arvense or casuarina in 10 l of water for 2 

hours. After that, the substance is kept for 2 days. 

It is very rich in silica and helps in controlling fungal diseases as well as improves oil-water-plant 

relationship. It can be sprayed by mixing 50 g into 10 l of water on soil or over the plant in early season. 

The spray should be made during the time of full moon. It is effective in controlling mild fungal infestation. 

However, for fungus severity, BD 501 is recommended. 

Worldwide, Demeter, USA is the authority which certify biodynamic farm. However, the certification, the 

above 9 preparations are not compulsory requirements. 

Controversy 

According the critics of biodynamic farming, it is mostly based on spiritual belief, not on scientific 

facts/proof. It is nothing but just practicing organic farming practices with alchemy, astrology and 

homeopathy. There is also controversy regarding the certification process of biodynamic farming by 

Demeter as it is similar to usual organic farm certification process. Although this farming is suitable for 

local purpose, its ability to feed the entire population is doubtful. Critics also raised issues against 

unconventional practices of this farming which is unacceptable from religious point of view. Besides, low 

yield and lack of infrastructure/policy support are some reasons for its non-popularity in many places. 
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Conclusion 

Although there are many questions circulating around biodynamic farming, it is noteworthy that this 

farming is an eco-friendly approach which aims towards sustainable agricultural production. All it needs 

is lots of research to proof the scientific basis of the practices. Multiple trials or projects on biodynamic 

farming using government/private financial supports at various locations can be done in this regard. 

Further, if this farming works well, this can be promoted as a potential alternative of chemical farming 

through various awareness, training, demonstration by extension workers to the different corner of the 

farming community. 
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Abstract 

With a vision to incorporate farmers with bulk trades including exporters, agro- industries etc. for higher 

price realization through modification of market and price risks to the farmers and ensuring smooth agro 

raw material supply to the agro industries, a “Model Contract Farming Act 2018” has been prepared by the 

Ministry of Agriculture & Farmers Welfare for circulation to the States for its adoption. Act suggest that a 

farming agreement may be linked with insurance or credit instruments under any scheme of the central or 

state government or any financial service provider to ensure risk mitigation and flow of credit to farmers 

or sponsor or both. Farmer’s producer organizations (FPO’s) have a major role in promoting Contract 

Farming and Services Contract. On behalf of farmers, they can enter into agreement with the sponsor. 

Introduction 

Model Act 2018 seeks to create a regulatory and policy framework for contract farming.  Based on this draft 

Model Act, legislatures of states can enact a law on contract farming as contracts fall under the concurrent 

list of the constitution. So, as we know contract farming can be defined as an agreement between farmers 

and processing and/or marketing firms for the production and supply of agricultural products under 

forward agreements, frequently at predetermined prices. The arrangement also invariably involves the 

purchaser in providing a degree of production support through, for example, the supply of inputs and the 

provision of technical advice. The basis of such arrangements is a commitment on the part of the farmer to 

provide a specific commodity in quantities and at quality standards determined by the purchaser and a 

commitment on the part of the company to support the farmer's production and to purchase the commodity. 

 

 
Source: www.thefarmpure.com 
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Source: based on Eaton, C.S., 1998b: 274 

Benefits of Contract Farming 

1. The price is pre-determined in the contract, so the farmer remains free from the risk of its fluctuations. 

2. The farmer gets a big market. 

3. Farming work is done better, due to which the farmer gets an opportunity to learn. 

4. Buying establishments benefit from contract farming in that there is no uncertainty about the 

availability of agricultural products. 

Challenges of Contract Farming 

1. It promotes the monopoly of the agricultural buyer, so he can exploit the farmers by offering low prices. 

2. The contract process is difficult for the common farmer to understand, so it will not be convenient. 
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3. The taxes imposed by the Agricultural Produce Marketing Committee (APMC) on the products arising 

out of contract farming are exploitative. 

Previous Regulatory Structure? 

The Model APMC Act, 2003 provided for contract farming and was released to the states for them to use 

this as reference while enacting their respective laws. Consequently, 20 states have amended their APMC 

Acts to provide for contract farming, while Punjab has a separate law on contract farming.  However, only 

14 states notified rules related to contract farming, as of October 2016. Role of APMCs which are designated 

as an authority for registration and dispute settlement in most states. 

Issues with Previous Regulatory Structure in the Implementation of Contract Farming 

1. Role of APMCs which are designated as an authority for registration and dispute settlement in most 

states. 

2. Provisions of stockholding limits on produce under contract farming. 

3. Poor publicity of contract farming among the farmers about its benefits. 

4. The NITI Aayog observed that market fees and other levies are paid to the APMC for contract framing 

when no services such as market facilities and infrastructure are rendered by them.  

5. Therefore contract farming should be out of the ambit of APMCs.  

6. Instead, an independent regulatory authority must be brought in to disengage contract farming 

stakeholders from the existing APMCs.  

7. Provisions of stock holding limits on produce under contract farming.  

8. Poor publicity of contract farming among the farmers about its benefits. 

Role of Agricultural Produce Marketing Committees/ Marketing Boards 

The Model APMC Act, 2003 released to the states provides for the registration of contract farming 

agreements by an APMC.  This was done to safeguard the interests of the producer and the buyer through 

legal support, including dispute resolution.  The procedures for registration and recording of agreements 

vary across states. 

Model Contract Farming Act, 2018 

Act link contract price to market price, which is the antithesis of contract farming philosophy. The reason 

for undertaking contract farming is that the desired quality of produce and at reasonable cost are not 

available to the agency in the open market. In the 2018 Act, the Board shall levy and collect facilitation fee 

from the sponsor not exceeding 0.3 per cent on contracted produce. It is like mandi fee in APMC Act. 2018 

Act was facilitating contract farming for the benefit of private agencies as against the farmer’s interest 

while the board is seen as a guide and umpire to popularize contract farming crops in domestic and export 

markets. In 2018 Act, Board, Dispute Resolution Authority and alternative measures were provided. The 

buyer will be registered with the registering authority and have to submit reports of the contract 

transactions to it. Act provide that the buyer has to make arrangements for packing and weighing of the 

produce and to hand over the slip to the farmer. If the buyer fails to make payment at the time of delivery 

as per the agreement, it will have to be made within 30 days with interest as prescribed. If the said payment 

is not made within 30 days, it shall be recovered as an arrear of land revenue with interest. The 2018 Act 

has provisions for the producer leasing out agricultural land to the sponsor – lessee, which is not legally 

inconsistent as of now.  

Farmer Protection: The Act lays special emphasis on protecting the interests of the farmers, considering 

them as weaker of the two parties entering into a contract. 

Contract Farming: Contract framing to be outside the ambit of APMC Act. 

In addition to contract farming, services contracts all along the value chain including pre-production, 

production and post-production have been included. 

FPOs: Promotion of Farmer Producer Organization (FPOs) / Farmer Producer Companies (FPCs) to 

mobilize small and marginal farmers has been provided. 
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Protecting Farmland: No rights, title ownership or possession to be transferred or alienated or vested in 

the contract farming sponsor etc.No permanent structure can be developed on farmers’ land/premises 

Contract Farming Facilitation Group (CFFG): For promoting contract farming and services at 

village/panchayat.  

Dispute Settlement: Accessible and simple dispute settlement mechanism at the lowest level possible 

provided for quick disposal of disputes. 

Functions of State-level Contract Farming (Promotion and Facilitation) Authority 

1. Levying and collecting facilitation fees,  

2. Disposing appeals related to disputes under the draft model act, and  

3. Publicizing contract farming.  Further, the sale and purchase of contracted produce is out of the ambit 

of regulation of the respective state/ UT agricultural marketing act. 

Salient Features of Model Contract Farming Act, 2018 are 

1. The Act lays special emphasis on protecting the interests of the farmers, considering them as weaker of 

the two parties entering into a contract. (i) 

2. In addition to contract farming, services contracts all along the value chain including pre-production, 

production and post-production have been included. 

3. “Registering and Agreement Recording Committee” or an “Officer” for the purpose at district/block/ 

taluka level for online registration of sponsor and recording of agreement provided. 

4. Contracted produce is to be covered under crop / livestock insurance in operation. 

5. Contract framing to be outside the ambit of APMC Act. 

6. No permanent structure can be developed on farmers’ land/premises 

7. No right, title of interest of the land shall vest in the sponsor. 

8. Promotion of     Farmer Producer Organization (FPOs) / Farmer Producer Companies (FPCs) to mobilize 

small and marginal farmers has been provided 

9. FPO/FPC can be a contracting party if so, authorized by the farmers. 

10. No rights, title ownership or possession to be transferred or alienated or vested in the contract farming 

sponsor etc. 

11. Ensuring buying of entire pre-agreed quantity of one or more of agricultural produce, livestock or its 

product of contract farming producer as per contract. 

12. Contract Farming Facilitation Group (CFFG) for promoting contract farming and services at village / 

panchayat at level provided. 

13. Accessible and simple dispute settlement mechanism at the lowest level possible provided for quick 

disposal of disputes. 

14. It is a promotional and facilitative Act and not regulatory in its structure. 

Conclusion 

From the above article it is concluded that the contract farming seeks to provide alternative marketing 

channels and better price realization to farmers. Several other marketing reforms like, allowing direct sale 

of produce by farmers, removing fruits and vegetables out of the ambit of APMCs, and setting-up of farmer-

consumer markets are some suggestions. Electronic trading, and joining electronic National Agricultural 

Market for the sale of produce is needed in agricultural marketing. Connectivity must be improved between 

farmers and mandis, markets. E NAM scheme is a leader in this path. Contract farming enables the Indian 

agriculture towards the goal of doubling farmer’s income. 
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Abstract 

The avoidance of weed introduction and multiplication is a top responsibility for organic producers. The 

management measures are designed to control the weed population at a level that does not affect the crop's 

quality or cause it to lose money. The goal is not to eradicate all weeds entirely, as they play an important 

function on the farm. 

Weeds, for example, provide cover that helps to prevent soil erosion. Furthermore, weeds provide the 

majority of the biological diversity in our crop areas. They provide as a home for beneficial biocontrol insects 

as well as mycorrhizal fungi. Weeds provide pollen and nectar to biocontrol insects, allowing them to 

maintain their populations. In the modern era higher crop production is totally depends on chemical 

fertilizer and pesticides. Continuing using of same levels of pesticide, create the pesticide resistance. 

Similarly, regular use of single mode of action of herbicides creates the herbicide resistance, reduction the 

weed control efficiency and increase the weed hardiness. 

In the crop production weeds are major yield reduction component. They lose the 40-70% crop yield. A good 

management of weed and prevent from the yield reduction integrated weed management strategy good 

option under the organic crop production. The prevention of problems, rather than their cure, is a 

fundamental operational premise in organic farming. This is also true for weed control.  

In organic farming, good weed control entails setting conditions that prevent weeds from growing at the 

wrong time and in the wrong place and becoming a severe problem for crop production. Weed competition 

does not impact the crop in the same way throughout the cultivation season. The early growing stage of a 

crop is the most vulnerable to weed competition. 

A young plant is delicate and relies heavily on an optimal nutrition, light, and water supply to thrive. If it 

is forced to compete with weeds at this time, the crop may become weak, making it more sensitive to pest 

and disease infestations. Weed competition is less detrimental later in the cultivation phase. However, 

some weeds may cause harvesting issues and hence diminish crop output. 

Weeds should not be completely ignored following the crop's most vital growth period, but they do become 

less significant in general. These factors should influence the selection and timing of weed control 

techniques. In general, such measures aim to keep the weed population at a level that does not result in 

economic loss of crop production or deterioration of crop quality. 

Preventive Practices 

Several preventive actions may be implemented concurrently. The importance and efficiency of the various 

approaches are heavily influenced by the weed species and environmental conditions. However, several 

treatments are extremely successful against a wide variety of weeds and are thus widely used: 

1. Crop and variety selection: Tall crops and varieties with larger leaves will outcompete late-emerging 

weeds better than small types with narrow leaves. Weeds are inhibited and suppressed by some kinds, 

while others tolerate them. In various African countries, for example, there are witchweed (Striga) resistant 

maize and cowpea cultivars that perform better at the same level of weeds as other kinds. 

2. Mulching: Weeds struggle to get enough light to thrive and may be unable to pass through the mulch 

layer. Dry, tough mulch material that decomposes slowly lasts longer than fresh mulch material. 

3. Living green cover: The cover competes successfully with weeds for light, nutrients, and water, and 

thus helps to inhibit weed growth by winning the resource competition. Legumes are commonly utilised as 
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cover crops because they improve soil fertility while also reducing weeds. A ground cover of desmodium 

(Desmodium uncinatum) or silver leaf, for example, inter-seeded amid maize, decreases striga weed while 

also fixing nitrogen. 

4. Crop rotation: Crop rotation is the most effective way to control seed and root weeds. Changing 

agricultural conditions disrupts the weeds' living environment, reducing their growth and spread. 

5. Intercropping (mixed cropping and under-sowing): Weed control is improved by intercropping 

fast-growing weed-suppressive species (“smoother crop” or “living mulch”) between rows of main crop 

species. There are several instances that have been shown to work in Africa, such as planting cowpeas, 

melons, or pumpkins as intercrops in cassava to limit weed prevalence. 

6. Sowing density and time: Optimal growing conditions promote agricultural plant development and 

their ability to compete with weeds. Crop spacing ensures that only a small amount of space is accessible 

for weed growth and reduces weed competition. Weed growth will be successfully inhibited as a result of 

this. To use this method, the limiting weeds must be identified, as well as the seasons in which they occur. 

If available, a weed calendar for the area or region may be useful. It will be used to control weeds in a 

targeted manner with appropriate timing and effect.  

7. Balanced fertilisation: it can support ideal crop growth, which encourages crop growth over weeds. 

The total weed pressure as well as the composition of weeds can be influenced by soil cultivation methods. 

Minimum-tillage strategies, for example, can enhance weed pressure. Weed treatments before sowing can 

be useful at reducing weed load since weed seeds can grow between soil cultivation and crop sowing. The 

use of superficial stubble treatment is effective against persistent weeds. It should be done in dry weather 

to let the weed roots that have come to the surface to dry out. 

8. Pasturing: Sheep and goats are increasingly being used to control weeds in perennial crops such as 

coffee, mangoes, avocadoes, and cocoa. Because cattle prefer grasses, broadleaf weeds predominate in the 

case of cattle. To overcome this selective grazing, it is required to rotate with sheep and goats that favour 

broadleaves. 

9. Prevent weed spread by destroying them before seed dispersal. 

10. Why prevent crop insemination by weeds by avoiding the transfer of weed seeds into fields via tools or 

animals, and by utilising exclusively weed-free seed material. 

Biological Practices 

The soil-borne fungus Fusarium oxysporum (different isolates from Burkina Faso, Mali and Niger) is very 

effective in reducing the witch weed (Striga hermonthica and S. asiatica) in different cereal crops, leading 

to yield increases in scientific trials. Other Fusarium species found in Sudan and Ghana are very effective, 

too (Fusarium nygamai, F. oxysporum and F. solani).  

This mycoherbicide is being developed and registered in several African nations. Rhizobacteria capable of 

slowing or killing the germination of witch weed (Striga spp.) seeds are particularly interesting biological 

control agents because they can be simply and cheaply synthesised into seed inoculants. Pseudomonas 

fluorescens putida isolates significantly decreased Striga hermonthica seed germination. However, no 

biocontrol product is currently available. 

Challenges of Contract Farming 

1. It promotes the monopoly of the agricultural buyer, so he can exploit the farmers by offering low prices. 

2. The contract process is difficult for the common farmer to understand, so it will not be convenient. 

3. The taxes imposed by the Agricultural Produce Marketing Committee (APMC) on the products arising 

out of contract farming are exploitative. 

Mechanical Method 

With the necessary preventive measures, weed density can be reduced, but it will hardly be enough during 

the critical periods of the crop at the beginning of cultivation. Therefore, mechanical methods remain an 

important part of weed management.  
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Manual weeding: The most significant is certainly manual weeding. Because weeding is such a labour-

intensive task, lowering weed density as much as possible in the field will result in less effort later on, and 

should be pursued. Hand, ox-drawn, and tractor-drawn tools are all used to dig, cut, and uproot the weeds. 

Using the right tool can significantly improve work efficiency. Weeding should be done before the weeds 

blossom and develop seeds. 

Flame weeding: Another alternative is to heat the plants to temperatures of 100°C or greater for a short 

period of time. This causes the proteins in the leaves to coagulate and the cell walls to burst. As a result, 

the weed withers and dies. It is a successful procedure, but it is fairly costly because it uses a lot of fuel gas 

and requires machinery. It is ineffective against weeds with deep roots. 
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The term "biodiversity" refers to the diversity of all living forms on the planet. It was first coined by Walter 

and Rosen in 1985. The heterogeneity among living species is characterized as biodiversity. It refers to all 

living things on Earth, including plants, animals, bacteria, and fungus. This word refers to the vast 

diversity of life on Earth. It can also refer to all of the species in a specific place or habitat. It may also be 

described as diversity among living creatures from all sources, including terrestrial, marine, and other 

aquatic habitats, as well as the ecological complexes of which they are a part; this encompasses diversity 

within species, diversity between species, and diversity of ecosystems. It may be defined as the whole of a 

region's genes, organisms, and ecosystems. Genetic diversity is defined as all variety of genes within a 

species. In a nutshell, it is "diversity, variability amongst genes, species, and environments." Biodiversity 

serves as the foundation for the enormous number of ecological services that are vital to human well-being. 

It is significant in both natural and agro-ecosystems, and it is an essential component of long-term 

biological management. The widespread use of broad-spectrum insecticides to manage pests in plant 

protection has a negative impact on the biodiversity of natural enemies, perhaps rendering our agro-

ecosystem unsustainable. Human decisions that damage biodiversity have an impact on their own and 

others' well-being. 

Introduction 

India is one of seventeen megadiverse countries in the world. In species diversity India have around 8 % of 

world’s diversity on 2.4% of its area. India is home of 91000 animal species, 45000 plant species and 33% 

flowering plants endemic to India. 

Levels of Diversity 

Species diversity: It is defining as variety of different species of living forms in a given area. The species 

diversity peaks in the tropical forest and coral reefs. 

Genetic diversity:  It is defined as “the variation at the level of individual genes” or “the heritable 

variation within and between populations of organisms”. The more genetic diversity in a population then 

will be more chances in variations. These variants enable individuals to have a variant that is suitable for 

the new environment. 

Ecosystem or Habitat diversity: Ecosystem is the structural and functional unit of the biosphere. 

Ecosystem diversity is defined as the aggregation of various habitats, community types and abiotic 

environment in a given area. India has one of the richest ecosystem diversities, ranging from deserts, 

plains, hills, mangroves, rainforests to cold Himalayas. Out of the 34 hot spots of biodiversity recognized 

in the world, India has 4 of them. Eastern Himalayas have rich diversity of primitive flowering plants 

Benefits of Biodiversity 

Biodiversity is critical to ecosystem services such as sustaining, providing, regulating, and cultural 

services. These services are critical to people's well-being. It is well-known for its numerous advantages, 

which may be divided into three major categories: 

Economic Benefits: Significant economic benefits associated with biodiversity are: (i) Agriculture: The 

genetic diversity of wild plants is used to produce better strains of crops with superior yields. All our food 

is derived from plants and animals. Approximately 80,000 plant species are potential food sources. (ii) 

Medicine: Medicinal plants are of great demand in modern pharmaceutical industry because today’s 

synthetic drugs owe their origin to plants. (iii) Industry: The wood from plants is being used in industries 

for clothing, shelter, fuel, raw material for paper, rayon, plastic, for construction purpose etc. (iv) Waste 
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treatment: micro living organisms play very important role in treatment of waste which produced by 

anthropogenic activities or naturally produced organic matters. During modern green revolution period, 

the farmers began to lose their traditional systems of sustainable agriculture. There are more than 10,000 

varieties of cereals but human have concentrated only on few.  

Ecological / Social Benefits: Biodiversity is important for maintenance and sustainable utilization of 

goods and services from ecological systems. Services include soil creation and protection, water 

conservation and purification, hydrological cycle management, and so on. Forest vegetation prevents soil 

erosion and slows down water flow to downstream areas. It also helps in protection and conservation fertile 

topsoil, also maintains ground water. Soil microbes (decomposers) and soil animals like earthworms help 

in efficient breakdown of organic matter into inorganic nutrients, thus enriching the soil fertility by 

Nutrient cycling. Pollination is must for all the cross-pollinated crop plants to produce seeds and continue 

their progeny. This ecosystem service is done by diverse group of insects and other organism. Biological 

control also another very important ecosystem service which play role in plant protection by providing 

natural control of pests. 

Ethical-Cultural, Spiritual and Religious belief: The aesthetic and recreational value of biodiversity 

cannot be overstated. Many plants, animals, forests, landscapes, and rivers are revered and worshipped by 

people. These are now considered cultural heritage. These ideas have played an important role in the 

conservation of many plant and animal species, particularly unique and endangered species. 

Impacts of Biodiversity Loss 

1. Climatic, water, soil instability.  

2. Declining productivity in natural & agricultural ecosystems.  

3. Loss of livelihood resources.  

4. Loss of critical health/nutrition inputs.  

5. Less resilience for farmers, narrowing genetic base for country’s agriculture.  

6. Loss of potential medicinal and industrial benefits.  

7. Erosion of traditional knowledge base.  

8. Greatest impact on the poor.  

Biodiversity Conservation 

Biological diversity is the currency of conservation, biodiversity loss led to increased pressures on natural 

systems. For biodiversity conservation different methods are used. It also required regulating drivers of 

biodiversity loss such as pollution, invasive species, land-use change, and climate change etc. Earth summit 

in June 1992 at Rio de Janeiro, Brazil was the first major global attention in this field. Convention on 

Biological Diversity (CBD) was an important agreement signed in this summit as a multilateral treaty. 

Three important goals of CBD including:  Conservation of biodiversity- A common concern of human kind, 

every nation has “sovereign rights” over its biodiversity, calls for national strategies, the sustainable use 

of its components and fair & equitable sharing of benefits arising from genetic resources. India became a 

party to the convention in 1994. The enormous value of biodiversity due to their genetic, commercial, 

medical, aesthetic, ecological importance emphasizes the need to conserve biodiversity. The protection, 

preservation, management, or restoration of wildlife and of natural resources such as forests, soil and water 

should be done. Conservation is defined as the management of human use of the biosphere so that it may 

yield the greatest sustainable benefit to present generation while maintaining its potential to meet the 

needs and aspirations of future generations. 

Approaches of Biodiversity Conservation 

In situ conservation (within habitat): This is achieved by protection of wild flora and fauna in nature itself. 

Like Biosphere Reserves, National Parks, Sanctuaries, Reserve Forests etc. To designating an area as 

hotspot we looked into two aspects viz. richness in endemic species: 1500 endemic plant species, 0.5% of 

global total and impact by human activities: must have lost >70% of its original habitat. This concept helps 

in biodiversity conservation. Over 34 major hotspots together represent 2.3 % of the earth's land area; they 

contain 44% of all plant species and 35% of all land vertebrate species in the world. India has 4 hotspots 
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viz. Indo-Burma, Western Ghats and Sri Lanka, Himalayas, and Sundaland (include Nicobar group of 

Island). 

Ex situ conservation (outside habitats) this is done by establishment of gene banks, seed banks, zoos, 

botanical gardens, culture collections etc. Although in-situ conservation efforts give the greatest long-term 

alternatives for biodiversity conservation, many vulnerable species rely on ex-situ conservation measures 

for survival in the near run. Some vulnerable species, for example, may have adequate safe habitat, but 

their existence may be imperiled by the effects of inbreeding depression, climate change, over-exploitation, 

and/or invading species. 

Habitat Management and Natural Enemy’s Biodiversity Conservation 

Conservation through biological control relies heavily on habitat management. It is an intervention in an 

agroecosystem’s vegetation with the intended consequence of suppressing pest densities.  Plants that offer 

nectar and pollen to predators and parasitoids are supported by habitat management. Ecological resources 

most often provided in habitat manipulation research and practice are: shelter, nectar, alternative 

prey/hosts, and pollen. Altering abiotic conditions to favor natural enemies is another option. For example, 

habitats can be changed to generate a regulated microclimate that improves natural enemy survival during 

overwintering. Importantly, habitat management often impacts more than just pest management, with 

effects on; for example, pollinators, detritivores and associated ecosystem services which can lead to broader 

effects on agricultural systems, including contributing to sustainable intensification. Ecologists view the 

direct and natural enemy–mediated effects of vegetation or pests in terms of bottom-up or top-down trophic 

effects, respectively. Bottom-up effects refer to the action on herbivore pests (second trophic level) on 

vegetation (first trophic level). In contrast, top-down effects refer to the action of natural enemies (third 

trophic level) on herbivores. Habitat management can strongly promote ecosystem services. Thus, it offers 

much to the grand challenge of sustainable intensification to meet the escalating needs of humanity while 

minimizing adverse impacts on the biodiversity (Gurr et al., 2017) 

Effects of Human Disturbances on Biological Control 
From an ecological perspective, farming can be seen as a series of disturbances imposed upon early 

successional systems to produce plant-based commodities. Disturbances are necessary features of 

agricultural systems, allowing crops to be established, managed, and harvested, but disturbances can cause 

challenges including limiting the role of beneficial arthropods and facilitating insect pest outbreaks. 

Disruptions caused by agricultural intensification limit our capacity to attain sustainable crop output. 

These disruptions are caused by crop management practices and can make crop fields more prone to insect 

outbreaks, in part because natural-enemy groups are frequently more sensitive to disturbance than 

herbivorous pests. Our objective is to find solutions to balance disturbance and conservation in order to 

improve agricultural pest biological management. 

In modern high-input farming the potential of natural control to prevent pest outbreaks are limited by 

several common features. These features contribute to an intensification syndrome that includes 

landscapes dominated by large crop fields planted to monocultures of just a few crop species with limited 

genotypic diversity. Also, field management practices, such as pesticide use, tillage, fertilizer use, and crop 

harvest may tend to decrease abundance of natural enemies and the control that they can provide. Of 

course, insecticide usage might limit natural enemy populations, resulting in pest resurgence or outbreaks 

of secondary pest species that can reduce agricultural output. Conservation strategies and tactics can 

mitigate or offset disturbances that lower the capacity of natural enemies to provide top-down suppression 

(Tooker et al., 2020). 

Global Conservation Priorities for Crop Wild Relatives 

The problems in global food security are complex and compounding. For at least the next four decades, our 

expanding population and changing dietary demands are expected to increase stress on food systems. Wild 

cousins of domesticated crops provide genetic diversity that can be used to generate more productive, 

nutritious, and durable agricultural types. However, their conservation status and availability for use are 

both concerns that have yet to be defined internationally. Systematic effort is needed to improve the 
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conservation and availability of crop wild relatives for use in plant breeding to improve cultivated ones 

(Alvarez et al., 2017). 

Medicinal Plants Cultivation Biodiversity Conservation and Livelihood 

Medicinal and aromatic plants (MAPs) are gaining appeal as a raw material source for pharmaceuticals 

and traditional health care systems across the world. More than 85% of herbal medicines used in traditional 

health care systems are derived from medicinal plants and ensure the livelihoods of millions of people, 

especially in the Indian Himalayan region. However, uncontrolled collecting and overharvesting of MAP 

species in their native habitats has harmed their supply. As a result, techniques for cultivating, harvesting, 

and protecting against existing risks should be devised for the conservation of MAPs and the betterment 

of local residents' livelihoods in the Indian Himalayan area. This approach provides opportunities for 

farmers to build skills, knowledge, and self-confidence, and conserve MAP diversity in their natural 

habitat. Linking livelihood and socioeconomic development with natural resource conservation is fruitful 

and practical. Medicinal and aromatic plant-based livelihood systems are frequently mediated by market 

demand, and they provide an excellent source of employment and revenue production for disadvantaged 

rural populations. Developing a suitable framework and technology for MAP cultivation is crucial to 

ensuring a continuous and consistent supply of medicinal plants for the pharmaceutical sector and halting 

the deterioration of the natural resource base. (Phondani et al., 2016). 

Sacred Groves: Myths, Beliefs, and Biodiversity Conservation 

Conservation of environment and natural resources has been a significant component of cultural ethos in 

many regions of the world, including India, particularly in isolated rural and indigenous populations. 

Religious and traditional beliefs, cultural mores, and behaviors all play an important part in environmental 

and biodiversity protection. These societies see themselves as spiritually intertwined with their biophysical 

surroundings. These rural communities revere and protect individual flora, animals, and even rivers and 

mountains as ancestors. In India, nature worship dates back to the pre-Vedic period. One of the important 

traditions of nature reverence is to conserve those patches of forest that have been dedicated to a god or 

goddess or ancestral spirits as “sacred groves.”  India has a very high number of scared groves (SG) that 

play an important role in biodiversity conservation because of various myths and religious beliefs 

associated with them. For many decades, these SGs have been preserving biodiversity. In general, sacred 

groves are an important tool for biodiversity protection. But, nowadays, the attitude of people has changed 

and this along with the mistrust of traditional beliefs has caused degradation of sacred groves all over 

India. Their conservation would not be possible without the active participation of the local people. The 

local people living inside and around the SGs need to be taken into confidence so that long-term 

conservation goals can be achieved by improving their living standards and by giving benefits of 

conservation to them (Singh et al., 2017). 

Is it Time for Synthetic Biodiversity Conservation? 

Current indications show that current conservation approaches are unable to slow the rate of loss of 

biodiversity. Current protected area networks are considered to be insufficient to stem biodiversity loss. 

Furthermore, the erosion of protected areas, the effects of invading species, developing infectious illnesses, 

and even societal denial of biodiversity loss threaten to reverse recent advances. Synthetic biology is 

capable of altering natural genomes with extremely precise editing; typically using CRISPR Cas9 

technology might offer the potential to resolve some intractable conservation problems. Humanity bears 

responsibilities for slowing the rate of biodiversity loss. This necessitates the deployment of multifaceted 

techniques. It is past time for the conservation community to think about using synthetic biology and other 

new genomic technologies. Engagement is critical, and it should be founded on a set of guiding principles 

and a solid decision framework to comprehend the pros and disadvantages based on existing and emerging 

information in order to maximize biodiversity benefits and minimise biodiversity harm. The future of 

nature may depend on our efforts at this crucial nexus of biodiversity conservation and technology. 

Conclusion 

Let us all be proud of our biodiversity and work to preserve it in every manner we can. Biological diversity 

affects us all in some or other ways. Ethical/moral perspective says that all species have a right to the 
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earth’s resources. To reduce the rate of loss of biodiversity we need to use integrated strategies. Decision 

framework built on existing and new science to maximize biodiversity benefits and minimize biodiversity 

harm. The future of nature may depend on our efforts at nexus of biodiversity conservation and technology. 

Local people and farmer participation in biodiversity management, particularly in the development of 

locally appropriate strategies (that are based on broad principles derived from more formal research), is 

likely to be increasingly important for developing locally appropriate conservation strategies that deliver a 

basket of ecosystem services as well as encourage wider uptake. 
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Introduction 

Entomophagy is the term used to describe the practice of consumption of insects as food. FAO estimates 

that insects already form part of the traditional diets of at least 2 billion people. World population is 

increasing; it is expected to hit 9 billion people by 2050. Current food production will need to almost double 

but land is scarce will have profound implications on food production. FAO is interested in the use of insects 

as an alternative food source. Edible insects contribute to the diet of a part of the world population such as 

those living in Africa, Asia and Latin America. The most commonly consumed insects globally are beetles, 

caterpillar, bees, wasps and ants, but in some societies, there is a degree of distaste for their consumption. 

Insects are rich in protein, amino acids, fat, CHO, various vitamins and trace elements. Insects also have 

a high feed conversion ratio: on average insects use 2 kg of feed to produce 1 kg of meat compared to cattle 

that require 8 kg for every 1 kg of meat produced. Insects are cheap and nutritious food for the vulnerable 

groups. Eating insects is very sustainable and healthy for the environment since raising them does not 

require large amounts of land or other resources. FAO is looking at insects as a food source for the future. 

Major Groups of Edible Insects 

Globally, the most common insects consumed4 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), especially popular in sub-Saharan Africa is estimated at 18 percent. Bees, wasps and ants 

(Hymenoptera) come in third at 14 percent (these insects are especially common in Latin America). 

Following these are grasshoppers, locusts and crickets (Orthoptera) (13 percent); cicadas, leafhoppers, 

plant hoppers, 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). Lepidoptera are 

consumed almost entirely as caterpillars and Hymenoptera are consumed mostly in their larval or pupal 

stages. Both adults and larvae of the Coleoptera order are eaten, while the Orthoptera, Homoptera, 

Isoptera and Hemiptera orders are mostly eaten in the mature stage. 

Coleoptera (Beetles) 

There are many kinds of edible beetles, including aquatic beetles, wood-boring larvae, and dung beetles 

(larvae and adults). There are 78 edible aquatic beetle species, mainly belonging to the Dytiscidae, 

Gyrinidae and Hydrophilidae families. Typically, only the larvae of these species are eaten. The most 

popular edible beetle in the tropics, by far, is the palm weevil, Rynchophorus, a significant palm pest 

distributed throughout Africa, southern Asia and South America. The palm weevil R. phoenicis is found in 

tropical and equatorial Africa, R. ferrugineus in Asia (Indonesia, Japan, Malaysia, Papua New Guinea, the 

Philippines and Thailand) and R. palmarum in the tropical Americas (Central America and West Indies, 

Mexico and South America). In the Netherlands, the larvae of mealworm species from the Tenebrionidae 

family, such as the yellow mealworm (Tenebrio molitor), the lesser mealworm (Alphitobius diaperinus) and 

the super worm (Zophobas morio), are reared as feed for reptile, fish and avian pets. They are also 

considered particularly fit for human consumption and are offered as human food in specialized shops. 

Lepidoptera (Butterflies and Moths) 
Butterflies and moths are typically consumed during their larval stages (i.e., as caterpillars), but adult 

butterflies and moths are also eaten. Indigenous Australians have been reported to eat moths of the 

cutworm Agrotis infusa (the Bogong moth). Democratic Republic, people have been observed eating 
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hawkmoths (Daphnis spp. and Theretra spp.) after removing the wings and legs. Caterpillar harvesting is 

not exclusive to Africa. In Asia, the bamboo caterpillar (Omphisa fuscidentalis), also known as the bamboo 

borer or bamboo worm, is a popular food that is being promoted by the Thai Department of Forestry of the 

Ministry of Agriculture and Cooperatives as an increasingly viable source of income. In the Chiapas region 

in Mexico, locals are believed to consume up to 27 caterpillar species.  

Hymenoptera (Wasps, Bees and Ants) 

Ants are highly sought-after delicacies in many parts of the world. They also render important ecological 

services, including nutrient cycling, and serve as predators of pests in orchards. The weaver ant (Oecophylla 

spp.) is used as a biological control agent in various crops, such as mangoes and the larvae and pupae of 

the reproductive form (queen brood) also called ant eggs, constitute a popular food in Asia. In Thailand 

they are sold in cans. The black weaver ant (Polymachis dives) is widely distributed in subtropical southeast 

China, Bangladesh, India, Malaysia and Sri Lanka. It is used as a nutritional ingredient and processed 

into various tonics or health foods available on the Chinese market. The State Food and Drug 

Administration and State Health Ministry of China have approved more than 30 ant-containing health 

products since 1996. In Japan, the larvae of yellow jacket wasps (Vespula and Dolichovespula spp.), locally 

known as hebo, are commonly consumed. During the annual Hebo Festival, food products made from the 

larvae of the wasps are popular delicacies, so much so that the local supply is insufficient and imports from 

Australia and Vietnam are necessary to keep up with demand. Insect species eaten in the state belong to 

the Hymenoptera order and two leafcutter ant species (Atta mexicana and A. cephalotus) are becoming 

increasingly commercialized there. 

Orthoptera (Locusts, Grasshoppers and Crickets) 

About 80 grasshopper species are consumed worldwide, and the large majority of grasshopper species are 

edible. Locusts may occur in swarms, which makes them particularly easy to harvest. In Africa, the desert 

locust, the migratory locust, the red locust and the brown locust are eaten. However, due to their status as 

agricultural pests they may be sprayed with insecticides in governmental control programmes or by 

farmers. 

For example, relatively high concentrations of residues of organophosphorus pesticides were detected in 

locusts collected for food in Kuwait. Grasshoppers and locusts are generally collected in the morning when 

the temperature is cooler (and the insects, being cold-blooded, are relatively immobile). In Madagascar, 

there is a common saying: “Comment pourriez-vous attraper les sauterelles pondeuses et faire la grasse 

matinée en même temps?” (“One needs to waken early in the morning to catch grasshoppers”). In Oaxaca, 

the harvest of chapulines (edible grasshoppers of the genus Sphenarium) only takes place very early in the 

morning (04:00–05:00 hours) because chapulines are too active and difficult to catch during the hotter part 

of the day. 

In the West African nation of Niger, it is not uncommon to find grasshoppers for sale in local markets or 

sold as snacks on roadsides. Remarkably, researchers found that grasshoppers collected in millet fields 

fetched a higher price in local markets than millet. The chapuline is probably the best-known edible 

grasshopper in Latin America. This small grasshopper has been a part of local diets for centuries and is 

still eaten in several parts of Mexico. Cleaned and toasted in a little oil with garlic, lemon and salt for 

flavour, they are a common food ingredient among not only indigenous communities but also the urban 

population in Oaxaca city. Chapulines are brachypterous, which means they have reduced, non-functional 

wings. Sphenarium purpurascens is a pest of alfalfa but also one of the most important edible insects in 

Mexico. Chapulines play a significant role in local small-scale markets as well as in restaurants and export 

markets. Despite the nutritional and cultural value of chapulines, recent studies have shown that the 

grasshoppers can contain high and sometimes dangerous amounts of lead. 

In Asia, the crickets Gryllus bimaculatus, Teleogryllus occipitalis and T. mitratus are harvested in the wild 

and commonly consumed as food. The house cricket (Acheta domesticus) is also reared and commonly eaten, 

particularly in Thailand, and is preferred over other species because of its soft body. In a study carried out 

in Thailand in 2002, 53 of 76 provinces had cricket farms. As of 2012, there were about 20 000 cricket 

farmers in Thailand. Additionally, the short-tail cricket (Brachytrupes portentosus), which has a large body 

and large head, is also quite popular for eating. 
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However, this species cannot be farmed and therefore is only collected in the wild. Despite the extensive 

practice of farming insects, only two species of edible cricket (Gryllus bimaculatus and Acheta domesticus) 

are farmed economically. Others, such as Tarbinskiellus portentosus, cannot be farmed due to their long-

life cycle. Sellers are now saying that consumers prefer farmed crickets over those collected in the wild 

because they taste better. 

Homoptera (Cicadas, Leafhoppers and Plant Hoppers), a Suborder of the Hemiptera 

In Malawi, several cicada species (Ioba, Platypleura and Pycna) are highly esteemed as food. Cicadas can 

be found on the trunks of trees and collected using long reeds (Phragmites mauritianus) or grasses 

(Pennisetum purpureum) with a glue-like residue on them, such as latex from the Ficus natalensis tree. 

The latex adheres to the cicadas’ wings, which are removed before consumption. Some Homoptera yield 

products commonly eaten by humans, such as carmine dye derived from the cactus cochineal bug 

(Dactylopius coccus) often used in food products. Humans also consume lerp, a crystallized, sugary secretion 

produced by the larvae of psyllid insects as a protective cover. In South Africa, for example, the psyllid 

(Arytaina mopane) that feeds on the phloem sap of the mopane tree (Colophospermum mopane) is eaten. 

The largest number of lerp-building psyllids is found on Eucalyptus species in Australia. Australian 

Aborigines collect lerp as a sweet food source. 

Heteroptera (True Bugs), Suborder of Hemiptera 

Pentatomid bugs are eaten widely throughout sub-Saharan Africa, particularly in southern Africa. In the 

Republic of Sudan, the pentatomid, Agonoscelis versicolor, a pest of rainfed sorghum that causes 

considerable damage, is eaten roasted. Oil is also derived from these insects and is used in preparing foods 

and for treating scab disease in camels. Most pentatomids consumed as food, however, live in water. The 

famous Mexican caviar, ahuahutle, is composed of the eggs of at least seven species of aquatic Hemiptera 

(the Corixidae and Notonectidae families); these insects have formed the backbone of aquatic farming, or 

aquaculture, in Mexico for centuries. The semi-cultivation of these species is simple and inexpensive 

because it can be undertaken using traditional local practices. The insects fetch high prices, particularly 

during the Semana Santa (the week preceding Easter). The semi-cultivation of Hemiptera is under threat, 

however, as a result of heavy pollution and dried-up water bodies. 

Isoptera (Termites) 

The most commonly eaten termite species are the large Macrotermes species. The winged termites emerge 

after the first rainfall at the end of the dry season, from holes near termite nests. In Africa, locals beat the 

ground around termite hills (simulating heavy rain) to provoke the termites to emerge. Syntermes species 

are the largest termites eaten in the Amazon. They are gathered by introducing a palm leaf rib into the 

galleries of the nest; the soldiers biting it are then fished out. 

Conclusion 

The contribution of insects to food security and examines future prospects for raising insects at a 

commercial scale to improve food and feed production, diversify diets, and support livelihoods in both 

developing and developed countries. Many traditional and potential uses of insects for direct human 

consumption and the opportunities and constraints for rearing them for food and feed. The need to develop 

a regulatory framework to govern the use of insects for food security. Edible insects are a promising 

alternative to the conventional production of meat, either for direct human consumption or for indirect use 

as feedstock. To fully realize this potential, much work needs to be done by a wide range of stakeholders. 
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Summary 

In agriculture sowing the seeds in soil is major initial operation. Sowing the seeds in soil using traditional 

methods like dibbling, sowing behind the plough involves more time, energy and human drudgery. To 

reduce time, energy and human labour we need to go for advanced or improved techniques. Improved 

technology like spraying of seed by machine using solar power will reduce energy and man power needed 

for sowing labours involved and increases the overall productivity of crop. 

Introduction 

Seed spraying machine is a device which sow the seeds in correct position. Seed sowing plays a major role 

and it is initial operation in agriculture field. There are many methods for sowing of seeds in soil like 

manual, animals and tractor. Sowing by manual and animal consumes more time and productivity of crop 

is low and by sowing with tractor requires more fossil fuel and it emits carbon dioxide which leads to air 

and noise pollution and also led to energy crisis. In order to overcome the problems, seed spraying machine 

by using solar power will reduce time, energy and man power. Solar spraying machine consists of major 

components like solar panel, hopper, charging unit, battery, sprayer fan.  

Electric battery: It is a device consisting of one or more electrochemical cells that convert stored chemical 

energy into electrical energy.  

Electric motor:  It is a is machine which converts electric energy into mechanical energy. 

Solar panel:  It consists of solar cells which convert sunlight into electricity.  

Hopper: Hopper with the seeds get sprayed to the land by means of blower or fan without any human 

effort. 

Working Principle 

Solar energy from the sun falls on the solar panel. The solar panel consists of cells which convert sunlight 

into electricity and also delivers the output power in the order of 12 volts and 10 watts to the charging unit 

or battery. The power from the battery used for operating the fan to spray the seeds into the soil from the 

hopper. Solar energy is trapped and this energy is used for charging the battery. 

In our project, we are going to use the cheapest method by trapping the solar energy. The trapped solar 

energy is used to charge the battery for pumping the particular items to the agriculture field. We have 

designed and developed a system called solar seed sprayer. The system consists of solar panel, charging 

unit, Battery, sprayer fan. The solar panel delivers an output in the order of 12 volts and 10 watts power 

to the charging unit. As the power from the battery operates the fan the seeds can be sprayed all the way 

through. The funnel is provided to pour the seed. 

Advantages 

1. Cheapest method 

2. Usage of solar energy 

3. Power consumption low 

4. Easily available 

5. Simple to adopt 

6. Less Costly 

7. Man power usage reduced. 
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Disadvantage 

Cannot be used during night time as solar power is not available. 

Application 

Can be utilized by all farmers, without any much maintenance cost. 

Drawing for Solar Seed Sprayer 

 

Conclusion 

Seed sowing plays a very important role and it is initial operation in agriculture field. Crop productivity is 

low and it requires more time by sowing with manual and animal and by sowing with tractor requires more 

fossil fuel and it emits carbon dioxide which leads to air and noise pollution and also led to energy crisis. 

To overcome these problems and in order to reduce man power, energy and time, seed spraying machine 

by using solar power was designed. Solar seed spraying machine is helpful for small scale farmers in terms 

of improving productivity of crop. 

References 
1. Kolhe, K., Bhor, S., Daund, A., Dhamdhere, S., and Amol Gadekar, A., 2019, Design and Fabrication of Solar Seed Sprayer 

Machine, Journal of Emerging Technologies and Innovative Research., 6(2): 224-227. 

2. Ravi, T., Gobi Ganesh, D., Gokulakannan, R., Kandeeswaran, M. and Kesavan, V., 2016, Design and fabrication of solar seed 

sprayer machine, International Journal for Innovative Research in Multidisciplinary Field., 2(7): 170-173. 

3. Anonymous., https://frigateprojects.com/solar-seed-sprayer/ 
  



 

 
Volume 4 - Issue 03 - March 2022       67 | P a g e  
 

Value Added Products in Floriculture 
Article ID: 36272 

Dinesh Kumar1, Alka1 
1Ph. D Scholar Navsari Agricultural University, Navsari, Gujrat. 

 

 

Introduction 

Value-added floriculture is a process of increasing the economic value and consumer appeal of any 

floricultural commodity. Profit potential is increased when an indistinctive raw commodity is converted 

into a unique product. 

Flowers are the most perishable horticultural farm produce, and common farmers continue to face 

challenges in properly marketing them using standard postharvest management practises. As a result, 

value addition by agro-industries is another important arena for proper utilisation of fresh ornamentals, 

or processed. 

Different kinds of value-added products such as essential oils, flavours, fragrance, pharmaceutical and 

nutraceutical compounds, insecticidal and nematicidal compounds, pigments and natural dye, vanilla-

based products, gulkand, rose water, etc. 

Indian Scenario of Value Addition 

Associated activities of flower growing in India include the dry flower industry and the essential oil 

industry. The Indian floriculture industry comprises the florist trade, nursery plants, potted plants, bulbs 

and seed production, micro propagated materials, dried flowers, dried foliage, and extraction of oil from 

flowers. 

India is the 5th largest exporter of dried flowers, and second largest exporter of dried foliage in the world 

accounting for around 7% of the world exports in dry flowers and foliage. The main export markets for 

Indian dry flower industry are USA, Netherlands, UK and Germany. India is second largest exporter of 

essential oil in the world after USA. India’s exports of essential oil stood at US$ 329 million in 2008-09. 

India is the largest exporter of jasmine oil in the world accounting for over 40% of total world exports in 

jasmine oil. 

Value Added Products of Flowers 

1. Rose: 

a. Rose water - It is made by boiling the rose flowers in water and condensing the steam. Rose water 

is consumed as sherbet and applied as eye lotions and eye drops and for sprinkling on guests on 

auspicious occasions etc. 

b. Gulkand - It is prepared by mixing rose petals and sugars in the ratio of 1:2 and mashing and 

drying the mixture in the sun. It is laxative and commonly used for flavouring and sweetening PAN. 

c. Pankhuri - It is made by drying the rose petals in shade and used in preparation of cool summer 

drinks and incense. 

  

 

Rose water Gulkand Pankhuri 
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Rose hips 

d. Rose hips: The fruits of roses are called hips. These are rich source of vitamin C, contains 11% 

pectin, 3% of a blend of malic acid and citric acid. It has laxative and diuretic effects. Rose hips also 

contain carotenoid pigments, plant sterols, tocotrienols and a high level of anthocyanins, catechins 

and other polyphenolics, known as phytochemicals used to protect against cancer and cardiovascular 

diseases. Rose hips are used in apple sauce, soups, syrups, puddings, marmalade, jam and jellies. 

e. Rose tea- Rose petal tea is used to relieve uterine congestion. It is an excellent remedy for irregular 

periods and infertility. Rose tea helps to fight infection in the digestive tract and skin diseases. 

Dried and crushed rose hips are also used to make herbal teas. 

Rose oil and concrete: Rose oil yielding spp. 

a. R. damascena :-  contain highest oil percent which is varies from 0.032 to 0.049% 

b. R.centifolia 

c. R.gallica.L  

d. R.moschata 

Perfume: Rose perfume is produced by using atter of roses or rose oil, which is a combination of volatile 

essential oils obtained from steam distillation of the crushed petals of roses. A related product is rose water 

which is utilized for cooking, as cosmetics, medication and in religious occasions. 

Pot pourri: It is a mixture of dried and naturally fragrant plant part used as natural scent in the room is 

by adding few drops of essential oil. Rose petals are very commonly used as potpourris. 

2. Tuberose: Many value-added products obtained from tuberose such as essential oil and perfumery. It 

is also used for making garlands, venis, gajra, floral bangles, ear-rings, crown, wreath.  

3. Jasmine: The jasmine oil is highly recommended in cosmetic and perfumery industry for making 

perfumes, incense, soaps, shampoos and creams. 

4. Marigold: Marigold flowers is a rich source of terpenoids, flavonoids, carotenoids and thiophenes that 

have found varied uses in preparation of medicines and insecticides. Essential oils are widely used in the 

preparation of soaps, detergents, disinfectants, mosquito repellents, flavourings of food, etc. 

Conclusion 

Value addition is a business strategy that helps in creating new market demands and indulging renewed 

demand from the consumers. Value addition sector can solve the two major issues Un-employment and 

poverty of the nation, by providing a steady source of income to the growers. 
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Introduction 

Rapid urbanization and industrial development increase air pollution specially in major developing 

countries. Urban industrialization has now become place of increased emission of air pollutants into 

atmosphere. These pollutants are harmful to the human beings, therefore, reducing the air pollutants in 

the environment is major issue of environmental concern at international, national and local level. Today’s 

life style and working environment is also forcing us to stay in indoor environment for long number of hours 

leading to exposure to various indoor pollutants which are being released by various office appliances and 

décor. It is well documented that plants play an important role in monitoring the ecological balance by 

collecting heavy metals such as mercury and lead from the air including formaldehyde, nitrogen and 

sulphur oxide vis-a-vis provide psychological push through mood lifting and enhanced alertness as plants 

differ markedly in their responses to pollutants, some being sensitive and others hardy and tolerant. There 

are number of pollutants lie in indoors affect the health of human being because 70-80% of time spend in 

homes. For example, formaldehyde, benzene, carbon monoxide, sulphur dioxide, nitrogen dioxide, ozone 

and others remain in indoors and inhaled by the body. HCHO is used in construction of buildings in form 

of urea, formaldehyde, benzene found in tobacco smoke and also in paints, inks, oils, rubber and in 

household cleaning products. CO, SO2, NO2 are liberated in homes through combustion such as open fires, 

gas stoves and central heating boilers. 

Source of Indoor Air Pollution 

1. Formaldehyde, which comes from carpets and particle boards. 

2. Tetrachloroethylene is a synthetic chemical that is widely used for dry cleaning of fabrics and for metal-

degreasing operations. 

3. Benzene which comes from detergents, paints, furniture wax, thinner. 

4. Xylene and Toluene which are used in some colouring pens, markers, spray paints, shoe polishes, 

adhesives. 

5. Carbon monoxide and nitrogen dioxides. 

6. Volatile Organic Compounds (VOCs) which comes from perfumes, hair sprays, air fresheners and 

furniture polish. 

7. Biological pollutants such as dust, fungi, allergens. 

8. Natural gas and propane stoves release carbon monoxide and HCHO. 

Important Indoor Plants Which Improve the Indoor Air Quality 

S. no Plant name  Specifications  Benefit  

1 Aloe Vera 

 

Reduce benzene and 

formaldehyde that comes from 

carpets and particle boards 

its extract aids in healing cuts, burns 

and skin problems 

2 Spider Plant The plants help in reduce carbon 

monoxide, formaldehyde and 

benzene 

Improve soothing effect 

3 Snake Plant filter formaldehyde, 

trichloroethylene, xylene, 

toluene, and benzene from the 

air 

More oxygen release at night 

4 Bamboo Palm 

 

It reducesbenzene, 

formaldehyde, trichloroethylene, 

Improve work efficiency 
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xylene, and toluene from the 

indoor environment. 

5 Dracaena It combats pollutants that come 

with paints, detergents, 

varnishes and oils. 

Mood enhancer  

6  Golden pothos  Reduce the carbon monoxide and 

VOCs  

Most common indoor plants in houses 

 

 
 

  

Aloe vera Snake plant 

 
 

 

Spider plant Bamboo plant 

 
 

 

Dracaena (Song of India) Golden pothos 
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Introduction 

Edible flower is defined as nontoxic, innocuous flowers with health benefits consumed in human diet. Edible 

flowers are flowers that are eaten. In most of the cases, stems, sepals, petals and stamens are removed 

before use. They are preserved for future use by using techniques like drying, freezing or steeping in oil. 

They can be used as a component in drinks, jellies, salads, soups and many several main dishes. Flower-

flavoured oils and vinegars are made by steeping edible petals in these liquids Sometimes candied flowers 

are crystallized using egg white and sugar. Edible flowers are rich in vitamins, minerals and micro 

nutrients. Oils from flowers are used in aromatherapy, and certain flowers are even used as a dietary 

therapy due their medicinal value. 

Uses of Edible Flowers 

1. Edible Flowers High in Vitamins and Minerals: Marigolds, Portulacas, Purslanes, Roses, 

Dandelions and Chives are rich in vitamin Celderberry blooms and calendula blooms help with digestion, 

bloating, cramping, constipation, and irregularity Goldenrod blooms also help with digestion, sooth urinary 

tract infections and even relieve allergies. All of these flowers can be eaten in salads, made into. Teas, in 

baked goods, or as A garnish for main courses. 

2. Stress and sleep aids: Vibrant California poppies, soft chamomile blooms, and lavender are well-known 

sleep and stress aids. They come in oils, teas, lotions, drops, medications, and even bath soaps they are a 

delicious and natural way to unwind at the end of a long day. 

3. Detox aids: The hibiscus flower contains anti-aging antioxidants that can prevent cholesterol deposits, 

support cell health, and reduce the risk of cancer and inflammation. 

4. Pain relivers: Honeysuckle and hyssop flowers relieve respiratory problems and soothe pain in the 

stomach and colon. Mullein flowers help with the same problems as well as headaches and other common 

body aches. 

5. Antibiotic and anti-inflammatory aids: Nasurtiums contain natural antibiotic properties for fighting 

infection and bacteriared clover blooms are an effective blood purifier and can be consumed in tea form 

violets and violas contain anti-inflammatory properties that helps to relax and soothes symptoms of fevers 

and colds. 

Table 1. List of edible flowers: 

Scientific name  Flavour  Colour Common name  

Allium schoenoprasum Onion Lavender-pink Chives 

Althaea Vegetable White, pink, red Marshmallow plant 

Anethum graveolens Herbal Yellowish-green Dill 

Antirrhinum majus Bitter Wide range Snapdragon 

Anthriscus cerefolium Herbal White Chervil 

Asparagus officinalis Vegetable Green Asparagus 

Bellis perennis Mildly bitter White Daisy 

Borago officinalis Anise Lilac Starflower 

Calendula officinalis Slightly bitter Yellow, orange Marigold 

Centaurea cyanus Vegetable White, pink, blue Cornflower 

Eruca sativa Spicy White Arugula 

Foeniculum vulgare Mildly anise Yellow-green Fennel 

Galium odoratum Sweet, nutty, vanilla White Woodruff, etc. 

Helianthus annuus Varies Yellow Sunflower 
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Hemerocallis Vegetable, sweet Wide range Daylily 

Hibiscus rosa-sinensis Cranberry-like Rose, red Chinese hibiscus 

Lavandula officinalis Sweet, perfumed Lavender Lavender 

Levisticum officinale Celery White Lovage 

Lonicera japonica Sweet White to pale yellow Japanese honeysuckle 

Matricariarecutita Sweet apple White Camomile 

Mentha Minty Purple Mint, etc. 

Monarda didyma Minty, sweet, hot Wide range Bergamot, etc. 

Ocimumbasilicum Herbal  White lavender  Basil  

Passiflora Vegetable Purple Passion flower 

Pelargonium spp. Varies Wide range Geranium 

Phalaenopsis Watery Varies Moth Orchid 

Rosa Perfumed Wide range Rose 

Rosmarinus officinalis Herbal Blue Rosemary 

Salvia elegans Sweet, fruity Red Pineapple sage 

Salvia officinalis Herbal Purple-blue Common sage 

Sambucus canadensis Sweet White American elderberry 

Syringa vulgaris Varies Lavender Lilac 

Tagetes patula Bitter Yellow, orange French marigold 

Tagetes tenuifolia Spicy, herbal Yellow French marigold 

Taraxacum officinale Sweet, honey-like Yellow Common dandelion 
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Abstract 

Manihot esculenta has characteristics that make it highly attractive to smallholder farmers in isolated 

areas where soils are poor and rainfall is low or unpredictable. Since it is propagated from stem cuttings, 

planting material is low-cost and readily available. The plant is highly tolerant to acid soils, and has formed 

a symbiotic association with soil fungi that help its roots absorb phosphorus and micronutrients. To 

discourage herbivores, its leaves produce two glycosides which, when digested, produce highly toxic 

hydrogen cyanide. Since most of the soil nutrients absorbed during growth remain in the above-ground 

part of the plant, recycling the plant tops helps to maintain soil fertility. 

Introduction 

Cassava (Manihot esculenta Crantz 2n = 2x = 36) is considered to be one of the most important sources of 

energy for poor people living in the rural areas where cassava is grown and consumed as a staple food. 

Manihot esculenta is one of some 100 species of trees, shrubs and herbs of the genus Manihot, which is 

distributed from northern Argentina to the southern United States of America. Cassava has been studied 

since as early as 1886 when Alphonse de Candolle placed its geographic origin in the lowland tropical 

Americas. It shares the Brazilian-Paraguayan centre of origin with peanuts, cacao, rubber and other crops. 

Botanically, cassava is a woody perennial shrub, which grows from 1 m to 5 m in height. It is believed to 

have been cultivated, mainly for its starchy roots, for 9 000 years, making it one of agriculture’s oldest 

crops.  

The following are some beneficial insects that are indigenous on your fields and gardens or can be 

introduced for the control of pests. 

Conservation of the Beneficial Insects 

1. Provide hiding sites and alternative habitats such as mulches and other ground covers.  

2. Plant small flowering plants on borders, hedges, and other perennial habitats as source of food and 

shelter  

3. No indiscriminate use of synthetic pesticides. 

Ground Beetle 

Host: Slugs, snails, cutworms, cabbage root maggots, grubs and insect pupae, and small caterpillars  

Description: 

a. Eggs are normally laid singly in the soil.  

b. Larva is elongated and tapered toward the end, worm-like in appearance and have a large head 

directed forward.  

c. Pupa is brownish black, small and found in the soil.  

d. Adult ground beetles or Carabids are about 2-6cm long, dark shiny brown to metallic black, blue, 

green, purple, or multi-colored.  

e. They vary in shapes, from elongated to heavy-bodied, - tapered head end with threadlike 

antennae, and have a ringed wing cover.  

f. Their heads are usually smaller than their thorax. Both adults and larvae have strong pincher-

like mandibles.  

g. They have prominent long legs, which make them fast moving insects. Most species are nocturnal 

and they hide during the day in soil crevices, under rocks and stones, decaying logs, leaf litter, or 

composting materials.  
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h. When disturbed or when other vertebrates prey upon them, they emit an odor or gas, as a type of 

defense mechanism, preventing them from being eaten by other predators. Ground beetles live on 

or below the ground, hence the name.  

i. Development from the egg to the adult stage takes about a year, although adults may live 2 to 3 

years or longer.  

Conservation: 

a. Practice mulching in some sections of your field to provide a habitat for the ground beetles.  

b. Provide permanent beds and perennial plantings to protect population.  

c. Plant white clover and/or amaranth as ground covers. 

Lacewing 

Hosts: Aphids, leafminer, mealybugs, thrips, whitefly, armyworms, bollworms, cabbage worm, codling 

moths, corn borer, cutworm, DBM, fruitworm, leafhopper nymphs and eggs, potato beetle, scale insects, 

spider mites, and caterpillars of most pest moths. If given the chance, they can also prey on adult pests.  

Description: 

a. Eggs are found on slender stalks or on the underside of leaves. Each egg is attached to the top of 

a hair-like filament. Eggs are pale green in color.  

b. Larvae are known as aphid lions. Newly hatched, they are grayish-brown in color. Upon emerging, 

larvae immediately look for food.  

c. They grow to about 1 cm in length. They attack their prey by taking them with their large sucking 

jaws and injecting paralyzing poison, and then sucking out the body fluids of the pest.  

d. A larva can eat 200 or more pests or pest eggs a week. An older larva can consume 30-50 aphids 

per day. It can consume more than 400 aphids during its development.  

e. The larvae resemble alligators with pincers like jaw. However, they become cannibalistic if no 

other prey is available. They feed for 3 to 4 weeks and molt three times before pupation. They cover 

their bodies with prey debris.  

f. Pupae are cocoons with silken threads. These are found in cracks and crevices. The pupal stage 

lasts for approximately 5 days.  

g. Adults are green to yellowish-green with four, delicate transparent wings that have many veins 

and cross veins.  

h. Adults are about 18 mm long, with long hair-like antennae and red-gold eyes. Each adult female 

may deposit more than 100 eggs.  

i. Many species of adult lacewings do not prey on pests. They feed on nectar, pollen, and honeydew.  

j. An adult will live for about four to six weeks depending on the climatic conditions. 

Conservation: Flowering plants such as dill, cosmos, sunflower, carrots, and dandelions are good source 

of pollen and nectar for adults. Provide source of water during dry season. 

Ladybird Beetles 

Hosts: Aphids, mealybugs, scale insects, spider mites, whiteflies  

Description: 

a. Eggs are yellow to orange in color, football-shaped, and are laid in circular clusters of 10 -50 eggs 

on the underside of leaves or near the aphid colony.  

b. Newly hatched larvae are gray or black and less than 4 mm long. They emerge as dark alligator-

like flightless creatures with orange spots. Adult larvae can be gray, black, or blue with bright yellow 

or orange markings on the body. The larvae are elongate and slightly oblong in shape. They undergo 

four instars before pupating.  

c. The pupae are usually brightly patterned and can be found attached to the leaves and stems of 

plants where larvae have fed and developed.  

d. Adults are oval to hemispherical and strongly convex with short legs and antennae. Most species 

are brightly colored.  

e. Body length ranges from 0.8-16 mm. Their colors tell other predators that they are tasteless and 

toxic. When disturbed, some of them emit a strong-smelling yellow liquid as a protection against 

other predators.  
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f. Their colors vary from red, orange, steel blue, yellow-brown, or yellow elytra, frequently spotted 

or striped with black.  

g. They feed on pollen, nectar, water, and honeydew but aphids or other prey are necessary for egg 

production.  

h. They are the best-known predators of aphids and are capable of eating up to 50-60 per day and 

about 5000 aphids in their lifetime. 

Conservation: 

a. Lady bird beetles are found in most agricultural and garden habitats.  

b. Their presence indicates that natural biological control is occurring. It is important to maintain 

habitats planted with several flowering crops.  

c. These give the ladybird beetles varied food sources. When food is not available, they tend to eat 

each other.  

d. Their beneficial predatory behavior and activities are continuous when there is no indiscriminate 

use of synthetic pesticides. 

Mealybug Destroyer 

Hosts: Mealybugs  

Description:  

a. Eggs are yellow and are laid among the cottony egg sack produced by the mother mealybugs. The 

eggs develop into larvae in about 5 days.  

b. The larva looks like mealybug. It has woolly appendages of wax but is twice as big as the adult 

mealybug. It grows up to 1.3 cm in length. It undergoes three larval stages, which lasted for about 

12-17 days. The larva feeds on mealybug eggs, young crawlers, and the honeydew produced by 

mealybugs. It can consume up to 250 mealy-bugs.  

c. The pupa is found in sheltered stems. The pupal stage lasts for about 7-10 days.  

d. Adult mealybug destroyer is dark brown or blackish beetle. It has orangish head with reddish 

abdomen. It is small, about 3-4 mm long. A female can lay up to 10 eggs a day in a mealybug colony 

or in a group of mealybug eggs. It may live up to 2 months.  

Conservation: Mealybug destroyers only thrive when there are mealybugs. They feed on mealybugs, 

which are necessary for their reproduction. Members of carrot (fennel, dill, angelica, tansy) and sunflower 

families (goldenrod, coreopsis, sunflower, and yarrow) are good habitats for adult mealybug destroyers. 

Spider 

Hosts: Moths and caterpillars. 

Description:  

a. Some spiders' eggs are laid in a cluster in silken sacs, while some species lay their egg masses 

covered with silks within folded leaves. Some of these sacs are attached to the mother spiders or 

mothers stay nearby to guard their egg sacs. Eggs usually hatch into spider lings within three 

weeks. The spider lings may remain attached to the mother for several days on some species, but 

for some species they are left on their own.  

b. Spiders are not insects. They have 8 legs, while insects have 6. They do not have wings whereas 

Insects do. They have two body sections; a united head and thorax and abdomen, while insects have 

three; head, thorax, and abdomen.  

c. A female can produce 200-400 eggs but only 60-80 spider lings can hatch from these. Females can 

survive 2-3 months. In some species, females die after laying eggs.  

d. All spiders are poisonous to insects but only a few species are poisonous to humans, like the Black 

widow and the Brown recluse. 

Conclusion 

1. Mulching along some sections in dikes of rice paddies, in field corners, or a portion of the fields can 

increase the number of spiders. They can hide in the layer of mulch that serves as their alternate habitat. 

They can also prey on other small insects inside the mulch.  
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2. Remember, that the more food the spiders can eat, the faster their population build-up will become. 

Cover crops are also important to provide over-wintering sites of spiders’ sacs.  

3. A spider population depends on the availability of food, the habitat, and the environmental conditions. 

Avoid use of pesticides as much as possible, for broad-spectrum insecticides can easily kill them. 
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Ingredients for Hibiscus Tea 

1. 4 cups of pure filtered water 

2. 1/4 cup of dried organic hibiscus flowers 

3. 1 to 2 tablespoons of raw honey 

4. Lime wedges (optional). 

5. Fresh mint leaves (optional). 

Directions 

1. Boil half of the filtered water in a small saucepan. 

2. Add the dried hibiscus flowers and then turn off the heat. Next, steep the liquid until it appears dark 

red. 

3. Add the remaining two cups of filtered water to the hot tea, and add the raw honey to achieve sweetness 

when the tea is still warm. You can drink the hibiscus tea hot as it stands. Hot hibiscus tea is also 

sometimes called Jamaica tea. 

4. As an option, pour the hibiscus tea into a pitcher for serving. Pour the tea into iced-filled glasses. If you 

like you can also garnish with mint and lime. 

Reduces High Blood Pressure 

Scientific studies suggest that daily hibiscus tea consumption may benefit people with slightly increased 

blood pressure. In 65 adults with mildly high blood pressure or pre-hypertension. Hibiscus tea can lower 

blood pressure in type 2 diabetics. 

Helps Lower Cholesterol 
The antioxidant properties in hibiscus tea are also thought to benefit people with high cholesterol. Animal 

studies have found that hibiscus tea may lower total cholesterol and low-density lipoprotein (LDL) 

cholesterol, also known as “the bad” cholesterol. Hibiscus tea may lower cholesterol levels in people with 

metabolic syndrome or diabetes.  

Beneficial Tea for Diabetics 

Hibiscus tea could significantly reduce LDL cholesterol and total cholesterol, and raise high-density 

lipoprotein (HDL) levels in 53 type 2 diabetics and hibiscus tea consumption could reduce blood pressure 

in type 2 diabetics.  

Offers Liver Protection 

The antioxidant properties of hibiscus tea may also help treat liver disease. The anthocyannins in hibiscus 

tea could significantly reduce inflammatory liver lesions and oxidative liver damage in rats with toxic 

livers.  

Anti-Cancer Properties 

The hibiscus protocatechuic acid found in hibiscus tea has strong antioxidant and anti-tumor properties. 

Medical and Dental College in Taichung, Taiwan suggested that the protocatechuic acid in hibiscus tea 

inhibits cancer cell growth by inducing cell death in human leukemia cells.  

 

http://www.doctorshealthpress.com/health-news/high-blood-pressure-smoking-and-high-bmi-greatest-risk-factors-for-global-death-study
http://www.doctorshealthpress.com/general-health-articles/lower-cholesterol
http://www.doctorshealthpress.com/food-and-nutrition-articles/control-inflammation-and-prevent-chronic-diseases
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Helps Relieve Symptoms of Anxiety and Depression 

Hibiscus tea health benefits also include calming the nervous system. This helps put people into a positive 

mind frame to reduce symptoms of depression and anxiety. The flavonoids, anthocyanins and 

anthocyanidins in hibiscus have potential antidepressant activity. 

Benefits Weight Loss 

Hibiscus tea may also be a useful component to a weight loss program. Hibiscus tea is low-in-calories, and 

it is a diuretic herb that helps flush toxins and excess fluids in the body. In a 12-week study published in 

the journal Food & Function in 2014, researchers found that hibiscus extract consumption could reduce 

obesity and abdominal fat, and improve liver damage in obese individuals. Hibiscus tea may be a natural 

weight loss alternative and herbal teas like hibiscus tea can help support weight loss by increasing the 

intake of fluids. 

Improves Digestion 

Hibiscus tea is also considered a valuable digestive aid, and it is thought to improve bowel and bladder 

function. The diuretic properties of hibiscus tea will also help treat constipation and improve the strength 

of the gastrointestinal system. The anti-spasmodic effect of hibiscus tea is considered useful for symptoms 

associated with irritable bowel syndrome. 

Helps Boost the Immune System 

The high amount of vitamin C in hibiscus tea is considered a great immune system booster, and it can help 

prevent against colds and the flu. It has the ability to lower body temperature, and therefore hibiscus tea 

benefits people with a fever as well. 

Helps Improve Skin Conditions 

The anti-inflammatory and antioxidant properties in hibiscus tea such as vitamin C and A can effectively 

treat acne, scars, sunburns, eczema, and skin allergies. 

 
Hibiscus tea 

 
Hibiscus sp. 
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Preamble 

Solanum nigrum herbal plant contains many medical properties which help to treat various types of health 

disorders. It is called as Manathakkali in Tamil and plays a key role in improving health conditions. The 

flowers, stem, leaves and the fruits are a suitable one for getting relief from various types of disorders. This 

plant can be grown anywhere easily that gives ways for increasing the quality of life. Manathakkali will do 

many wonders to body due to its anti- septic, anti-inflammatory and diuretic properties. Solanum is a large 

and diverse genus of flowering plants, which include three food crops of high economic importance: the 

potato, the tomato and the eggplant. It also contains the nightshades and horse nettles, as well as numerous 

plants cultivated for their ornamental flowers and fruit. 

Solanum nigrum has been recorded from deposits of the Paleolithic and Mesolithic era of 

ancient Britain and it is suggested by the botanist and ecologist Edward Salisbury that it was part of the 

native flora there before Neolithic agriculture emerged. The species was mentioned by Pliny the Elder in 

the first century AD and by the great herbalists, including Discords. In 1753, Carl Linnaeus described six 

varieties of Solanum nigrum in Species Plantarum. It is a best one for home remedies and some of them 

are given below: 

1. Treating mouth ulcer: Mouth ulcer is mainly caused by poor oral hygienic conditions and diets. 

Manathakkali leaves are extremely useful for treating this condition and one should keep them in mouth 

for some time after chewing. 

 

2. Preventing digestive problems: The juice which is made from Manathakkali leaves help 

in preventing digestive problems. It also paves ways for healing peptic ulcer, dysentery and flatulence 

problems. 

3. Decoction for fever: Manathakkali decoction prepared from the fruits and leaves is a suitable one for 

curing fever problems. 

https://en.wikipedia.org/wiki/Neolithic
https://en.wikipedia.org/wiki/Agriculture
https://en.wikipedia.org/wiki/Herbalists
https://en.wikipedia.org/wiki/Species_Plantarum
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4. Manathakkali paste for skin disorders: The manathakkali paste is a suitable one for treating burns, 

ringworms, gout and eruptive skin problems to get desired results. 

5. Controlling diabetes: Diabetic patients are largely benefited by the manathakkali fruits as they help 

to live a healthy life considerably. 

6. Reducing liver disorders: Manathakkali extract is an ideal one for reducing liver problems such as 

cirrhosis and hepatitis to minimize the risks. 

7. Manathakkali for coughs: Manathakkali decoction helps to get relief from the coughs and cold. It 

plays a key role in improving the conditions more effectively. 

8. Juice for asthma problems: Asthma patients are largely benefited by manathakkali juice as it helps 

to relieve congestion and other issues. 

7. Promotes urinary conditions: The diuretic properties in Manathakkali plant helps to promote 

urinary system and it gives ways for discharging urine regularly. 

8. Treating periods: Manathakkali herb is extremely helpful for women to overcome period problems. It 

helps to recover from pains quickly by addressing exact needs. 

9. Manathakkali for convulsions: Research studies reveal that consuming manathakkali leaves will 

help in fighting against convulsions. 

10. Controlling inflammation: The manathakkali herbal plant helps to control inflammation problems 

by increasing the immunity levels. 

11. Treating hemorrhoids: Anyone who wants to recover from hemorrhoids can take the roots of 

manathakkali plant for getting major benefits. 

12. Manathakkali for eyes: The medical properties in manathakkali herbal plant help to improving the 

eye conditions to minimize various symptoms. 

13. Curing heart diseases: Heart disorders are a risky one and manathakkali herb makes ways for curing 

and preventing the symptoms of heart diseases. 

14. Promoting health: Manathakkali berries are an excellent one for tonic purposes that help to promote 

the health conditions.Themanathakkali herbal plant is also used for treating tuberculosis, leprosy, nose 

and ear problems. On the other hand, it is advisable not to handle raw berries and other parts which result 

in some mild side effect. One should take this herb only after knowing the complete details from experts. 

 

 

 
Black night shade plant, leaf, flower, unripe fruit and ripened fruit 

http://www.fitnesstostrength.com/ayurvedic-home-remedies-for-dry-cough/
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Conclusion 

Black nightshade is known for its immunity boosting powers and pain-eliminating abilities since it reduces 

inflammation and swelling in the body and also presenting health benefits of black nightshade. 
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Introduction 

Ecosystem According to Intergovernmental Panel on Climate Change (IPCC), climate change is defined 

change in climate over time, either due to natural variability or as a result of human activity. The ‘Climate 

Variability’ is often used to denoted deviations of climatic statistic over a given period of time (e.g a month, 

season or year) when compared to long-team statistic for the same calendar period variability may be due 

to natural internal processes within the climate system (internal variability), or variations in natural or 

anthropogenic external factors (external variability). 

The global mean surface temperature is predicted to increase by 1.4 to 5.8˚c from 1990 to 2100. The 

atmosphere concentration of CO2 in 2005 was 379 ppm3 compared to the preindustrial level of 280 ppm3. 

The CO2 levels have increased to 380 ppm3 now and it is projected to reach 560 ppm3 by the end of the 

century. 

Climate change is expected to hit developing centuries the hardest. Its effects are higher temperature 

changes rising sea levels, and more frequent weather-related disasters-pose risks for agriculture, food and 

water supplies. Agriculture is extremely vulnerable to climate change. High temperature eventually 

reduces yields of desirable crops while encouraging weed and pest proliferation. Changes in rainfall 

patterns increase like likelihood of short run crop failures and long production declines. The over impact of 

climate change on agriculture is expected to be negative, threatening the global food security. 

Climate change can be positive, negative or neutral impact or individual pest systems because of the specific 

nature of interaction of host, the pest and the environment. Global climate changes affect species 

distribution, life histories, community composition and function. In ecosystem, the tritrophic intersection 

between plants, herbivores insects and natural enemies (predators, parasitoids and pathogens) result from 

a long co-evolution process and effects are likely to be more pronounced at higher trophic levels. 

Potential Impact of Climate Change O Agro-Ecosystem 

1. Increased atmospheric carbon associated with global warming could stimulate plant growth increasing 

the amount of feed available, although this effect may beoffset by drought stress. More carbon could reduce 

the nutritive value of plants, causing some insect species to decline but others to multiply as they step up 

their feeding behavior. 

2. More life cycles of some pests due to favorable environmental conditions which finally lead break down 

of host plant resistance. 

3. Pests vulnerable to high temperatures may decline in numbers or move to higher latitude and altitudes. 

There could be population explosion in species that respond to higher rainfall or drought by increasing their 

feeding and or breeding behavior. New biotypes and species could evolve. 

4. Some natural control mechanisms could “decouple” insect pests and their natural enemies as the 

population of pests and predators react differently to changes in rainfall and temperature. 

5. Increased CO2 led to stimulate weed biomass that reduces the efficiency of herbicides. 

6. Outbreak of insect vectors. 

7. Climate change affects the cropping pattern which in turn affects the insect pests and thus finally 

determines the natural enemies. Thus, tritrophic interaction will be affected. 
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8. Insect species mortality may decrease with warmer winter temperatures, there by leading to pole ward 

range expansions. 

9. Some pest which are already present but only occur in small areas, or at low densities may able to exploit 

the changing the changing the changing conditions by spreading more widely and reaching damaging 

population densities. 

10. The abiotic parameters are known to have direct impact on insect population dynamics through 

modulation of developmental rates, survival, fecundity, voltinism and dispersal. 

11. The alternation in the voltinism also could be the result of warming and it is more profit to multivoltine 

species and voltinism could be reflected in changes in the geographical distribution. 

12. Drought and precipitation play vital role in soil insect’s abundance. Enhanced summer rainfall and 

drought conditions on soil promote rapid increase in the populations of wireworms in the upper soil. 

Changes in rainfall pattern affect the migratory patterns of the desert locust. The response of root 

herbivores to an increased incidence of summer drought is likely to vary, depending on their feeding 

strategy and life history. 

13. Shifts in climate can differentially affect the development rates of pest and predator species. In addition, 

temperature can affect predator search. This way it affects the insect population dynamics indirectly. 

Global warming may cause temporal synchrony between host and parasitoids; asynchrony may occur if 

host and parasitoid respond differentially to changes in weather patterns. 

Table 1: Recent pest outbreaks in relation to climate change in India 

S.No Insect pest Host plant/s Region/location Probable reasons/s Impact  

1 Sugarcane 

woolly aphid 

Ceratovacuna 

lanigera 

Sugarcane  Karnataka and 

Maharashtra 

during 2002-03 

Abnormal weather 

conditions insecticides 

misuse 

30% yield 

losses 

reduced 

cane 

recovery 

2 Plant hoppers  

Nilparvata 

lugens, 

Sogatella 

furcifera 

Rice    North India  Abnormal weather 

conditions insecticides 

misuse  

Crop failure 

on> 33,000 

ha  

 

3 Meal bug  

Phenacoccus  

solenopsis 

Cotton, 

vegetables 

Punjab, Haryana  Hot and dry weather 

insecticide misuse 

30-40% loss 

 

4 Papaya 

mealybug, 

Paracoccus 

marginatus 

Papaya  Tamil Nadu, 

Karnataka, 

Maharashtra 

 

Abnormal weather 

conditions insecticides 

misuse of insecticides 

Significant 

yield loss 

Table 2: Changing pest scenario in vegetable crops in India 

S.No Insect pest Major host  Other hosts 

1 Serpentine leaf miner, 

Liriomyza trifoli 

Tomato  Brinjal, cow pea, French 

bean, squash, leafy 

vegetables, cucurbits 

2 Spiraling whitefly, 

Aleurodicus dispersus 

Guava, citrus, Tapioca  Bhendi, Tomato, capsicum, 

Brinjal   

3 Mealy bug, Phenacoccus solenpsis Cotton  Brinjal, Tomato, Chilli, 

Okra,Cucumber, Pumpkin  

4 Hadda beetle, Henosepilachna 

vigintioctopunctata 

Brinjal Bitter Gourd, Cow pea. 

 

5 Fruit borer, Helicoverpa armigera Gram, Cotton, Tomato, 

Cabbage  

Peas, Chilli, Brinjal, Okra 

6 Gall midge, Asphondylia cannasis Brinjal Chilli, Capsicum 
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7 Red spider mite, Tetranychus 

urticae 

Okra, Brinjal Cucumber, Cowpea, Indian 

bean 

Conclusion 

Climate change and global warming becoming a great concern. Climate parameters such as increased 

temperatures, rising atmospheric CO2 levels and changing precipitation patterns have significant on 

agricultural production and on agricultural pest. As a major driver of pest population dynamics, climate 

change will require adaptive management strategies to deal with the changing status of pests. 

Reference 
Baig, M. M and Rout, A. K. 2021. A Complete Book of the Panacea of Entomology. 
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Introduction 

Microbes are intertwined with the foundations of life on Earth and have existed for billions of years. 

However, in an ecological sense, many previous explorations of microbial functions in nature were limited 

to select roles – primarily as recyclers of nutrients, while their applications in entomology often have been 

relegated to biological control of pest insect species (Hajek et. al., 2007). One potential pathway for 

ecologically relevant associations between insects and microorganisms to develop is through insect 

chemoreception of microbial emissions, with microbial emissions utilized as infochemicals. Insects have 

evolved complex chemosensory systems that are extremely sensitive to volatile chemical signals, although 

variety of gustatory, tactile, and visual cues also moderate insect behaviors. Yet, olfaction is the single most 

studied means of insect chemoreception.  

The production of volatile compounds by microorganisms such as bacteria and fungi serve as microbial 

volatile organic compounds (MVOCs) as behavioral cues. Some MVOCs attract or repel insects, inhibit the 

growth of microorganisms competing with associated insects, stimulate oviposition, mimic plant hormones, 

or even induce plant resistance (Davis et. al., 2011). 

Aggregation Pheromones 

Striking number of insects that exhibit aggregation behaviors are strongly associated with specific 

microbial communities (Wertheim et. al., 2005). Furthermore, the role of aggregations pheromones can 

vary. For example, pheromones may signal food sources, oviposition sites, or mating opportunities, so it 

will be important to distinguish the specific function of MVOCs in relation to aggregative behaviors. Several 

insects possess aggregation pheromones that are released by or in association with fungal and bacterial 

symbionts (Wertheim et. al., 2005). 

Bark beetles (Coleoptera: Curculionidae) have a variety of gut symbionts capable of producing compounds 

that are used as pheromones by their host. Conversely, there also is evidence that gut bacteria do not play 

a significant role in pheromone production for some bark beetles (Blomquist et. al., 2010). Additionally, 

microbial associates of bark beetles may contribute indirectly to MVOC production by providing nutrients 

or precursory compounds required for the synthesis of beetle pheromones. Guaiacol is produced mainly by 

bacteria (Pantoea agglomerans) found in the locust gut. Gut bacteria also help the locust defend against 

microbial pathogens by producing antimicrobial phenolic compounds (Dillon et. al., 2002). 

Oviposition Stimulants 

Insects rely heavily on olfactory cues to locate and select oviposition sites, and olfactory signals may 

advertise relevant information concerning the suitability of sites. Colonization of host material by 

microorganisms often modifies volatile emissions (Tasin et. al., 2011), and insect oviposition preferences 

are known to be related to MVOCs associated with insect digestive tracts or frass as well (Dillon et. al., 

2002). The oviposition behaviors of dipterans are adaptable in response to MVOCs. For instance, MVOCs 

produced by the bacteria Enterobacter agglomerans increase oviposition rates of the apple maggot fly, 

Rhagoletis pomonella Walsh (Diptera: Tephritidae), on fruit. 

Host Location and Attraction to Food Resources 

Insect representatives from all major insect groups have close associations with symbiotic microorganisms 

that provide essential nutrients themselves or attract insects to the food source on which the microbe is 

growing. Many insects specifically employ MVOCs to locate food sources such as nectar, fruit, decomposing 

tree or animal tissues, weakened organisms, or material resources. For instance, fermented fruit is 



 

 
Volume 4 - Issue 03 - March 2022       88 | P a g e  
 

attractive to many insect species, and many compounds from fermented fruit are known insect attractants 

or pheromone compounds: ethyl acetate, ethyl hexanoate, and phenylethanol are volatile products of 

fermented fruit, as well as sexual pheromones for insect such as the medfly Ceratitis capitata Wied 

(Diptera: Tephritidae). 

Microbial Odors in Tritrophic Interactions 

In addition to their direct influences on insect behaviors, MVOCs are important components of tritrophic 

interactions: microbial metabolites may have substantial consequences for insect populations even without 

directly affecting the behavior of their insect vectors. For example, MVOCs may attract or repel predatory 

or parasitic insects, provide some degree of protection from harmful microorganisms, or alter insect host 

selection behaviors. However, studies of MVOCs as tritrophic signals are ecologically complex, and 

accordingly, relatively few investigators have examined their contribution to insect behaviors. 

Metabolic Pathways Involved in Microbial Signaling 

Many MVOCs are produced during the normal function of energy generation in microorganisms (Fig. 1). 

There are several primary metabolic and biosynthetic pathways that produce secondary metabolites within 

microorganisms-even within a single species metabolism is versatile. Both primary and secondary 

metabolic processes result in a diverse variety of volatiles produced from an extensive phylogenetic array 

of species living in varied habitats, from aquatic to enteric to terrestrial. While primary metabolism focuses 

on the essential production of cellular components, such as DNA and amino and fatty acids, secondary 

metabolism consists of subsequent downstream reactions. The production of secondary metabolites often is 

species-specific or restricted to a limited phylogenetic group, and secondary metabolites produced by 

microbial species may be more relevant to insect chemoreception than end-products of primary metabolism. 

 
Fig 1. Several important metabolic pathways utilized by bacteria and fungi, and classes of 

end-product volatiles that have ecological relevance to insects 

Phenological and Environmental Effects 

The induction of secondary metabolic products can differ depending on the phenological stage of the 

microorganism and environmental conditions, such as availability of nutrients, moisture, temperature, 

ambient volatile organic compounds (VOCs), and the local microbial community composition. For example, 

Stenotrophomonas rhizophla released different quantities of MVOCs when grown on nutrient broth with 

and without glucose, as well as when bacteria were in different growth phases (Kai et. al., 2009). 

Conclusion 

Microorganisms are ubiquitous in most ecosystems, and until recently the incredible complexity introduced 

to the field of entomology by microbial players has been scarcely explored. Advances in modern analytical 

and laboratory techniques are allowing researchers to peer ever further into the true complexity of insect-
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microbe associations, and it is apparent that the influence of microbial metabolic activity on the behavior 

of higher organisms is profound. There is a prediction that links between insect behaviors and MVOCs 

could be as productive a field of exploration as insect responses to plant emissions, and indeed, further 

research may well demonstrate that the two phenomena are in fact integrated in nature. 
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Abstract 

The impact of changing environment on plant sicknesses has been a mark of discussion since long time. 

This changing environment might cause unevenness in the biological system and straightforwardly add to 

the infection improvement in different yields. Different climatic conditions, e.g., change in daylight 

including UV light, temperature, air, precipitation, soil supplements, carbon dioxide, ozone gas, ozone 

depleting substance discharge, and other factors, are influencing the collaboration of host plant and 

microbes, e.g., organisms, microorganisms, infection, nematode, viroid, phytoplasma, and spiroplasma, 

which are opening entryways for the development of new sicknesses and microbes around the world. 

These recently arisen sicknesses might end up being a plague under great conditions on the off chance that 

not controlled shrewdly as changing climatic conditions are giving good climate to the spread and 

foundation of novel microorganisms into new and non-local regions. 

By keeping this multitude of focuses into thought, this part centers around relationship between climatic 

conditions and infection advancement and effect of evolving climatic conditions on infection advancement 

and rise of new microbes all over the planet. It additionally places accentuation on factors answerable for 

rise of novel microbes just as their conceivable administration strategy to manage their unfriendly result 

on agribusiness and human to support food security in future. 

Keywords: Changing climate, new plant disease, Pathogen, Environment. 

Introduction 

Plant sicknesses are universal in nature and found in every one of the areas of the planet any place plants 

develop. Sicknesses are liable for misfortunes of at minimum 10% of worldwide food creation, addressing a 

danger to food security (Strange and Scott 2005). However, plant infections are found in every single 

environment, basically hot and muggy condition is generally ideal for advancement and dispersal of plant 

infections brought about by different microbes, e.g., organisms, microorganisms, nematode, phytoplasma, 

spiroplasma and infection and viroid. 

Plant pathologists are thinking about the effect of climate impacts on plant infection advancement since 

long time. The exemplary infection triangle underscores the collaborations among host, microbe, and 

climate for causing sickness (Grulke 2011). Normally, warm climate along with high sticky conditions can 

build the danger of different sorts of plant illnesses that undermine many yield wares in each locale.  

Consequently, change in environmental conditions as expanding worldwide temperature and upset 

downpour design at various districts will influence the protective capacity of plants against pathogenic 

assault. Environment change can influence the dissemination of plant sicknesses in enormous geological 

regions, obstruction and resilience of plants against infections, and the seriousness of plant illnesses (López 

et al. 2012; Nazir et al. 2018; Ziska et al. 2018). 

Development of plant microorganisms in new regions can be a potential result of changing environment 

because of good conditions for microorganism foundation in new area. Ecological changes in a brief time 

frame or quite a while will affect the development, usefulness, and population of microorganisms that 

likewise live around plants, and they change the microclimate of plants for all time prompting 

defenselessness against new microorganisms (Nurhayati 2013). 

New Diseases and Pathogens Due to Climate Change 

Environmental change might make great climate the development of new microorganisms with the goal 

that they might reach and make due in new host at new locale as arising microorganisms have capacity to 



 

 
Volume 4 - Issue 03 - March 2022       91 | P a g e  
 

contaminate a wide number of plants just as new has through and through. The rise of illnesses is believed 

to be the consequence of different variables for example, associations among other pathogenic living beings, 

plant-microorganism communication, plant-bug microorganism association, and antagonistic natural 

conditions (i.e., irregular water system and delayed dry spells). 

Many creators notice that unfriendly elements can connect and "help" to in this manner cause complex 

sicknesses. For example, Deberdt et al. (2014) suggested that climatic variables could change the idea of 

microorganisms transforming them into astute microbes which might prompt the development of new plant 

microbes. 

Environmental change, reflected by changes in normal temperatures, decrease of yearly precipitation, 

unpredictable dispersion of precipitation, and expanded dry spell periods, may change the development or 

nature of harvests and possibly cause plant mortality (Carnicer et al. 2011). A few creators concur that 

when plants become debilitated or pushed by ecological variables, microorganisms can undoubtedly 

colonize plants consequently, causing plant demise (Moricca and Ragazzi 2008; Moricca et al. 2016). 

Without a doubt, a dangerous atmospheric deviation has added to the decrease of trees and plants around 

the world (Allen et al. 2010). 

In this unique circumstance, a few human microbes have been recorded influencing plants. Enterobacter 

cloacae (Jordan) is an unmistakable illustration of a human microbe investigating new has as plants. The 

bacterium has been connected to nosocomial episodes (Gaston 1988; Van lair Berg et al. 2000) yet was 

accounted for as a plant microorganism causing infection on onion (Allium cepa L.) in the USA. 

Afterward, this bacterium was accounted for to be influencing numerous other plants has including 

mulberry (Morus L.) in China (Wang et al. 2010), mythical serpent natural product (Hylocereus spp.) in 

Malaysia (Masyahit et al. 2009), (macadamia integrifolia Lady and Betche) in Hawaii (Nishijima et al. 

2007), lucerne (Medicago sativa L.) seeds in China, cassava (Manihot esculenta Crantz) in Venezuela, and 

stew pepper (Capsicum annuum L.). These occasions demonstrate that this bacterium has arisen as a plant 

microbe in three mainland, North America, South America, and Asia by changing its unique hosts because 

of microbe advancement. 

In another model, bacterium Xylella fastidiosa which commonly influences grape (Vitis vinifera L.) with 

Penetrate's sickness began influencing another plant have, causing mulberry leaf singe in California 

(Hernandez et al. 2006). 

There might be two key factors, regular host plant of X. fastidiosa and bug, which might perhaps help to 

the presentation and spread of this microorganism in to the new host and area causing new sicknesses. 

Regular host plant can fill in as supplies for the bacterium and bugs taking care of upon these plants can 

become communicating specialist of the infection subsequent to getting contaminated (Hopkins and Purcell 

2002). 

Another model is Tomato leaf twist New Delhi infection (ToLCNDV), which was first depicted on tomatoes 

in 1995 in India (EPPO 2016), then, at that point, different nations in Asia found this virus on a wide range 

of crops. ToLCNDV was observed on courgette (Cucurbita pepo var. giromontiina) in 2012 in Spain (San 

Ambrosio and Fernández 2014). 

After Spain, it was detected in Tunisia in January 2015, causing high severity on cucumber (Cucumis 

sativus L.), melon (Cucumis melo L.), and courgette (C. pepo var. giromontiina) (Mnari-Hattab et al. 2015). 

The virus was transmitted in a persistent mode by the whitefly Bemisia tabaci (San Ambrosio and 

Fernández 2014) to other parts of the world. 

The insect vector migration could be the reason for the spread of the disease in Spain, then in Tunisia, and 

in Italy. As conditions became favorable for whitefly in different countries due to climate change, they could 

possibly spread the disease in newer regions.  

One classic example of pathogen evolution and emergence in more virulent form is Puccinia graminis f. sp. 

tritici Ug99 which is present in Uganda, Kenya, Ethiopia, Sudan, Yemen, Iran, Tanzania, Eritrea, Rwanda, 

Egypt, South Africa, Zimbabwe, and Mozambique. It affects wheat causing losses up to 70% or more by 

causing wheat stem rust. 

A new virulent strain was identified in wheat fields in Uganda, and in 1999, it was designated as Ug99. 

This new race broke the resistance conferred by the gene Sr31 present in wheat stem rust-resistant 
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varieties. This is a new global threat to wheat cultivation as its transmission takes place by wind or by the 

movement of people which spreads it immensely (Singh et al. 2011). 

Conclusion 

Environmental change is a significant peculiarity that influences farming creation altogether. By expecting 

the future, we can set ourselves up for issues brought about by environmental change, particularly those 

connected with agrarian exercises, which produce the best measure of food devoured by people. For quite 

some time, irritations and establish infections have assumed a significant part in horticultural creation, 

yet a worldwide temperature alteration might change regions impacted by nuisances and illnesses. 

So, studies should be performed to survey vermin and illness stages under the impacts of environmental 

change, assurance of the greatness of sickness, and ID of the actions to limit the danger of disease required. 

Alongside development of new microorganisms and illnesses, nations need to zero in on limiting the likely 

factors of such development, and on account of the worldwide appropriation of a few plant microorganisms, 

scientists need to construct worldwide organizations collaborating with skilful specialists, to address the 

public approaches for dealing with the most damaging illnesses, those that are named quarantine 

infections. 

So, every one of the nations need to zero in on significant food dangers and work together to plan 

phytosanitary guidelines and set up demonstrative conventions which would in this manner reinforce 

government choices. The conventions which can make precise location of the microorganism are the need 

of the hour. 

Conventions, for example, Morphological investigations, combined with DNA succession information, work 

with the ID of new microbes or variations of microorganism. These analytic devices add to a quick and exact 

location of new microbes and ought to be counselled for the advancement of legitimate analytic conventions 

to make due the unfavourable consequences of recently arisen microorganism which might cause pestilence 

if not overseen convenient and cautiously. Some alleviating plant need to apply for forestall, describe and 

limit the unfavourable of environmental change. 
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Introduction 

Two scientists contributed to the discovery of the first virus, Tobacco mosaic virus. Ivanoski reported in 

1892 that extracts from infected leaves were still infectious after filtration through a Chamber land filter-

candle. Bacteria are retained by such filters; a new world was discovered: filterable pathogens. However, 

Ivanovski probably did not grasp the full meaning of his discovery. Beijerinck, in 1898, was the first to call 

'virus', the incitant of the tobacco mosaic. He showed that the incitant was able to migrate in an agar gel, 

therefore being an infectious soluble agent, or a 'contagium vivum fluidum' and definitively not a 

'contagium fixum' as would be a bacterium. Ivanovski and Beijerinck brought unequal but decisive and 

complementary contributions to the discovery of viruses. Since then, discoveries made on Tobacco mosaic 

virus have stood out as milestones of virology history. 

Plant Viruses –General Characteristics 

Virus is a submicroscopic, transmissible, intercellular, obligate parasite and consists of nucleic acid (either 

RNA or DNA), which is typically surrounded by a protein coat. They are less than 200 millimicron and 

cannot be grown in artificial media and require living host cell for multiplication. They have both living 

and nonliving properties. Living characters include their ability to cause disease, reproduce, mutate and 

have genetic materials.  

Protein forms a protective coat (Capsid) around the nucleic acid in a virus. Plant viruses have only one 

kind of protein. Individual protein subunits are called as Capsomers. Protein subunits are spirally 

arranged in elongated viruses and packed on the side of polyhedral particles of spherical viruses. Proteins 

provide the basis for serological differentiation of viruses and other strains. Like all proteins, viral protein 

is made up of amino acids. Sequence of amino acids within a protein is detected by the sequence of 

nucleotides in the nucleic acid. 

Nucleic acid may be of RNA / DNA and never both. Most of the plant viruses have RNA. Butsome plant 

viruses have DNA (e.g. Cauliflower mosaic virus (CaMV), Rice tungro bacilliform virus, Bean golden mosaic 

virus and Banana bunchy top virus). Nucleic acid (RNA / DNA) may be either single stranded (ss) or double 

stranded (ds). Nucleic acid and protein coat makes up 5 – 40% and 60 – 95% of the virus respectively. 
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Introduction 

Replication and intercellular spread of viruses depend on host mechanisms supporting the formation, 

transport and turnover of functional complexes between viral genomes, virus-encoded products and cellular 

factors. To enhance these processes, viruses assemble and replicate in membrane-associated complexes 

that may develop into “virus factories”or “viroplasms” in which viral components and host factors required 

for replication are concentrated. Many plant viruses replicate in association with the cortical ER-actin 

network that is continuous between cells through plasmodesmata. The replication complexes can be highly 

organized and supported by network interactions between the viral genome and the virus-encoded proteins. 

Intracellular PD targeting of replication complexes links the process of movement to replication and 

provides specificity for transport of the viral genome by the virus-encoded movement proteins. The 

formation and trafficking of replication complexes and also the development and anchorage of replication 

factories involves important roles of the cortical cytoskeleton and associated motor proteins. 

Plant viruses replicate and then move between cells through plasmodesmata (PD), gatable symplasmic 

channels in the walls of adjoining cells. Although the process of virus movement can be complex and 

requires support by the coordinated activity of several virus-and host-encoded proteins, many viruses 

achieve their movement with the help of classical, virus-encoded ‘movement proteins (MP)’ that bind 

nucleic acids and target and dilate PD. 

Replication 

Production of new RNA molecule identical to template RNA is called as replication. Viruses multiply but 

replication or self-duplication method. Viruses are obligate parasite in nature. Viruses do not produce any 

kind of reproductive structure; they multiply by using host machinery. 

Steps in Viral Replication 

1. Attachment: This is the first step in viral replication. Surface proteins of the virus interact with specific 

receptors on the target cell surface. These may be specialized proteins with limited distribution or 

molecules that are more widely distributed on tissues throughout the body. The presence of a virus-specific 

receptor is necessary but not sufficient for viruses to infect cells and complete the replicative cycle. 

2. Penetration: Enveloped viruses (e.g., HIV, influenza virus) penetrate cells through fusion of the viral 

envelope with the host cell membrane. Non-enveloped viruses penetrate cells by translocation of the virion 

across the host cell membrane or receptor mediated endocytosis of the virion in clathrin coated pits with 

accumulation of viruses in cytoplasmic vesicles.  

3. Uncoating (disassembly): A complex process which differs by taxonomic class and is not fully 

understood for many agents. This process makes the nucleic acid available for transcription to permit 

multiplication of the virus.  

4. Transcription and Translation: The key to understanding the genomic expression of viruses is noting 

the fact that viruses must use host cellular machinery to replicate and make functional and structural 

proteins. 

5. Assembly and Release: The process of virion assembly involves bringing together newly formed viral 

nucleic acid and the structural proteins to form the nucleocapsid of the virus. 

Viruses Multiplication with in Following Steps 

P-Passage of viruses through the host cell wall 

U-Uncoated (removal of protein coat from nucleic acid) 

M-Movement of NA to replication site in cells 

T- translocation of viral genome in to replicase 

R- Replication of the viral genome.  

R- Replication of protein 

A- Assembly of new virion. 

Components for Virus Replication 

1. (Amino-acids & nucleotides synthesized by host cell metabolism for virus) 
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2. Energy: involved in polymerization of viral proteins and n-RNA synthesis as nucleoside triphosphate 

3. Protein synthesis: Viruses use ribosomes, tRNA and associated enzymes & factors of host  

4. Involve 80S cytoplasmic ribosome system. 

Nucleic Acid Synthesis 

1. Generally almost all viruses code for an enzyme or enzymes involved in synthesis of their n-acids but 

may not contribute the polypeptides involved 

2. Some viruses need host polymerases like Caulimoviruses the viral DNA enters host cell nucleus and 

transcribe into RNA form by host.  

3. In majority of RNA viruses, RdRp is involved in replication complex.  

4. Structural components of the cell. 

5. Membrane bound complexes. 

Replication 

1. Virus absorption into host cells through wounds 

2. Virus entry into host cells and to replication sites in the cells 

3. Uncoating or disassembly of n-acid  

4. Translation and transcription of the viral genome:  

5. Replication of viral n-acid 

6. Viral genome either translated directly if +ve ssRNA or mRNAs  

7. Gene products like replicases or viral coat protein and other proteins 

8. Assembly or maturation of new virus particles 

9. Transport o infective particles from cell to cell and over long distances with in the plants. 
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Mechanism of Replication 

1. Production of new RNA molecule identical to template RNA is called Replication. 

2. Viral RNA performs two functions. 

3. It serves as mRNA, immediately binds to ribosome and directs the synthesis of virus specific proteins. 

4. Among which one protein inhibits host protein and host RNA synthesis, and other protein is specific 

viral replicating enzyme i.e., RNA polymerase or replicase. Parental viral RNA is then displaced from 

ribosome, triggers the replication of viral RNA during which it behaves as a template or plus strand for 

synthesis of minus strand in presence of specific replicase already synthesized. 

Site for Multiplication 

1. Mostly nucleus and cytoplasm serve as sites for replication and assembly of virus.   

2. In some cases, chloroplast and other cell organelles perform the same function.   

3. In Potex, Caulimo, Gemini and Tobamo virus replication and assembly takes place in nucleus and from 

where it moves to cytoplasm.   

4. In Bromo, Poty, Nepo, Como viruses, replication and assembly takes place in cytoplasm.   

5. In Tymoviruses replication takes place in chloroplast. 

Movement of Plant Viruses 

 
1. Localized infection: In this case the viruses do not moves beyond a small area surrounding the point 

of infection and such type’s movement through leaf parenchyma is probably along a concentric gradient 

created by virus multiplication. 

2. Systemic infection: Instead of virus moving in large quantity over distance, systemic infection may be 

result of chances escape from leaf parenchyma of only a few virions produced at the infection sites. These 

are two types: 

3. Cell to cell movement: cell to cell movement of viruses occur mainly through plasmodesmata as well 

as through sieve pores. 

4. Movement of plant viruses as nucleoprotein. Examples: cucomo, Bromo tobamo viruses’ group   
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5. Movement of plant viruses as virion. Example: tospo, nepo, como, caulimo viruses. 

6. Vascular movement of viruses: Three stages of vascular movement can be distinguished: 

a. Entry  

b. Translocation  

c. Exist from the vascular system.   

Viruses move symplastically between mesophyll cells and phloem cells with the vascular tissues of minor 

veins. 
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The global livestock sector is undergoing a major transformation, driven by a huge demand for meat and 

milk, which is likely to double in developing countries over the next two decades. There are different types 

of livestock production systems, depending on the availability of resources, environmental conditions, and 

socio-economic conditions, and they vary greatly in sustainability. These livestock systems include a 

number of plain-based programs, robust land systems, and mixed farming systems among others. These 

systems contribute significantly to human nutrition and health and provide essential ecosystem services. 

However, if not managed properly, they can also cause environmental and environmental pollution and 

degradation. The demand for food worldwide is changing from grain and other basic crops to processed 

foods and high value agricultural products, such as vegetables, fruits, meat and milk. Sustainable 

development has been described as “development that meets the current environmental, social and 

economic needs without compromising the ability of future generations to meet their needs”. Changes in 

the production, purchase, processing and marketing of food, as well as environmental and food concerns, 

genetic predisposition, climate change and the risk of emerging infectious diseases, jeopardize the 

smallholder farmer's ability to achieve continuous livestock transformation. Animal Production and Health 

Sub-programmer assists Member States to improve livestock production through the efficient use of locally 

available food resources, adequate management procedures and organizers of traditional and improved 

animal breeding programs, as well as diagnostic tools and methods for animal control and prevention. and 

zoonotic diseases. 

Sustainable livestock breeders use a variety of methods, not only to raise animals in a humane way, to 

produce better products and to support themselves and their families, but also to build soil and carbon 

dioxide, reducing the effects of greenhouse gases. Agricultural processes are often described as sustainable 

or unsustainable. ... A comprehensive and flexible definition of animal sustainability refers to a system of 

food production that is sustainable and that involves complex interactions between agriculture and society. 

Animal health management is responsible for monitoring the state of animal health on the farm. It is clear 

that a healthy animal will produce while a healthy animal unless it has not produced becomes liable as the 

money will be spent on its treatment. 

 
Fig: sustainable animal production 
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Animal health management is responsible for monitoring the state of animal health on the farm. It is clear 

that a healthy animal will produce while a healthy animal unless it has not produced becomes liable as the 

money will be spent on its treatment. 

As well as animal suffering itself, animal diseases ravage some of the world's poorest communities and 

damage international trade. Disease prevention and control grow the economy, strengthen local 

communities, and improve the lives of vulnerable people, especially young and old. 

Improved animal health and care standards will bring better animal welfare, productive livestock 

production, animal feed and healthy, improved health. ... Animal diseases make up 25% of the burden of 

infectious diseases in less developed countries. 

1. Sustainable livestock systems contribute to food security, economic and environmental management, 

and social needs and are essential to achieving most of the United Nations Sustainable Development Goals. 

2. Livestock production contributes to sustainable land use to produce food, convert energy and non-human 

resources into highly nutritious animal feed and reduce pollution by agricultural products, while 

generating income and supporting the lives of millions of people around the world. 

3. Some livestock systems are very efficient at capturing carbon and therefore reducing emissions of 

greenhouse gases which contribute to global warming. 

4. Livestock production offers the greatest potential for reducing greenhouse gas emissions and 

veterinarians have developed several practical strategies that can reduce such emissions from livestock 

systems by up to 30%. 
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Abstract 

Aeroponics is considered as a promising method of cultivating soilless crop when compared with the 

traditional soil-based cultivation methods. The word aeroponic is derived from the Latin word ‘aero’ (air) 

and ‘ponic’ means labour (work). It is a form of hydroponic technique and a type of vertical farming. This 

farming system empowered the producer to precisely control root zone nutrients, water regimes, and 

environmental conditions and have complete access to the roots throughout the life of the crop. This 

aeroponic farming is superior in terms of excellent aeration, water use efficiency, less time and space 

requirement, seasonal indendence, disease free plant propagation, and large-scale plant propagation etc. 

Then the conventional method of propagation. 

Keywords: Aeroponics, hydroponic, water use efficiency, plant propagation, vertical farming. 

Introduction 

Aeroponics is an alternative for people with limited spaces to grow plants. Aeroponics is a way of planting 

in which plants are suspended on the air and grow in a humid environment without soil. However, 

aeroponic system is defined as an enclosed air and water/nutrient ecosystem that rapid increase plant 

growth with little without soil or media. It requires very little water for the effective growth of plants, 

approximately 95% less water is used than traditional farming methods and needs minimal space than 

even the most efficient system (hydroponic system). Plant grown in these aeroponic system also been shown 

to uptake more mineralsand vitamin, making the plants healthier and potentially more nutritious. 

The plants under aeroponic system receives 100% of the available oxygen and carbon dioxide to the roots 

zone, stems and leaves, thus accelerating biomass growth and reducing rooting times. The higher biomass 

yield of aerial parts from the aeroponic treatment indicated that this production technique should not be 

limited to root crops, but should be considered for other types of crops as well. 

 

Any species of plants can be grown in a true aeroponic system because the micro-environment of an 

aeroponic can be finely controlled. Aeroponic systems for seed production have been established following 

increased demand for more efficient healthy seed production methods. Aeroponic bio-pharming is used to 
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grow pharmaceutical medicine inside the plants. Using aeroponics for cloning improves root growth, 

survival rate, growth rate and maturation time. 

Studies have shown that, the mean tuber yield under aeroponics is better than when the same material is 

left to produce tuber under conventional means. Some researcher reported that, the aeroponics system 

increased stomata conductance of leaf, intercellular CO2 concentration, net photosynthetic rate and 

photochemical efficiency of leaf. The principles of aeroponics are based on the possibility of cultivating 

vegetables whose roots are not inserted in a substratum or soil, but in containers filled with flowing plant 

nutrition. Many vegetable crops like potato, yams, tomato, lettuce and some of the leafy vegetables are 

being commercially cultivated in aeroponic system. 

History 

In 1911, V. M. Artsikhovski, talks about his method of physiological studies of root systems by spraying 

various substances in the surrounding air – the aeroponics method. Despite this leap in advancement, 

aeroponics actually had a fairly slow start. Techniques for growing plants without soil were first developed 

in the 1920s by a botanist. In 1944, L.J. Klotz was the first to discover vapour misted citrus plants in 

facilitated research of his studies of diseases of citrus and avocado roots. It was F. W. Went in 1957, who 

first coined the air-growing process as “aeroponics”, growing coffee plants and tomatoes. As of 2006, 

aeroponics is used in agriculture around the globe. 

Need of Aeroponics 

The current world population of 7.2 billion is projected to increase by almost one billion people within the 

next twelve years, reaching 8.1 billion in 2025 and 9.6 billion in 2050. With the increasing population 

growth, the demand for the more food and more land to grow food is ever increasing. As the world 

population continues to grow, the rising demand for agricultural production is significant. Prime 

agricultural land can be scarce and expensive. Aeroponics is a technological leap forward from traditional 

hydroponics. Aeroponics-farming are also needed due to the many drawbacks of the traditional field 

farming system. Some of the drawbacks of the traditional farming system are 15 hours to harvest the crops, 

long time to harvest hence being sold for more expensive prices to earn back the time. Another factor is soil 

used in traditional system; decomposition of organic materials takes up long time. There is a high risk of 

getting soil disease. Pesticides are used, which is harmful for health. Whereas, in a developing country like 

India, it is very important to use resources like water, sunlight, soil and money very efficiently. 

Types of Aeroponics 

1. Low-Pressure Units: In most of the low-pressure aeroponic gardens, roots of the plant are suspended 

above a reservoir of nutrient solution or a channel which is inside and is connected to a reservoir. The 

nutrient solution is delivered by a low-pressure pump through jets or by ultrasonic transducers, which 

drips or drains the nutrients back into the reservoir. When plants grow to maturity, then the units suffer 

from dry sections of the root systems and thus adequate nutrient uptake is avoided. These types of units 

lack features to purify the nutrient solution, removal of debris and unwanted pathogens because of cost. 

These units are usually suitable for bench top growing. And it is also used for the demonstration of 

principles of aeroponics. 
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2. High-Pressure Devices: In high-pressure aeroponic devices, mist is created by high-pressure pump 

(s). And it is generally used in the cultivation of high value crops. This method includes technologies for air 

and water purification, nutrient sterilization, low-mass polymers and pressurized nutrient delivery 

systems. 

 

3. Commercial System: The commercial system has high-pressure device hardware and biological 

systems. An enhancement for extended plant life and crop maturation is included in the biological systems 

matrix. 

 

Working Principle of Aeroponic System 

Aeroponic system is an endless process in a confined space and therefore it cuts down agricultural labour. 

Aeroponics are based on the possibility of cultivating vegetables whose roots are not inserted in a 

substratum (the case with hydroponics) or soil, but in containers filled with flowing plant nutrition. The 

basic principle of aeroponic growing is to grow plants suspended in a closed or semi-closed environment by 

spraying the plant’s dangling roots and lower stem with an atomized or sprayed, nutrient-rich water 

solution. The set up for aeroponic includes a proper monitoring and control system for water and nutrients 

distribution for utilizing the aeroponic cultivation at its best. A distribution system of pipes, spray nozzles, 

a pump and timer distribute the spray from a nutrient solution storage tank is required. It uses a small 

internal micro jet spray that sprays the roots with fine, high-pressure mist containing nutrient rich 

solutions from the nutrient reservoir as a fine mist in the rooting chamber. There is a programmable cyclic 

timer which is used to trigger the high-pressure aeroponic pump to go on. Nutrients are mixed in with 

water in a reservoir basin, this is than filtered and pumped into a pressurized holding tank that is 

intermittently misted on to the root system. Developed root hairs help in absorbing nutrients from the 
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moisture. It is also easier to administer all sorts of nutrients to the plant, via the root system. Since the 

spray particles are small in size, there is negligible wastage of nutrient solution. And with an ample amount 

of oxygen supply, root rot is completely avoided. The misting is usually done every few minutes around the 

hanged roots. The system normally turned on for only a few seconds every 2-3 minutes. Because the roots 

are exposed to the air, the roots will dry out rapidly if the misting cycles are interrupted. A timer controls 

the nutrient pump much like other types of hydroponic systems, except the aeroponics system needs a short 

cycle timer that runs the pump for a few seconds every couple of minutes. However, the chamber must be 

lightless materials from everywhere, so that the roots are in darkness functionally good also to inhibit algal 

growth that impedes the growing plants and pollute the system. The droplet size of a nutrient mist is a 

crucial element in aeroponics. An oversized droplet may reduce the oxygen supply. An undersized droplet 

may stimulate root hair growth which prevents lateral root growth which influences the efficiency of an 

aeroponic system. The water droplets must be big enough to carry the nutrients to the roots in sufficient 

quantity, but small enough to not immediately precipitate out of the root mass. Unused solution drips down 

into the base of the unit is strained, filtered, and pumped back into the reservoir. Aeroponics system is that 

of easy monitoring of nutrients and pH. In aeroponics there is the minimal contact between the support 

structure and plant, due to which the unconstrained growth of the plant is possible. 

 

Benefits of Aeroponics 

1. Round the year cultivation: Since plants are grown in a controlled environment crops can be grown 

year-round without being dependent on the weather or atmosphere conditions outside. 

2. Fast plant growth: Plants grow fast because their roots have access to a lot of oxygen.  

3. Easy system maintenance: In aeroponics, all you need to maintain is the root chamber (the container 

housing the roots) which needs regular disinfecting, and periodically, the reservoir and irrigation channels. 

4. Less need for nutrients and water: Aeroponic plants need less nutrients and water on average, 

because the nutrient absorption rate is higher, and plants usually respond to aeroponic systems by growing 

even more roots. 

5. Mobility: Plants, even whole nurseries, can be moved around without too much effort, as all that is 

required is moving the plants from one collar to another. 

6. Requires little space and high yield: Aeroponic systems can be stacked up in layers to build vertical 

farms that take up much less space than traditional farming methods. 

7. Great educational value: Plants and root growth study in laboratories is easier for students and 

researchers. 

8. Proper root growth: In this system, plant roots have proper space to grow well. So they don’t stretch 

or wilt.  

9. No transplantation shock: Plants can be shifted to any growing media system without any 

transplantation shock after root development. 

10. Easier fruit harvest: Fruits produced from the system are easier to harvest. 

11. Production at moon stations: Using this technique, fruits can be grown at zero gravity i.e. at moon 

stations. 
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12. Potentially healthier and nutritious plants can be grown at homes; indoors or at roof top.  

13. Nurseries can propagate seeds and cuttings into healthy, harvestable plants in a fraction of time of 

traditional methods. 

14. Aeroponics systems can reduce water usage by 98% fertilizer usage by 60 per cent, and pesticide usage 

by 100 per cent, all while maximizing crop yields. 

15. Power loss for a small period does not cause any damage to plants. 

 

16. Reduction in fertilizer use: Since all the nutrients are contained, they don't end up in groundwater 

or sinking too deep into the soil to be of any help.  

17. Reduction in water use: Very important for space travel and those in arid climates. Much of the water 

lost in traditional gardening is from water evaporating out of the soil. The rest of it just sinks past the roots 

and the plants never get a chance to drink it.  

18. More cost effective: Since less nutrient solution is needed as compared to hydroponics the costs to 

operate an aeroponic garden are less than to operate a hydroponic garden. There are also fewer moving 

parts and complicated systems involved.  

19. Reduced Disease Damage: Because the plants are seperated from each other and not sharing the same 

soil, an infection in one plant has a much lower chance of spreading to the rest of your plants.  

20. Faster and healthier growth since it has enough oxygen (in the root region) Increased harvest rate is 

45–70% faster than conventional agricultural techniques.  

21. Studies have shown that plants grown via the aeroponic system have an increase in flavonoids. 

Disadvantages 

1. More expensive for large scale production.  

2. Ordinary farmers will struggle to manage all these sophisticated instruments and equipments. 

3. Mister spray heads may also have a tendency to clog and not produce mist when needed.  

4. Many consumers believe that aeroponically grown plants are not as nutritious as other grown plants.  

5. Maintenance of an aeroponics farm is very expensive. 

Future Forecast 

Limitation of ground in near future is the main concern which is easily be resolved through soilless farming 

i.e., aeroponics. However, being a technical section, this is needs proper technical background and training 

among growers and horticulturist, which is still missing in many countries. The growers can adept the 

soilless systems according to their needs, the place of the system and according to their potential cash. The 

system in any case need to take strong care and observation for the parameters needed for the good growth 

of the plants such as nutrient concentrations, light, oxygen around the plants root zone, water quality, pH, 

disinfection, temperature of the solution and more. Aeroponics helps conserve water, land and nutrients, 

so the aeroponics system is the way of the future, making cultivation of crops easier. 

Conclusion 

Water plays an important role in the world economy. Approximately 70 per cent of the fresh water used by 

human goes to agriculture. Out of that 45 per cent is wasted due to gaudy irrigation techniques. By using 

aeroponic systems, we can save 98 per cent of total water because of recirculatory system. Fresh, clean, 

healthy, efficient and rapid food production can be obtained from aeroponic systems throughout the year. 

This soil-less culture can overcome all the constraints that are present in soil culture production. Enhanced 
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disease-free yield leads India to be at top growers and exporters in near future. Aeroponic system has the 

potential to produce enhanced vegetative growth without use of any artificial hormones, pesticides or 

insecticide. Aeroponics is still a good way to learn how to master plant growth and learn about their needs, 

within a controlled environment. For urban dwellers that live in apartments, sometimes aeroponics is the 

only practical way to garden. And on arid lands, aeroponics circumvents this problem, and provides the 

best means of growing plants effective. Aeroponics growing allows plants and crops to grow without the use 

of pesticide and thus it will be disease free. The crops will grow in a natural healthy manner as the 

aeroponic system is very similar to nature environmental conditions. Aeroponics is conducted in air 

combined with micro-droplets of water; almost any plant can grow to maturity in air with a plentiful supply 

of carbon dioxide, water and nutrients. Aeroponics helps conserve water, land and nutrients, so the 

aeroponics system is the way of the future, making cultivation of crops easier. Aeroponics appeared to be a 

highly feasible method for the production of both aerial parts and roots as raw materials for the herbal 

dietary supplement and phyto pharmaceutical industries. 
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Introduction and Classification 

With the exception of the organically-bound elements are hydrogen, carbon, nitrogen, and oxygen, and 

there were about 20 of inorganic mineral components, which are essential in the life of the animals, 

including fish and shrimp. The Basic minerals, are usually divided into two main categories, depending on 

their concentration in the animal body: macronutrients and trace elements. 

The supplementation of dairy, sheep and goat diets with vitamins, minerals and trace elements (in the 

form of a premix) is key as they have positive effects on maintenance, growth and health and milk 

production. However, it is very easy to make nutritional mistakes when it comes to the use of such premixes 

in combination with the actual needs of the animals. 

The Essential Mineral Elements 

Macro elements Trace or microelements 

Principal cations Principal anions Iron (Fe) Fluorine (F) 

Calcium (Ca.) Phosphorus (P) Zinc (Zn) Vanadium (V) 

Magnesium (Mg) Chlorine (Cl.) Manganese (Mn.) Chromium (Cr) 

Sodium (Na) Sulphur (S) Copper (Cu) Molybdenum (Mo) 

Potassium (K)  Iodine (I) Selenium (Se) 

  Cobalt (Co) Tin (Sn.) 

  Nickel (Ni) Silicon (Si) 

Biological Function of Some Important Micro Elements 

Calcium: 

a. Calcium is an essential component of bone, cartilage and the crustacean exoskeleton. 

b. Calcium is essential for the normal clotting of blood, by stimulating the release of thromboplastic 

from the blood platelets. 

c. Calcium is an activator for several key enzymes, including pancreatic lipase, acid phosphatase, 

cholinesterase, ATPase’s, and succinic dehydrogenase. 

Phosphorus: 

a. Phosphorus is an essential component of bone, cartilage and the crustacean exoskeleton. 

b. Phosphorus is an essential component of phospholipids, nucleic acids, phosphoproteins (casein), 

high energy phosphate esters (ATP), hexose phosphates, cation phosphate, and several key enzymes. 

Magnesium: Magnesium is an important constituent of bone, cartilage, and the exoskeleton of 

crustaceans.  

Sodium, Potassium and Chlorine: Functions: Sodium, potassium, chloride, and almost entirely in the 

body fluids and soft tissues, sodium and chloride are found in the body of water and potassium, it is mostly 

found in the cells. They serve a vital function in the control of osmotic pressure and acid-base balance. They 

also play an important role in the water exchange. 

Sulphur: 

a. Sulphur is an essential component of many essential amino acids (methionine and cysteine), 

vitamins (thiamine and biotin), the hormone insulin and the exoskeleton of crustaceans.  

b. As sulphur, sulphur is an important component of heparin, chondroitin, fibrinogen, and touring. 
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The Interactions Between Different Elements 

 

Conclusion 

The use of a variety of premixes containing vitamins, macronutrients, micronutrients, which are needed 

for the game, because it is the animals to become more powerful, and have to run their best. Often the feed 

is badly balanced in all of the vitamins and minerals and, hence, the need for addition of integral to your 

diet. They must always be on the lookout for advice in order to make sure that the premixes to meet their 

specific culture conditions, and to comply with the limits for all of the stages in the production of the 

animals. 
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Abstract 
As we know agriculture began organically. For many centuries, humans farmed without synthetic biocides 
or inorganic fertilizers, relying on organic fertilizers derived from plants and animals and protecting crops 
from pests and diseases using naturally-occurring materials. From the second half of the nineteenth 
century growers around the world successfully developed and define farming systems that relied on 
synthetic biocides or inorganic fertilizers. However, during the past two or three decades there has been a 
change once more towards organic cultivation. Here we review the effects of organic cultivation on the 
production quantity and quality characteristics of vegetables. 
Keywords: Agriculture, inorganic fertilizers, synthetic biocides, farming systems, organic cultivation. 

Introduction 
Organic farming is a system which avoids or largely excludes the use of synthetic inputs such as fertilizers, 
pesticides, hormones, feed additives, etc. to the maximum extent feasible and rely upon crops rotations, 
crops residues, animals’ manures, off-farm organic waste, material grade rock additives and biological 
system of nutrient mobilization and plants protection. Organic farming is a method of crop and livestock 
production that involves much more than choosing not to use pesticides, fertilizers, genetically modified 
organisms, antibiotics and growth hormones. Organic production is a holistic system designed to optimize 
the productivity and fitness of diverse communities within the agro-ecosystem, including soil organisms, 
plants, livestock and people. The principal goal of organic production is to develop enterprises that are 
sustainable and harmonious with the environment. 

History of Organic Farming 
Traditional farming (of many particular kinds in different eras and places) was the original type 
of agriculture and has been practiced for thousands of years. All traditional farming is now considered to 
be "organic farming" although at the time there were no known inorganic methods. For example, forest 
gardening, a fully organic food production system which dates from prehistoric times, is thought to be the 
world's oldest and most resilient agroecosystem.  
The industrial revolution introduced inorganic methods, most of which were not well developed and had 
serious side effects. An organic movement began in the 1940s as a reaction to agriculture's growing reliance 
on synthetic fertilizers and pesticides. The history of this modern revival of organic farming dates back to 
the first half of the 20th century at a time when there was a growing reliance on these new synthetic, non-
organic methods. 
Albert Howard worked in India as agricultural adviser and was incharge of a government research farm 
at Indore. He observed and came to support traditional Indian farming practices over 
conventional agricultural science. Though he journeyed to India to teach Western agricultural techniques 
he found that the Indians could in fact teach him more. One important aspect he took notice of was the 
connection between healthy soil and the villages' healthy populations, livestock and crop. Patrick Holden, 
Director of the UK Soil Association quoted Howard as saying "the health of soil, plant, animal and man is 
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one and indivisible." He was president of the 13th session of the Indian Science Congress in 1926. Howard 
has been called the father of modern composting, for his refinement of a traditional Indian composting 
system into what is now known as the Indore method. 

 

Principles of Organic Farming 
According to “IFOAM”, there are four principles of organic agriculture are as follows: 
1. Principle of health: Organic Agriculture should sustain and enhance the health of soil, plant, animal, 
human and planet as one and indivisible. This principle points out that the health of individuals and 
communities cannot be separated from the health of ecosystems - healthy soils produce healthy crops that 
foster the health of animals and people. Health is the wholeness and integrity of living systems. It is not 
simply the absence of illness, but the maintenance of physical, mental, social and ecological well-being. 
Immunity, resilience and regeneration are key characteristics of health. 
2. Principle of ecology: Organic Agriculture should be based on living ecological systems and cycles, work 
with them, emulate them and help sustain them. These principal roots organic agriculture within living 
ecological systems. It states that production is to be based on ecological processes, and recycling. 
Nourishment and well-being are achieved through the ecology of the specific production environment. For 
example, in the case of crops this is the living soil; for animals it is the farm ecosystem; for fish and marine 
organisms, the aquatic environments. 
3. Principle of fairness: Organic Agriculture should build on relationships that ensure fairness with 
regard to the common environment and life opportunities. Fairness is characterized by equity, respect, 
justice and stewardship of the shared world, both among people and in their relations to other living beings. 
This principle emphasizes that those involved in organic agriculture should conduct human relationships 
in a manner that ensures fairness at all levels and to all parties - farmers, workers, processors, distributors, 
traders and consumers. Organic agriculture should provide everyone involved with a good quality of life, 
and contribute to food sovereignty and reduction of poverty. It aims to produce a sufficient supply of good 
quality food and other products. 
4. Principle of care: Organic Agriculture should be managed in a precautionary and responsible manner 
to protect the health and well-being of current and future generations and the environment. Organic 
agriculture is a living and dynamic system that responds to internal and external demands and conditions. 
Practitioners of organic agriculture can enhance efficiency and increase productivity, but this should not 
be at the risk of jeopardizing health and well-being. Consequently, new technologies need to be assessed 
and existing methods reviewed. Given the incomplete understanding of ecosystems and agriculture, care 
must be taken. 

https://en.wikipedia.org/wiki/Indian_Science_Congress_Association#Indian_Science_Congress
https://en.wikipedia.org/wiki/Container_composting
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Objectives of Organic Farming in Vegetable Crops 
1. To produce food of high nutritional quality in sufficient quantity. 
2. To encourage biological cycles within farming systems. 
3. To maintain long-term fertility of soil. 
4. To use renewable resources in locally organized production systems.  
5. To avoid all forms of pollution. 
6. To reduce the use of fossil energy in agricultural practice to the minimum. 

Approaches Towards Production of Organic Vegetables 
1. Organic farming.           
2. Natural farming. 
3. Agnihotra. 
4. Rishi Krishi. 
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Cultural Practices in Organic Farming 
1. Rotation of crops  
2. Cover crop 
3. Growing Tolerant/Resistant Varieties  
4. Natural Pesticides. 
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Natural/ Botanical Pesticides 

 

Food Security and its Dimensions 
1. “Food Security exist when all people at all times have physical, social and economic access to sufficient, 
safe and nutritious food which meets their dietary needs and food preferences for an active and healthy 
life.” (FAO) 
2. Food Security is “when all people at all times have access to sufficient, safe, nutritious food to maintain 
a healthy and active life.” (WHO) 
3. The UN Sustainable Development Goal 2 is to “End hunger, achieve food security and improved nutrition 
and promote sustainable agriculture.” 
Three dimensions of Food Security are- 

a. Availability. 
b. Accessibility. 
c. Affordability. 

https://unstats.un.org/sdgs/report/2016/goal-02/
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Status of Food Security in India 
1. The National Food Security Act, 2013. 
2. GLOBAL HUNGER INDEX 2020; India’s 94th position. 
3. SOFI (The State of Food Security & Nutrition in World) report- 

a. Food insecurity increased by 3.8 % in India between 2014 and 2019.  
b. By 2019, 6.2 crore more people were living with food insecurity than the number in 2014.  
c. While 27.8% of India’s population suffered from food insecurity in 2014-16, it rose to 31.6% in 
2017-19.  
d. The number of food insecure people grew from 42.65 crore in 2014-16 to 48.86 crore in 2017-19.  
e. India accounted for 22% of the global burden of food insecurity, the highest for any country, in 
2017-19. 

Importance of Organic Farming in Achieving Food Security are 
1. Increasing and stabilizing yields.  
2. Pests-disease resistance. 
3. Combating desertification.  
4. Battling poverty. 
5. Maintaining genetic crop diversity. 
6. Diversified, healthy and nutritious food. 

Impact of Various Dimensions of Organic Farming in Improving Food Security 
Organic agriculture has three dimensions, and these three dimensions can improve food security: 
1. Social. 
2. Economic. 
3. Environmental. 

Conclusion 
Organic farming, especially of vegetables is gaining momentum worldwide due to increasing awareness 
and concern on adverse effects of indiscriminate use of chemical fertilizers and pesticides and machinery 
on food quality, soil health, human health and environment. Studies revealed that organic agriculture 
system has strong potential for building resilient food system in the face of uncertainties through farm 
diversification and building soil fertility with organic residues. Certified organic vegetable products offer 
high income options for farmers and therefore can serve as promoters for eco-friendly farming practice 
worldwide. The future success of organic vegetable production would largely depend upon size of the farm 
and supplies of non-chemical inputs, which have to be thoroughly backed up by well proven package of 
practices addressing to the objectives of producing vegetable organically. These organic farming practices 
have to be turn to change in traditional concept of farming. 
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Summary 
Tea is a refreshing drink and aromatic also. In ancient times, tea leaves were only boiled in the water and 
tea was ready. Tea is a type of addiction even a person can’t spend their day without consuming it. Even a 
person drinks tea 4 to 5 times a day without hesitating. Tea is like an option for people. Major timing for 
tea in Indian traditions is morning, snacks timing, and others. Most of the tea is derived from Camellia 
sinensis, and even some are not from tea leaves. 
Some tea is good in taste, some good for health. Approximately 52 percent of the total tea produced in India 
comes from the state of Assam. The state registered 618.20 million kilograms of tea in the year 2020. Tea 
demand is very high in the whole world; so, to complete the demand tea needs to be high on a production 
basis than the consumption. 
The northern region, specifically the states of Assam and West Bengal contributed to the majority of tea 
production that year. In some states, tea is produced as the organic matter which helps to produce tea in 
very good quality and good taste. As we know tea has high consumption all over India so what about organic 
tea cultivation because tea production is in surplus. The taste of organic tea has different flavoring in it. 
Organic tea has a limited time taken to grow a plant. And these are limited in production. The demand for 
tea in India is very high for the daily purpose to fulfill the demanding farmer use the chemicals for the 
point of production of it. Organic inputs in tea have different methods when compared with chemicals or 
fertilizers used in tea cultivation. 

Introduction 
Tea, a traditional beverage originally from China, is the oldest, most popular, non-alcoholic caffeine-
containing beverage in the world, and its infusion is prepared by brewing processed leaves of the tea plant, 
Camellia sinensis. Tea is the most consumed beverage in India after water. Tea is consumed in large 
quaquantitiesd cultivated in some states of India. In India, tea is like the guest of honor in every home of 
India. India is the second-largest producer of tea in the world. Tea is a refreshing drink and aromatic also. 
In ancient times, tea leaves were only boiled in the water and tea was ready. Tea was introduced or 
discovered in 2737 BCE by Chinese sage. After this, tea became the most beloved and consumed beverage 
in the whole world. On the other side tea is also a medicinal herb that is preferred to be taken with other 
medicinal things like ginger, oolong, etc. There are many ways to make tea with different tea tastes. Some 
people make tea with milk, some make black tea, some make it without sugar and some make it with herbs. 
Tea is a type of addiction even a person can’t spend their day without consuming it. Even a person drinks 
tea 4 to 5 times a day without hesitating. 

Types of Tea 
1. Black tea - Black tea has more oxidized than oolong. Black tea is generally stronger in flavor other ten 
tea. The taste of black tea is bitter and black. This tea is consumed for its beneficial purpose. It retains its 
flavor for many years, unlike green tea. Some of the popular varieties of black tea are Assam tea, Darjeeling 
tea, and English breakfast tea. 
2. Lemon Tea- it is a refreshing tea in which lemon juice is added to black or green tea. It soothes the 
throat, prevents cough, and also helps in weight loss. It is prepared without milk. It is very beneficial for 
the skin as it contains vitamin C which helps in the prevention of acne and pimples. 
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3. Green Tea – it is green, yellow, or light brown. It has protective polyphenols in it which act as powerful 
antioxidants. It has a bland taste and helps in weight loss by burning body fats effectively. Some of the 
popular varieties of green tea are Matcha, Sencha, and dragon well green tea. 

Status of Tea Production 
Globally China is leading with the production of 2.97 million metric tons during 2020. Tea is grown in 16 
states in India. Assam, West Bengal, Tamil Nadu, and Kerala alone produce about 95 percent of total tea 
production (www.gktoday.in). According to the tea board, India consumes about 89.24 percent of its tea 
production (INDIA TEA BOARD). The largest producer of tea in India is Assam. Approximately 52 percent 
of the total tea produced in India comes from the state of Assam. The state registered 618.20 million 
kilograms of tea in the year 2020. (www.mapsofindia.com) As we know, with hole India is suffering from 
the pandemic of Covid-19, due to which tea production decreased from 716.49 million kgs to 618.20 million 
kgs in Assam. (www.hindustantimes.com). Tea consumption per day is about 1106 kg per day. Tea has 
special compounds which release nicotine for relaxing the body and mind which is beneficial and proved by 
the doctors. 

Why Organic Tea? 
In different states of India like Assam, Himanchal has the farmers for the good production and good 
consumption all over India and exports quality produces. In some states, the tea produces as the organic 
matter which helps to produce tea in very good quality and good taste. As we know tea has high 
consumption all over India so what about organic tea cultivation because tea production is in surplus. There 
are some opportunities for organic tea and practices in India. Organic tea has a different taste and is high 
in price. The shape and size of a plant are also differing. 

Organic Inputs 
1. Farm Yard Manure: Farm yard manure refers to the decomposed mixture of dung and urine of farm 
animals along with litter and left-over material from the over material are called farmyard manure. 
2. Bio- Fertilizer: Bio fertilizer contains living organisms that, are applied to the plant, soil, seeds, or 
other interior of the plant. 
3. Vermi-compost: Vermicomposting is a type of product made up of various species of worms, like 
earthworms, white worms, creating a mixture of decomposing wastage food, vermicast, etc. 
4. Compost: It is a mixture of ingredients used to fertilize and improve the soil and plant also. It is 
commonly made by the different mixtures of food waste and recycling organic materials. 
5. Green Manure: It is used for building organic matter, soil structure, and others. It is a type of organic 
input used for growing organic tea. 

Effect of Organic Matter on Quality of Tea 
Effects of organic matter or inputs used for growing tea have differing effects on everything like- soil, plant, 
plant health, soil structure, atmosphere, and other things. Organic matter like FYM, biofertilizer, 
Vermicompost, compost, green manure etc. all is organic matter or inputs. On the other hand, weedicides, 
pesticides, insecticides or others. Due to these organic matters the taste, flavors, size of the plant, leaves 
size and color and other differs from chemicals used. Others effects like soil properties increased, structure, 
texture maintained by these organic matters. 

Challenges in Organic Tea 
1. Make beds free from any kind of pests, weeds, and proper tillage. 
2. Drainage most problems during rain. 
3. Use organic inputs all the time which is sometimes difficult. 
4. Difficult to protect from pests, insects by using organic matter. 
5. Organic matters are used in bulky and difficult to handle. 
6. Lots of wastage of time and every step should be taken very carefully. 
7. Due to organic sometimes farmers can’t find a market or customers for selling it at the best price. 
8. The seedbed and the tea garden need to be cut very effectively. 
9. Improper spacing. 
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Introduction 
The organic food sector began to take off a decade ago, and there hasn't been a look back since. People's 
growing awareness of the negative consequences of artificial chemicals used in food production has spurred 
the growth of organic food in recent years. Given the level of innovation and expanding demand, the organic 
food business is still in its early stages of development. However, it is safe to anticipate that the organic 
food industry will continue to grow in a very good manner. 
In what appears to be a promising future for an industry that has seen tremendous post-epidemic 
expansion, the Indian food industry has just begun to take action for children. With 23 lakh acres of land 
under organic farming, India is rated first in Asia (fifth in the world). 
An organic which is grown from the field with history of chemical fertilizer and pesticide use in the recent 
years. This is a farming strategy that works at the grass roots level to preserve fertility and soil 
regeneration, optimal plant nutrition, and appropriate soil management, resulting in nutritious, disease-
resistant foods. 
Organic products are shipped to the United States, the European Union, Canada, the United Kingdom, the 
Republic of Korea, Israel, Switzerland, Ecuador, Vietnam, and Australia, among others. Concerning the 
value of exports Soybean meal (57%) is the most common processed food, followed by oilseeds (9%), and 
millets (7%), Plantation crop products such as Tea and Coffee (6%), Spices and condiments (5%), medicinal 
plants (5%), dried fruits (3%), sugar (3%), and other products. 

India Organic Food Industry Trends and Drivers 
The organic food market in India is at a nascent. The rising levels of health awareness in India is a major 
element boosting demand for organic foods in the country. Indian consumers have begun to pay attention 
to the nutrient content and quality of the food they consume, resulting in an increase in demand for organic 
products. Furthermore, consumer spending on health and wellness items has expanded dramatically, 
owing to reasons such as robust economic growth, urbanisation, and rising income levels. 
The government's strong backing is also catalysing the demand for organic food in India. Implementation 
of schemes such as Mission for Integrated Development of Horticulture (MIDH) National Food Security 
Mission (NFSM), National Mission for Sustainable Agriculture (NMSA) Paramparagat Krishi Vikas 
Yojana (PKVY) and the GOB AR (Galvanizing Organic Bio Agro Resources)- Dhan Scheme. There is a need 
to promote organic farming by providing financial support to farmers who adopt organic farming. 

India’s Organic Food Products Exports Rise by More than 50 Per Cent in 2020-21 
Despite COVID-19 Challenges 
When compared to the previous fiscal year, India's organic food exports increased by 51% in terms of value 
(USD Million), to USD 1040 million (Rs 7078 crores) in 2020-21. In terms of volume, organic food exports 
increased by 39% to 888,179 metric tonne (MT) in FY 2020-21, compared to 638,998 MT delivered in FY 
2019-20. Despite the logistical and operational obstacles provided by the COVID19 epidemic, organic 
product growth has been achieved. Followed by oilseeds，fruit pulps and purees, cereals & millets, spices 
& condiments, tea, medicinal plant products dry fruits, sugar, pulses, coffee, and essential oil, has been a 
prominent commodity of the country's organic product exports. 
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Organic products from India have been exported to 58 countries, including the United States, the European 
Union, Canada, the United Kingdom, Australia, Switzerland, Israel, and South Korea. According to Dr. M. 
Angamuthu , Chairman , APEDA. He stated that Indian organic products nutraceuticals and health food 
are gaining more demand in overseas. Organic products are now only exported from India provided they 
are grown, processed, packed, and labelled in accordance with the National Programme for Organic 
Production's criteria (NPOP). Governing import licensing can be found in: (i) Section 11 of the Customs Act 
1962. (ii) the Foreign Trade (Development and Regulation) Act，1992. 
Korea, Japan, Australia, UAE, New Zealand for achieving Mutual Recognition Agreements for exports of 
organic products from India. Organic products covered by the bilateral agreement with NPOP do not 
require re-certification for import into India. The equivalence with the EU also allows Indian organic 
products to be exported to the United Kingdom even after Brexit. 

 

Growing Awareness About the Benefits of Organic Food Products 
We can clearly see that as awareness about the benefits of organic food grows the demand for them is 
growing proportionally. Other reasons for the demand of organic food are that they: 
1. Have high nutritional value 
2. Have high biological quality even when stored for longer periods of time 
3. When stored for longer periods of time are more suitable for processing and distribution due to their 
longer shelf life 
4. Need less energy to be processed  
5. Have higher organoleptic properties like colour, fragrance and taste  
6. Contain no residues of pesticides heavy metals or hormones. 
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Type Hardy annual  
Family  Compositae  
Flowering season  Early summer to late autumn (May- October) 
Sowing date  Outdoors mid to late spring (March- April) or mid-autumn (September) 
Mature size/ shape  30-60 cm  
Special use Petals in cooking 

 
Calendula originated in southern Europe, but had travelled to the north of the continent by the 14th century, 
when it was widely known in England. It was often used in cooking as a kind of poor man’s substitute for 
saffron, when colouring was needed, and the petals added flavour to a stew hence the term ‘Pot’ Marigold. 

    
Beauty Pacific Monarch Mandarin Radio Orange king 

It was also popular as a herbal remedy for a number of ailments, including measles. Today it is rarely 
grown for its medicinal properties, but as a hardy border annual, although adventures cooks still find uses 
for the petals in the kitchen. To dry the petal, first separate them and then put them in a slow oven until 
they crumble when touched.  Store them in an airtight jar and use them to add colour to rice or soups.  As 
with dock leaves, the flowers rubbed over a wasp sting are said to ease the pain. 
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The calendula’s typical marigold shades of orange and yellow add a really bright splash of colour to you 
add a really bright splash of colour to your border or tubs. Some varieties are quite tall for bedding plants, 
so plan to have a ground hugging plant with them. The newer dwarf varieties look particularly good in 
window boxes with nasturtiums trailing below them. Popular varieties include Orange king and Radio both 
doubles and the more traditional single flowered Golden King. The new Baby Orange is especially good.  
If planting out in beds, allow about 30 cm between each one. Deadheading will encourage new blooms 
throughout the summer, and calendulas are good for cutting too through watch out for the multi branching 
varieties. 
These hardy annuals can be sown insitu mid-autumn (Sep.), for flowering the following summer. This is a 
very simple operation now a days, with the pelleted seeds currently available. Alternatively, they can be 
started in a cool greenhouse (about 130C, 550F) or cold frame in mid spring (March) and pricked out into 
individual pots. They will then be ready for transferring to your border or tubs when daffodils and tulips 
are dying down towards early summer (early May). 
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Conservation tillage is defined as tillage designed to maintain the roughness of a field surface leaving most 
of the previous crop residues on the soil surface providing a suitable seed bed and weed control for the next 
crop.   As with any tillage sequence, the objective of which is to minimize or reduce loss of soil and water; 
operationally, a tillage or tillage and planting combination that leaves a 30% or greater cover of crop 
residue on the surface. Resource conserving technologies (RCTs) (e.g., Reduced tillage (RT), No-till (NT) 
and residue retention, recycling of residues and FYM in the soil are done for replenishing soil fertility, 
improving physicochemical properties and enhancing/sustaining crop yields (Das et al., 2014). Maximum 
residue with minimum tillage is the key factor in sequestering soil organic carbon (SOC), improving soil 
quality and from the environmental point, there are energy saving, higher Energy Use Efficiency (EUE) 
and lower Green House Gas emissions (GHG) (Das et al., 2014). 

Research Findings 
David and Rattan Lal (2008) conducted an experiment with moldboard plough till (MT) chisel till (CT), and 
no-till (NT). The average daily CO2 fluxes (g CO2 m-2 d-1) were greater under MT (2.14) and CT (2.07) than 
under NT (1.61). In addition, the daily CO2 fluxes were highest in summer (2.62–3.77 g CO2 m-2 d-1), the 
lowest in winter (0.75–0.87 g CO2 m-2 d-1). 
A field experiment was conducted for six years to assess the impact of four tillage-based crop establishment 
treatments in puddled and non-puddled rice under conventional and zero tillage and residue incorporation 
under rice-wheat cropping system reported increased very–labile C faction by 21% followed by a labile 
fraction (16%), non–labile fraction (13%) and less–labile fraction (7%) under zero-tillage system (Nandan 
et al., 2019). 
Kumar and Babalad (2018) conducted research to study the influence of conservation tillage on soil health 
in a pigeonpea + soybean intercropping system reported that conservation tillage practices with different 
land configurations such as broad bed and furrow and flat bed with both residue incorporation and 
retention on the surface recorded significantly higher soil organic carbon at 0-15 cm depth (0.62, 0.64,0.60 
and 0.62 %, respectively) and 15-30 cm depth (0.56, 0.56, 0.54 and 0.55 %, respectively) when compared to 
conventional tillage practices. 
Hatti et al. (2017) conducted an experiment to find the effect of conservation tillage practices on soil health 
and productivity of finger millet where the maximum water holding capacity of the soil was found higher 
in zero tilled plots (43.10, 38.36 and 35.36% at 0-15, 15-30 and 30-45 cm, respectively), which was due to 
higher soil organic carbon. 
A study was conducted by Pratibha et al. (2015) to assess the EUE and GHG emissions of different tillage 
practices like conventional tillage (CT), reduced tillage (RT) and zero tillage (ZT) and residue levels 
(harvesting heights resulting in 0, 10 and 30 cm anchored residue) in pigeon pea–castor systems under 
semi-arid rainfed regions of India showed that where castor grown on pigeonpea residue had 20 and 26% 
higher CO2. 

Conclusion 
1. All the conservation tillage systems i.e. CT1, CT2, CT3 and CT4 recorded significantly higher soil organic 
carbon at 0-15 cm depth (0.62, 0.64,060 ad 0.62 %, respectively) and 15-30 cm depth (0.56, 0.56, 0.54 and 
0.55 %, respectively) over conventional systems. 

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/crop-residues
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/crop-residues
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2. Among the different tillage practices in pigeonpea and castor CT had the highest GWP (kg CO2 eq. ha−1) 
which was 9 and 10% higher than RT, while ZT has 20 and 22% lower GWP (kg CO2 eq. ha−1) as compared 
to CT in pigeonpea and castor, respectively. 
3. The maximum water holding capacity of soil was found higher in zero tilled plots (38.36%) which followed 
by the minimum (35.24%) and conventional tillage (32.38%). 
4. Soil drainage with tillage during the winter fallow season significantly decreased CH4 emissions and the 
GWPs of CH4 and N2O emissions from the rice field. 
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Summary 
Application of smart fertilizers based on slow-/controlled-release and/or carrier delivery systems along with 
smart fertilization techniques has the potential to achieve efficient nutrient management to meet the target 
productivity, reduce environmental stress and attain sustainable development goals. Zeolites, polymers 
and agricultural wastes that act as carrier for nutrients and biofertilizer can be suitable material for smart 
fertilizer production. The main hindrance in expansion of smart fertilizer is low-installed production 
capacity. Innovative fertilizers from naturally available materials would ensure sustainability of 
agricultural production system. 

Introduction 
Food security is limited to that 40-50% of earth’s land surface that includes entire agricultural land system 
cropland, grassland and agroforestry. Moreover, the present Indian scenario of nutrient use efficiency 
suggests that under farmers practice nitrogen use efficiency is 20-30% in dryland or rainfed situation, 30-
40% under irrigated situation in different cropping systems. New types of smart fertilizers formulated 
based on use of microorganisms and/or nanomaterials. USA, Canada, Europe, China and Japan are 
currently using smart fertilizer and by far China is the largest producer and consumer amounting to one-
third of global smart fertilizer. Nanotechnology based smart fertilizers development with an emphasis on 
controlled-release and/or carrier/delivery systems will synchronize nutrient availability with the plant 
demands thereby reducing nutrient losses. Increased nutrient use efficiency reduced dose of phosphate by 
half to one fourth and increased yields by 10%. For smart micronutrients the reduction in dose was up to 
90%. Due to less investment farmers income can be raised by 15-20 %. 

 
Smart fertilizer as an aid to improve nutrient use efficiency 

Types of Smart Fertilizers 
Slow-/Controlled-Release Fertilizers: These fertilizers either delays the nutrient availability for plant 
uptake or makes the nutrients available to plants for a significantly longer time. There is no basic 
differentiation between slow-release fertilizers and controlled-release fertilizers, but to say microbially 
decomposed N products, like urea-formaldehyde, urea-isobutyraldehyde, urea acetaldehyde, sulfonyl urea, 
methylene urea, etc. are referred to as slow-release fertilizers (SRFs), and coated or encapsulated products 
like sulphur coated, polymer coated, etc. as controlled-release fertilizers (CRFs). Semipermeable coatings 
can serve for delayed availability or consistent supply of nutrients over certain time. These materials 
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respond to temperature, pH, electric and magnetic fields. Natural materials like clay (zeolite) and nano 
clays (allophane), bio gradable polymers and nondegradable (polysulfone) can used as slow release of 
nutrients. These can be expensive and the polymer coated fertilizers are toxic which are not eco-friendly. 
Alternatively, natural polymeric carbohydrates are slow release, biodegradable and low cost. Modifying the 
hydrophilic property and weak coating barrier can make these polymers excellent coating materials. 
Various degradable materials suitable for development of smart fertilizers can be brown coal, charcoal, 
biochar, perlite, vermiculite, bentonite, attapulgite, peat, alginate beads, saw dust, wood ashes, humic 
substances, wheat bran, spent mushroom compost, lingo-cellulosic materials, etc.  
Nano fertilizer: The three types of nano fertilizers synthesised nanoparticles called nanoscale fertilizers; 
bulk products with nanoscale additives called nanoscale additives and products coated with nano polymer 
or loaded with nanoparticles called nanoscale coating. Natural clays or zeolites occurring naturally in soils 
have unique physicochemical properties to stabilize and increase the catalytic activity of enzymes. Natural 
montmorillonite act as good immobilizer for Escherichia coli phytase, stabilizes, enhances specific activity 
and Vmax of acid phosphatase (maximum rate of reaction when the enzyme has completely saturated with 
substrate) in nano clay-cattle dung-AP complexes. Nanocomposites having <10% of nanomaterial as the 
dispersed phase in the polymeric continuous phase can improve physical and mechanical properties, pH 
tolerance, stability and durability. Synthetic materials or polymers such as polysulfone, PVC, PU, etc had 
a slower nutrient rate than the biodegradable cellulose acetate-based ones. Triple polymer fertilizers 
application enhanced the soil water holding capacity, therefore increasing the availability, uptake and 
productivity. Surface coating on fertilizers with nanoscale materials, are held strongly due to high surface 
tensions thereby helps in controlled release. Bioformulations having biodegradable polymers as microbial 
carriers protect the microbial inoculants from stress and increase its shelf life. For the first time in India 
IFFCO produced nano nitrogen, nano zinc and nano copper. The products are currently tested on farmers 
field and is likely to reduce the NPK fertilizer requirement by 50%. 
Bio stimulants, biofertilizer and Plant Growth Promoting Rhizobacteria (PGPR): Plant bio-
stimulants are substances or materials, with the exception of nutrients and pesticides, which, when applied 
to plants, seeds or growing substrates in specific formulations, have the capacity to modify physiological 
processes in plants in a way that provides potential benefits to growth, development, or stress response. 
Bio stimulants have direct hormonal effect on plants that positively affect root growth, root efficiency, 
nutrient uptake and characters that are beneficial in shifting from chemical to organic fertilization regime.  
Major groups of bio stimulants are humic substances, protein hydrolysate and amino acid stimulants, 
seaweed extract and PGPR. Biofertilizer on the other hand have an indirect effect on nutrient availability 
without itself supplying nutrients. They are live microbial formulations that aid in nutrient availability 
and uptake. PGPR associated with root helps in production and regulation of phytohormones, slow release 
of nutrients fixed nutrients, chelating micronutrients (siderophores), produce antibiotics and are anti-
pathogenic. Bioformulations made with microorganisms encapsulated on carrier materials helps to achieve 
above benefits along with improved storability and resistance to adverse environmental conditions. 
Harvested residues as smart fertilizer: Low-cost residues such as straw is rich in lignin, cellulose and 
hemicellulose that impart mechanical strength to it. Abundantly available wheat straw has carboxyl, 
hydroxyl, ether, amino and phosphate groups on surface that makes it an excellent absorbent material to 
treat waste water and making slow-release fertilizers. These have high adsorption capacity of ammonia 
and phosphate ion, antifungal and an effective carrier of PGPR strains. However, straw is susceptible to 
rapid decomposition in soil. A combination of clay or biochar along with wheat straw can act as slow-release 
fertilizers. Heating of biomass at 350-700°C in absence of oxygen produces light-weight, neutral, stable, 
carbon rich, charcoal called biochar which is a good soil ameliorant. It reduces the native organic matter 
mineralization, provides microbial habitat, chelates nutrients due to its large surface area and complex 
pore structure.  
Smart fertilization: Smart fertilizer along with smart fertilization can revolutionize agriculture 
production and help us to achieve food security and environmental security goals. Smart fertilization would 
mean the techniques of applying smart fertilizer in order to reduce the application losses, further reduce 
the amount of fertilizer required and accentuate the role of smart fertilizer for synchronising nutrient 
availability with crop demand. This can be achieved by site specific nutrient management (SSNM), Real 
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time nitrogen management, Nutrient expert system, Precision nutrient application using decision support 
system (DSS), Variable rate technology (VRT), GIS, GPS and remote sensing and other climate smart 
cropping practices. SSNM aided with geo-informatics tools arrange for a profitable means of high-resolution 
real-time data through Remote sensing, geo-referencing the ground truth data with GPS, data 
management and analysis through GIS to supply the crop with nutrients as and when required. To avoid 
inefficient splitting of N applications that result in lower NUE, Real time nitrogen management serves the 
purpose. It synchronizes the demand and supply of nitrogen by rapid and periodic assessment of leaf 
nitrogen content.  
Based on the principle of SSNM Nutrient Expert is an interactive computer-based decision support tool. It 
is easy to use and provides recommendations in presence as well as absence of soil testing data. Decision 
support system is a software that takes various soil, weather, crop and management data as input and 
gives output report that is actionable. VRT is an automated application of inputs based on information 
collected by sensors, maps and remote sensing. According to the research at Michigan State University, 
precision fertilizers and remote sensing technology could save 6.8 million metric tons of carbon dioxide from 
entering the atmosphere — the equivalent of 1.5 million cars per year. 

How Smart is Smart Fertilizer? 
1. Reduces application volume by CRF’s, saves energy required for fertilizer production. 
2. Reduces frequency of fertilizer application (once or twice), saves labour, application cost and production 
cost by 30-50%. 
3. Increases NUE of controlled release urea fertilizer by 50-100 % than conventional urea. 
4. Improves water holding capacity, SOC content and thereby over all crop productivity. 
5. Reduces leaching and other losses.  
6. Combats climate change by reducing CO2 release during production (20-30%), N2O release after 
application. 

Conclusion 
Heavy fertilization to achieve maximum yield has serious issue of resource depletion, air, soil and water 
pollution, greenhouse gas (GHG) emission, climate variability. Excessive use of primary fertilizers without 
due importance to synchronization of crop demand leads to serious imbalance between plant requirement 
and availability. This leads to low nutrient use efficiency and loss of nutrients by volatilization, leaching, 
runoff, fixation, chemical and microbial decomposition. Development of innovations to increase nutrient 
use efficiency, ensure food security and environmental health for overwhelming population is the need of 
hour. Nanotechnology haven been less ventured could be promising to revolutionize food systems. Future 
research should explore its suitability, feasibility and user-friendly aspect of smart fertilizers. 
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Introduction 
Plant breeding is defined as a science as well as an art of improving the genetic makeup of plants in relation 
to their economic use. Plant breeding can be accomplished through many different techniques ranging from 
simply selecting plants with desirable characteristics for propagation, to more complex molecular 
techniques. The mechanism of reproduction provides the understanding of mechanism of heredity and 
genetic behaviour the crops. The plants have unable to produce functional pollen to certain condition at 
which the pollen is either absent or non-functional in flowering plants and the failure is due to any of the 
processes concerned with normal alteration of generation caused by non-functional gametes. 

Male Sterility 
The inability of a plant to produce functional pollen is referred to as male sterility. It prevents self-
pollination and promotes cross-pollination. It is of three types, genetic, cytoplasmic and cytoplasmic 
genetic. It is a useful tool in hybrid seed production. It is not common in natural populations. 

Classification of Male Sterility 
In general, the male sterility is classified as genic male sterility (GMS), Cytoplasmic male sterility (CMS), 
Cytoplasmic genic male sterility (CGMS), environmentally induced male sterility system (EGMS), 
Temperature induced male sterility system (TGMS), Photoperiod induced male sterility system (PGMS) 
and Photo-thermo induced male sterility system (PTGMS). 

Features of Male Sterility      
The change may be due to mutation, chromosomal aberrations, cytoplasmic factors or interaction of 
cytoplasmic and genetic factors the following morphological changes may occur in male sterile plants. 
1. Viable pollen grains are not formed.  
2. The sterile pollen grains will be transparent and rarely takes up stain faintly. 
3. Non dehiscence of anthers, even though viable pollens are enclosed within.  
4. Androecium may abort before the pollen grains are formed. 
5. Androecium may be malformed, thus there is no possibility of pollen grain formation. 

Consequences of Male Sterility 
1. Male sterility is an important out breeding device which prevents ‘autogamy’ and Permits allogamy. In 
other words, male sterile plants produce seed only on cross pollination with functional pollen of other 
plants. 
2. Presence of male sterility leads to heterozygosity in a species as it promotes out breeding and reduces 
homozygosity due to elimination of inbreeding. 
3. Male sterility results from the action of nuclear genes, cytoplasmic genes (Plasmagenes) or interaction 
of both. 
4. Male sterility occurs in nature through spontaneous mutations. However, it can also be induced 
artificially by mutagens (physical (or) chemical), chemical hybridizing agents (male 
gameticides) and transgenic constructs. 
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Genetic Male Sterility 
The pollen sterility which is caused by nuclear genes is termed as genic or genetic male Sterility. GMS is 
ordinarily governed by a single recessive gene, ‘ms’, but dominant genes governing male sterility are also 
known. E.g. Safflower. When a male sterile plant (ms ms) is crossed with a male fertile (Ms Ms) one, the 
F1 (Msms) is male fertile. As male sterile line may be maintained by crossing it with heterozygous male 
fertile (Ms ms) plants. Such a mating produces 1:1 male sterile and male fertile plants. 

 

Cytoplasmic Male Sterility (CMS) 
The pollen sterility which is controlled by cytoplasmic genes or plasma genes is known as CMS. Since the 
cytoplasm of a zygote comes primarily from egg cell, the progeny of such male sterile plants would always 
be male sterile. There is considerable evidence that the gene or genes conditioning CMS reside in 
mitochondria (e.g.: maize, onion). 

 

Cytoplasmic-Genetic Male Sterility (CGMS) 
This is a case of cytoplasmic male sterility, where a nuclear gene for restoring fertility in the male sterile 
line is known. The fertility restorer gene ‘Rf’ (dominant gene) is found in certain strains of the species or it 
may be transferred from a related species. 

 

Chemically Induced Male Sterility 
This type of male sterility is induced by application of certain chemicals like Maleic hydrazide (in wheat, 
onion & tomato); Ethrel (rice); FW 450 (cotton). These chemicals are called male gameticides since they 
lead to pollen abortion and thereby causes male sterility. They are also called chemical hybridizing agents 
(CHA’S). 
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Environment Sensitive Genic Male Sterility (EGMS) System 
It is also a kind of GMS system. However, the expression of male sterility inducing nuclear genes is 
environment sensitive. (i.e., ‘ms’ gene expression occurs within a specified range of temperature and / or 
photoperiod regimes.) This type of sterility is reported in rice, tomato, wheat etc. 
The environment sensitive male sterility is further divided into two groups: 
1. Temperature sensitive genetic male sterility (TGMS). 
2. Photoperiod sensitive genetic male sterility (PGMS). 

Temperature – Sensitive Genetic Male Sterility (TGMS) 
In this type of GMS, complete male sterility is observed at high temperature (ex: 23.3°C or higher for rice 
TGMS line Pei-Ai645) but at temperature below this critical point it exhibits normal fertility. The period 
of development from the formation of PMC (pollen mother cell) to meiosis is sensitive to temperature in 
rice. This type of GMS is being used to develop hybrid rice in China. 

Photoperiod - Sensitive Genetic Male Sterility (PGMS) 
In case of PGMS, expression of ‘ms’ gene is drastically affected by the prevailing photoperiod, provided the 
temperature is within a critical range (ex: 23 to 29°C for rice PGMS). Within this temperature range, 
complete sterility is obtained in rice plants grown under long day conditions (day length more than 13hr 
45 minutes), but under short day conditions almost normal fertility is obtained. It is important that a 
temperature above the critical range leads to male sterility under any photoperiod, while those below the 
critical range produce male fertility irrespective of the photoperiod. This type of male sterility is also being 
used to develop hybrid rice in China. 
Detailed studies in rice have shown that the same ‘ms’ gene behaves as TGMS (or) PGMS depending on 
the genetic background. For example, rice male sterile lines 5047S and W 6154S have the same ‘ms’ gene 
from ‘Nong -Keng 58S’. However, line 5047S shows PGMS, while W 6154S shows TGMS. This clearly 
suggests that modifying genes can drastically change the expression of ‘ms’ gene and make it either 
photosensitive or thermo sensitive. 

Use of Male Sterility System in Crop Improvement 
1. Genetic male sterility is used in hybrid seed production. It involves three lines namely ‘A’ line and ‘B’ 
line are called ‘isogenic lines’ since the genotypes (ms ms) and (Ms ms) are identical expect for ‘ms’ locus. 
2. CMS may be utilized for producing hybrid seed in certain ornamental species, or in species where a 
vegetative part is of economic value. But in crop plants where seed is the economic part, it is of no use 
because the hybrid progeny would be male sterile. When restorer genes are identified for CMS system, it 
will be considered as ‘CGMS’system. 
3. The cytoplasmic – genetic male sterility is used commercially to produce hybrid (F1) seed in maize, bajra, 
cotton, rice, jowar, sunflower etc. It involves three lines namely Male sterile line / ‘A’ line, Maintainer line 
/ ‘B’ line and Restorer line / ‘R’ line. 

Conclusion 
Plant breeding programs are in constant need of the utilization of the male sterility system. It is used in 
seed production of seed-producing crops as well as ornamental and vegetable crops. The drawbacks of the 
CMS system and the cost and side-effects associated with the use of chemical hybridizing agents, GMS 
seems to be a valuable system for the economic production of hybrid seed and improved plant populations.  
Male sterility has important application in the development of hybrids in plant breeding. CMS is useful for 
the development of hybrids in vegetative propagated crop plants, forage and ornamental plants where 
vegetative plant part is the economic product. CGMS has been effectively used for the commercial 
production of hybrids in maize, sorghum, onion, sugar beet, Pearl millet and some other crops. 
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Introduction 
Starch is the storable form of energy produced by all green plants. Starch, also called amylum, is a 
polysaccharide of glucose. Starch is stored in the plants as granules composed of amylase and amylopectin. 

 
Fig. 1 Starch 

How Starch can be Produced from Maize? 
Starch form maize is obtained by the wet milling process. The process involves cleaning of grains, steeping, 
milling, separation of husk, germ and gluten, and drying the product. 
1. Wet milling or the classical milling process is the only process for the manufacture of starch which is 
universally in commercial use.  
2. Starch may be dry milled using screening and air - classification of particle size, but this process does 
not completely separate oil, starch, and hull and can only be used by food industry. Better separation is 
obtained by wet - milling. 

Process Flow Chart of Starch 
Maize Cleaning Section 

 
Steeping (50-52ºC) 

 
Milling 

 
Germ Separation 

 
Fine Grinding 

 
Fiber Washing System 

 
Starch Gluten Separation 
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Starch Washing 

 
Centrifuge 

 
Wet Starch 

 
Starch Drier 

 
Dry Starch 

 
Packaging 

Process Flow Chart for Production of Starch from Maize 

Different Applications of Maize and its By-Products      
1. Applications of Starch: It is applied for the following industries. 

a. In pharmaceutical Industry: It is used to manufacture tablets, as a binder and used as a 
substitute to cellulose. It fulfils all specifications of pharmaceuticals. 
b. In textile Industry: It improves weaving performance. It increases the stiffness of the fabric 
and improves the texture. It improves the glaze and polish. It also improves the printability.  
c. In Food Industry: Starch is used as a thickening agent in manufacturing of sauces, curry gravies 
etc. It is used in all grades of paper industries like bond, ledger, chart, envelope. It is used in surface 
sizing, which increases the printability and erasing capability of the paper. 

2. Applications of Germs: Germs are one of the demanded by-products of maize for richness in oil (45 to 
50%), it has excellent properties as a cooking media. As it has good essential oil level and vitamin E is 
comparable with other edible oils. The cake after oil extract is also used in cattle feed. Moisture content 
and fat present in germs is 5.0% (max) and 4.5% (min).  
3. Applications of Maize Gluten: Dried high protein (almost 60 percent) feed source. It is a residue from 
maize after the removal of the larger part of the starch and germ, the separation of the bran by the process 
employed in the wet-milling manufacture of maize starch or syrup. It is commonly used by the poultry 
industry, farm animal feed in fish and pet food. It is also used in cattle feed. 
4. Applications of Fiber: Is that part of the commercial shelled maize that remains after the extraction 
of the larger portion of the starch, gluten, and germ by the processes employed in the wet milling 
manufacture of maize starch or syrup. It is used in complete feeds for dairy and beef cattle, poultry, swine 
and pet foods. 
5. Maize Seed Cake: With over 17 percent protein, it is considered ideal feed for breeding chickens, ducks, 
geese, pigs, fish, and other livestock. 
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Summary 
Refractance window drying is one such technique that gained a lot of attention in recent years, owing to 
the numerous benefits it claims. The technique involves drying purees and liquids placed over a thin 
infrared transparent film that essentially forms a ‘window’ through which drying occurs. Importantly, 
product temperatures are kept low and rapid drying occurs as all three modes of heat transfer are involved. 
Refractance window drying has the potential to produce high quality dried slices, purees and juices. 
Research suggests that active aromatic and pigment compounds responsible for characteristic sensory and 
nutritional attributes can be retained through this technique. 

Introduction 
Drying describes a complex heat and mass transfer process of removing moisture from food materials. The 
final product may be in the form of sheet, flakes, film, powder, or granules. Drying is an energy intensive 
unit operation, accounting to around 12-20% of the total energy consumed in the manufacturing industry 
(Moses et al., 2014). In most cases, conventional drying methods produce inferior quality products and 
require higher drying times. 
There is a strong need for developing alternative drying technologies considering operational capacity, 
process control, time requirements, cost economics, product quality, safety and environmental aspects. 
Novel drying technologies are intelligent combinations of conventional technologies necessitated by 
changes in consumer and market requirement. 
Drying technologies belong to first, second, third or fourth generation. Microwave drying, infrared drying, 
heat pump drying, fluidized bed drying, radio frequency drying and refractance window (RW) drying are 
considered as fourth generation drying technologies based on the type of raw materials they can handle 
and the retention of quality attributes of the intended products (Chou and Chua, 2001). 
Among these methods, RW drying is a recent non-thermal method for drying products (Forero et al., 2015) 
including heat-sensitive purees (Nindo et al., 2003a), slices (Ochoa Martínez et al., 2012) of fruits and 
vegetables and meat powders. With numerous advantages, this direct drying technology has found several 
applications in the algae, pharmaceutical, nutraceutical, cosmetic and pigment handling industries. Unlike 
certain other drying technologies, RW drying does not require high operational pressures. Also, there is 
limited scope to oxidation and free radical formation and RW dried products offer improved shelf life. 

Components and Working 
The major components of a typical RW drying system are presented in Fig. 1. Essentially, evenly applied 
food materials over a thin infrared transparent material (such as pyrex glass) or polyethylene film (such 
as Mylar film) resting over the surface of water get heated. The film material can either be moving or 
stationary. In a moving film configuration, the food is usually moved co-currently with the hot water, with 
belt velocities between 0.6 to 3 m/min (Kudra and Mujumdar, 2009). 
Thermal energy carried by the circulating water (maintained between 94-98 °C) transmits sensible heat 
through the film to the food material spread as a thin layer over the film by conduction and radiation. This 
approach is characteristic to the RW technique. 
Water in the food is quickly evaporated owing to rapid transfer of heat energy, resulting in a state of 
thermal equilibrium. Additionally, radiation effects are also evident; depending on the material properties. 
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Fig.1 Refractance window drying 

This mechanism ideally involves a ‘window’ through which heat and mass transfer occurs. This window 
allows the passage of infrared energy through the moist material placed on the plastic membrane’s surface. 
Less than half of the total thermal radiation reaches the food material spread over the film. Heat gets 
transferred to the water molecules directly and product temperatures can reach up to 74 °C and are highly 
dependent on moisture content, bed thickness and product consistency. 
As the product loses its moisture, the drying ‘window closes’ and ‘refracts’ back into the heated water source, 
particularly with increase in refractive index that results in thermal radiation getting reflected back into 
water. Zotarelli et al. (2015) analyzed heat transfer fluxes during the RW drying process and concluded 
that infrared emissions of the hot water account only to around 3% of the total heat supplied to the product 
during the constant rate drying period. 
Conduction effects continue to support moisture evaporation until the product reaches critical moisture 
content. Associated evaporative cooling effects (justifying why product temperature is always lesser than 
the temperature of water at any point of drying) occurs during latter stages of drying. With reduction in 
the rate of heat transfer, the product is protected from overheating. 
At the end of drying process, the product is cooled down by moving over cold water and separated from the 
belt by a scraper device. This is essentially done to bring down the product’s temperature below the glass 
transition temperature and avoid product stickiness. The circulating water is often reused after reheating 
to improve the thermal efficiency of the system. The entire process occurs under atmospheric conditions. 
Accordingly, RW drying is a contact, indirect, film-drying technique which also avoids product cross-
contamination during drying. 

Conclusions      
RW drying protects the thermal-labile compounds like color, phytochemicals, and vitamins than other 
drying methodologies due to its forced air convection which decreased the product temperature and 
accordingly, moisture level also. 
RW drying faces the major limitation due to a lack of scale-up, product thickness, and the huge area 
occupied by film. A bottleneck to scaling up the RW drying process is the need for a wide area to dry and 
thermal exchange and the film’s thickness is kept on the low-side, which reduces the processing capacity.  
The most developed RWD systems are bulky, requiring more space for installment in commercial and pilot 
plant applications. Therefore, further research is necessary for development and modification in the design 
of the RWD system for effective use of limited industrial floor space and to enhance its application in the 
food industry. 
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Introduction 
Pyrolysis is a thermochemical treatment of materials at high temperatures in an inert atmosphere that is 
irreversible. The word pyrolysis is derived from the Greek word’s pyro "fire" and lysis "separating." Also, 
pyro means "heat," while lysis means "breakdown." Pyrolysis is also referred to as "thermal cracking," 
"cracking," "thermolysis," and "depolymerization." The treatment of organic materials is the most prevalent 
use. This procedure necessitates the use of heat. 
It's essentially the carbonization process, in which an organic material decomposes into a solid residue with 
a high (or higher) carbon content as well as some volatile compounds. Polymerization and isomerization 
events frequently accompany decomposition reactions. Pyrolysis produces solid residual co-products and 
ash, as well as non-condensable gases and condensable liquids. Pyrolysis factors like as temperature and 
residence time can be optimized to regulate these products. Pyrolysis is a commonly used method in the 
chemical industry for manufacturing a wide range of carbon and other compounds from petroleum, coal, 
wood, oil shale, biomass, or organic waste, and it is the foundation for many biomass fuel production 
methods. Pyrolysis is also the process of turning organic substances buried underground into fossil fuels. 

Types of Pyrolysis 
The processing time and temperature of the biomass differentiate three types of pyrolytic processes. 
1. Slow Pyrolysis: Lengthy solids and gas residence durations, low temperatures, and sluggish biomass 
heating rates characterize slow pyrolysis. In this mode, the heating temperatures ranges from 0.1 to 2°C 
(32.18 to 35.6°F) per second and the prevailing temperatures are approximately 500°C (932°F). Gases can 
have a residence duration of over 5 seconds, while biomass can have a residence time of minutes to days. 
Tar and char are the major results of slow pyrolysis as the biomass is progressively devolatilized. After the 
initial processes, repolymerization/recombination reactions take happen. 
2. Fast Pyrolysis: This method is mostly used to make bio-oil and bio-gas. Depending on the amount of 
bio-oil or gas products sought, biomass is rapidly heated to temperatures ranging from 650 to 1000°C (1202 
to 1832°F) during the process. Char accumulates in significant quantities and must be removed on a regular 
basis. 60 percent bio-oil is produced. It also produces 20 percent charcoal and 20 percent syngas. 
3. Flash Pyrolysis: Flash pyrolysis occurs at rapid heating rates and moderate temperatures between 400 
and 600°C (752 and 1112°F). However, vapor residence time of this process is less than 2s. Flash pyrolysis 
produces fewer amounts of gas and tar when compared to slow pyrolysis. This method achieves up to 75% 
of bio-oil yield. 
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Feedstock for Pyrolysis 
Two types of feed stocks are available: They are: 
1. Moisture Content of Feedstock: The pyrolysis process is highly dependent on the moisture content of 
the feedstock, which should be about 10%. With high humidity, a high level of water is produced and at a 
low level there is a risk of producing only dust instead of process oil. High moisture waste streams such as 
sludge and meat processing waste require drying before being subjected to pyrolysis. 
2. Particle size of the feedstock: The efficiency and nature of the pyrolysis process is depending on the 
particle size of feedstocks. Most of the pyrolysis technologies can only process small particles to a maximum 
of 2 mm keeping in view the need for rapid heat transfer through the particle. The demand for small particle 
size means that the feedstock size must be reduced before it can be used for pyrolysis. 

Advantages of Pyrolysis      
1. It is a simple, inexpensive technology for processing a wide variety of feedstocks. 
2. It reduces wastes going to landfill and greenhouse gas emissions. 
3. This reduces the risk of water pollution. 
4. Construction of a pyrolysis power plant is a relatively rapid process. 
5. It has the potential to reduce the country’s dependence on imported energy resources by generating 
energy from domestic resources. 
6. Waste management with the help of modern pyrolysis technology is inexpensive than disposal to 
landfills. 
7. This will create many new jobs for low-income individuals based on the amount of waste generated in 
the area, which will provide public health benefits by cleaning up the waste. 

Applications of Pyrolysis      
1. It is widely used in chemical industry to produce methanol, activated carbon, charcoal and other 
substances from wood. 
2. It plays a major role in carbon-14 dating and mass spectrometry. 
3. A mixture of stone, soil, ceramics and glass obtained from pyrolytic waste can be used as a building 
material - construction slag or for filling landfill cover liners. 
4. It is also used for several cooking procedures like caramelizing, grilling, frying and baking. 
5. Synthetic gas produced from the conversion of waste using pyrolysis can be used in gas or steam turbines 
for producing electricity. 

Main Influencing Factors of Pyrolysis Process      
The technical parameters that influence pyrolysis process are the following categories: 
1. Pyrolysis Temperature: The final products distribution and yield after thermal decomposition are 
different from the temperature of thermal decomposition. Even for the same pyrolysis feedstock, the 
composition of the end-products differs greatly due to the different pyrolysis temperatures. The higher the 
decomposition temperature, the greater the proportion of gas in pyrolysis products, and the combustible 
oil, solid carbon residue corresponding reduce. In addition, the gas composition also changes with 
temperature, the higher temperature, the lower molecular weight carbides, CH4, H2 and so on; 
correspondingly, the composition of the solid residue also changes with temperature. 
2. Heating Rate: Heating rate has a great influence on the production of pyrolysis. The ratio of the 
components in the pyrolysis products can be controlled by the combination of the heating temperature and 
the heating rate. Under the condition of low temperature and low speed heating, the organic molecules 
have enough time to break down at their weakest chemical bond junction and then recombine to 
thermosetting solid compound, which is difficult to further decompose, so the solid content in the product 
increases; While under the condition of high temperature and high speed heating, the molecular structure 
of the organic compounds has been completely cracked, resulting in a large number of low molecular organic 
compounds and the gas components of pyrolysis products increases. 
3. Moisture in the Garbage: While under the condition of high temperature and high-speed heating, the 
molecular structure of the organic compounds has been completely cracked, resulting in a large number of 
low molecular organic compounds and the gas components of pyrolysis products increases. As the water 
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vapor and carbon and carbon dioxide will occurs water gasification reaction, it makes the carbon content 
in the residue reduce and the proportion of hydrogen and carbon monoxide in the gas increase. 
4. Types of Pyrolysis Unit: Pyrolysis reactor is where the pyrolysis reaction occurs and is the key to the 
whole pyrolysis process. Different pyrolysis reactors have different ways of feeding and discharging. Beston 
has developed two types of pyrolysis furnaces available for your choice, 360-degree rotary and stable. 
5. Supply of Oxygen: As the oxidizing agent in the pyrolysis reaction, air or oxygen makes the materials 
part of combustion to provide thermal energy and guarantee the pyrolysis reaction. Therefore, the supply 
of adequate air or oxygen is very important and also needs to strictly control. 

Conclusion      
Pyrolysis is one of several means of production of liquid fuel from biomass. Pyrolysis includes combustion, 
the production of carbon products, and conversion to liquid and gaseous fuels. It is a potential technology 
for converting waste plastics into renewable biofuels. In pyrolysis, waste plastic is typically converted to 
bio-oil or biochar. The environmental and economic benefits of plastic pyrolysis depend on the size of 
pyrolysis plant, pyrolysis parameters, type of waste plastics, composition of catalyst, as well as plastic-to-
catalyst ratio and the utilization of coproducts. 
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Introduction 
Drip irrigation is that type of irrigation which involves frequent application of small quantities of water on 
the soil surface in the form of continuous drop through emitters.  water can be applied through surface 
drip, subsurface drip, micro sprayers, sprinkler etc. This reduces runoff and evaporation of water.  It is a 
micro irrigation system that has the potential to save water and nutrients by allowing water to drip slowly 
to the roots of plants. It is an ideal way of watering crops and plants in the water scarce location.  Drip 
irrigation system is also known as trickle irrigation. It involves dripping water onto soil at very low rate 
using plastic pipes of small diameter fitted with outlets known as drippers or emitters. In this irrigation 
water is applied nearer to the plants so that only that part of soil is wetted in which plant roots grow and 
not whole soil surface. It is widely effective in comparison to surface and sprinkler irrigation where whole 
soil is wetted leads to overflow or wastage of water. This provides favourble moisture in the soil so that 
plants can grow properly.  
Water is delivered with the help of pipelines which helps in uniform application of nutrients, water and 
other required growth substance directly into the root zone of the plants through capillary tube and 
combined forces of gravity. Therefore, plants do not phase any problem of water stress or loss. This 
ultimately helps plants to give high yield and better performance in any kind of situation.  
There are more than 2 billion people lives worldwide facing water scarcity. Generally, India is a country 
having diverse and high population where there is acute crisis of water so it is essential to conserve water 
for present and future generation. As we know water is precious natural resource, vital for sustaining all 
life on earth. In India according to Union ministry of Water Resource (MoWR), 80 percent of water is 
utilized in Agriculture sector mostly in the form of irrigation annually. Due to faster depletion of 
groundwater stocks in our country it is compulsory to save water. 
In many areas mainly, arid regions, limited rainfall is often accompanied by short periods of heavy rain, 
and this water flowing ahead, taking the form of rivers, flows into the sea or lakes.  Eventually this system 
is deprived of water and there is a problem of flash floods in low land areas.  To solve the above problems, 
using water harvesting methods and effective techniques, one can move towards water harvesting.  In the 
traditionally arid regions, mainly the Sagar, Johad Nadi, Khadin and Baori are the sources of water 
collection.  By storing the wasted water in all these water sources, it can be used by humans in their life 
for useful works as well as in agricultural works.  
Most of the people in arid regions use a popular water conservation jhottka, whose conserved water is 
mainly used for domestic purposes.  If this policy (Tank) is used in agriculture by making it an effective 
technique for horticulture, then the future of horticulture can be bright, and with this, if there is less need 
for water, for which irrigation can be done by adopting drop drop method (DIP).  A new dimension may be 
established.  According to the 2015 data, Rajasthan has the sixth place in the total drip irrigation area of 
India.  And its total area is 170095 hectares.  Agriculture in Rajasthan being rain-fed, by conserving water 
and adopting low-pressure irrigation system, maximum production can be taken even in most backward 
areas.   
In Rajasthan, due to rain-conducting agriculture, more and more production can be taken even in the most 
backward areas by conserving water and adopting low-pressure island irrigation.  Here, along with 
participation, more and more production of plum is being taken through low pressure drip irrigation by 
making water storage source (tank) and planting late saplings. 
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Components of Drip Irrigation System 
Pump station, By – pass assembly, control valves, filteration system, fertilizer tank / Venturi, pressure 
gauge, mains/sub mains, laterals, Emitting devices, Micro tubes. 

Types of Drip Irrigation 
1. Surface drip irrigation: In these types of drip irrigation, water is applied directly to the soil surface. 
2. Sub- surface drip irrigation: In this method water is applied below the soil surface. 

 

Major Crops Suitable for Drip Irrigation      
Vegetables: Chilly, Capsicum, Cauliflower, Cabbage, Tomato, Brinjal, Pumpkin etc. 
Oil seed: Groundnut, Sunflower, Oil palm. 
Orchard crops: Banana, Grapes, Citrus, Lemon, Mango, Coconut, Aonla, Pomegranate etc. 
Spices: Cloves, Mint, Turmeric etc.  
Flowers: Jasmine, Orchid, Carnation, Marigold, Dahilia, Gerbera, Rose etc 
Cash crops: Cotton, Arecanut, Sugarcane etc. 

How Different Crops Response to Drip Irrigation      
Crops Yield Increment (%) Water saving (%) 
Cauliflower 70 68 
Banana 52 45 
Cucumber 48 56 
Groundnut 152 40 
Tomato 60 42 
Chilly 28 68 
Sugarcane 99 50 

Benefits of Low flow Drip Irrigation System      
1. It saves water upto 70 % compare to flood irrigation. 
2. Increase in yield of a particular crop and irrigation of more land is equal. 
3. An average of 10-15% increase in production. 
4. Increase in fertilizer use efficiency BY 20-30% and also Proper utilization of nutrients through 
fertigation.  
5. It is also beneficial in rough and saline soil.    
6. It can be easily transferred to another place.  
7. Early maturity results in higher and faster returns on investment. 
8. No electricity is required so that irrigation can be done at any time.  
9. Reduction in cost and time saving during irrigation. 
10. Uniformity is very high, usually over 90% by the application drip irrigation 
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Precautions      
1. Periodic inspection is necessary.  If the pipe is bent or pressed, it must be straightened immediately.  
2. It is necessary to take care of whether the water is coming properly from all the drippers of the line or 
not.  
3. It is necessary to take care whether the deepers are in their right place or not.   
4. The end of the pipes should be opened and water should be taken out for 1-2 minutes.  So that the garbage 
trapped in them gets cleaned.  
5. Keep the tank at the proper height so that water pressure can be created easily. 

Limitations      
1. Being useful for limited area, cannot be applied on a large scale. 
2. Proper inspection has to be done daily.  
3. Unsuitable for intensive sowing crops.  
4. It can be used mainly for horticulture and vegetable growing crops. 

Farmers becoming self-sufficient with stored water and low flow drip irrigation system    
Due to lack of water and irregularity of rainfall, water is not supplied for agricultural work, which reduces 
production.   
And the area of holding decreases.  Farmers can supplement their water supply, by collecting water as well 
as adopting low pressure lamp system.  And they can also increase the area of their holding. By using water 
according to their need, as a result farmers become self-sufficient. 

Conclusion      
A phrase is used ‘more drops more water saved”. It means water can be conserved after applying drop by 
drop in the root zone of plants through emitters and laterals. Due to depletion of ground water level, 
irrigation water as well as fresh water is reducing, while more of the water is loss by runoff and evaporation. 
consequently, people becoming dependent on rained farming. Therefore, water needs to be used precisely. 
This method of drip irrigation has been proved very successful in many crops including sugarcane, 
vegetables, fruits and many more. It has reported to be 90-95 % efficient when compared to other surface 
method of irrigation. Recently government has also taken many initiatives like providing subsidies and 
dripper pipes to farmers. Drip irrigation provides the opportunity to save water and the potential to 
increase net income by applying water at the right time and at the right quantity. Very small to medium 
field would be benefitted from low flow water, because drip or micro irrigation save more energy in crops 
in comparison to sprinkler and flood irrigation. In present scenario water is not enough; all the resources 
of water are diminishing fastly all over the world. And it cannot be denied that water is nature’s gift to 
mankind, hence it is not unlimited and free forever to use or waste intentionally. So, drip irrigation is 
today’s need for better future and sustainable development. 
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Introduction 
The high-water content of fruits and vegetables is the primary reason of perishability. Many approaches or 
combinations of procedures have been tried to extend the shelf life of various fruits and vegetables. 
One of the most effective and appropriate methods for extending the shelf life of fruits and vegetables is 
osmotic dehydration. This method is recommended over others since it retains more vitamins and minerals, 
as well as colour, flavour, and taste.  
Osmotic dehydration is the technique of removing water from cellular solids (fruits/vegetables) by 
immersing them in a concentrated aqueous solution of sugar/salt. Water containing food ingredients is 
submerged in a hypertonic solution of salt or sugar or salt-sugar combinations during osmotic dehydration 
(OD). 

Principle of Osmotic Dehydration 
Water diffuses from a dilute solution to a concentrated solution through a semi-permeable membrane until 
equilibrium is reached, which is the concept underpinning osmotic dehydration. The concentration 
differential between the solution and the intracellular fluid is what drives water elimination. 
If the membrane is fully semipermeable, the solute will not be able to permeate into the cell. However, due 
to the complicated internal structure of food systems, obtaining a perfect semipermeable barrier is 
challenging, and there is always some solid diffusion into the food, implying that osmotic dehydration is 
essentially a combination of simultaneous water and solute diffusion processes. 
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Process Flow Chart for Osmotic Dehydration 

 

Advantages of Osmotic Dehydration      
1. Because it is a low-temperature water removal method, there is less colour and flavour loss. 
2. Because the fruit pieces are surrounded by solutes, enzymatic and oxidative browning are inhibited, 
allowing for good colour retention with minimal or no sulphur dioxide utilisation. 
3. The removal of acid and the uptake of sugar by the fruit pieces results in a sweeter product than a dried 
product. 
4. It only removes a portion of the water, reducing the amount of water that needs to be removed from the 
dryer. 
5. Because there is no phase change, energy consumption is significantly reduced. 
6. Due to solid absorption, it enhances solid density and aids in the production of higher-quality freeze-
dried products. 

Disadvantages of Osmotic Dehydration      
1. Sugar intake causes a decrease in acidity, which affects the unique taste of various items. 
2. In some items, sugar coating is undesirable. 
3. Osmotic dehydration has proven to be costly when used in conjunction with other techniques such as 
vacuum drying, air drying, or blanching. 
4. Osmotic dehydrated items have a higher water activity. 
5. It is a lengthy procedure. 
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Introduction 
Genetic variation among individuals of a species is the result of changes ranging from single-nucleotide 
polymorphisms (SNPs), through indels, to large structural variants (SVs) including copy number variants 
(CNVs) and presence/ absence variants (PAVs), which alter the total amount of genomic sequence found in 
individuals. These changes at genomic level are responsible for phenotypic variations and thus acts as basis 
for selection to act on. 
The availability of reference genome for various crops has made it possible for conducting genome-wide 
survey of SNPs and to link genetic variations with phenotypic variations. But with an increased number of 
genome sequences, there is increased understanding that the single reference genome is insufficient to 
represent the genomic diversity within the whole species and there is need to investigate the Pan-genome 
i.e., entire gene repertoire of a species or phylogenetic clade. The concept of ‘Pan-genome’ was proposed by 
Tettelin et al. 2005, where multiple individuals of the species are sequenced. 

Pan-Genome 
The term ‘Pan-genome’ was first used by Sigaux and was later defined by Tettelin et al. as ‘the full 
complement of genes of a biological clade, such as a species, which can be partitioned as ‘core’ genome and 
‘dispensable’ genome. Pan-genome refers to intra-specific diversity in genome content and structure, 
comprising of both genes and intergenic space. It is studied by a combination of de novo sequence assembly 
and reference-based alignment to discover the structural variants. Pan-genomic studies were first 
undertaken in bacterial species and with advancements in genome sequencing and assembly approaches, 
this study was further expanded to eukaryotic organisms such as plants, fungi and animals (including two 
large scale human pangenome projects). 
Core genome comprises of the genes that are present in all the individuals of a species, whereas dispensable 
genome (also called as accessory or flexible or variable genome) comprises of the genes that are present in 
only some but not all the individuals of the species. Interpretation of core and variable genes represent the 
essence and diversity of the species respectively. The variable genes can be further divided based on the 
criteria of whether the genes are present in two or more individuals and present in only one individual 
(unique genes). The pan-genome can be open where there are no finite number of genes in the species and 
new genes are incorporated into the pan-genome with addition of each new individual. Whereas, in closed 
(Restricted) pan-genome, the gene pool is limited and the addition of new individuals to the analysis after 
a certain number of individuals will not result in an expansion of the pan-genome. 
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Approaches for Plant Pan-Genomics Assembly      
1. Comparative de novo approach: Each genome assembly is built separately for enabling direct 
comparisons to identify the core and variable regions. Annotation of the genomes will allow to identify the 
orthologous gene clusters and simultaneously will identify the core and variable gene families.  
2. Iterative approach: A single genome assembly is used as a reference, to which non-redundant 
sequences from other genomes are added. With addition of reads from other samples, the reference is 
updated and further samples are mapped to this new reference consisting of the newly assembled sequence. 
3. Variation graph approach: The pan-genome sequence is assembled using a de Brujin graph that splits 
the sequence into a number of substrings of length k, termed as k-mers. The relationship between these 
segments of the genome within the pan-genome can be traced by following paths of the graph. 
Factors influencing pangenome analysis are: 

a. Assembly quality. 
b. Annotation quality. 
c. Orthologous gene detection – to find functionally equivalent genes among individuals of the same 
species. 
d. Selection of appropriate sample, so as to capture majority of the diversity within a species. 

Currently, pangenomes have been published for maize, wheat, rice, canola, tomato, sesame, pigeonpea, 
soybean, apple, and barley. Development of these pangenomes has resulted in valuable insights into the 
history of plant domestication and breeding. 

Super-Pangenome      
Pan-genome studies makes use of different cultivated accessions of a crop, which do not represent the 
diverse germplasm as a crop’s gene pool comprises of many species, including wild relatives with diverse 
genetic stock. 

 
Thus, to provide a complete genomic variation repertoire, development of a complete and comprehensive 
genus-level pangenome i.e., super-pangenome is important as it would discern use of potential novel 
haplotypes for conservation and future crop improvement programmes. 

Conclusion and Future Perspectives      
The development of pan-genome tools capable of integrating omics data, cost effective and rapid 
construction of accurate pangenomes, as well as their integration with available functional data and 
expanding these beyond species will enable increased use of wild gene sequence diversity in crop 
improvement. 
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Post-harvest diseases of fruits and vegetables are mainly due to plant pathogenic fungi. In India post-
harvest crop losses ranges from 25-50%. The main factor which makes plant products more susceptible to 
spoilage is the presence of high-water content in fruits and vegetables which allow pathogen attack easily. 
Synthetic fungicides are primarily used to control postharvest diseases. Use of fungicides continuously 
leads to environment, soil, water pollution, serious threat to human health and also development of 
resistance in fungal community (Sharma et al., 2009). In the last few years, biological control of postharvest 
diseases of fruits has been developed as a promising alternative to chemical control. A number of 
microorganism’s viz., bacteria, fungi and yeasts are identified which are having the potential to protect 
fruits and vegetables from fungal infections. The most commonly used bioagents are filamentous fungi and 
yeast because of its properties to grow easily on inexpensive substrates and are not harmful to the 
environment and humans. There are several scientific studies have demonstrated the efficiency of yeasts 
as potential biocontrol agents against a wide variety of post-harvest fruit and vegetable pathogens 
(Wisniewski et al., 2007). Furthermore, yeasts do not produce any kind of spores or harmful mycotoxins, 
unlike other potential biocontrol microorganisms such as filamentous fungi and bacteria (Fan and Tian, 
2000). The major diseases occurred during postharvest storage such as Bitter Rot (blue mold- Penicillium 
expansum), postharvest decay by the fungus Colletotrichum spp., Brown Rot caused by Monilinia fructicola, 
Black Mold caused by Aspergillus niger, Grey mold (Botrytis spp.), Green mold caused by P. digitatum, 
Anthracnose caused by Colletotrichum sp., Decaying of fruits and vegetables caused by Rhizopus stolonifer 
and Aspergillus niger. 

   
A B C 

  
D E 

Figure: Showing the Penicillium italicum on lemon (A), Penicillium expansum on pear (B), 
Aspergillus spp., on tomato (C), Penicillium digitatum on Sweet orange and healthy fruit (D) 

and Rhizopus spp., on carrot (E) 
 

Yeasts as Potential Biocontrol Agents 
Yeasts are unicellular eukaryotes belongs to the kingdom fungi. They are generally used as potential 
bioagents as it is having the ability to colonize rapidly, high nutrient use efficiency and the ability to 
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proliferate abundantly on the surface of fruits and vegetables on which yeasts are applying. Even under 
dry unfavourable conditions they are having the ability to produce extra cellular polysaccharides to 
enhance their survival and some yeasts are tolerant to fungicides and other pesticides applied. There are 
two major genera of yeast, which are used in post-harvest disease control of fruits and vegetables such as 
follows. 
1. Candida oleophila: Candida oleophila is a species of yeast belongs to the phylum ascomycota and class 
saccharomycetes. The antagonistic yeast, Candida oleophila (strain I-182), isolated from the surface of 
tomato fruit, became the first-generation of yeast-based postharvest biocontrol products commercialized 
under the trade name ‘Aspire’ by Ecogen (Wisniewski et al., 2007). The strains of Candida oleophila are 
directly used for the biological control of post-harvest diseases of horticultural produce caused by gray mold 
(Botrytis cinerea) and blue mold (Penicillium expansum). 
2. Pichia guilliermondii: Recently known as Meyerozyma guilliermondii belongs to Ascomycetes, 
reproduced by budding occurs singly and in pairs or short chains. The ascospores produced by Pichia 
guilliermondii appears as hat shaped and mostly found in nature in haploid state. It also produces clusters 
of small blastospores along the psuedohyphae (short and few in numbers) and particularly at septal points. 

Mode of Action      
Biocontrol yeasts are applied to fruits and vegetables in commercial packing and storage houses by 
spraying, dipping and drenching etc., are also a common practice used for the delivery of chemical 
fungicides. There are several mechanisms have been proposed as responsible for their antagonistic activity, 
including competition for nutrients and space, parasitism of the pathogen, secretion of antifungal 
compounds, induction of host resistance, biofilm formation, and most recently, the involvement of reactive 
oxygen species (ROS) in defense response. It has been recognized that a biocontrol system is composed of a 
three-way interaction between the host (commodity), the pathogen and the yeast, all of which are affected 
by environmental factors.  
1. Competition for nutrient and space: Once yeast cells come in contact with a fruit and vegetable 
surface, they will also occupy surface wounds inflicted during harvesting and handling. In the wounds, 
yeasts grow rapidly during the first 24 hours and as a result deplete available nutrients and physically 
occupy the wound space. This can have a direct effect on the germination of fungal spores. Therefore, in 
the first 24 hours, the most important mode of action of yeast antagonists is competition for nutrients and 
niche exclusion (Liu et al., 2013). After 24 h, other modes of action can play a significant role in concert 
with nutrient competition and niche exclusion to bring about decay management (Droby et al., 2009). The 
yeasts adhere to pathogen cell walls and starts depleting iron needed for pathogen growth (Saravanakumar 
et al., 2008). 
2. Activation of host defence mechanism: The wounded vegetable and fruit tissues respond to various 
yeast elicitors (mainly cell wall components and other secreted compounds) by activating host defense 
mechanisms (Chan et al., 2007), regulating yeast population density through changes in pH, the production 
of oxidative compounds and inducing a change in yeast morphology. The role of reactive oxygen species 
(ROS) in biocontrol systems especially has been demonstrated to play an important role in biocontrol 
systems (Macarisin et al., 2010). 
3. Fungal cell wall degrading enzymes secretion: The yeasts adhere to host tissues or pathogen cell 
walls starts secreting fungal cell wall degrading enzymes (Shimon et al., 2004) and forming biofilms. The 
importance of any one mode of action can vary between biocontrol systems of yeast–pathogen–host.  
4. Secretion of lytic enzymes: The ability of antagonistic yeasts to attach to the hyphae of fungal 
pathogens and their ability to secrete lytic enzymes play an important role in biocontrol activity. The first 
discovery of these attributes was the report of the ability of the yeast antagonist that is Pichia 
guilliermondii, to become firmly attached to the hyphae of B. cinerea and secrete β-(1–3) glucanase which 
degraded the cell walls of the pathogen (Zhang et al., 2012). 
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Introduction 
Every year the marketing age of broilers decreases by an average of 0.75 days for the same performance. 
Healthy poultry require a sufficient number of proteins and carbohydrates, along with the necessary 
vitamins, dietary minerals, and an adequate supply of water. The feed must remain clean and dry; 
contaminated feed can infect poultry. Damp feed encourages fungal growth. Diseases can be avoided with 
proper maintenance of the feed and feeder. A feeder is the device that supplies the feed to the poultry. As 
the feed cost represents an expensive input (~70-80% of broiler production cost), the poultry producer 
should be aware of the dynamics of the feed in its influence on final product quantity and quality. 
Formulating feed ideally requires in-depth knowledge of several parameters such as the energy level to be 
maintained in the diet, balancing the amino acid profile and electrolytes of feed etc., which, otherwise, if 
not properly monitored, could negatively influence the performance and profitability of the business. 
Further, in light of environmental challenges and disease outbreaks, it is even more challenging to extract 
the total genetic capability of the birds. Nutritionists should look at several critical parameters whilst 
formulating broiler feed. Important amongst these are: 
1. Nutritive value of raw materials. 
2. Amino acid digestibility.  
3. Amino acid and calorie ratio. 
4. Selection of suitable fat source.  
5. Calcium requirement of birds.  
6. Electrolyte balancing. 
7. Immuno-modulation. 

Nutritive Value of Raw Materials      
1. Raw materials are purchased based on price, availability and nutritive value. 
2. Nutritive value - of raw materials varies from time-to-time, source-to-source and batch-to- batch.  It is a 
very important task to assess the nutritive value each time to ensure that the feed being 
3. Manufactured is of desired quality.  It is essential to have preset quality parameters for each and every 
raw material, based on 
4. Which purchase of raw material should be made.  Upon purchase of raw material, it needs to be analysed 
for quality parameters after collecting. 
5. A representative sample. 

Amino Acid Digestibility 
In general, an average of 90% digestibility is considered whilst formulating feeds or feed formulations are 
based on total amino acids only. Since the raw materials vary in digestibility, it is necessary to consider 
digestible amino acids whilst formulating the feed to ensure optimum performance. 

Amino Acid and Calorie Ratio 
Environmental temperature and the energy content of the feed are key determinants for the feed intake of 
the bird. Other nutrients are normally adjusted based on the feed intake of the bird. There exists a 
relationship between energy and digestible amino acids, which if maintained, will enable adjustment of 
crude protein levels in the diet, thereby reducing the feed cost without compromising performance. 
Optimum live performance, maximum protein retention and reduced carcass fat content can only be 
obtained if a proper ratio between energy and digestible amino acids is maintained. However, these ratios 
vary between different growing periods, i.e., Starter, Grower and Finisher. Nutritionists employ different 
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energy levels ranging from 2800 to 3300 kcal/kg of feed whilst formulating broiler feeds. As energy 
increases it is imperative to increase the digestible lysine content. 

Animal Fat/ Vegetable Fat 
Fat from animal source as well as from vegetable source are used in feeds. An ideal fatty acid profile should 
be maintained in the diet to improve the keeping quality and meat quality. Ideal ratios of unsaturated and 
saturated fatty acids ensure the desired fatty acid profile and ultimately better results. As a general 
guideline the ratio between unsaturated and saturated fatty acids should be 'more than one' for better meat 
quality. Depending on the following factors, the poultry feed manufacturer should select the fat source to 
be included in poultry feed:   
1. Fatty Acid Composition 
2. Availability 
3. Quality 
4. Metabolizable energy content 
5. Price. 

Calcium Requirement of Birds 
Next to energy, birds adjust their feed intake based on calcium requirement. In other words, birds will eat 
more feed for want of calcium-a phenomenon also referred to as calcium hunger. The rapid growth of 
broilers requires large quantities of feed to be consumed and hence feed manufacturers maintain the 
calcium level at a marginal level. In addition to Calcite / Marble powder and DCP, raw materials used in 
the feed also supply calcium to the birds. It is common to utilize the published values of calcium levels of 
raw materials during formulating feeds. However, like other nutrients, the calcium content of raw 
materials varies widely. Excess calcium will bind to phosphorus (2 molecules of calcium will bind to one 
molecule of phosphorus) and make phosphorus unavailable to birds, which is a costly input to the feed 
manufacturers. Further, majority of the feed additives used in the poultry feed are based on a calcium 
carbonate carrier, which also contributes significant amount of calcium to the diet. Keeping this in sight, 
an assessment of calcium in the raw materials and final feed has to be performed. 

Electrolyte Balancing 
Electrolyte balance is represented by Na+K-Cl balance in the diet. Electrolyte balance is expressed in terms 
of mEq. Balancing of electrolytes in the poultry feed is essential in order to spare the bird from utilizing 
energy in attempting to do the same in metabolizing the feed. Apart from salts such as Sodium Chloride, 
Sodium Bi-carbonate and Potassium Chloride etc., Electrolytes (Sodium, Potassium and Chloride) are also 
derived from feed raw materials. Electrolytes are further derived from feed additives like Chloride from 
Lysine Hydrochloride, Choline Chloride etc. An assessment and adjustment in the electrolytes balance is 
important whilst formulating feeds. Electrolyte balance (Na+K-Cl) of poultry feed should be maintained 
between 200 to 250 mEq per kg of feed. 

Immuno-Modulation 
The current trend of intensive poultry keeping and omnipresent disease threats require specific attention 
towards improving the immune status of the bird through nutrition. A number of dietary components can 
have direct and / or indirect implication on the intensity and efficacy of the immune responses. Some are 
capable of increasing the immune responses while others are detrimental to it. 
There is no doubt that broilers on well-balanced diet are immunologically competent and able to cope up 
better with disease challenges. It is imperative that most nutrients necessary for optimal growth (energy, 
amino acids, etc.) are also necessary for optimal immuno-competence. 
The following factors have to be looked into for improving immunity through nutrition:  
1. A well-balanced feed with adequate energy and amino acid profile 
2. Proper dietary arginine concentration 
3. Proper sodium and chloride level 
4. Levels of vitamin A, E and C 
5. Optimum Methionine level 
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6. Adequate Zinc, Manganese and Copper level 
7. Apart from these, various natural and synthetic additives are available to improve immunity. 

Summer Management 
Feed formulation requires significant adjustment during summer season. The reduction in feed intake and 
thus reduction in specific dynamic heat of metabolism improves the tolerance of birds towards hot weather.  
Moreover, changes in the macro and micro formulation increase the passage time of nutrients in the 
intestine. Some points to be considered during summer management are:  
1. Increase in the energy content of the feed is required to take care of the reduction in the feed intake in 
spite of the fact that in summer, the maintenance energy requirement for the bird is comparatively less. 
The increase in energy is best achieved by adding fat (oil) that stimulates feed intake and further improves 
the palatability of feed. Fat also reduces the rate of passage of ingesta within the digestive system. (At the 
same time, we need to reduce daily intake of energy by the bird). 
2. Proportional increase in other nutrients, proportionate to the increase in the energy level 
3. Minimizing the excess of amino acids improves feed intake 
4. A diet with lower protein levels and supplemented with limiting amino acids will help in reducing stress 
to the kidney and also lowering of ammonia levels in poultry houses   
5. Ammonium chloride supplementation through feed improves weight gain. 
6. Sodium bicarbonate addition in diet is beneficial 
7. Micro minerals may be over the normal requirement. 
8. Inclusion of potassium .5 kg / chloride 0.5 kg / MT feed in pre starter and starter diets is also useful. - 
Feed electrolyte balance should be maintained more than 250 mEq especially in the summer. 
9. (The bicarbonate ions coming from sodium bicarbonate should also be considered while balancing) Usage 
of Vitamin C (coated) at a minimum dose of 100g / MT of feed is advisable 
10. Chelated trace minerals usage is advisable 
11. Increase in the fiber content of the feed is useful in slowing down the intestinal motility (which is 
normally higher in the summer). Including at least 2- 3% SFDOC to increase the fiber in all types of feed 
will deliver better results. (This will contribute at least 0.3 to 0.4% increases in the fiber of the diet). 
12. Inclusion of enzymes is preferable during summer months. 
13. Addition of Phytase (80 to 200 g/ton) depending on the feed formula is useful in reducing the stress to 
the birds. 

Types of Poultry Feed 
1. Mash refers to a nutritionally complete poultry in a ground form. This is the earliest complete poultry 
ration.  
2. Pellets consist of a mash that has been pelletized; that is, compressed and molded into pellets in a pellet 
mill. Unlike mash, where the ingredients can separate in shipment and the poultry can pick and choose 
among the ingredients, the ingredients in a single pellet stay together, and the poultry eat the pellets 
whole. Pellets are often too large for newly hatched poultry.  
3. Crumbles are pellets that have been sent through rollers to break them into granules. This is often used 
for chick feed.   
4. Scratch grain (or scratch feed) consists of one or more varieties of whole, cracked, or rolled grains. Unlike 
other feeds, which are fed in troughs, hoppers, or tube feeders, scratch grains are often scattered on the 
ground. Hence, a large particle size is desired. Because they consist only of grains, scratch grains are not a 
complete ration, and are used to supplement the balanced ration. 

Common Feed Ingredients Used in Broiler Feeding 
1. Corn and soybean meal – Usually the most plentiful and lowest-cost sources of energy and well-balanced 
protein, thus it is extensively used. 
2. Balancers and Concentrates – For preparing the poultry feed, concentrates and balances are special 
supplements which are prepared by the commercial poultry feed companies. 
3.  Salt – 0.2 to 0.5% is added to most poultry diets.  
4. Supplemental lipids e.g. Millet (up to 5% of the diet) – May increase energy utilization.  
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5. Yellow pigmentation – Use as much yellow corn as possible plus good sources of xanthophylls, such as 
alfalfa meal or corn gluten meal, for the yellow co loration of the shanks, feet, skin, and egg yolks.  
6. Non-nutritive additives are used for a variety of reasons – e.g., antibiotics (to stimulate growth & control 
diseases), arsenicals and nitro furans (to improve performance), antiparasitic compounds, anti-oxidative, 
and antifungal compounds.   
7. Fish Oil – Fish oil is a dependable source of Vitamin A and D Mainly it is used in chicken feed and laying 
hens feed. Fish oil is very effective when green pasture and sunlight is not adequate. 
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Introduction 
Mushrooms are a type of fungus, it used as food since ancient times. There are many varieties of mushroom 
found in India, but most of them are not edible because of their toxic nature. Some varieties are nontoxic 
in nature which in manly used by peoples in their diet due to the nutrients present in it. It is a good source 
of iron supply in the body, which is more beneficial for people suffering from anaemia. Oyster mushroom is 
also known as Dhingri mushroom. It belongs to the genus Pleurotus having diverse species of saprotrophic 
fungi, commonly known species are odoratus, florida, flabellatus, sajor-caju and columbines. All these 
species are primary decomposers and grow well under natural conditions on dead woody branches of trees 
or tree stumps. Therefore, the cultivation of oyster mushrooms is easy for people. The popularity of 
mushrooms is increasing day by day, which is good news for the growers. The reason for its popularity is 
the presence of nutrients taste, medicinal and anti-inflammatory properties and the increase in awareness. 
It boosts the immune system of an individual. It removes malnutrition problems among people of different 
regions. Mushrooms are richer in nutrients than normal vegetables. Various types of nutrients are found 
in it, which are necessary for the growth and development of the human body. Mushroom contains 22-35% 
high-quality protein, Vitamins (B and C), minerals, Fat in small amounts (0.41g) and have no cholesterol. 
They contain an abundance of essential amino acids such as Valine, glutamine and leucine. This mushroom 
helps in the treatment of chronic illness, cancerous and another cardiovascular disease. It reduces diabetes, 
hypertension, and obesity due to the absence of sodium. 

Requirement for Mushroom Production      
Mushroom house - Oyster mushroom cultivation does not require any agricultural land. It can be 
cultivated in Kaccha Jhopda and Pucca houses. A roof can be made from the easily available weeds in the 
village at an unusable place around the house. There is a need for 20X20 feet room for producing 1000 bags 
(2 kg substrate per bag). 
Oyster spawn - Oyster mushroom seed is known as spawn. it is available at a very low cost in DMR 
(Directorate of mushroom research, solon, H.P.), any certified seed-producing institute, KVKs (Krishi 
Vigyan Kendra) and agriculture universities. which can be easily obtained by farmers. 

Production Process of Oyster Mushroom 
Suitable time for its cultivation is from October to mid-February a room temperature should be 20-28 °C 
and relative humidity 80-85%. Farmers can choose any one of the cellulose-containing materials such as 
wheat, maize, millet, paddy etc. to make straw. For mushroom cultivation firstly treat the straw with, 7.5 
- 10 g of Bavistin and 125 ml formalin in 100 litres of water and soak the straw into it for at least 18 hours 
or overnight. The next morning, remove the excess water from the treated straw. Put a layer of straw in a 
polythene bag of length approx 30 cm and width 20 cm, and then put the spawn. 
Repeat this process 6 to 7 times. The important thing to keep in mind is that seeds should be put in between 
each layer. Before closing the open part of the polythene make 10 to 20 holes with a pointed object and 
holes should be large enough for emerging fruiting bodies outside. After that close the open part with the 
help of rope. 
Now put this polythene bag on a wooden or steel rack. If there is a lack of space, the bag can be hung above 
the ground with the help of a rope. To maintain the moisture, water should be sprayed twice a day with 
the help of a sprayer. 
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Major Stages of Oyster Mushroom Production 
1. To get spawn from a well-recognized institute or KVK and its Preparation. 
2. To prepare substrate using wheat, maize, bajra grains and paddy straw. 
3. Treatment of straw with bavistin and formalin. 
4. Filling bags by putting spawn after each layer of straw with pressure, making 10-20 holes and then 
closing a bag. 
5.  Keeping bags in a dark room for 20-25 days for the running of mycelium. 
6.  Keep spraying water on bags and walls of a room for maintaining optimum moisture and temperature. 
7. After 10 days of mycelium formation, fruiting bodies emerge from holes and mature 
within 1 day. 
8. Collection of matured mushrooms from bags at 5 – 6 days interval for at least 2 months 
9. Packaging of fresh mushroom for marketing or it can be used by farmers for their consumption 
10. Processing raw mushrooms to make useful products – chutney, powder, soup, pickle. 
11. Selling mushrooms and it’s by-products in the market to get more benefits. 

Disease and their Management 
The mushroom is prone to fungal diseases like: green mould, dry mold etc.  
Control – Benomyl and bavistin spray immediately after observing symptoms. 
Bacterial disease – soft rot, yellow blotch, brown spot, cobweb and die-back disease. 
Control – Application of Streptocycline and oxytetracycline. Also apply chlorinated water having 100 - 150 
ppm of freely available chlorine at an interval of 3-5 days, followed by proper management of humidity and 
temperature during the growing phase. 

Precautions in Oyster Mushroom Production 
1. Mushroom seeds should be purchased from KVK and a certified institution only. 
2. The wheat husk should not be rotten and Mushroom spawns must be carefully prepared so that they are 
completely germ-free. 
3. If any unnecessary mold is seen in the spawn bags, such infected spawns should not be used and all the 
unnecessary molds can be identified by colors like black, green, yellow etc. 
4. Seeds can be stored in a 4 to 50C freeze for a couple of months. It should be kept at room temperature 24 
hours before sowing. Keep the seed safe from rats, insects and pests. 
5. To protect the mushroom from insect pests and flies, mix 20 ml of Nuwan or Dijinon in 10 liters of water 
and spray it on the walls. 

Benefits of Oyster Mushroom 
1. Oyster mushroom production can be started at a very low cost. Apart from regular agriculture, it is the 
best source of getting most of the income  
2. Farmers can easily become self-reliant by this and can improve their standard of living. 
3. Today when people are suffering from the problem of unemployment, they can get self-employment by 
mushroom production. 
4.  It does not require any special degree or training and can be grown in a much-closed space or room.  
5. Mushroom contains 22-35% high-quality protein, Vitamins (B and C), minerals, Fat in small amounts 
(0.41g) and have no cholesterol. They contain an abundance of essential amino acids such as Valine, 
glutamine and leucine. This mushroom helps in the treatment of chronic illness, cancerous and another 
cardiovascular disease. 

Marketing and Processing 
Harvested oyster mushrooms should be pierced in polypropylene bags. Farmers can earn good profits by 
keeping these bags in cartoon or cardboard boxes and selling them in nearby markets, hotels etc. after 
drying mushrooms, pickles, soups, chutneys, the powder can also be sold in the market. 
As a result, income can be increased in a short time, an average of 500- 600 grams of mushroom can be 
obtained from 1 kg straw. The ratio of profit to cost in mushroom production is good. 
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Conclusion 
In addition to the nutritional value of mushroom, it has been known to be a source of bioactive compounds. 
Mushrooms work as dietary supplements for mankind. It contains components having properties to prevent 
diseases as mentioned by several studies and research work. It also includes essential nutrients with low 
calories and low-fat content. By keeping in view the present studies, further research work should be 
carried out on mushrooms and it’s by-products for the sustainable development of farmers and their health 
benefits so that an alternative source is kept for financial support. 
  



 

 
Volume 4 - Issue 03 - March 2022       156 | P a g e  
 

Nutraceutical Values of Fruit Crops 
Article ID: 36301 

G. L. Veena1, J. D. Adiga1, B. M. Muralidhara1, Babli Mog1, V. Thondaiman1, K. Manjunath1, 
Shamsudeen M.1, Siddanna Savadi1, G. N. Manjesh1 

1ICAR-Directorate of cashew research Puttur, Dakshina Kannada-574202. 
 

  
 

Plants particularly fruit crops are one of the most important resources of human diet and have been utilized 
as a natural source of medicinal components for thousand years. A new trend is gaining attention of the 
public with increased usage of plant nutrients i.e., phytonutrients, phytomedicines, phytotherapy etc 
(Bagachi, 2006; Berger and Shenkin 2006) for boosting our immune system by supplying required 
nutraceuticals to the human body.  About 2000 years ago Hippocrates the famous Greek physician stated 
that "Let food be thy medicines and medicine be thy food". The present situation demands for health care 
with no toxicity or other adverse effects like drugs. People are turning massively towards food supplements 
to improve their health (Hashami and Davoodi 2012).  
Nutraceuticals a buzzword these days, fall in the category of health improving food. It is a blend of two 
words nutrient (a nourishing component) and pharmaceutical (a medicinal drug) sometimes it is also 
referred as functional foods. Pandey et al (2010) categorised nutraceuticals as potential and established 
nutraceuticals. Potential is the one which has promising approach towards particular health or medicinal 
benefits. Whereas, the established nutraceuticals are a potential nutraceutical which become an 
established only when there is sufficient clinical test to demonstrate its results 

Fruits as a Source of Nutraceuticals      
An increasing attention has been paid by the consumers towards consumption of fruits and vegetables as 
a source of bioactive compounds.  Several studies have reported the correlation between the dietary intake 
of fruits and vegetables to a lower risk of chronic diseases/ oxidative stresses; such as cancer, 
cardiovascular, neurodegenerative diseases, obesity and inflammation etc.  
The saying by British actor Stephen Fry that "Taste every fruit of every tree in the garden at least once, it 
is an insult to creation not to experience fully”. Because each type of fruit has its unique significance with 
respect to taste as well as nutrient composition. Fruits can be harnessed as a potential source of 
nutraceuticals owing to their inherent composition of beneficial elements. Majority of the fruits are 
possessing therapeutic properties most common one is berries. Some of the classic examples are grapes, 
aonla, banana, Annona, bael, fig, crane berry, orange etc. Diets rich in fruits and vegetables are considered 
as good source of human health promoting constituents. Fruits are at par with the medicinal plants in the 
arena of preventive health care. Therefore, consumption of fruits in our daily intake can reduce the risk of 
several chronic diseases and promotes health (Boeing et al., 2012).  The main therapeutic activities of fruit 
crops are as follows: 
Antioxidant activity: The phytochemicals present in fruit like carotenoids, lycopene, vitamin C, 
flavonoids and other polyphenols have potential antioxidant activity (Wang et al., 1996). Many of these 
phytochemicals may help to protect cells against the oxidative damage caused by the free radicals (Wada 
and Ou, 2002). The antioxidant activity of phenolics is mainly because of their redox properties which 
allows them to act as reducing agents (Rice Evans et al., 1995).  
Anticancerous property: Anthocyanins and other polyphenolic pigments are responsible for different 
colours of the fruit crops like red, blue, purple etc. In majority of the berry fruit crops like, grapes, blue 
berry, raspberry, cranberry etc, it has been found that berry anthocyanin may prevent multiple chronic 
diseases such as cardiovascular disease (Gosh et al., 2011), diabetes (Wang et al., 2008), cancer (Joseph et 
al., 2003), and age-related neurodegenerative decline (Hariss et al., 2001). Studies conducted in animal 
models demonstrated that dietary berry anthocyanins might protect against carcinogen azoxymethane 
(AOM) induced colon carcinogenesis (Lala et al., 2006). The potential mechanisms by which berry 
anthocyanins may prevent colorectal cancer may relate to apoptosis induction and cell-cycle arrest as well 
as inhibition of proliferation, inflammation, and angiogenesis (Yun et al., 2009; Danielle et al., 2015).  
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Anti-diabetic: It is predicted that 25% of the world demography is affected by diabetic. It is caused by the 
abnormality of carbohydrate metabolism and is associated to low insulin level in blood or impercipient of 
target organs to insulin (Maiti et al., 2004). Diabetes is a metabolic disorder which cannot produce or 
improperly produce insulin, a hormone that is requisite to convert sugar, starches, and other food into 
energy. Jamun or Indian blackberry has been indicated in Ayurveda for use in diabetics. Due to its claimed 
anti-diabetic effect in traditional medicine, E. jambolana has been reported to have hypoglycemic effects 
both in experimental models and clinical studies. The aqueous extract of Psidium guajava leaves has a 
good effect to lower blood glucose. The main compounds of these plants are glycoprotein, flavonoids, 
glycosides such as strictinin, isostrictinin and pedunculaginthat have antidiabetic activity. These 
compounds are mainly responsible for improved sensitivity of insulin.  The components of C-
glucosidexanthone of M. indica are known to control diabetes mellitus. These compounds are showing the 
antidiabetic activity (Miura 2001). Some enzymes inhibit intestinal glucose absorption and reduction of 
carbohydrates, and reduction of effect of glutathione. All of these actions may be responsible for the 
reduction and or abolition of diabetic complications. 
Antimicrobial activity: Flavonoids are the common substances found in fruits. These polyphenolic 
compounds are having beneficial biological properties which play important role in maintenance of human 
health. These plant phenols have antimicrobial properties, so they may change the composition of colonic 
flora in an unexpected way (Pimia et al., 2001) 
Anti-inflammatory: Inflammation is the first biological response of the immune system to infection, 
injury or irritation. Fruits contain high levels of phytochemicals that show anti-inflammatory effects. 
Fruits like strawberry, Raspberry, Blue berry, almond, walnut and others have anti-inflammatory effects. 
Similarly, fruits have many other therapeutic applications like antihelmenthic, antilipemic, anti-
hypersensitive, antibacterial, antiviral, etc. indicating importance of fruits in our diet. Human beings 
require carbohydrates, proteins, essential amino acids, Inorganic supplements like minerals, vitamins, 
enzymes. dietary fibres, antioxidants, photochemical etc in their daily diet to keep sound health. Fruits 
consumption in our daily diet will reduce the risk of cancers and associated synergistic effects. Some of the 
important health benefits of different fruit crops are listed in the table.  
Table 1: Health Benefits of different fruit crops: 
Fruits Active Principle  Beneficial health effects Reference 
Mango Gallic acid 

Beta carotenoids 
Polyphenols 

Diuretic, tonic, anthelmentic. the 
beta carotenoids helps in enhancing 
the immune system.  

Wanthoz et al., 2007 

Pineapple Bromelin Antidiabetic, amtioxidnat, 
hyperlipedemic, Antihelmentic, 
Vermicide, improve digestion 

Khan et al., (2011) 

Jamun Jamboline, ellagic acid Stomachic, diuretic, 
hepatoprotective, antidiabetic 

Grover et al., 2000; 
Sissodia and 
Bhatnagar 2009 

Lime , Lemon Geraniol, Citral and 
hesperidine glucosides 

Juice is good for asthama, 
headches, pneumonia and arthritis, 
diuretic and blood purifier 

Bertuzzi et al., 2012 

Pomegranate Protein and minerals 
like Ca, Mg, P, Fe, Cu, 
carotene and thiamine, 
riboflavin, nicotinic 
acid, vitamin C and 
pectin 

Acts as an antioxidant and reduces 
blood pressure, Anti-inflammatory, 
helpful in preventing breast cancer 

Jurenka 2008 

Papaya Papain, Carpine and 
Carotenoids 

Antibacterial, antiviral, anti-
inflammatory and antipyretic 
potential 

Singh and Ali 2011 

Mangosteen Mangosim,Flavonoid, 
anthocyanins and 
tanins 

Astringent, Febrifuge, 
Cardiovascular diseases;  

Obolskiy et al., 2009 
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Apple 
 

Quercetin, catechin, 
gallic acid, chlorogenic 
acid and phloretin 

Cronic diseases  Boyer and Liu, 2004 

Banana Potassium 
Non digestible fibre 
B complex 

A single banana provides 23% of 
potassium that we need in our daily 
basis.  

 

Guava Vitamin C and 
Lycopene 

Lower blood cholesterol, 
triglycerides, hypertension and 
some cardiac problems. Due to high 
quercetin contents, guava leaves 
are used to develop a phytomedicine 
for diarrhea.  Postrate cancer  

 

Fruit Colour as a Nutraceuticals 
Fruits are attractive mainly by their colour and appearance. Different coloured fruits consist of different 
phytochemicals which also play a potential role in our health. Some of the important coloured fruits and 
their health benefits are as under: 
Colour Group Phytochemicals Health benefits Fruit source 
Red Lycopene 

 
Anthocyanin 

Reduce the risk of prostate cancer  
Delay several diseases associated 
with ageing 

Pink pulp guava 
Strawberries 
Papaya 

Yellow / Orange Carotenoids and 
Flavonoids 

Reduce the risk of heart disease, 
cancer, and anti-ageing 

Mango, Oranges 

Blue/ Purple Anthocyanins and 
Phenolics 

Reduce the risk of cancer, heart 
disease, anti-ageing 

Egg plant, grapes, 
plums, blue berries 

White Polyphenols Reduce the risk of heart disease Banana 

Role of Underutilized Fruits as Nutraceuticals 
India has a rich heritage of indigenous fruit types. Although some are already recommended for commercial 
cultivation, lot more are awaiting future exploitation. Some of them are Bael (Aegel marmelos), Jamun 
(Syzygium cumuni), Carambola (Averroha carambola), Aonla ( Emblica officinalis), Jackfruit (Artocarpus 
heterophyllus), Karonda (Carissa carandas), Phalsa ( Grewia asiatica), Ber (Zizyphus mauritiana), 
Tamarind (Tamarindus indica), Wood apple (Ferronea limonia), Garcinia (Garcinia indica), Manila 
tamarind (Pithocelebium dulcis) etc. The underutilized fruits are valued for their role in food and 
nutritional security. Most of the underutilized fruit crops are cheap and highly nutritious possessing 
various medicinal and therapeutic properties. Some of the major underutilized fruits and their nutritional 
significance are listed in this table. 
Fruit crop Health benefits 
Aonla  Rich in Vitamin C. Reduce the risk of insomnia, scurvy, constipation, acts as a 

cooling agent and also possess antioxidant activity.  
Wood Apple Consists of Calcium, Phosphorus, Carotenoids, vitamin C and B complex 
Ber Rich in Vitamin C, A and B complex. Good for curing dysentry, diarrhoe, throat 

and gum bleeding, 
Bael Ayurvedic remedy against diarrhoea, dryness of the eyes and common cold. It is 

also useful in preventing scurvy and strengthens the stomach. 
Carambola Fruit contains good quantity of vitamin C. The dried fruits have cooling and 

antiscorbic effect. Ripe fruits are used to cure dysentery, piles and are also known 
to relive thrust. Some of the important flavonoids present are quercetin, 
epicatechin and gallic acid which help to protect from deleterious effects of oxygen 
derived free radicals. 
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Mangosteen Unique for its appearance and flavour, mangosteen is often referred as queen of 
tropical fruits. It is moderately low in calories and contains no saturated fats or 
cholesterol. Mangosteen is a good source of vitamin C, fresh fruits contains niacin 
and folates. Acetic acid, garcinol, malic acid, magnesium, vitamin B complex and 
citric acid are some of the other components present in it. Garcinia helps to get rid 
of allergies, digestive issues and  helps to maintain body heat.   

Jackfruit Jackfruit is rich in dietary fibre, which helps to protect the colon mucous 
membrane by eliminating cancer causing chemicals from the colon.  The fresh fruit 
contains significant amount of vitamin A and Carotene, Xanthin and Lutein. It is 
also a good source of vitamin C, potassium, magnesium and iron.  

Seabuckthorn  An ecologically and economically important fruit plant.  Seabuckthorn is a rich 
source of nutrients and bioactive components beneficial for human health. Fruit 
juice is rich source of sugar, organic acid, essential fatty acids. phytosterol, 
flavonoids, vitamins and mineral elements. There is an enough amount of vitamin 
C in the berries.   

West Indian 
Cherry 

The berry is rich in vitamins (C, A, B1, B6), flavonoids and mineral elements such 
as calcium, phosphorus, iron, potassium and magnesium. The berry has the highest 
content in Vitamin C: from 1500 to 4500 mg for one edible portion, that means 90 
times that of an orange, and 35 times that of a lemon. The fruit is astringent, with 
antioxidant and anti-fungal activity, due to the 
high polyphenols content. Unripe fruit contains more vitamin C and has more 
antioxidant activity than the ripe one (Vendramini, Trugo, 2000; Assis et al., 2001), 

Conclusion 
Fruits contain significant amounts of bioactive compounds besides providing basic nutrition, they play a 
vital role in prevention of many diseases. Therefore, fruits are also mentioned as protective foods. Most of 
the fruits have specific role though their nutraceutical significances are yet to be explored in detail. Apart 
from major fruits minor fruits also have important roles as nutraceuticals. Effectively harnessing of these 
fruits can raise their economic significance. Since the market for nutraceuticals rich fruits is ever 
increasing, to cope with this demand there is an urgent need to explore the potential properties of fruits. 
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Introduction      
1. Land is an important natural resource, as it is not only a medium for plant growth but also act as a store 
house of water and nutrients. Soil is the top layer of the earth’s surface that is capable of sustaining life. 
Soil erosion is the process of displacement of the upper layer of the soil. Soil erosion by water and wind 
together accounts for 87% of the total area affected by various forms of land degradation and desertification 
in the country.  
2. Erosion by water is the most serious process of land degradation and desertification in country. Erosion 
by water is the chief contributor (45.3%), followed by chemical deterioration (4.2%), wind erosion (4.1%) 
and physical deterioration (3.5%). On an average, about 5334 million tonnes of soil lost annually through 
water erosion of which 29% is lost permanently into sea, 10% gets deposited in reservoir reducing their 
capacity by 1-2% every year, and the remaining 61% deplaced from one place to another. The nutrient 
losses estimated 5.33 million tonnes of N, P and K (Bhattacharyya et al., 2015). 
3. Therefore, an agronomical as well as mechanical measure to control erosion of soil by water not only 
reduces the losses of soil and water but will sustain soil productivity and ultimately increased the crop 
productivity.  

Land Degradation Status of India and Gujarat 

  
Source: ICAR (2010) Source: www.mapsofindia.com 

What is Erosion? 

 

http://www.mapsofindia.com/
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Soil erosion is defined as a natural process that involves detachment, transport and subsequent deposition 
of soil particles and small aggregates from land surface by different agency like; wind, water ice or gravity. 

Mechanism of Water Erosion 
The process of erosion can be conveniently divided into three sub process: 
1. Detachment: It needs energy which is mainly supplied by the falling rain drops.  
2. Transportation: Transport of detached soil particles is carried out by flowing water which is caused by 
the slop of the soil.  
3. Deposition: Soil particles are deposited at new sites. 

Process of Soil Erosion 

 

Types of Water Erosion 
1. Rain Splash erosion  
2. Sheet erosion  
3. Rill erosion  
4. Gully erosion  
5. Ravines  
6. Sea or Shore erosion  
7. Stream bank erosion  
8. Landslides. 

Factors Influencing Erosion 
1. Rainfall: 

a. Rainfall influences both the process of detachment and transportation. 
b. Amount, intensity, duration and distribution of rainfall influence runoff and erosion. 
c. Majority of raindrop (1-4 mm dia.), when Raindrop size (7-9 mm dia.) it called Higher intensity of 
rainfall while Higher intensity with Longer duration of rainfall Causes severe soil erosion. 
d. Subsequently, water present on the soil receives the beating action of rain drops, the over land 
flow act as a powerful detaching and transporting agent.  

2. Vegetation:  
a. Among the different factors that influence erosion, vegetative cover is more important.  
b. The major effect of vegetation in reducing erosion are: 
c. The impact of raindrops is absorbed by vegetation present on the soil surface, and therefore, there 
is no break-down of soil aggregate and thus reducing surface sealing and runoff. 
d. Retardation of erosion by decreased surface velocity and physical restraint of soil movement. 
e. The plant roots bind the soil particles. Due to addition of organic matter by vegetation, stable 
aggregate are formed and porosity of the soil by roots and plant residue which are resistant to break-
down.  
f. Increased biological activity in the soil, and Transpiration, which decreases soil water, resulting 
in increased storage capacity and less runoff. 
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3. Soil characteristic:  
a. Erosivity is the capacity of agents causing erosion while Erodibility is the susceptibility of the soil 
to erosion.  
b. Soil Erodibility influence by: Topography, Physical properties of soil, Chemical and biological 
properties of soil.  

4. Man and beast: 
a. Man and beast accelerated erosion by extensive farming and excessive grazing. 
b. Practices like cultivation on steep slops, cultivation along the slop, cutting and burning of forests 
lead to heavy erosion. Excessive grazing destroys all vegetation, leaving the land bar for ravages of 
erosion. 

How to Identify Soil Erosion? 
1. Visual indicators: 

a. Comparisons of aerial photographs taken over times  
b. Change in soil horizon thickness  
c. Deposition of soil at field boundaries  

2. Physical indicators: 
a. Measurements of aggregate stability  
b. Increasing depth of channels and gullies  

3. Chemical indicators: 
a. Decrease in soil organic matter content  
b. Change in cation-exchange capacity  
c. Increases in calcium carbonate content at the surface 

4. Biological indicators: 
a. Decreased microbial biomass  
b. Lower rate of respiration  
c. Slower decomposition of plant residue. 

Some of the Adverse Impacts of Soil Erosion by Water are 
1. Onsite effects: 

a. Loss of rain water  
b. Loss of nutrient and applied fertilizers  
c. Remove fertile topsoil  
d. Reduced infiltration  
e. Reduced recharge of water table  
f. Disturbance of seed and plants  
g. Soil quality, texture, structure and stability affected  
h. Light colour soil expose due to long term erosion. 

2. Offsite effects: 
a. Inhibit or delay the emergence of seeds, bury small seedling and necessitate replanting in the 
affected area. 
b. Pollute downstream water resources, recreational area and seriously decline the quality of 
drinking water. 
c. Sediment can be deposited on down slope properties and contribute to road damage. 
d. Gradual deposition of silt at the downstream river reaches raises the river bed elevation and 
causes flood hazard. 
e. Sediments which reach streams can accelerate bank erosion, clog drainage ditches and stream 
channels and impacts on fishery resources and river/lack habitats due to eutrophication.   
f. Sedimentation of the reservoirs built across rivers reduces their live storage capacity, which 
adversely affects drinking water supply, irrigation and hydro-electric projects. 
g. High rate of siltation in dams and reservoir leads to high maintenance cost and shortens the life 
of the construction. 
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Management Strategies that Minimize Water Erosion 
1. Agronomical measures: 

a. Choice of crop  
b. Cover crop  
c. Cropping system  
d. Strip cropping  
e. Mulching  
f. land configuration  
g. Organic matter  
h. Soil stabilizer  
i. Contour cultivation.  

2. Agrostological  
3. Agroforestry  
4. Mechanical measures: 

a. Contour bunding  
b. Graded bunding  
c. Bench terracing   
d. Grass water ways. 

Conclusion 
Soil and water can be efficiently conserved by agronomic and mechanical measures viz., choice of crop, 
cropping system, land configuration, contour cultivation, strip cropping, mulching, use of organic manures, 
fertilizers, bunding, terracing, contour trenching, vegetative barrier, agrostological and agro forestry with 
integrated approaches of available resources can be advantageous for reducing a large amount of runoff, 
soil losses, increase infiltration rate and also improve soil fertility. Thus, it enhances the crop yield in a 
sustainable basis for longer period of time. 
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Introduction      
The continued depletion of the earth's natural resources, as well as the rising usage of toxic chemical 
fertilisers, are major concerns for agriculture's future. Chemical fertilisers were used in agriculture in the 
past century. In the beginning, farmers were happy with the improved produce in agriculture. But, over 
time, chemical fertilisers started to show their negative consequences, such as polluting water system, 
destroying microorganisms and beneficial insects, making crops more prone to disease attack, reducing soil 
quality and fertility, and causing irreversible damage to the overall environmental system. A number of 
scholars from around the world began researching alternatives and discovered that biofertilizers can help 
increase production while avoiding the damage caused by chemical fertilisers. 
Biofertilizers are compounds that contain a range of microorganisms that have the ability to colonise the 
rhizosphere and make nutrients readily available to plants, hence improving plant nutrient uptake. 
Biofertilizers are growing rapidly as a viable alternative to toxic chemical fertilisers in the support of 
sustainable agriculture. 
Biofertilizers are important for satisfying global food demand by improving crop production and 
maintaining long-term soil fertility. Crop plants can interact with microbes to improve their immunity, 
growth, and development. The essential nutrients for crop growth and development include nitrogen, 
phosphorous, potassium, zinc, and silica, but these nutrients are normally present in insoluble or complex 
forms in the soil. They are made soluble and accessible to plants by certain bacteria. The conclusions of this 
article can help us better understand the different microbes and their mode of action and advantages of 
biofertilizers in agriculture for long-term crop productivity.  

The Advantages of Bio-Fertilizers 
1. Increase crop yield by 20 to 30 percentage 
2. Substitute chemical nitrogen and phosphorus by 25% 
3. Stimulate crop plant growth and development 
4. Activate the soil environment biologically 
5. Restore natural soil fertility and productivity 
6. Provide defence against drought and some soil borne diseases and pests 
7. Cost effective over chemical fertilizers 
8. Supplements to toxic chemical fertilizers 
9. Biofertilizers are environmental-friendly 
10. Diminishes the costs towards chemical fertilizers use, especially regarding phosphorus and nitrogen. 

Types of Biofertilizer 
Biofertilizers are classified into various categories (Table 2) based on their roles and modes of action. 
Nitrogen fixer (N-fixer), potassium solubilizer (K-solubilizer), phosphorus solubilizer (P-solubilizer), and 
plant growth promoting rhizobacteria are the most commonly used biofertilizers (PGPR). Inside one 
gramme of fertile top soil, up to 1010 bacteria can be present, with a live weight of 2000 kg/ha. Soil bacteria 
can be cocci (spheres with a diameter of 0.5 µm), bacilli (rods with a diameter of 0.5–0.3 µm), or spirals with 
a diameter of 1–100 µm. The physical and chemical qualities of the soil, organic matter and phosphorus 
content, as well as cultural activities, all influence the presence of bacteria in the soil. Nutrient fixation 
and plant growth improvement by bacteria, on the other hand, are critical components for accomplishing 
future sustainable agricultural goals. Microbes also help the ecosystem's numerous nutrient cycles. 
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Mechanism of Different Biofertilizers 
Nitrogen-fixing: Increase the amount of nitrogen in the soil by fixing atmospheric nitrogen and making it 
available to plants.  
Table 1. Substitution of nitrogen through different biofertilizers: 
Biofertilizers Substitutes/ha/year 
Rhizobium 50–100 kg N 
Blue Green Algae 24.8–29.9 kg N 
Azolla 9.2–18.4 kg N 
Azospirillum 27.6 kg N (maize) 
Frankia 89.7 kg N 
(Modified from Brahmaprakash et al., 2012) 

Phosphorus solubilizing: Dissolve bound phosphates, secrete organic acids and lower soil pH to convert 
insoluble forms of P in the soil to soluble forms. Phosphorus mobilising: Transfer phosphorus from the soil 
to the plant root hairs. Potassium solubilizing: Produce organic acids that degrade silicates and help in the 
removal of metal ions, making potassium (silicates) accessible to plants. Potassium mobilizing: They 
mobilize the unavailable forms of potassium in the soil to the plant root hairs. Micronutrient: Help in the 
oxidizing sulfur to sulfates form which are usable by plants. Proton, chelated ligands, acidification, and 
oxidoreductive systems can all be used to solubilize zinc. Growth promoting: Produce hormones that 
encourage root growth, increase nutrient availability to plants, and boost crop yields. 
Table 2: The classification of biofertilizers with appropriate example: 
Group of 
biofertilizers 

Sub-group Examples 

Nitrogen-fixing Free-living Beijerinkia, Derxia, Aulosira, Azotobacter, Tolypothrix, 
Clostridium, Desulfovibrio, Klebsiella, Anabaena, Nostoc, 
Rhodospirillum, Chromatium, and Bacillus polymyxa 

Symbiotic Rhizobia (Rhizobium, Bradyrhizobium, Sinorhizobium, 
Allorhizobium, Azorhizobium Mesorhizobium), Anabaena 
azollae, Frankia, and Trichodesmium 

Associative Azospirillum spp. (A. brasilense, A. amazonense, A. 
lipoferum, and A. halopraeferens), Acetobacter 
diazotrophicus, Azoarcus spp., Bacillus, Enterobacter, and 
Pseudomonas 

Phosphorus 
(microphos) 

Phosphate-
solubilizing 

Bacillus megaterium var. phosphaticum, B. polymyxa, B. 
subtilis, Pseudomonas striata, B. circulans, Penicillium 
spp., Aspergillus awamori, Trichoderma, Rhizoctonia 
solani, Flavobacterium, Rhizobium, Aereobacter, and 
Erwinia 

Phosphate-
mobilizing 

Arbuscular mycorrhiza (Glomus sp., Gigaspora sp., 
Acaulospora sp., and Sclerocystis sp.), ectomycorrhiza 
(Laccaria spp., Pisolithus spp., Amanita spp., Boletus spp.) 
and orchid mycorrhiza 

Micronutrients Potassium 
solubilizing 

Bacillus edaphicus, B. mucilaginosus, and Paenibacillus 
glucanolyticus 

Silicate and Zn 
solubilizing 

Bacillus subtilis, Thiobacillus thioxidans, and 
Saccharomyces sp. 

Growth promoting Plant growth-
promoting 
rhizobacteria 

Agrobacterium, Azotobacter, Bacillus, Achromobacter, 
Cellulomonas, Alcaligenes, Arthrobacter, Actinoplanes, 
Rhizobium, Pseudomonas fluorescens, Bradyrhizobium, 
Erwinia, Streptomyces, and Xanthomonas, Enterobacter, 

Modified from Singh et al. (2014) 
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Different Application Practices of Biofertilizers 
Seed treatment, seedling root dipping, and soil application all are methods of applying microbial 
biofertilizers. 
Seed treatment: Seed treatment is a very successful, cost-effective, and widely used approach for all types 
of inoculants (Sethi et al. 2014). The seeds are mixed and uniformly coated in a slurry and then shade-
dried, earlier being sown within 24 hours. Depending on the quantity of seeds, liquid biofertilizers can be 
coated in either a plastic bag or a bucket. 
Seedling root dipping: Seedling roots are dipped in a water suspension of biofertilizer (Nitrogen-fixing 
Azotobacter and phosphorus-solubilizing microbial biofertilizer) for a sufficient period of time for plantation 
crops such as fruits, sugarcane, banana, cotton, trees, cereals, vegetables, grapes, and tobacco etc. 
Treatment times vary by crop; for example, vegetable crops are treated for 20-30 minutes, whereas paddy 
is treated for 8-12 hours before transplantation (Barea and Brown 1974). 
Soil application: Biofertilizer is applied directly to the soil, either alone or in combination, in this method. 
A phosphate-solubilizing microbial biofertilizer, cow dung, and rock phosphate mixture is maintained in 
the shade overnight and applied to the soil with a moisture level of 50% (Pindi and Satyanarayana 2012). 
Rhizobium for leguminous plants or trees and Azotobacter for tea, coffee, rubber, coconuts, all fruit/agro-
forestry plants for fuelwood, fodder, fruits, gum, spice, leaves, flowers, nuts, and seeds are two examples of 
soil-applied biofertilizers. 
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Based on local circumstances and their characteristics, forests ecosystems can play diverse parts in the 
carbon cycle. Mainly from net emitters of carbon to net sinks of carbon. It sequesters carbon by capturing 
carbon dioxide from the atmosphere and altering it into biomass through photosynthesis. Sequestered 
carbon is then accumulated in biomass, deadwood, litter, and forest soils. The release of carbon in the forest 
ecosystems effects from natural processes (respiration and oxidation) and measured or unintended results 
of human actions (i.e. fires, harvesting, forest deforestation). 
The influence of forests to carbon cycles has to be evaluated by the use of harvested wood, e.g. woods storing 
carbon for a definite period. In case, where the net balance of carbon emissions by the forests is negative, 
i.e. carbon sequestration prevails, forests mitigate carbon emissions by acting as both a carbon reservoir 
and a tool to sequester additional carbon. Conversely, when the net balance of carbon emissions is positive, 
forests enhance the climate change and greenhouse effect. 
Forests plays a major role in the carbon cycle are affected by the climate change. Evolutions in rainfall and 
temperature can have either damaging or beneficial impacts on forest health and productivity, which are 
complex to predict. Depending on circumstances, climate change will either reduce or increase carbon 
sequestration into forests, which causes uncertainty about the extent to which the world’s forests will 
contribute to climate change mitigation in the long term. Forest management activities can influence 
carbon sequestration by stimulating specific processes and mitigating the impacts of negative factors. 
Carbon storage in the products, trees, litter and soil can be assessed in terms of long-term equilibrium 
storage or short-term storage rate. Plantations harvested at the time of maximum mean annual increment 
(MAI) will not store as much carbon as mature, old-growth forests on the same site unless they have long-
lasting products and are very fast growing. The carbon storage is generally achieved by harvesting at the 
time of maximum MAI when the lifetime of products exceeds the time to full MAI. Undisturbed peatlands 
sequester CO2, emit CH4. When peatlands were drained and planted with trees, they stop talking CH4 and 
store carbon in forest litter, the trees, wood products and forest soil. However, these greenhouse gas gains 
are balanced by the oxidation to CO2 of the peat and the additions are exceeded by CO2 losses when 20-40 
cm depth of peat has been oxidized.  
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Abstract      
The growth and development of many horticultural crops are directly depended upon the availability of 
essential nutrients present in the balanced forms. Besides from the essential nutrients there are some 
macro nutrients and micro nutrients also plays an important role in the growth and development of the 
plants. In India, effective nutrient management has played a major role in accomplishing the enormous 
increase in food production. However, it is not possible to supply all the nutrient requirements of crops 
through inorganic fertilizers. Proper nutrition is important for plant growth and production. The use of soil 
tests can help to know the nutrients that are available in the soil and to develop a better fertilization 
program to achieve the best yields. The profit of farmers depends on the yield per acre or area to keep 
production costs low. Efficient application of fertilizers is important to achieve profitable yields. 
Keywords: Growth, development, essential nutrients, food production, inorganic fertilizers. 

Introduction 
Each type of plant is unique and has an optimum nutrient range as well as a minimum requirement level. 
Below this minimum level, plants start to show nutrient deficiency symptoms. Excessive nutrient uptake 
can also cause poor growth because of toxicity. Therefore, the proper amount of application and the 
placement of nutrients is important. Nutrient Management embraces soil, nutrient, water, crop and 
vegetation management practices, tailored to a particular cropping and farming system, undertaken with 
the aim of improving and sustaining soil fertility and land productivity and reducing environmental 
degradation. India is the country with wide range of climate and physio-geographical conditions. Due to 
these circumstances, various kinds of horticultural crops are well adapted for different agro climatic regions 
of India. In India Fruit crops are cultivated over 6506 thousand hectares with a total production of 97358 
thousand metric tonnes and productivity of 14.96 t/ha (Anonymous, 2018). Among other states- Andhra 
Pradesh, West Bengal, Uttar Pradesh, Maharashtra, Tamil Nadu, Bihar, Gujarat, Karnataka, Madhya 
Pradesh and Odisha are major contributors to horticultural production. The growth and development of 
any plant is directly depended upon the availability of essential nutrients present in the balanced forms. 
Besides from the essential nutrients there are some macro nutrients and micro nutrients also plays an 
important role in the growth and development of the plants. 

Essential Nutrients in Plants 
There are generally 18 essential nutrients which are required for the growth and development of the plant. 
The Nutrient Elements Obtained From the Soil are- Hydrogen (H), Oxygen (O) and Carbon (C). 
Nutrient elements obtained from the soil are categorized into two different categories- 
Macronutrients- Nutrients that provide energy to the plants and are required in the larger amounts to 
maintain their development and growth are called as macronutrients. These are Nitrogen (N), Phosphorus 
(P), Potassium (K), Calcium (Ca), Magnesium (Mg) and Sulphur (S). 
Micronutrients- Nutrients that provide energy to the plants and are required in the smaller amounts to 
maintain their development and growth are called as micronutrients. These are Iron (Fe), Manganese (Mn), 
Zinc (Zn), Boron (B), Copper (Cu) and Molybdenum (Mo). 
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Role, Deficiency and Management of Different Nutrients in Growth and Development 
of Horticultural crops 
1. Nitrogen (N) - Nitrogen is the one that is most often limiting for crop growth. Nitrogen is the nutrient 
which normally produces the greatest yield response in crop plants, promoting rapid vegetative growth and 
giving the plant a healthy green colour. 
Deficiency symptoms:  

a. Light green leaf and plant colour with the older leaves turning yellow. 
b. Leaves that will eventually turn brown and die. 
c. Plant growth is slow.  
d. Plants will be stunted, and will mature early. 

 
Leaf turns to pale yellow colour in Nitrogen deficiency 

Management: 
a. There are many types of manure that can be a solution to nitrogen deficiency. Nitrogen 
concentration in different manures varies.  
b. Soil testing before a cropping season will help understand the required corrections of pH and 
nutrient content. 
c. Application of NPK, nitrolime, ammonium nitrate, urea, etc. 

2. Phosphorous (P): Available in the form of P in acid soil. In high acidic condition, Fe and Al antagonise 
then uptake of P and in alkaline condition, Ca antagonises the uptake of P. it content in healthy plants 
ranges between 0.1 – 0.4%.  Excess of P may cause in some cases the deficiency of trace elements 
particularly Fe and Zn.  
Deficiency symptoms:  

a. Leaves may turn dark green with bronze-like or purple tints. 
b. The pH level in the soil or substrate being too low. 
c. The rear side develops bronze like appearance ripening of crop. 

 
Leaves turn dark green with bronze-like or purple tints in Phosphorous deficiency 

https://rvskvv.net/images/Organic-Manures_20.04.2020.pdf
https://eos.com/blog/soil-testing-as-an-effective-tool-to-maintain-field-health/
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Management: 
a. Heavy applications of organic materials such as manure, plant residues or green manure crops to 
soils with high pH values not only supply phosphorus. 
b. The most common Phosphorus fertilizers currently used are Monoammonium Phosphate 
(MAP,11-48-0), Diammonium Phosphate (DAP,18-46-0) and Polyphosphate. 

3. Potassium (K): Unlike the other elements K doesn’t enter into the composition of any of the important 
plant constituents. It presents in a plant in a state of solution in cell sap.  
Deficiency symptoms:  

a. Severe deficiency results in marginal leaf browning on older leaves. 
b. Symptoms normally occur later on in the season as the fruit draws upon potassium from the leaf 
and fruit bearing spurs. 

 
Marginal leaf browning in older leaves due to deficiency of Potassium 

Management: 
a. Can treat it by applying potassium-rich additives, tomato feed, seaweed, wood ash or even 
compost made from food. 
b. Can also apply a potassium fertiliser such as Potassium Chloride (Muriate of Potash), Potassium 
Nitrate, Potassium Sulphate and Monopotassium Phosphate. 

4. Calcium (Ca): Calcium is an essential plant nutrient.  it is required for structural roles in the cell wall 
and membranes, as a counter-cation for inorganic and organic anions in the vacuole, calcium is highly 
required in telophase for cell plate formation. 

 
Leaves are becoming chlorotic due to the deficiency of Calcium 



 

 
Volume 4 - Issue 03 - March 2022       172 | P a g e  
 

Deficiency symptoms:  
a. The youngest leaves are usually small and misshapen with brown chlorotic spots developing along 
the margins. 
b. New growth becomes stunted and fruit yield may be reduced. 
c. Leaves also may be crinkled and torn. 

Management: Using reasonable levels of nitrogen in the nutrient solution increased by applying fertilizer 
of calcium compound like Calcium Carbonate (CaCO3), Calcium Hydroxide (Ca (OH) 2) and Calcium Oxide 
(CaO). 
5. Magnesium (Mg) - Magnesium is required to give leaves their green colour and in plants is located in 
the enzymes, in the heart of the chlorophyll molecule. Magnesium is also used by plants for the metabolism 
of carbohydrates and in the cell membrane stabilization. 
Deficiency symptoms:  

a. Older leaves will be yellow in colour with interveinal chlorosis (yellowing between the veins) 
symptoms. 
b. Plant growth will be slow and some plants may be easily infested by disease. 
c. Leaf necrosis and the dropping of the older leaves will occur. 

 
Leaves turns yellow with interveinal chlorosis due to the deficiency of Magnesium 

Management: 
a. Application foliar feed spray made up of 2% solution of Epsom salts and applies 4-5 days for about 
a week. 
b. By providing highly rich organic manure.  
c. By providing application of dolomitic limestone (calcium magnesium carbonate).  

6. Sulphur (S): Sulphur plays an important role in facilitating nitrogen fixation and helps legumes form 
nodules on root hairs. Its constituents of amino acids like methionine, cysteine, cystine, and vitamins. 
Sulphur is associated with aromatic compounds and creates a type of fragrance, aroma and smell.  
Deficiency symptoms:  

a. Plants deficient in sulphur are small and spindly with short and slender stalks. 
b. Plant growth is retarded.  
c. Maturity in cereals is delayed.  
d. Nodulation in legumes may be poor and nitrogen-fixation reduced. 
e. Fruits often do not mature fully and remain light-green in colour. 

Management: 
a. Providing well fertilization. 
b. Fertilizers contain sulphur in combination with other nutrients, such as nitrogen or potassium 
such as Ammonium Sulphate, Potassium Sulphate, Thiosulphate and Sulphate-Sulphur. 
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Older leaves being light green to yellow in colour due to the deficiency of Sulphur 

7. Boron (B)- Boron is involved in the structural and functional integrity of the cell wall and membranes, 
cell division and elongation, nitrogen and carbohydrate metabolism, sugar transport, cytoskeletal proteins, 
and plasmalemma-bound enzymes, nucleic acid, indoleacetic acid, polyamines, ascorbic acid, and phenol 
metabolism and transport. 
Deficiency symptoms:  

a. Small, clear, water-soaked areas in the flesh of the fruit. These may dry out, turn brown and leave 
spongy lesions in the fruit. 
b. In some cases, deep cracks in the skin may occur. The skin is rough and heavily rosettes. 
c. Boron toxicity results in chlorosis of leaf margins and tips, followed by necrosis. 

 
Hollow stem in cauliflower due to the deficiency of Boron 

Management: 
a. Soils deficient in boron can be amended with boron fertilizer such as Borax, boric acid, based on 
soil tests and crop requirements. 
b. Worm castings are a rich source of both zinc and boron. The castings can be used as a starter 
amendment and/or use a tea for foliar applications. 

8. Chlorine (Cl) - Chlorine occurs predominantly as Cl- in soil and plant. It is an essential micronutrient 
of higher plants and participates in several physiological metabolism processes.  
Deficiency symptoms:  

a. Younger leaves will be chlorotic and plants will easily wilt. 
b. Leaves margins may be scorched. 
c. Leaves will be smaller and thicker. 
d. Restricted and highly branched root system. 
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Wilting of leaves due to deficiency of Chlorine 

Management: In order to alleviate Cl starvation symptoms, some Cl-containing fertilizers that may be 
supplied to plants are those of KCl (47% Cl), MgCl2 and CaCl2 (64% Cl).  
9. Copper (Cu): Copper plays an important role in nitrogen utilization. It plays key roles in photosynthetic 
and respiratory electron transport chains, in ethylene sensing, cell wall metabolism, oxidative stress 
protection and biogenesis of molybdenum cofactor.  
Deficiency symptoms:  

a. Initially brown spots appear on terminal leaves, followed by blackening of leaves.  
b. Affected leaves have ragged edges; they curl up and acquire cup shape. 
c. The leaves drop early and shoots become tender. 

 
Necrosis in terminal leaves due to deficiency of Copper 

Management: 
a. Good responses have been obtained from foliar applications of Copper-containing fungicides like- 
Copper Sulphate Monohydrate, Cupric Oxide, Copper Chelates, Copper Chloride and Copper 
Sulphate Pentahydrate. 
b. Copper Sulphate and Copper Oxide are the most common fertilizers for increasing copper levels. 

10. Iron (Fe): Iron is an essential micronutrient for almost all living organisms because of it plays critical 
role in metabolic processes such as DNA synthesis, respiration, and photosynthesis.  Further, many 
metabolic pathways are activated by iron and it is a prosthetic group constituent of many enzymes. 
Deficiency symptoms:  

a. Interveinal chlorosis. 
b. Development of yellow leaves with a network of dark green veins.  
c. In some cases, entire leaves turns yellow or white. 
d. The outer edges may scorch and turns brown as plant cells died. 
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Development of yellow leaves with a network of dark green veins 

Management: 
a. Add Chelated Iron powder or blood meal directly to the soil to add iron. 
b. Can add fertilizer or own compost, as long as the iron content is high enough.  
c. Add Chelated Iron or Iron Sulphate in liquid form by spraying the leaves of the plant.  

11. Manganese (Mn) - Manganese is an important micronutrient for plant growth and development and 
sustains metabolic roles within different plant cell compartments. The metal is an essential cofactor for the 
oxygen-evolving complex (OEC) of the photosynthetic machinery, catalysing the water-splitting reaction in 
photosystem II (PSII).  
Deficiency symptoms:  

a. Leaves on tips and middle of the shoots turn yellowish green, sometimes becoming pale-yellow, 
while main veins continue to remain green. 
b. The recently matured leaves in early summer growth are the first to show symptoms. 

 
Inter-veinal area of leaves becomes yellow due to deficiency of Manganese 

Management: 
a. Foliar spray of manganese sulphate (MnSO4. 7H2O).  
b. Chelated forms of Manganese can also be used as a foliar spray. 
c. The foliar manganese should be applied at a rate of 0.5 to 0.1 lb Mn per acre with at least 20 
gallons of water. 

12. Molybdenum (Mo) - Molybdenum is a transition element, which can exist in several oxidation states 
ranging from zero to VI, where VI is the most common form found in most agricultural soils.  
Deficiency symptoms:  

a. Visual effects in young plants include mottling, leaf cupping, grey tinting, and flaccid leaves.  
b. Loss of proper lamina development (whip-tail). 
c. Develop necrotic regions on leaf blades. 
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Discoloration and curling of leaves due to the deficiency of Molybdenum 

Management: 
a. Liming to bring pH above 5.5 
b. Applying of molybdenum fertilizers like- Ammonium Molybdate, Molybdenum Trioxide etc.  

13. Zinc (Zn) - Zinc activates enzymes that are responsible for the synthesis of certain proteins. It is used 
in the formation of chlorophyll and some carbohydrates, conversion of starches to sugars and its presence 
in plant tissue helps the plant to withstand cold temperatures 
Deficiency symptoms:  

a. Upper leaves will show interveinal chlorosis with an eventual whiting of the affected leaves.  
b. Leaves may be small and distorted with a rosette form. 
c. The upper leaves become chlorotic and the lower leaves turn brown or purple and die. 

 
Interveinal chlorosis in chilli plant due to deficiency of Zinc 

Management:  
a. Application of Zinc Sulphate Heptahydrate, Zinc Sulphate Monohydrate and Zinc oxide.  
b. Foliar sprays provide Zinc for plants where it is needed most. 

Conclusion 
India has a wide variety of climate and soil on which a large range of horticultural crops such as fruits, 
vegetables, root tubers, palms, spices, plantation, ornamental crops, medicinal and aromatic plants are 
grown. The policymakers have realized that the horticultural crops need promotion for achieving 
sustainability of small holdings, crop diversification, increasing employment, providing an enormous export 
potential, improving environment, and more than anything for achieving nutritional security. A due 
importance to nutrients is essential as these affect the productivity, quality and profitability of 
horticultural crops. To obtain desired yields in horticultural crops sufficient amounts of readily available 
essential plant nutrients need to be supplied to the plant. Soil nutrients, like all agricultural inputs, need 
to be managed properly to meet the fertility requirements of horticultural crops. It may be concluded that 
application of biofertilizers and organic manure along with recommended dose of fertilizers improved the 
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plant growth, yield and quality parameters in fruit crops. It also increases fertilizer use efficiency, 
ecological safety and maintain soil health on long term basis. 
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World is facing agrarian as well as nutritional challenges. India has top rank in malnutrition even though 
four revolutions occurred. According to 5th National family health survey report (2021), 15 % of India’s 
population is undernourished. The report also states that 53 % children (under age 5) are stunted, 57 % 
women and 25 % men are anaemic. According to Indian Market Research Bureau (2021), 73% of total 
population is with protein deficient. These issues are mainly due to the area of major people depend on rice, 
wheat and maize as staple food. Rice, wheat, and maize are the world’s three leading food crops; together 
they directly supply more than 42% of all calories consumed by the entire human population. Cereals are 
rich in complex carbohydrates that provide with ample energy but they lack lysine and tryptophan amino 
acids. Millets as climate change compliant crops score highly over other grains like wheat and rice in terms 
of marginal growing conditions and high nutritional value.  
Results from a number of recent studies have highlighted the need for an improvement in the nutritional 
quality of cereal-based gluten free products. At present, attention of researchers is more focused towards 
the exploitation of alternative crops or underutilized species for multifarious uses. Interest in the pseudo 
cereals has aroused considerably due to their excellent nutritional, phenolic and phytochemical profile and 
their use in development of gluten free products. A pseudocereal or pseudograin is one of any non-grasses 
that are used in much the same way as cereals. They can be further distinguished from other non-
cereal staple crops by their being processed like a cereal: their seed can be ground into flour and otherwise 
used as a cereal. The major pseudocereals include amaranth, quinoa and buckwheat. For protein content 
and quality, the pseudocereals are much better and their grain protein qualiy is considered similar to milk. 
Among the pseudocereals, mother grain quinoa is becoming an interesting topic for research among various 
scientists and health practitioners. 

 
Quinoa is an annual herbaceous plant. It belongs to Amaranthaceae family that originated in the Pacific 
slopes of the Andes in South America. It was cultivated and used by the Inca (ruling class) people since 
5,000 B.C. Quinoa was the principal crop for the Inca Empire. They named to it as the “mother of all grains” 
and accept it to be sanctified. The United Nation General Assembly declared 2013 as ‘The International 
Year of Quinoa’ for ancestral practice of Andean people to preserve Quinoa for the future generation (FAO, 
2013). In the world, the cultivated area of Quinoa is 126 thousand hectares with a production of 103 
thousand tonnes. Major producer of quinoa in the world is Bolivia, Peru and United States of America. In 
India, it is cultivated in an area of 440 hectares with an average yield of 1053 tonnes, mostly in Rajasthan. 

Botanical Description 
Quinoa is a fast-growing plant whose growing period varied between 70 to 200 days and some entries did 
not mature in some locations. The morphology of quinoa is similar to that of the common North American 
weed (Chenopodium album called as lamb’s quarter or goosefoot). It grows up to 3 metre tall with taproot 
that can penetrate upto the depth of 30 cm. The stems are erect, cylindrical with varied colour ranging 
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from white, yellow, light brown to red colour based on variety. In quinoa, the lower leaf laminae are 
rhomboidal or triangular, while the upper leaves are triangular or lanceolate. Each stem ends with an 
inflorescence in the form of panicle or raceme. Each panicle of quinoa produces hundreds of small achenes 
around 2mm in diameter. The fruit occurs in an indehiscent achene, protected by the perigonium. The size 
of seeds is small, round and flattened and the seed colour is variable, red and yellow dominated by black 
which in turn dominated by white colour (Bhargava et al., 2006). 

Ecology and Crop Production 
Quinoa has an enormous plasticity of adaptation to photoperiod, altitude, soil pH, etc. The ideal 
temperature for quinoa cultivation is between 15oC to 20oC and can withstand up to -4oC to 38oC. Compared 
to amaranth and buckwheat, quinoa is less frost sensitive, but it can tolerate cold climate conditions. It can 
adapt to any kind of soil but the most suitable soils are sandy to sandy-loam. Heavy clay soils are not 
desirable. It can be successfully grown in poor soils also. Quinoa responds well to inorganic fertilizers but, 
heavy doses of NPK are known to increase vegetative growth without any increase in seed yield. Quinoa 
produces acceptable yields even with a liitle amount of moisture of 100-200mm. Weed control has powerful 
impact on grain yield. As there is no recommendation of herbicides to control weed populations in quinoa, 
generally hand weeding is done. In terms of cultivation, quinoa is characterized by an excellent resistance 
towards drought, salinity, pests and diseases, and can therefore easily adapt to different environmental 
conditions. 

Nutritional Status of Quinoa 
Quinoa is a treasure trove of nutrients. The protein content of quinoa ranges from 16-18% and more than 
37% of the protein in quinoa comprises of essential amino acids which is comparable to milk protein casein 
(Bathal et al., 2015). It is noteworthy that it has higher contents of essential amino acids e.g., cysteine, 
lysine and methionine, and mineral contents than the cereals and also has several beneficial metabolites 
and unsaturated fatty acids. The grain is additionally a good source of dietary fibre and phosphorus and is 
high in magnesium and iron. It contains little or no prolamine, so it is ‘gluten free crop' and is suitable for 
people who are allergic to gluten. It is thus highly recognized and listed as one of the top ten nutritious 
foods in the world. The carbohydrate and fat content of quinoa ranges from 67-74% and 2-10% respectively.  
Quinoa is considered to be super grain since it is a whole grain with a low glycemic index, healthy fats 
(Omega-3's and Omega-9's), proteins of high biological value and a host of phytonutrients, including 
flavonoids which acts as powerful antioxidants with anti-inflammatory properties. It is also rich in natural 
antioxidants such as phenolic compounds and bioactive ingredients like dietary fibre content that carry 
many potential health benefits such as reduction of risk of cardiovascular disease, cancers, diabetics, 
osteoporosis, scavenging free radicals and providing metal chelating activities. 
Quinoa contains some anti-nutritional factors like saponin, phytic acid and oxalate. Saponin concentration 
in Quinoa is 0.1-5.0 %, it gives bitter taste to the seed. Saponin acts as natural protectant to seed against 
pathogens and herbivores (Ahumada et al., 2016).  

Economic Uses of Quinoa 
Quinoa whole grain can be used as a substitute for rice. It is used to make flour, soup and can be fermented 
to make beer. It can also be used as fodder for livestock, pigs and poultry. The seed flour has good water-
absorption capacity, gelation property, emulsion capacity and stability. Quinoa leaves can also be used as 
greens. In quinoa, saponin acts as natural protectant to seed against pathogens and herbivores. The 
antioxidant in quinoa helps to prevent chronic diseases such as osteoporosis, breast cancer, heart diseases 
and other feminine problems. It is also used in fractures and internal hemorrhaging and as an insect 
repellant. 

Conclusion 
Quinoa is important for the diversification of future agricultural systems, because of its ability to produce 
high protein grains under ecologically extreme conditions. It can be grown as a potential crop in both 
present and future climatic condition. So, Quinoa is considered as a ‘Miracle crop for the future’. 
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Introduction 
Good Agricultural Practices (GAP), as defined by FAO, are a “Collection of principles to apply for on-farm 
production and post-production processes, resulting in safe and healthy food and non-food agricultural 
products, while taking into account economic, social and environmental sustainability.” There are four 
‘pillars’ of GAP i.e., economic viability, environmental sustainability, social acceptability, food safety and 
quality; included in most private and public sector standards, but the scope which they cover varies widely. 
Indian agriculture segment and other related stakeholders including, the retailers, the buyers and 
consumers recognize that if farmers in the region go for hygiene and food safety in their production system 
through GAP, they will have access to guaranteed new markets, have reliable quality inputs, will increase 
farm value and increase farmer’s skill in farming operations in domestic as well as in the global markets. 
Ultimately the goal of doubling farmers’ income can be achieved through better price realization of their 
produce which in turn will secure and strengthen the livelihoods of the small and marginal farmers. 
With the opening up of the global market, there is a flow of trade in agricultural products in a wide range 
of agriculture produce such as fruits and vegetable sector, livestock, dairy, tea and coffee etc. It is, therefore, 
necessary to define certain minimum standards with a well-defined certification and accreditation 
mechanism for the ultimate implementation of GAP to facilitate national and international trade in farm 
produce. 

Figure 1: The relationship of some key notions to the central idea of GAP 
In India, the Bureau of Indian Standards (BIS) and Quality Council of India (QCI) were established for the 
harmonious development of the activities of standardization, marking and quality certification for 
providing safe reliable quality goods; diminishing health hazards to consumers; promoting exports and 
imports substitute etc. through standardization, certification and testing. IndGAP and India GAP 
certification schemes have been developed by QCI and BIS respectively to promote Good Agricultural 
Practices in India. As per FAO, the GAPs for food grain production comprise a sequence of activities and 
choices in the production process including pre-planting, production and post-harvest measures. Adoption 
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of these practices and procedures will lead to the production of good quality products which would meet the 
QCI and BIS standards. 

Why do we Require GAP? 
The firm adherence to GAP can ensure safe rescue from such financial and economic losses to our country. 
Indian Council for Research on International Economic Relations (ICRIER, 2017) in its working paper on 
India’s Exports of Food Products: Food Safety Related Issues and Way Forward reported that the European 
Union (EU) raised 2240 notifications against Indian imports from April 1, 2005 to May 31, 2017 and 
rejected maximum consignments (66.5%) from India. GAP works for the agreement on quality indicators 
for the demand and supply of food items between the exporter and importer would be a sound approach. 

Initiating Good Agriculture Practices (GAP) in India will Ensure the Following Benefits 
1. It endorses sustainable agriculture and contributes to meeting national and international environmental 
and social development objectives. 
2. Proper implementation and monitoring of GAP helps improve the safety and quality of food and other 
agricultural products. 
3. It is expected to help increased compliance with national and international regulations, standards and 
guidelines regarding the use of permitted pesticides, maximum levels of contaminants (including 
pesticides, veterinary drugs and mycotoxins) as well as other chemicals, microbiological and physical 
contamination hazards. 
4. Moreover, from global experiences, it is safely concluded, that apart from other benefits, one of the main 
benefits of the adoption of GAP would be a production of Safe Food. GAP is expected to help the production 
of safe food at the primary production level by eliminating chances entering of contaminants like pesticide 
residues, veterinary (antibiotic) drug residues, metallic residues, aflatoxin residues, microbiological 
contaminants from entering the food chain at the primary production level. 
5. The reduction of contaminants entering the food chain eliminates harmful processes in the food chain as 
bio-magnification and bio-concentration (accumulation of toxic chemicals in food chains) which is a 
detriment to both human health and the environment. 
6. To enable farm produce to be internationally competitive, incorporating the concept of globally accepted 
Good Agricultural Practices (GAP) is imperative to innovative farming practices.  
In view of the above, there needs to be a Scheme that designs requirements of GAP addressing the entire 
production base including the small and marginal farmers and the larger farms.  

Opportunities Using GAP 

 
Figure 2: Focus areas of GAP 
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Good Agricultural Practices for India - INDGAP as the Governments and the agro-processing industry now 
admits that agriculture to be a growth driver. It would also help in better implementation of the food 
regulations in India by making available appropriate quality raw materials to the food processing industry. 
The focus of INDGAP is to address not only the quality and quantity of the produce obtained from a unit 
area. 

Essentials of GAP 
1. Preclusion of problem before its occurrence 
2. Risk assessments 
3. Commitment to food safety at all levels 
4. Interaction throughout the production chain 
5. Obligatory employee education program at the operational level 
6. Field and equipment sanitation 
7. IPM (Integrated pest management) 
8. Oversight and enforcement 
9. Verification through independent, third-party audits 
The INDGAP Scheme comprises various documents prescribing the Governing Structure for the Scheme, 
Certification Criteria detailing the on-farm production of all farm produce. 

 
Figure 3: Categories of GAP 

Certification Process, Requirements for Certification Bodies, and Rules for Use of Certification Mark to 
align the scheme as per ISO 17065, the international standard for product/process. 

Steps in Good Agricultural Practices 
1. Site selection. 
2. Soil conditions/management. 
3. Seeds and propagation material (Seed purity, quality). 
4. Crop management for cultivation. 

a. Manures and Fertilizers 
b. Irrigation 
c. Weeding and intercultural operations 
d. Crop protection (Pest management protocols, Residue analysis) 

5. Harvest and post-harvest management (Drying and temperature requirements). 
6. Identification and traceability (Traceability record). 
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7. Personnel and equipment (Safe material and types of equipments). 
8. Worker’s health, safety and welfare. 
9. Record keeping and internal self-assessment/ internal inspection. 
10. Waste and pollution management, recycling and re-use. 
11. Environment and conservation. 
12. Complaints. 
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Summary 
The invasive species, fall armyworm Spodoptera frugiperda (J. E. Smith) is native to North and South 
America and has invaded South India in 2018. It is a multivoltine pest that attacks more than 80 host crops 
and that can fly up to 100km per night. The characteristic feature of its identification is an inverted ‘y-
shaped’ marking on the front side of the head. It feeds and damages both leaves and cobs of maize under 
severe infestation causing huge losses to Indian farmers in the recent past. It can be controlled by following 
the recommended IPM strategies such as cultural (seed treatment, growing resistant varieties, judicious 
use of nitrogenous fertilizers, field sanitation, etc.), mechanical, biological (parasitoids, predators, 
entomogenous pathogens, etc.), chemical methods, etc. 

Introduction 
The invasive species, fall armyworm Spodoptera frugiperda (J. E. Smith) is endemic to tropical and 
subtropical regions of North and South America. It has been distributed across many countries on the globe 
in the recent past. It has invaded South India on Maize in 2018 and has spread across the country over 
maize growing ecological zones and causing huge losses to maize growing farmers. (Rakshit, S. et al., 2019). 
It feeds on more than 80 host crops and is a multivoltine pest that can fly up to 100km per night and 500km 
per season (Suby, et al, 2020). 

Biology and Identification of Fall Armyworm 
Biology: it is a multivoltine pest, that completes several generations in a year. It has four developmental 
stages viz, egg, larva, pupa, and adult. Adult females lay eggs in masses of about 100 to 200eggs on leaf 
surfaces and they can survive for two to three weeks. Eggs hatch within 2 to 3 days after oviposition. Larva 
passes through six instars within a 12-20 days period and neonate larva feed gregariously on a leaf. Fully 
grown late instar larvae undergo pupation in the soil at 2-8cm depth and adults are emerged within 12-14 
days after pupation. 
Identification: a mass of pale green or white-coloured eggs are laid on the under surface of leaves and are 
covered with the scales of adult moths. Just before hatching, the eggs turn brown colour, the emerged 
neonate larva feed gregariously on leaf and turns to pale or dark green in late instars. The dorsal surface 
of the larva is marked with 3 yellow stripes on the back followed by black and then yellow stripes on the 
sides of the body. Four dark coloured spots on the penultimate body segment and each spot carry a short 
bristle. Brownish head possesses inverted ‘y-shaped’ marking on the front side. The pupa is dark in colour 
and usually undergo pupation in soil but rarely within the stalk of the maize. Adults are robust and have 
dark brown forewings & greyish white hindwings.  

Host Range 
This species is identified with a very wide host range of over 80 plants recorded, but mostly prefers grasses. 
field corn and sweet corn, sorghum, oat, wheat, millet, Bermudagrass, barley, rice, ryegrass, sugarcane, 
and grass weeds such as crabgrass, Digitaria spp. alfalfa, buckwheat, cotton, clover, peanut, sugar beet, 
soybean, timothy, tobacco, sweet corn, apple, grape, orange, papaya, peach, strawberry, and a number of 
flowers (Pitre et al., 1983). 

Nature of Damage and Symptoms 
The neonate larvae immediately after hatching start feeding gregariously on the lower surface of leaves @ 
1-3 larval stages and cause windows on the leaf surfaces (Marenco et al., 1992). Late instars (4th – 6th) move 
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to the whorl of the maize plant and feed on it by making ragged holes and they can also damage the cobs 
in severe infestation by direct feeding and deteriorating the quality of grains through its excreta (Pannuti 
et al., 2015). 

Suitable Conditions 
The average temperature is between 25 and 30°C, with an annual rainfall of 1,100–2,400 mm and relative 
humidity of 70 to 85 percent (Koffi et al. 2020b), implying that if host plants were available, fall armyworm 
might have continuous generations throughout the year (Garcia et al. 2018). 

Management 
Fall armyworm can’t be controlled following a single control measure and it demands integrated 
management for effective suppression of its population. 
1. Monitoring: Early detection of fall armyworm by installing the pheromone traps @4/acre and mass 
trapping the moths with 15traps/acre. Install pheromone traps should be followed within a week of sowing 
of maize, ideally before germination. Replace the lure once every one month and adjust the height every 
week matching the crop height (Meagher et al., 2019). 
2. Cultural control: Treat the seed with effective insecticide to protect the crop for the first 30 days after 
sowing. Use resistant varieties such as Bt (Leuck et al., 1970). Avoid the staggered sowing of maize in a 
given region. Avoid the excessive use of nitrogenous fertilizers which attract the moths to oviposit on the 
crop. Follow field sanitation to avoid any pest residues in leftover crop stubble. Grow the trap crops such 
as coriander, funnel, etc. to attract its natural enemies. Avoid the monoculture of maize and follow crop 
rotation with leguminous crops. Adopt the push-pull strategy (Desmodium as the push component for the 
pest and Napier or Brachiaria grass as pull component for its natural enemies) for effective suppression of 
the pest without affecting the beneficial fauna (Harrison et al., 2019). Maintain the refuge @5-10% in Bt 
crop and 20% in the non-Bt crop. 
3. Mechanical control: Hand collection and destruction of egg mass and neonate larvae. Apply the sand 
or sawdust into the whorl of the plant to kill the larvae. Grow live bird perches within the field.  
4. Biological control: Use of egg parasitoids (Telenomus remus, trichogramma sp.) and larval parasitoids 
(solitary larval parasitoid Campoletis chloridae & Chelonus insularis, gregarious larval parasitoid 
Glyptapanteles creatonoti & Cotesia marginiventris) (Sharanabasappa, et al., 2019). Conserve natural 
predators such as ladybird beetles, Orius sp., Geocoris sp., etc. (Shylesha et al., 2018). Apply the 
entomogenous pathogens such as Bt, NPV, Metarhizium anisopliae, M. releyi, Beauveria bassiana, etc. 
(Mallapur, et al., 2018; Sharanabasappa, et al., 2019; Shylesha et al., 2018). 
5. Chemical control: NSKE, pyrethrins, rotenoids, etc. are a few insecticides found effective against the 
fall armyworm (Silva, et al., 2015). Some of the registered synthetic pesticides against the fall armyworm 
are chlorantraniliprole 18.5 SC @ 0.4 ml/l, spinetoram 11.7 % SC @ 0.5 ml/l, thiamethoxam 12.6% + lambda 
cyhalothrin 9.5% ZC @ 0.25 ml/l 
6. Integrated resistance management for insecticides: Divide the crop period into different windows 
of 30 days each and avoid the use of insecticides having the same mode of action in the same window. Treat 
the seed with effective contact insecticides and the application of foliar spray is recommended during the 
first window period. 

Conclusion 
FAW has rapid dispersibility and has spread across India except for Jammu & Kashmir from its tropical 
and subtropical habitats within three years after its invasion.  The government of India established High 
Powered Committees both at Central and State levels in the FAW-affected states to frame the policies to 
take up the control strategies timely, extend the label claims on effective insecticides to control the FAW. 
It is necessary to follow the recommended management practices and strategies to control the pest and to 
prevent its spread. 
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Mint or Mentha are aromatic herbs belonging to the genus Mentha and the family Lamiaceae. Globally, 
the genus Mentha comprises more than 30 species distributed mainly in temperate and tropical/subtropical 
regions. Most of the species are perennials with leafy runners, stolons or underground rootstocks. There 
are several species and varieties of mint oil which are cultivated in one or the other parts of the world, five 
of them are grown on commercial scale in India, these are Mentha arvensis, Mentha-piperita, Mentha-
spicata, Mentha-veridish and Mentha-citrata. etc. Indian Scenario Mints have been popularly cultivated in 
India for more than 50 years. In the last few years, India has emerged as largest producer and an export 
hub for Mentha oil and its derivatives. The country contributes around 80% to the total global Mentha oil 
production followed by China (9%), Brazil (7%) and USA (4 %).  In similar ways, India (with 33% share in 
world exports) maintains its position as the world’s largest exporter of menthol, despite the fluctuations 
over the years. India is closely followed by China (22%), Germany (22%) and Japan (9%) as the major 
exporters of menthol in the world. The area under mint cultivation in India is 0.3 M ha which produces 
nearly 30,000 MT of Mentha oil annually, 75% of which is exported by the country. It is primarily grown in 
Uttar Pradesh, Punjab, Haryana, Madhya Pradesh and Bihar. Uttar Pradesh is the largest producer of 
Mentha oil, accounting for 90% of the country's total Mentha production, followed by Punjab, Haryana, 
Bihar and Madhya Pradesh.  
It is well suited to Biahr's agroclimatic conditions and can make a significant contribution to crop 
diversification. Bihar’s economy is almost exclusively depending upon agriculture, with almost 80 per cent 
of populations livelihood support is from agriculture and allied sector. Being located in the middle Gangetic 
plain region, the diverse Agro-climatic situations in the region offer excellent scope for growing different 
horticultural crops like fruits, vegetables, spices, plantation crops, medicinal and aromatic plants. 
Medicinal and Aromatic Plants play a valuable and important role in economic, social, cultural and 
ecological aspects of local communities of the Bihar. Bihar ranks 9 in medicinal and aromatic plant 
production amongst other states of the country. Among all the species of medicinal plant, Mentha and 
Lemongrass have major share about more than 95% of the total area in the state. Mentha cultivation was 
first started in Begusarai and later it has gained popularity in Aurangabad, Bhagalpur, Lakhisarai, 
Khagaria, Samastipur, Darbhanga and Patna. The total production of these places is around 2000–3000 
tonnes. The state is performing well in production of Mentha, amounting to 252 tonnes cultivated in an 
area of 2100 hectares, with 125 kg/ha oil production in 2007-08. As far as income generation from the 
production of these plants is concern it is quite adjustable although there is scope of increasing it. Mentha 
cost of cultivation was 20500 Rs/ha while gross income was 3600 and net income was 15500 Rs/ha. 
Therefore, in recent years, a sharp rise in Mentha oil prices have encouraged Bihar farmers to shift towards 
Mentha cultivation and its processing, leading to its adoption in maximum part of Bihar. As a result, 
acreage under mint is probably increase to 25% in the current season. So, there is wide scope of increasing 
production in Bihar towards achieving the goal of doubling farmers income. 

Bihar’s Potential Areas for Mint Cultivation 
1. Favorable agro- climatic condition for Mentha cultivation 
2. Fairly remunerative to small and marginal farmers and fitted well in the existing cropping system 
3. Mentha act as bonus crop as it does not disturb or replace the cultivation of any major Rabi or Kharif 
crop. 
4. High value crop in terms of oil and its derivatives. 
5. Cultivation and its processing by most deprived section of community mostly women. 
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6. Being a labour-intensive generates employment opportunities in cultivation, distillation, processing field 
particularly in rural areas. 

Soil Type 
The soil having high organic matter, well-drained with neutral pH is highly suitable for mentha cultivation. 
However, acidic, saline/alkaline soils along with water logged conditions are not fit for mentha cultivation.  

Propagation 
Mentha is vegetatively propagated through suckers. Selection of disease-free healthy suckers is most 
important factor and contributes to achieve higher yield. Two quintals of freshly duged suckers are needed 
for raising one acre of mentha crop and this can be obtained from 2 half canal of land (250 m) plantations 
from previous year. After digging, wash the suckers and cut into 5-8 cm inch pieces for planting. 

Time and Method of Planting 
The planting of mentha should be completed during mid-January to end January however some variety of 
Japanese mint can be sown upto mid-February. The field should be free from weeds and stubbles. 
Therefore, the land should be ploughed by 2-3 times with cultivator followed by planking to obtain a good 
tilth. Mentha can be planted on flat beds, raised bed (67.5 cm) or ridges (60 cm). In case of flatbed method, 
the suckers are laid end to end in 4-5 cm deep furrows, 45 cm apart and are then covered lightly with soil. 
For higher yield and water saving, mentha should be planted in two rows on raised beds spaced at 67.5 cm 
(37.5 wide bed and 30 cm furrow). Light irrigation should be done just after planting. 

Intercropping 
It is preferred to achieve higher profits per unit area. For planting mentha in sugarcane, sow one row of 
mentha using 1.0 quintal of mentha suckers per acre in between two rows of sugarcane during first 
fortnight of February. However, two rows of mentha can also be intercropped in sunflower using 1.5 
quintals of suckers in between two rows of sunflower and it should be planted in end of the January. Onion 
can be intercropped in between two rows of mentha using row to row spacing of 45 cm with 7.5 cm plant to 
plant spacing. Both the crops can be simultaneously planted from mid-January to end January. 

Nutrient Management 
Mentha respond well to organic manures, therefore 10-15 tonnes of well rotten FYM/acre should be applied 
during the land preparation. In addition to FYM, 60 kg of nitrogen and 16 kg phosphorus/acre should also 
be applied which can be met through application of 130 kg urea and 100 kg of SSP, respectively. The whole 
quantity of phosphorus and 25% of nitrogen are applied at planting while remaining nitrogen should be 
applied in equal splits at 40 days after planting, at first cutting and 40 days after first cutting. 

Weed Management 
In the early stages of crop growth, manually operated wheel hand hoe can be used to control weeds. 
Application of paddy straw mulch @ 24 quintals per acre immediately after planting also helps in reducing 
weed infestation. 

Water Management 
Initially, due to low temperature and lesser evaporation, irrigation can be applied at 10 days interval up to 
the month of March. Afterwards, with increase in temperature, light and frequent irrigation at 5-6 days 
interval meet its water requirement and favours the crop growth. 

Pest Management 
Aphids: If aphid population is limited to just a few leaves or shoots then the infestation can be pruned out 
to provide control; check transplants for aphids before planting; use tolerant varieties if available; reflective 
mulches such as silver colored plastic can deter aphids from feeding on plants; sturdy plants can be sprayed 
with a strong jet of water to knock aphids from leaves; insecticides are generally only required to treat 
aphids if the infestation is very high - plants generally tolerate low and medium level infestation; 
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insecticidal soaps or oils such as neem or canola oil are usually the best method of control; always check 
the labels of the products for specific usage guidelines prior to use 
Cut worms: Remove all plant residue from soil after harvest or at least two weeks before planting, this is 
especially important if the previous crop was another host such as alfalfa, beans or a leguminous cover 
crop; plastic or foil collars fitted around plant stems to cover the bottom 3 inches above the soil line and 
extending a couple of inches into the soil can prevent larvae severing plants; hand-pick larvae after dark; 
spread diatomaceous earth around the base of the plants (this creates a sharp barrier that will cut the 
insects if they try and crawl over it); apply appropriate insecticides to infested areas of garden or field if 
not growing organically 
Thrips: Avoid planting next to onions, garlic or cereals where very large numbers of thrips can build up; 
use reflective mulches early in growing season to deter thrips; apply appropriate insecticide if thrips become 
problematic 
Mites: In the home garden, spraying plants with a strong jet of water can help reduce buildup of spider 
mite populations; if mites become problematic apply insecticidal soap to plants; certain chemical 
insecticides may actually increase mite populations by killing off natural enemies and promoting mite 
reproduction. 
Harvesting: The crop should be harvested at the yellowing and starting of shedding of lower leaves. First 
cutting can be done in the month of June followed by second cutting in the month of September. To obtain 
better sprouting for second cutting, crop is preferably harvested leaving behind stumps of 6-8 cm height.  
Processing: Crop is allowed to wither for overnight in the field after harvesting. It will reduce the water 
content and ease the distillation process for oil extraction. There are many distillation units available in 
Bihar for extraction of oil. Farmers are advised to ensure nearby availability of mentha distillation unit 
before taking up mentha cultivation. 

  
Mentha Crop Mentha Cultivation 
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Introduction 
Drone technology is a phenomenal innovation with potential to transform the way the routine manual 
activities are carried out in agriculture. Agricultural industries globally are increasingly using drone 
technology to modernize farming. Drones are the remotely piloted aircraft systems (RPAS), having a 
propulsion system, a programmable controller with or without the satellite navigation system, automated 
flight planning features and capable of carrying payload such as cameras, spraying systems, etc. for 
accomplishing a given task. Several other acronyms, namely UAV/UAVs (Unmanned Aerial 
Vehicle/Systems), UAS (Unmanned Aircraft Systems) are interchangeably used; however, RPAS is the 
most formal and international way of addressing such systems. The drone used for agricultural activities 
is known as agriculture drone. Drones are designed to carry the sensors that can provide real-time 
information about the crop status or livestock movement, so that decision on cultural operations and 
management is made efficiently and precisely. The drone can be either remotely controlled over wireless 
communication or can be programmed to travel the predefined path using complex navigation algorithms 
running on onboard controllers. It can be retrofitted with different configuration of payloads of sensors with 
digital imaging capabilities such as multi spectral, high-resolution camera systems and actuators, for field 
survey, crop scouting, spraying and spreading applications and surveillance in livestock and fisheries. 
Using the data captured through cameras mounted on drone and data analytics, farmers can precisely 
calculate their land sizes, classify crop types and varieties, develop soil maps along with pest management 
and properly plan the harvesting of their crops. These drones can be fully automated to help further 
improve the scale of operation and productivity. Drones have found several applications in agriculture, 
however is limited by the country policies on its use context. 
Use of drones can be advantageous in the case of pesticide spraying, replacing labour intensive and 
hazardous conventional methods particularly in difficult areas such as hills. Artificial intelligence and 
machine learning can be combined with NDVI (Normalised Difference Vegetation Index) imaging 
technology-based high-resolution images captured by drones to develop understanding of soil conditions, 
plant health and crop yield prediction. Every individual plant can be located separately and analyzed using 
image processing algorithms, if it is stressed. Using this result, farmers can take preventive action to cease 
the spread of diseases to other crops. Timely actions can be taken to prevent losses from biotic stresses such 
as insect pests and diseases, optimize fertilization, rationalize irrigation and reduce the impact of climate 
change and unpredictable weather using analyzed insights from data collected by drones and satellite-
based remote sensing. The agricultural labour shortage in exceptional times of COVID19 pandemic that 
has necessitated adoption of physical distancing measures has opened up several opportunities for the use 
of drones in agriculture. An attempt has been made in this article to assess the use of drones for facilitating 
farming activity amidst lockdown compliance and labour deficit. 

Status of Drone Applications in Agriculture 
Drone applications in agriculture are already widespread across Asia, while elsewhere in the world, drones 
are allowed to be used for limited and specific trials and, in some cases, commercial operations in 
horticulture, agriculture and forestry. Spraying for weed, insect-pest and disease management, spreading 
micro-granular pesticides and fertilizers as well as planting new forests are among the diverse uses now 
being found for drones. The Chinese government has subsidized the commercial use of drones in 
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agriculture. As a result, DJI Innovation Technology trained more than 10,000 persons to operate the 2015 
model drone named as Agras MG-1 series 8-rotor sprayer. Yamaha Motor, which was previously focusing 
on unmanned helicopters, started selling multi-rotor drones as the demand for such drones increased in 
Japan. In small paddy fields where the helicopters are not efficient, the spraying quality of 10-litre capacity 
YMR-08, which uses co-axial rotors is comparable to the RMax and Fazer helicopters.  
According to Yamaha’s report, 2,500-plus manual radio-controlled or fully autonomous helicopters are 
rented by operators who use it to spray nearly 42% of the country’s paddy fields. Nearly 100 manual radio-
controlled or fully autonomous helicopters are operating in South Korea and the company recently started 
rolling out its technology in Australia and New Zealand, and also in the US where Yamaha is permitted by 
the Federal Aviation Authority to conduct commercial trial services and research. Spraying herbicide to 
control weeds and unwanted plants in isolated or inaccessible areas is another potential application for 
example the Bitou Bush Control Programme of Great Lakes Council through helicopter spaying run by 
Yamaha’s Key Aerial Services in Australia. Bracken (Pteridium) is a genus of large, coarse ferns in the 
family Dennstaedtiaceae, which grow on challenging areas of hill sides of upland areas in UK. This is 
essentially a sheep production area where governing authorities have allowed spraying from drones on a 
trial basis by a consortium of farm drone owners and other parties. Similarly, in Denmark drones are used 
to dispense pest-eating beneficial insects to field crops. As per South Denmark University using bio-control 
agents within high-value indoor production with a controlled setting and a high-level of infrastructure is 
easily manageable. However, it has been difficult and expensive to use bio-control in large open fields, but 
it is now possible with drones. Australian drone retailer Rise Above has developed a drone fitted with grass 
seed and fertilizer spreader with an electric motor and a hopper extension.  

Benefits, Costs and Saving in Using Drone 
Security: The agriculture sprayer drones are controlled from a distance by trained pilots. This process 
eradicates the involvement of farmers or farm labourers in direct contact with poisonous chemicals and 
adverse operational conditions.  
High field capacity and efficiency: Drones have very less turnaround time and other field operational 
delays. The drone can spray 50-100 acres per day depending upon the capacity of drone which is 30 times 
more than the traditional knapsack sprayer.   
Wastage reduction: Due to a high degree of atomization while spraying, 30% of pesticide is saved. 
Pesticides in the form of chemical fog can be sprayed at all levels of the crop.  
Water saving: Drone utilizes ultra-low volume spraying technology, thus saving 90% of water in 
comparison to traditional spraying methods.  
Lower cost: In comparison to conventional spraying methods, the cost of drone spaying is reduced by 97%.  
Easy to use and maintain: The agricultural drone is made rugged. It has low maintenance cost, a long 
productive lifespan, and its parts replacement is simple, as and when required for the company offering 
drone services. 

Applications of Drone in Agriculture 
1. Soil and field analysis at every stage of crop cycle drones can be used to help obtain useful data. By 
obtaining 3D maps of existing soil, we will be able to monitor potential soil quality, nutrient management, 
or soil dead zones. This information can help farmers determine the most effective patterns for planting, 
managing crops, soil, and more. Ongoing monitoring can help to better utilize water resources, and more 
effectively manage crop nutrient levels.  
2. Seed planting: Drone planting is a newer technology and not as widely used, but some firms are 
experimenting with drone planting. Essentially, manufacturers are experimenting with custom systems 
that have the ability to shoot seed pods into prepared soil. Drone start-up companies have been 
instrumental in developing unique drone technologies to assist with a wide range of ecological and 
agricultural issues. E.g.- Drone seed. This same drone technology can be adapted and applied to a wide 
range of farm types, reducing overall planting times and labor costs across the board. 
3. Crop spraying and spot spraying: This is most important operation in crop life cycle. Crops require 
regular fertilization and spraying in order to maintain high yields. Traditionally this was done manually, 
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with vehicles, or even via airplane (in some parts of the world). These methods are not only inefficient, and 
burdensome, but they can be very costly as well. Drones can be equipped with large reservoirs, which can 
be filled with fertilizers, herbicides, or pesticides. Using drones for crop spraying is much safer and cost 
effective. Drones can even be operated completely autonomously and programmed to run on specific 
schedules and routes.  
4. Crop mapping and surveying: One of the great advantages of drone technology is the effectiveness of 
large-scale crop and acreage monitoring. In the past, satellite or plane imagery was used to help get a 
largescale view of the farm, while helping to spot potential issues. However, these images were not only 
expensive but lacked the precision that drones can provide. Today, you can not only obtain real-time footage 
but also time-based animation which can illuminate crop progression in real-time. With drone mapping 
and surveying, technology decisions can now be made based on real-time data, not outdated imagery, or 
best-practice guesswork. With near infrared (NIR) drone sensors you can actually determine plant health 
based upon light absorption, giving you a birds-eye view of the overall farm health. With agriculture drones 
we will be able to collect information like overall crop and plant health, Land distribution based on crop 
type, crop life cycle, detailed GPS maps of current crop area Irrigation monitoring and management 
Irrigation is always been troublesome for farmers. With miles and miles of irrigation, issues are bound to 
arise. Drones that are equipped with thermal cameras can help to spot irrigation issues, or areas that are 
receiving too little or excessive moisture. With this information, crops can be better laid out to maximize 
drainage, adhere to natural land runoff, and avoid water pooling, which can damage sensitive crops. Water 
and irrigation issues are not only costly but can ruin crop yields as well. With drone surveying, these issues 
can be spotted before they become troublesome.  
5. Real-time livestock monitoring: Some drones are equipped with thermal imaging cameras that 
enable a single pilot to manage and monitor livestock. This allows farmers to keep track of livestock a much 
greater frequency, and with less time and staff investment. The drone operator can quickly check in on 
herd to see if there are any injured or missing livestock, as well as see livestock who are giving birth. Drones 
are used to keep an eye on the heard at all times, a once costly and time-intensive task. Plus, thermal 
imaging will also help to keep an eye out for any livestock predators, which can be a huge advantage for 
some farm owners. 

Problems 
1. Flight Time and Range: Along with benefits, drones for agricultural use have some limitations. Due 
to relatively higher payloads, the flight duration of drones used in agriculture is short, ranging from 20-60 
minutes. This results in limited coverage of land with every charge. The cost of drones increases 
significantly with longer flight time. 2)  
2. Initial Cost: Mostly, agricultural drones used for surveying have fixed wings and may cost up to $25000 
(Precision Hawk’s Lancaster) based on features and sensors necessary for executing its intended use. Some 
drones are costlier as it includes cost of imaging sensors, software, hardware and tools. The initial cost is 
also proportional to the payload and flight duration capacities, apart from sensors and features included.  
3. National Laws: India’s Directorate General of Civil Aviation announced the country’s first Civil 
Aviation Requirements (CAR) for drones on August 27, 2018 to go into effect from December 1, 2018. The 
operation of drones in India is governed by the Unmanned Aircraft System (UAS) Rules18 - Part VI, 
published on June 2, 2020 in the gazette of India which requires obtaining unmanned aircraft operator’s 
permit (UAOP) for piloting UAS, Permission for each flight through Online Digital Sky platform for No 
Permission No Take off (NPNT) compliance. As of date the current Digital Sky platform only accepts 
registrations and API’s aren’t fully open yet. Very limited UAOP have been issued till date and very few 
Indian OEMs have been provided provisional NPNT compliance, thereby limiting use of drones in 
agriculture including other general applications. The UAS rules also prohibits a) carriage of any payload 
as specified by Director General for RPAS, thus restricting spraying and pod planting applications to only 
Model Remotely Piloted Aircraft System (MRPAS) used for educational or experimental purposes only. b) 
Beyond Visual Line of Sight Operation (BVLOS) thus restricting autonomous operations for better work 
productivity within unaided line of sight of the authorized UAS operator.  
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4. Connectivity: Online coverage is mostly unavailable in the arable farms. Under such a situation, any 
farmer intending to use drones has to invest in connectivity or buy a drone with local data storing capability 
in a format that can be transferred and processed later. 
5. Weather Dependent: Under windy or rainy conditions, flying drones is not easy, unlike traditional 
aircrafts. Drones are weather dependent.  
6. Knowledge and Skill: An average farmer cannot analyze the drone images as it requires specialized 
skills and knowledge to translate it to any useful information. Under these circumstances, the farmer has 
to acquire the skills and knowledge of software of image processing or hire skilled personnel conversant 
with the analysis software.  
7. Misuse: There is a chance of misuse to infringe the privacy of people and illegal transfer of information. 

Deploying Drone Technology in Agriculture 
The modern farming industry is at a turning point. With the development of more advanced farm 
management techniques, such as precision agriculture, industry professionals now have more tools than 
ever to improve the accuracy and efficiency of processes. The use of different types of agricultural drones 
for solving specific tasks of plant growing is being studied for developing SOP and algorithms, particularly 
for the creation of electronic maps of fields, operational monitoring of crop conditions, evaluation of 
germination, predicting crop yields, checking the quality of ploughing, maintaining environmental 
monitoring of agricultural land, etc. 

Conclusion 
Drone technology is a phenomenal innovation that continues to have far-reaching effects across today’s 
society, transforming our lives and the way we do business. The agricultural industry seems to have 
embraced drone technology with open arms, using these advanced tools to transform modern farming. 
High-tech drones allow farmers, and the drone pilots that operate them, to increase efficiency in certain 
aspects of the farming process. From crop monitoring to planting, livestock management, crop spraying, 
irrigation mapping, and many operations drones are extremely useful. Drones are helpful for farming 
management in terms of observing, measuring, and taking action based on real-time crop and livestock 
data. It erases the need for guesswork in modern farming and instead gives farmers the ability to maximize 
their yields and run more efficient organizations, all while enhancing crop production. 
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Introduction 
Micronutrients play a variety of roles in metabolism and homeostasis. Micronutrient deficiency, also known 
as malnutrition, can result in the increased incidence of many diseases and metabolic disorders. To improve 
nutritional status through a balanced and enriched diet, the quantification and bioavailability of vitamins 
and minerals must be determined. The analysis of micronutrient content can enhance nutritional quality 
and improve nutritional status. 
The level and composition of micronutrients vary significantly among crop varieties. Globally, cereals, 
roots, and tubers represent major staple food staples. While these crops are rich in carbohydrates, they 
may have very low quantity or poor-quality proteins and micronutrients. In Asia, people who depend on 
rice are more prone to vitamin A deficiencies due to the lack of this micronutrient. This in turn makes them 
more susceptible to a number of health problems such as blindness. Similarly, over 20 different dietary 
minerals are considered essential for human health. Global-level deficiencies in iron (Fe), zinc (Zn), and 
iodine (I) are most common as they have a significant negative impact on public health. 
Since the concentrations of most vitamins in the edible parts of the plants are frequently low, one research 
goal has been to identify biochemical pathways involved in the synthesis, translocation, and accumulation 
of micronutrients in plant tissues. Further understanding of these mechanisms would enable us to 
manipulate these pathways and improve their micronutrient content through metabolic engineering. 
Although these strategies have demonstrated some degree of success, issues such as appropriate nutrient 
levels, bioavailability, ready adaptation by farmers, and acceptance by consumers must be addressed. 
For the past several years, food supplementation has been the main strategy used for vitamin and mineral 
fortification. This strategy has a number of weaknesses, such as the decreased bioavailability of 
micronutrients after food processing. Biofortification has been considered an alternative solution and can 
be achieved via (i) an agronomic approach, (ii) conventional plant breeding, and (iii) genetic engineering. 
In the following chapter, the micronutrient biofortification of edible crops by genetic engineering will be 
examined. 

What is Biofortification? 
Biofortification is the process by which the nutritional value of food crops is enhanced by various methods 
including plant breeding, agronomic practices and modern biotechnological techniques. 
In India, the focus is on pearl millet (iron), wheat (zinc), sorghum (iron), rice (zinc), cowpeas (iron) and 
lentils (iron and zinc). Currently, biofortified pearl millet, rice, and wheat are available to farmers in India.  

Techniques of Biofortification 
The major techniques or methods by which crops can be biofortified are mentioned below. 
1. Agronomic practices: This involves the application of fertilizers to increase the quantity of 
micronutrients in plants grown in soil conditions that are poor in such micronutrients/minerals. 
2. Conventional plant breeding: This involves traditional breeding methods by which sufficient genetic 
variations are produced for the desired trait in crops such as high content of any micronutrient. It involves 
crossing varieties over many generations to ultimately yield a plant with high nutrient content along with 
other favourable traits. This is the only method used in India for producing biofortified crops. 
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3. Genetic engineering/modification: This involves inserting DNA into the genome of an organism to 
introduce new or different characteristics such as being resistant to any disease. 

Biofortification Examples 
The following are some common examples of biofortification of food crops: 
1. Iron biofortification – Rice, sweet potato, beans, legumes, cassava 
2. Zinc biofortification – Rice, wheat, sweet potato, maize, beans 
3. Provitamin A carotenoid biofortification – Cassava, maize, sweet potato 
4. Amino acid and protein biofortification – Cassava, sorghum 

Methods of Biofortification 
The methodology of Biofortification involves two principal methods: 
1. Selective breeding – This is the conventional method which requires crops which have naturally 
occurring high nutritious value -to be crossbred with high-yielding varieties. The development of the hybrid 
varieties must be monitored by nutritionists to check whether the improved levels of nutrients can be used 
by the consumers and how these levels are affected by storage, processing, and cooking of the food crop. 
2. Genetic modification – Altering the genetic makeup of a crop by introducing foreign genes from the 
wild crop of same species or other species that code for the increased production of certain nutrients or 
disease resistance could make the host crop rich in nutrients and increase its quality. Alternatively, 
different genes which code for different nutrients can also be stacked in a crop to make it rich in a wide 
variety of nutrients. One of the most glorious examples is that of golden rice which has been enriched with 
beta-carotene, a precursor of Vitamin A. 

 

Benefits of Biofortification 
The Green Revolution and related movements in India were focused on eradicating hunger from the 
country. As a result of the Green Revolution, the country has increased the production of food grains and 
is largely self-sufficient. There are various schemes and measures undertaken by the government to ensure 
that the population gets enough food intake in terms of the calorific value. 
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However, the current focus is on increasing the nutrient content of the food intake. Despite having ‘enough 
to eat’, many people are not getting enough nutrients in their food intake. This causes the problem of 
‘hidden hunger’. 

Biofortification Challenges 
Some of the challenges faced in biofortification and introducing biofortified food grains as part of the daily 
diet in India are discussed below. 
1. Due to the colour changes in the grain, people hesitate to accept biofortified food as in the case of golden 
rice. 
2. Farmers also should adopt this on a large scale. 
3. The initial costs also could be a barrier for people to implement. 
Hidden hunger is the term used to describe the deficiency of micronutrients such as zinc and iron. According 
to many researchers, hidden hunger can be solved by biofortifying food crops. 

a. Biofortification helps in achieving overall health improvement in the people. 
b. Such crops are more resilient to diseases, pests, droughts, etc. and provide better yields. 
c. It offers a food-based, sustainable and low-dose alternative to iron supplements. 
d. It has the potential to reach the poorest section of society (who cannot afford food supplements) 
and will also benefit farmers. 
e. It is highly cost-effective since once the initial research is done, the process can be easily replicated 
and scaled. 
f. Biofortification done through non-genetically modified methods (like traditional plant breeding 
done in India) is a better alternative then introducing GM crops that face implementation barriers. 
g. In a country such as India, that faces huge nutritional challenges, biofortification is a sustainable, 
cost-effective method that can help resolve this challenge.  

i. Various studies and reports show that India faces a huge challenge in the form of under 
nutrition. 
ii. Anemia and iron deficiency are problems pervading society especially the economically 
weaker sections and women. 

Conclusion 
Biofortification is an approach to preventing micronutrient deficiency that is sustainable and scalable: it 
now reaches more than 15 million people in initial focus countries in Africa and Asia. Cumulatively, more 
than 100 biofortified varieties across ten crops have been released in 30 countries, where second and third 
waves of even higher nutrient lines are being tested for future release. Candidate biofortified varieties 
across 12 crops are being evaluated for release in an additional 25 countries. The goal is to reach 100 million 
people with biofortified nutritious foods by 2020 and one billion people with biofortified foods by 2030. It is 
a nutrition-smart agricultural intervention supported by robust scientific evidence demonstrating that 
regular consumption of traditionally cooked biofortified food crops improves the nutritional status of the 
most vulnerable groups: rural and marginal-urban, poor women of child bearing age (pregnant or not) and 
children aged 0 to 24 months. 
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Introduction 
Zero budget natural farming (ZBNF) is a method of chemical-free agriculture drawing from traditional 
Indian practices. It was originally promoted by Maharashtrian agriculturist and Padma Shri recipient 
Subhash Palekar, who developed it in the mid-1990s as an alternative to the Green Revolution’s methods 
driven by chemical fertilizers and pesticides and intensive irrigation. He argued that the rising cost of these 
external inputs was a leading cause of indebtedness and suicide among farmers, while the impact of 
chemicals on the environment and on long-term fertility was devastating. Without the need to spend money 
on these inputs or take loans to buy them the cost of production could be reduced and farming made into a 
“zero budget” exercise, breaking the debt cycle for many small farmers. 
Instead of commercially produced chemical inputs, the ZBNF promotes the application of jeevamrutha a 
mixture of fresh desi cow dung and aged desi cow urine, jaggery, pulse flour, water and soil on farmland. 
This is a fermented microbial culture that adds nutrients to the soil, and acts as a catalytic agent to promote 
the activity of microorganisms and earthworms in the soil. About 200 litres of jeevamrutha should be 
sprayed twice a month per acre of land; after three years, the system is supposed to become self-sustaining. 
Only one cow is needed for 30 acres of land, according to Mr. Palekar, with the caveat that it must be a 
local Indian breed not an imported Jersey or Holstein. 
A similar mixture, called bijamrita, is used to treat seeds, while concoctions using neem leaves and pulp, 
tobacco and green chillis are prepared for insect and pest management. 
The ZBNF method also promotes soil aeration, minimal watering, intercropping, bunds and topsoil 
mulching and discourages intensive irrigation and deep ploughing. Mr. Palekar is against 
vermicomposting, which is the mainstay of typical organic farming, as it introduces the the most common 
composting worm, the European red wiggler (Eisenia fetida) to Indian soils. He claims these worms absorb 
toxic metals and poison groundwater and soil. 

Features of Zero Budget Natural Farming (ZBNF) 
1. Commercial level farming can be done in almost zero budget only by using locally available and farm-
based resources. 
2. According to ZBNF principles, plants get 98% of their supply of nutrients from the air, water, and 
sunlight. And the remaining 2% can be fulfilled by good quality soil with plenty of friendly microorganisms. 
(Just like in forests and natural systems). 
3. Soil microclimate: The soil is always supposed to be covered with an organic mulch, which creates 
humus and encourages the growth of beneficial microorganisms. 
4. Desi cow: The system requires cow dung and cow urine (Gomutra) obtained from Indian breed cow only. 
Desi cow is apparently the purest as far as the microbial content of cow dung and urine goes. 
5. Cultures: A farm made bio-culture named ‘Jeevamrutha’ is added to the soil instead of any fertilizers 
to improve microflora of soil. Jeevamrutha is derived from very little cow dung and cow urine of desi cow 
breed. 
6. Natural, farm-made pesticides like Dashparni ark and Neem Astra are used to control pests and 
diseases. 
7. Weeds are considered essential and used as living or dead mulch layer. 
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8. In ZBNF, multi-cropping is encouraged over single crop method.  

ZBNF is Based on 4 Pillars 
1. Jeevamrutha: It is a mixture of fresh cow dung and aged cow urine (both from India's indigenous cow 
breed), jaggery, pulse flour, water and soil; to be applied on farmland. 
2. Bijamrita: It is a concoction of neem leaves & pulp, tobacco and green chilies prepared for insect and 
pest management, that can be used to treat seeds. 
3. Acchadana (Mulching): It protects topsoil during cultivation and does not destroy it by tilling. 
4. Whapasa: It is the condition where there are both air molecules and water molecules present in the soil. 
Thereby helping in reducing irrigation requirement. 

Issues Related to ZBNF 
1. Sikkim (India's first organic state), has seen some decline in yields following conversion to organic 
farming. 
2. Many farmers have reverted to conventional farming after seeing their ZBNF returns drop after a 
few years. 
3. While ZBNF has definitely helped preserve soil fertility, its role in boosting productivity and farmers’ 
income isn’t conclusive yet. 
4. ZBNF advocates the need of an Indian breed cow, whose numbers are declining at a fast pace. 
According to Livestock Census, the country’s total population of indigenous and nondescript cattle has 
dropped by 8.1%. 

Low Expenditure by the Government 
Last year, the government launched Rashtriya Krishi Vikas Yojana, a flagship Green Revolution scheme 
with an allocation of Rs 3745 crore for the financial year 2019-20. Whereas, the Paramparagat Krishi Vikas 
Yojana, which was meant to promote organic farming and soil health has been allocated Rs 325 crore only. 

Why does it Matter? 
According to National Sample Survey Office (NSSO) data, almost 70% of agricultural households spend 
more than they earn and more than half of all farmers are in debt. In states such as Andhra Pradesh and 
Telangana, levels of indebtedness are around 90%, where each household bears an average debt of Rs. 1 
lakh. 
In order to achieve the Central government’s promise to double farmers income by 2022, one aspect being 
considered is natural farming methods such as the ZBNF which reduce farmers’ dependence on loans to 
purchase inputs they cannot afford. Meanwhile, inter-cropping allows for increased returns. 

Is it Effective? 
A limited 2017 study in Andhra Pradesh claimed a sharp decline in input costs and improvement in yields. 
However, reports also suggest that many farmers, including in Mr. Palekar’s native Maharashtra, have 
reverted to conventional farming after seeing their ZBNF returns drop after a few years, in turn raising 
doubts about the method’s efficacy in increasing farmers’ incomes. 
ZBNF critics, including some experts within the Central policy and planning think tank NITI Aayog, note 
that India needed the Green Revolution in order to become self-sufficient and ensure food security. 
They warn against a wholesale move away from that model without sufficient proof that yields will not be 
affected. Sikkim, which has seen some decline in yields following a conversion to organic farming, is used 
as a cautionary tale regarding the pitfalls of abandoning chemical fertilizers. 

Which are the States with Big Plans? 
According to the Economic Survey, more than 1.6 lakh farmers are practising the ZBNF in almost 1,000 
villages using some form of state support, although the method’s advocates claim more than 30 lakh 
practitioners overall. 
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The original pioneer was Karnataka, where the ZBNF was adopted as a movement by a State farmers’ 
association, the Karnataka Rajya Raitha Sangha. Large-scale training camps were organised to educate 
farmers in the method. According to a survey carried out in those early years, ZBNF farmers all owned 
small plots of land, had some access to irrigation and owned at least one cow of their own. 
In June 2018, Andhra Pradesh rolled out an ambitious plan to become India’s first State to practise 100% 
natural farming by 2024. It aims to phase out chemical farming over 80 lakh hectares of land, converting 
the State’s 60 lakh farmers to ZBNF methods. Himachal Pradesh, Chhattisgarh, Kerala, Karnataka and 
Uttarakhand have also invited Mr. Palekar to train their farmers. Himachal Pradesh, Chhattisgarh, 
Kerala, Karnataka and Uttarakhand have also invited Mr. Palekar to train their farmers. 

Is the Budgetary Support Enough? 
Despite the ZBNF buzz caused by the Budget speech, the finance minister did not actually announce any 
new funding to promote it. 
Last year, the Centre revised the norms for the Rashtriya Krishi Vikas Yojana- Remunerative Approaches 
for Agriculture and Allied sector Rejuvenation (RKVY-RAFTAAR), a flagship Green Revolution scheme 
with an allocation of Rs. 3745 crore this year, and the Paramparagat Krishi Vikas Yojana, which has an 
allocation of Rs. 325 crore and is meant to promote organic farming and soil health. Under the revised 
guidelines, both Centrally-sponsored schemes now allow States to use their funds to promote the ZBNF, 
vedic farming, natural farming, cow farming and a host of other traditional methods.  
Andhra Pradesh says it has utilised Rs. 249 crores from these schemes to promote the ZBNF over a two-
and-a-half-year period. The State estimates it will need Rs. 17,000 crores to convert all of its 60 lakh 
farmers to the ZBNF over the next 10 years. 
However, this is only a fraction of the spending on Central government subsidies for fertilizers, pesticides 
and mass irrigation that has driven the Green Revolution model. 

What Lies Ahead? 
NITI Aayog has been among the foremost promoters of Mr. Palekar and the ZBNF method. However, its 
experts have also warned that multi-location studies are needed to scientifically validate the long-term 
impact and viability of the model before it can be scaled up and promoted country-wide. 
The Indian Council of Agricultural Research is studying the ZBNF methods practised by basmati and 
wheat farmers in Modipuram (Uttar Pradesh), Ludhiana (Punjab), Pantnagar (Uttarakhand) and 
Kurukshetra (Haryana), evaluating the impact on productivity, economics and soil health including soil 
organic carbon and soil fertility. 

Way Forward 
There is a host of structural marketing issues which needs to be addressed first before aiming to achieve 
the ambitious goal of ZBNF. For example: 
1. Strengthening of agricultural market infrastructure. 
2. Extending the procurement mechanism to all foodgrain and non-foodgrain crops to all States. 
3. Implementation of price deficiency payment system for selected crops. 
4. Fixing minimum support prices (MSP) in consonance with the cost of cultivation. 
5. Abolishing minimum export price for agricultural commodities. 
6. Enacting legislation on ‘right to sell at MSP’ needs immediate attention. 
7. MGNREGS must also be linked with farm work in order to reduce the cost of cultivation which has 
escalated at a faster pace over the past few years. 
8. Unless these issues are resolved, the doubling of farmers' income will remain a distant reality. In this 
context, farmers’ ease of doing business and ease of living should also be taken into consideration. 

Conclusion 
1. Zero budget fanning is environmentally friendly. 
2. Savings on cost of seeds, fertilizers and plant protection chemicals has been substantial. 

https://www.drishtiias.com/daily-updates/daily-news-editorials/msp-agrarian-crisis-and-reform
https://www.drishtiias.com/to-the-points/paper3/doubling-farmers-income-a-promise-to-be-fulfilled-by-2022
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3. Because of continuous incorporation of organic residues and replenishment of soil fertility helps to 
maintain the soil health. 
4. Pest management is a key component in zero budget natural farming crop production systems. 
5. To successfully control pest in an zero budget natural farming, it is important to understand the 
interactions of different components in a specific ecosystem. 

References 
1. The Hindu 
2. Wikipedia 
3. Research papers 
4. Byju’s 
5. Drishti IAS 
 



 

 
Volume 4 - Issue 03 - March 2022       202 | P a g e  
 

Biofortification in Rice (Oryza sativa) 
Article ID: 36313 

B. S. Anand Babu1, S. Hariselva Prasad1, P. Elangovan1 
1S. Thangapazham Agricultural college (Affliated to Tamil Nadu Agriculture University) Vasudevanallur 

Tenkasi-627 758, Tamil Nadu, India. 
 

  
 

Introduction 
Biofortification: The development of nutrient dense staple crops using the best traditional breeding 
practices and modern biotechnology. It makes foods more nutritious as plants are growing rather than 
having nutrients added to plant foods during processing. The process of increasing the micronutrient 
content of a food crop through selective breeding, genetic modification or the use of enriched fertilizers. It 
is an idea of breeding crops to increase their nutritional value. It is the process by which the nutrient 
density of food crops is increased through conventional plant breeding or improved agronomic practices. 

 
Reason for biofortifying crops: Rice is a staple food crop for more than one billion poor people The Rice 
endosperm (starchy & most edible part of rice seed) is deficient in many nutrients including vitamins, 
proteins, micronutrients, EAAs, etc. The Aleurone layer of dehusked rice grains is nutrient rich but is lost 
during milling and polishing. Unprocessed rice becomes rancid i.e., smelly or unpleasant in taste. It is the 
process of breeding nutrients into staple food crops to help reduce mineral and vitamin deficiencies. The 
basic goal of biofortification is to reduce mortality and morbidity rates related to micronutrient 
malnutrition and to increase food security, productivity and the quality of life for poor population in 
developing countries. 

Methodology of Biofortification 
1. Selective breeding. 
2. Genetic engineering. 

Selective Breeding 
Using this method, plant breeders search seed or germplasm banks for existing varieties of crops which are 
naturally high in nutrients. They then crossbreed these high-nutrient varieties with high-yielding varieties 
of crops, to provide a seed with high yields and increased nutritional value Crops must be bred with 
sufficient amounts of nutrients to have a measurable positive impact on human health. As such, they must 
be developed with the involvement of nutritionists who study whether the consumers of the improved crop 
can absorb the extra nutrients, and the extent to which storage, processing, and cooking of the crops affect 
their available nutrient levels. Bread wheat with high grain iron and zinc has been developed through 
radiation breeding. 
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Genetic Breeding 
1. Protoplast based: The introduction of ‘naked’ DNA into plant protoplasts, in comparison to 
transformation methods used for bacterial, yeast and animal cells, has been a relatively recent 
development. The first conclusive demonstrations of uptake and integration of DNA into plant protoplasts 
were those of Davey. Draper et al and Krens et al. in which isolated Ti plasmid from Agrobacterium 
tumefaciens was applied to plant protoplasts in the presence of poly-1-ornithine or polyethylene 
glycol/Ca2+. The presence of the Ti DNA in the plant genome was demonstrated both by the phenotype of 
hormone auxotrophic growth, production of the expected opine and by Southern blot analysis of DNA from 
the transformants.  
2. Biolistic method: Biolistics, short for “biological ballistics” and also known as particle-mediated gene 
transfer, is the method of directly shooting DNA fragments into cells using a device called a gene gun. To 
use a gene gun, a scientist first mixes a DNA construct with particles of a heavy metal, usually tungsten 
or gold. 
3. Agrobacterium mediated: Agrobacterium-mediated gene transfer predominantly results in the 
integration of foreign genes at a single locus in the host plant, without associated vector backbone and is 
also known to produce marker free plants, which are the prerequisites for commercialization of transgenic 
crops. 

Nutrient Bio Fortified into Rice 
1. Vitamin-A (retinol). 
2. Vitamin-B9 (Folic acid/folate).  
3. Iron.  
4. Zinc. 
5. Glycinin. 

Vitamin A Rice Biofortification 
The rice endosperm lacks vitamin A and; Vitamin A deficiency causes night blindness,impaired vision,   
epithelial tissue integrity, immune response and hematopoiesis & skeletal growth mostly in young children 
aged 1-5 years old. 
Biofortification involved introduction of three genes in rice grain via Agrobacterium tumefaciens:   

a. phytoene synthase (psy) – daffodil (Narcissus pseudonarcissus)   
b. lycopene B - cyclase (crt) – daffodil  
c. (Narcissus pseudonarcissus) o phytoene desaturase – bacterium (Erwinia uredovora)  

1. Successful production of Golden rice 1 (GR1) and Golden rice 2 (GR2) o GR1- yield of 1.6µg provitamin 
A/g in endosperm.  
2. GR2- higher yield of 31µg/g provitamin A in endosperm by replacement of psy gene from daffodil with a 
psy gene from maize. 
3. 72µg of GR2 could provide the recommended daily vitamin A allowance for 1–3-year-olds, because they 
consume 100-200g of rice per meal. 

Golden Rice 
1. Ingo Potrykus and Peter Beyer initiated to develop golden rice (1999) and fortified with beta-carotene   
2. Beta-carotene gives the distinctive tint Antonio Alfonso (2013). 
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Golden Rice, named for the golden color of the betacarotene added through genetic modification, is currently 
undergoing regulatory review in the Philippines and Bangladesh. It has been assessed to be as safe as 
ordinary rice, with the added benefit of beta-carotene in its grains by Food Standards Australia New 
Zealand (FSANZ), Health Canada, the United States Food and Drug Administration (US FDA), and the 
Philippine Department of AgricultureBureau of Plant Industry (DA-BPI).  
Despite the success of existing nutrition interventions, Vitamin A deficiency (VAD) continues to be a 
leading cause of preventable childhood blindness and increased risk of infection for over 190 million 
children worldwide. 

Golden Rice 
Phytoene synthase - from daffodil (Narcissus pseudonarcissus)   
Lycopene B-cylase - from daffodil (Narcissus pseudonarcissus)   
Phytoene desaturase - from the soil bacterium (Erwinia uredovora) (Portrykus et al., 1999) 

 

Iron Biofortication of Rice 
Iron (Fe) is a redox - active constituent of the catalytic site of heme and non-heme iron proteins. 

Metabolic Functions of Fe Include 
1. Serving as an element in blood production   
2. Serving as a component of enzymes involved in synthesis of collagen & some neurotransmitters   
3. Providing a transport medium for electrons within the cells in the form of cytochromes   
4. As of Being a structural component of haemoglobin Consequences of Fe deficiency include:  

a. Blood loss leading up to Sickle Cell Anaemia  
b. Causes Gastro-intestinal blood loss in men & post-menopausal women Normal RBC Sickled RBC. 
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In the Fe-Rice Biofortification Process 
Three genes were introduced into the Japonica rice variety: 
1. Ferritin – enhances iron storage in grains & was expressed under an endosperm specific promoter. 
Nicotianamine   
2. Synthase – was expressed under a constitutive promoter & produces nicotinamine which chelates iron 
temporarily facilitating its transport in plants   
3. Phytase – degrades phytate. 

Zn Biofortification of Rice 
Zn is an important micronutrient:   

a. Critical in tissue growth, wound healing, connective tissue growth & maintenance, immune 
system function, prostaglandin production, bone mineralization, proper thyroid function, blood 
clotting, cognitive functions, fetal growth & sperm production   
b. It plays an important role in the health of skin, bones, hair, nails, muscles, nerves & brain 
function.    
c. Is required for metabolic activity of enzymes (as a cofactor) involved in repair & replacement of 
body cells. 
d. Its essential for cell division & synthesis of DNA & proteins.  

The deficiency of Zn leads to:  
a. Impairment of physical growth, immune system & learning ability.   
b. Fetal brain cell disease & affects mental development in pregnant mothers.   
c. Hindered normal growth and development in children.  
d. Increased risk of infections, DNA damage & cancer. 

In the Zn-Rice Biofortification process: 
a. Three genes of the OSNAS family • • • • were introduced into Japonica rice cultivar Nipponbarp  
b. These three genes encode production of nicotianamine (NA) - a chelator of transition metals that 
facilitates uptake & transport of metal cations including, Zn2+ 
c. Specific over-expression of OSNAS resulted in significant increase in NA concentration and Zn. 
d. OSNAS 2 activation had 20-fold more NA & 7-fold Zn in polished rice grains.   
OSNAS 3 activation was reported to reverse signs of Fe-deficiency when fed to anaemic mice. 

Folate Biofortification of Rice 
1. Folate biosynthesis requires the plastid chromate pathway intermediate (PABA) & Pterin precursor from 
GTP   
2. Rice engineered using targeted expression of GTPCHI & ADCS to increase folic acid biosynthesis in seeds 
Transformed plants with ADCS had 49-fold increase in levels of PABA. 
Folate dietary deficiency results in:   

a. Neural tube defects e.g. Spina bifida.   
b. Cardio vascular diseases.   
c. Different forms of dementia. 
d. Megaloblastic anaemia. 

Glycinin Biofortification of Rice 
1. Glycinin is a lysine rich globulin protein found in soybean seeds. 
2. Lysine is an essential amino acid (EAA).   
3. Rice seed endosperm is deficient in lysine. 
4. Glycinin accounts for more than 20% seed dry weight & is a reserve for carbon & nitrogen used in seed 
germination.   
5. Five Glycinin genes: Gy1; Gy2; Gy3; Gy4; & Gy5. 
Four molecular approaches that are commonly used:   

a. Modifying the higher protein sequence of a major crop protein to contain higher content of desired 
EAA  
b. Producing a synthetic protein rich in target EAA   
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c. Expressing a heterologous protein with high content of desired EAA   
d. Manipulating the expression of a homologous protein for desired EAA   
e. By increasing the pool of a specific free EAA through metabolic engineering 

i. Biofortification involved insertion of 4 contiguous methionine residues into the 11S 
variable regions of the soybean Glycinin gene corresponding to the C-terminal regions of the 
acidic & basic polypeptides.  
ii. Modified Met-rich soybean Glycinin gene under control of GluB-1 promoter was 
transformed using. 

Agrobacterium tumefaciens and expressed in rice: 
a. 5% total glycinin protein was obtained  
b. Mainly introduced because it is a seed storage protein which is lacking in the rice grain   
c. Lysine facilitates normal growth & development; lowering of serum cholesterol; LDL cholesterol 
– hence lowered risk of heart disease   
d. Effects of lysine deficiency include:  

i. Hair loss or Poor growth. 
ii. Excessive fatigue & mood changes   
iii. Loss of Appetite  
iv. Anemia: Supplements or food sources should provide 12mg/kg body weight of lysine/day. 

Conclusion 
Advantages of biofortification of rice include:  

a. Increase in nutritional value. i.e., bioavailable Vitamin A & B6; Fe; Protein (glycinine) & Zn   
b. Increase in yield e.g., Rice biofortified with Glycine betaine for enhanced abiotic stress tolerance   
c. Reduced adult & child micronutrient caused mortality.  
d. Reduced dietary deficiency diseases e.g., Blindness in children, diarrhoea, anemia. 
e. Healthier populations with strong and quick immune responses to infections.   

Disadvantages of biofortification of rice include:   
a. High production costs. i.e., equipment, technology, patenting, etc;  
b. Potential negative interaction of biofortified rice on other plants/ non-GM rice crops causing loss 
of wild-type rice varieties  
c. Low substantial equivalence- i.e., inability to provide high micronutrient and protein content 
compared to supplements   
d. Poor rural populations have limited access & resources to purchase biofortified rice  
e. Genetic engineering methods used may compromise immunity in humans.i.e., introduce increased 
risk of allergenicity. 
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Sulphur is the fourth major plant nutrients after nitrogen, phosphorus and potassium for Indian 
agriculture. It is essential for synthesis of amino acids, protein, oil, a component of vitamin A and activates 
enzyme system in plant. Three amino acids viz. methionine (21%), cysteine (26%) and cystine (27%) contain 
S which are building blocks of proteins (Data,1981). 

 
1. Sulphur deficiency symptoms first appear on younger leaves, because sulphur is Immobile nutrient. 
2. Chlorosis in leaves-Tea yellow disease. 
3. Stem and leaf petioles become brittle and may collapse. 
4. Plants look withering. 
5. Leaf tips and leaf margins roll inward. 
6. Protein synthesis reduced. 
7. Inhibits nodule formation. 
8. Chlorophyll-protein complexes impaired. 
9. Stem-hard. 
Different plants have different deficiency symptoms like less oil content in rapeseed and mustard, 
shortened panicle in rice, delayed flowering in soyabean, leaves become narrow and short in wheat. 
(Arif,2016). 

Symptoms Particulars in Rapeseed 
1. Cup shaped leaves. 
2. Underside of leaves turn redding. 
3. Stems of the crop also become reddish tint. 
4. Growing points are arrested. 
5. Stunted plants. 
6. Delayed maturity. 
7. An excess of sulphur free amino acid (asparagine, glutamine and arginine) due to the inhibition of protein 
synthesis. 

(Meena, 2016). 
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Toxicity 
1. Rare  
2. Reduced leaf size and overall growth 
3. Yellowing of leaf or scorched at edges 
4. Induces deficiency to other nutrients by competition (Antagonistic). 

Management 
Physical reclamation: 

a. Leaching: When soil elements after dissolving with water go down from upper to the lower level, 
it is called leaching. In this method, Elements of the soil are transferred to lower levels after 
dissolving with water. This water, along with the supply of water to crops takes away salts after 
dissolving them. 
b. Scratching: Many times, the fertilizers are remains in a large quantity and it looks like a heap. 
Then it has to be scratched out from the field to reduce toxicity of the soil. This method is not 
practicable on a large scale.  
c. Drainage with Drainage of additional water, concentration of fertilizers does not take place. 
Drains may be constructed in the field so that excess water keeps on discharging. (Mohdsaleem, 
2016). 

Chemical reclamation: Application of chemical amendments. 
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Biological reclamation: 

a. Application of green manuring and crop residues. 
b. organic manures: Manures like Bulky organic manures and concentratric manures help in 
enhancing the physical properties of soil. Which, ultimately increases the availability of micro-
organism i.e the sole responsibility for better aggregates. 
c. Micro-organism (Ahmad etal.,2017). 

Conclusion 
1. Strategies need to be developed to encourage more use of S through judicious mix of sulphur fertilizer, 
by-product of S, and organic manure attaining sustainable high crops productivity. 
2. In accordance to different agroclimatic zone, agroecological zone, soil parameters, topography. The 
response of sulphur to the ecosystem in specific to soil will be varying. 
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Cotton (Gossypium hirsutum L.) is a major commercial fiber crop that occupies a large area of Indian agro 
industrial economy. It serves as an essential fiber, feed, oil and biofuel source. Cotton provides employment 
opportunity and sustenance to a population of almost 42 million people, who are directly or indirectly 
involved in the cultivation, processing, textiles and related activities. More than 6.0 million farmers are 
expected to be growing cotton in India and about 36 million people are employed directly by the textile 
industry. Cotton production in India is therefore considered to have a wide-reaching effect on the farmer’s 
livelihood, economy of the country and key role on international trade (Kranti et al., 2013).  
For Indian farmers, Cotton is an important cash crop after Rice and Wheat. It is third in overall acreage 
planted among all crops in India. India has become a major player in international cotton markets through 
recent technical developments and trade liberalization.  Global cotton area and production are projected to 
33.4 million hectares and 121.7 million bales in 2018-19 (International Cotton Advisory Committee, 2019). 
India is projected to produce 36.0 million bales (1 bale = 170 kg) of cotton in 2019-20 and India recorded 
first in cotton cultivated area of 12.58 in million hectares and productivity of 486 kilogram per hectare and 
first place in production in 2018- 2019. Gujarat was first among the Indian states with production of 10.73 
million bales followed by Maharashtra with 0.83 million bales and Telangana with 0.52 million bales, above 
states combined contributing almost 67 % during 2018-19 to overall cotton production (Cotton Advisory 
Board, 2008).  
Currently, the Indian cotton industry and cotton growing farmers have been moving towards mechanical 
harvesting by cotton harvester. In this regard, the farmers were facing major problem at the time of 
harvesting due to more leaf vegetation in the cotton, which will disrupt the boll picking efficiency and fiber 
quality (Lokhande and Reddy, 2015).  The entire cotton production in India is hand-picked by human labour 
and collects 5 kg of cotton seed per hour and costs almost 10 times the cost of irrigation and two times the 
cost of weeding. It is estimated that the labour availability has decreased from 70.3 % of the population in 
1961 to 48.9 % in 2019, and cost of harvesting cotton from the farm has increased from Rs 4 per kg in 2007 
to Rs 10-12 a kg in 2019. Mechanization is clearly the need of the hour and will play important role in 
sustaining the cotton production in future in India. India currently lags behind many other major cotton 
growers in the mechanization of harvesting. India is expected to have to mechanize its cotton harvesting 
operations soon because it faces labour shortages and increasing farm wages (Misra and Singh, 2012). 
Compared to farmers practice, the high-density planting method assisted by cotton mechanization offers a 
25-40 % increase in yield. Compared to traditional practices, yield growth is due to greater plant density 
per acre. This increase in yield provides a good base for cotton mechanization adoption. Additional costs of 
Rs.6488/ acre for high seed rate and agronomical use are expected by farmers who follow mechanized 
cultivation methods with additional revenue of Rs.11851/ac due to 25-40 % rise in yield; this extra expense 
can easily be covered. In general, therefore farmers tend to benefit from mechanical cotton cultivation 
(Cotton Advisory Board, 2008). 
Most of the cotton varieties cultivated in India produce higher foliage even at the time of crop maturity. 
The higher foliage will delay the boll opening and resulted in unsynchronized boll opening and it creates 
multiple picking. The multiple pickings require more cost and it is also time consuming because of the 
shortage of labors. The availability of labors and picking cost is also a serious problem. Most of the farmers 
uproot the cotton for timely sowing of the next crop and in this situation the unopened bolls cannot 
contribute to final seed cotton yield. These problems can be overcome by introduction of mechanical picking 
in cotton cropping system. For mechanical picking, it is necessary to shed the leaves artificially through 
application of defoliants which will also synchronize boll opening. It will help in timely harvest of the field 
for next crop and also minimize the cost of picking (Meena et al., 2016; Kanchana et al., 2019). 



 

 
Volume 4 - Issue 03 - March 2022       211 | P a g e  
 

For cotton harvesting practices, an abscission chemical needed with enhanced defoliation and boll opening 
properties is one of the critical decisions in cotton production. The efficacy of defoliants depends on the crop 
maturity, uniformity of plant growth, environmental conditions, and coverage of sprays, absorption and 
translocation. Defoliation helps the farmers to harvest sooner than the naturally matured crop, but if the 
application of the defoliants is premature it may decrease the yield and alter the fiber quality. The 
producers attempt to optimize the timing of defoliant applications by optimizing the number of young bolls 
that are mature and harvestable without compromising the yield and quality of older bolls (Copur et al., 
2010). In Tamil Nadu Agricultural University (TNAU), Coimbatore, Tamil Nadu, CO 17 Cotton variety was 
developed with high density planting coupled with mechanization required development of short sympodial 
and zero monopodial cotton production through complete transformation in agronomic and breeding 
practices.  
Main objective of defoliation is to promote crop earliness, facilitate shedding of leaves before harvesting at 
an appropriate time and to ensure clean and fast picking of cotton bolls and reduce losses. In cotton, 
defoliation or leaf abscission is included as normal physiological mechanism that is normally insufficient 
or not timely enough for a full mechanical cotton harvest. Defoliation prior to harvest is often induced by 
managing the plants so that senescence, abscission (separation) layer growth and leaf drop  
(Kohli et al., 2015). The ultimate aim of defoliants is to promote mechanical harvesting, minimize trash 
and prevent fiber and seed quality from weathering and staining by allowing earlier harvest (Siebert and 
Stewart, 2006). Another advantage is the decreased moisture content that is necessary for the storage of 
seed cotton in the raw fibers and seeds. 
Chemical defoliants increase total phenols content in leaf and plant systems, thereby reduces chlorophyll 
content and also reduces levels of carbohydrates, proteins and inorganic ions and drastic changes in 
hormone concentrations. Several chemicals which contain ethylene help in leaf drop, synchronous and early 
boll opening in cotton due to full exposure to sunlight. It makes cotton ready for single picking by machine 
(Bange et al., 2008). Leaf start drying within 12 hours after defoliants application and complete defoliation 
takes place within 3-4 days. Sodium chlorate is introduced as contact herbicide/dessicant but now days 
beyond that it is used as defoliator. The cotton plant is injured by herbicidal defoliants causing it to emit 
ethylene in response. Ethylene promotes leaf abscission by increasing the activity of enzymes such as 
pectinase and cellulase, which degrade cell walls and middle lamellae in the abscission zone of the petiole 
(Kavitha et al., 2013).  
Defoliation and opening boll numbers were greatly improved by a defoliant and ethephon mixture, and the 
combination of ethephon and thidiazuron can be used efficiently and safely in the field-grown cotton (Du et 
al., 2013). In the success of defoliants effects crop fruit load and the vigor of vegetative growth can play a 
major role in the success of defoliation efforts and more compact fruiting patterns are more advantageous 
for timely maturation and defoliation of bolls (Wright et al., 2015). In conclusion the defoliants are very 
important harvest aid for clean and fast cotton harvest in the cotton cultivation. 
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Introduction 
The development of new offspring is essential for plants to perpetuate their generations in the nature. 
Generally, the development occurs by the process of reproduction. The fusion of male and female gametes 
usually occurs in the plant by the form sexual reproduction and some of the plants generate their offspring 
in a vegetative manner as asexual reproduction. Even though the development of new progenies either 
through sexual and asexual a new way is arisen for better development towards overcoming certain 
barriers and that has an evolutionary significance. 

Apomixis 
The word Apomixis is derived from Greek work that means for away from mixing (i.e., without fusion). The 
apomixis is a type of reproduction in which sexual organs or related structures take part but seeds are 
formed without union of gametes. It refers to the occurrence of a sexual reproductive process in the place 
of normal sexual processes involving reduction division and fertilization. Apomixis is widely distributed 
among higher plants. More than 300 species belonging to 35 families are apomictic. It is most common in 
Gramineae, Compositae, Rosaceae and Rutaceae. Among the major cereal’s maize, wheat and pearl millet 
have apomictic relatives. It was first reported by Leuwenhoek as early as 1719 in Citrus seeds.  
Reproduction in some species occurs only by apomixis.  This apomixis is termed as obligate 
apomixis.  But in some species sexual reproduction also occurs in addition to apomixis.  Such apomixis is 
known as facultative apomixis. 

 

Types of Apomixis 
1. Recurrent Apomixis: An embryo sac develops from the megaspore mother cell where meiosis is 
disturbed or from some adjoining cell. Consequently, the egg-cell is diploid. The embryo subsequently 
develops directly from the diploid egg-cell without fertilization. E.g: Crepis, Taraxacum, Poa (blue grass), 
and Allium (onion) without the stimulus of pollination. Mauls (apple) and Rudbeckia where pollination 
appears to be necessary, either to stimulate embryo development or to produce a viable endosperm. 
2. Non -recurrent Apomixis: An embryo arises directly from normal egg-cell (n) without fertilization. 
Since an egg-cell is haploid, the resulting embryo will also be haploid. Such types of apomixis are of rare 
occurrence.  They do not perpetuate and are primarily of genetic interest as in corn. 
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3. Adventive Embryony: Embryos arise from a cell or a group of cells either in the nucellus or in the 
integuments, e.g. in oranges and roses. Since it takes place outside the embryo sac, it is not grouped with 
recurrent apomixis, though this is regenerated with the accuracy. Embryo within the embryo sac may also 
develop simultaneously, thus giving rise to poly-embryony condition, as in Citrus, Opuntia.  
4. Vegetative apomixis: In Poabulbosa and Allium, Agave and grass species, vegetative buds or bulbils, 
instead of flowers are produced in the inflorescence. They can be reproduced without difficulty. Now, 
different apomictic phenomena in each of the recurrent and non-recurrent apomicts are considered in 
relation to the development of the embryo sac or embryo. 

 

Development of Apomictic Embryo Sac 
Apospory:  It involves the development of embryo sac either from the archesporial cell or from the nucellus, 
or from another cell.  It is of two types: 

a. Generative or haploid apospory: If the embryo sac develops from one of the megaspores (n), 
the process is called generative or haploid apospory. Since it cannot regenerate, as it is haploid and 
fertilization fails, the process gives rise to non-recurrent apomicts. 
b. Somatic or diploid apospory: When diploid embryo sac is formed from nucellus or other cells, 
the process is termed as somatic or diploid apospory. Since it regenerates without fertilization, it is 
recurrent. 

Development of Apomictic Embryo 
1. Parthenogenesis: This refers to the development of embryo from egg-cell without fertilization, e.g. in 
some cases in corn, wheat, tobacco.  This is also of two kinds: (i) Haploid parthenogenesis:  The embryo 
develops from egg-cell without fertilization in a haploid embryo-sac produced by generative apospory.  It is 
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non-recurrent in nature. (ii) Diploid parthenogenesis:  The embryo develops from egg-cell without 
fertilization in a diploid embryo-sac arising from somatic apospory.  It is recurrent type. 
2. Apogamy: This is related to the development of embryo not from the egg-cell but from any one of the 
synergid or antipodal cells within the embryo sac, without fertilization.  This is haploid or diploid.  In the 
haploid apogamy, the embryo arises from any cell other than the egg-cell without fertilization in haploid 
embryo -sac formed by generative apospory.  By virtue of its haploid nature, it is also non-recurrent 
apomixis.  Whereas in case of diploid apogamy, embryo develops from any cell other than the egg-cell 
without fertilization in a diploid embryo-sac developed by somatic apospory.  It is recurrent type. 
3. Androgamy:  It is the development of embryo neither from egg cell nor from synergids or antipodals, 
but from one of the male gametes itself, inside or outside the embryo-sac.  Since it is haploid, it is non-
recurrent apomixis. In another phenomenon, i.e., parthenocarpy, seedless fruits are formed from ovary 
without fertilization.  Normally, fertilization stimulates the ovary to become enlarged and form fruit.  But 
in case of parthenocarpy, such stimulation may be received even from incompatible pollination. 

Advantages of Apomixis in Plant Breeding 
The two sexual processes, self-and cross-fertilization, followed by segregation, tend to alter the genetic 
composition of plants reproduced through amphimixis.  Inbreeding and uncontrolled out breeding also tend 
to break heterozygote superiority in such plants.  On the contrary, apmicts tend to conserve the genetic 
structure of their carriers.  They are also capable of maintaining heterozygote advantages generation after 
generation.  Therefore, such a mechanism might offer a great advantage in plant breeding where genetic 
uniformity maintained over generation for both homozygosity (in varieties of selfers), and heterozygosity 
(in hybrids of both selfers and outbreeders) is the choicest goal.  Additionally, apomixis may also affect an 
efficient exploitation of maternal influence, if any, reflecting in the resultant progenies, early or delayed 
because it causes the perpetuation of only maternal individuals and maternal properties due to prohibition 
of fertilization. Maternal effects are most common in horticultural crops, particularly fruit trees and 
ornamental plants. 
Thus, in short, the benefits of apomixis, insofar as their utility in plant breeding is concerned, are: 
1. Rapid multiplication of genetically uniform individuals can be achieved without risk of segregation. 
2. Heterosis or hybrid vigour can permanently be fixed in crop plants, thus no problem for recurring seed 
production of F1 hybrids. 
3. Efficient exploitation of maternal effect, if present, is possible from generation to generation. 
4. Homozygous inbred lines, as in corn, can be rapidly developed as they produce sectors of diploid tissues 
and occasional fertile gametes and seeds. 

Exploitation of Apomixis in Crop Improvement 
The use of apomixis in crops in a follow-up process, after a variety or hybrid is evolved, as reflected by the 
benefits it renders.  Therefore, our aim in this section is to deal with only apomixis as a tool to plant 
breeding. With a view to exploit apomixis in sexual crops, it needs to detect and identify an apomictic 
phenomenon, occurring spontaneously in any plant, or, to incorporate it artificially, perhaps through 
hybridization between apomicts and amphimicts. 

Detection of Apomixis 
Positive evidence for the presence or absence of apomixis can be obtained only from an intensive screening 
of a large number of plants in a variety/hybrid.  The screening involves a careful and systematic tracing of 
steps for the development of embryo-sac and embryo, through microtomy of ovule, right from megaspores 
to embryonic development. 
As such, therefore, it is a most tedious job requiring a lot of patience and persistence indeed. It should 
however be noted that it is only recurrent apomixis, namely diploid forms of apospory / parthenogenesis / 
apogamy / adventive embryony and vegetative propagation which are beneficial for plant breeding 
purposes. The simple reason being that it is these which produce viable diploid embryos without 
fertilization and thus can continue to perpetuate over generations. Nonrecurrent apomixis are of academic 
use. 
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Conclusion 
Apomixis is a kind of generating offspring in plant species. It produces genetically uniform individuals 
without segregations. In agriculture, apomixis has the potential to transform plant breeding, allowing new 
varieties to retain valuable traits through asexual reproduction. The way of fixing heterosis in cross-
pollinated is provided hybrid seed production. If apomixis can be engineered into sexual crops in a 
controlled manner, its future impact on agricultural systems has the potential to be both widespread and 
profound. It may provide more opportunities for variation in plants. At the same time, multiple genetic 
materials can attenuate adverse mutations, resulting in a higher proportion of apomixis. Based on current 
research, technical level, and the concerted efforts of many researchers, the establishment of apomictic 
technology systems is expected to be realized this century. 
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Introduction 
The legume word derived from the Latin word “Legne” which means “to collect or to gather” refers to 
collection of pods. Five-petal flower is irregular with bilateral symmetry. Fruit is a pod with row of seeds 
which contain food-storing cotyledons. High protein content is correlated with the presence of root nodules 
which contain nitrogen-fixing bacteria. Well known legumes include alfalfa, clover, peas, beans, lentils, 
lupins, soybeans, peanuts. Looking to the importance of pulses, the year 2016 was declared as the 
“International year of pulses” by the sixty eighth session of the United Nations General Assembly on 
December 20,2013. It was launched under the slogan of “nutritious seeds for a sustainable future”. This 
was done with the aim to heighten public awareness of the nutritional benefits of pulses as a part of 
sustainable food production aimed towards food security and nutrition. Under resolution A/RES/73/251, 
UN General Assembly (UNGA) designated 10 February as “World Pulse Day” to reaffirm the contribution 
of pulse for sustainable agriculture. 

Reason Behind Low Yield 

Arid Legumes and Quality of Arid Legumes 
Deep rooted, summer annual legumes grown under resource constraint situations such as Clusterbean, 
Cowpea, Moth bean and Horsegram. Crops adapted to specific set of environments and are known for 
taming drought, sustaining soil productivity, stabilizing agricultural system and providing nutritional 
security.  
Table 1: Nutritional Value of Clusterbean, Cowpea, Moth bean and Horsegram. 
Sr. No  Legumes  Protein  Carbohydrate  Fat  Calorific value  Dietary Fiber  
1.  Moth bean  24-25 %  61-62%  1.4-1.5%  330 Kcal/100 g  16%  
2.  Horsegram  23-24 %  59-60%  2.3-2.4%  321-322 Kcal/100 g  15-16%  
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3.  Cowpea  26-28 %  63-64%  0.3-0.4%  345-346 Kcal/100g  18.2%  
4.  Cluster 

bean  
23-45 %  23.7%  0.14%  16Kcal/100g  9.3%  

Breeding Strategy for Arid Legumes 
1. Conventional approaches: Genetic Resources and their Utilization - Genetic variation within a 
species is a primary asset required for crop genetic improvement. Varieties having the desired genetic 
variation can be used as parental lines for hybridization or direct release as cultivars. The heterogeneous 
landraces can also be improved by pedigree selection for use in breeding programs.  
2. Non-Conventional approaches: Mutation Breeding – natural genetic diversity coupled with 
induced variability forms the basis for improvement of all major food crops.   
Table 2: Mutagens used in Horse gram: 
Mutagen and doses  Mutations  References  
Gamma radiations (100 to 600 Gy) EMS 
(0.2 to 0.6%)  

Chlorophyll, Morphological, Pod and 
yield characteristics  

Bolbhat and Dhumal 
2009  

EMS 0.05%, 0.1%, 0.125% SA 0.001%, 
0.002%, and 0.003% NEU 0.001%, 
0.003% and 0.005%  

Chlorophyll mutations Shirsat et al. 2010  

Gamma radiations (5 to 40 kR) Morphological, Pod and yield 
characteristics Days to maturity  

Patel et al. 2010  

Gamma radiations (100, 200, 300 and 
400 Gy) EMS (0.2, 0.3, 0.4 and 0.5%)  

Plant growth Yield attributing 
characteristics  

Bolbhat and Dhumal 
2012  

EMS (0.1, 0.2 and 0.3%) SA (0.05, 0.1 
and 0.15%) NMU (0.4, 0.6 and 0.8%)  

Chlorophyll mutations, 
Morphological characters  

Kulkarni and Mogle 
2013  

Gamma radiations (100, 200, 300 and 
400Gy) EMS (0.2, 0.3, 0.4 and 0.5%)  

Nutrient quality of seeds – reduced 
polyphenols, reduced phytate 
content  

Bolbhat et al. 2014  

Distant Hybridization 
Wild crop gene pool is a rich reservoir of rare alleles. Distant hybridization is a integral part of breeding to 
widen the genetic base and to incorporate various desirable traits into the agronomically desirable species. 
At IITA, Nigeria, crosses between wild species (Vigna unguiculata ssp dekindtiana) and cultivated cowpea 
were made to transfer resistance against pod-borer and pod-sucking bugs. A new method was termed 
congruity backcrossing (CBC) which involved crossing with each parent species in alternate generations. 

Biotechnological Approach 
1. Molecular markers – DNA based markers are suitable for the assessment of genetic diversity, 
cultivar/hybrid purity test, variety identification and selecting the diverse genotypes for hybrid 
development. Molecular markers are the most powerful genomic tools to increase the efficiency and 
precision of breeding practices for crop improvement.  
2. Identification and transfer of genes and QTL: 

a. Cowpea – three QTL for resistance to Thrips tabaci and Frankliniella schultzei are identified 
using a cowpea RIL. Three QTLs (Thr-1, Thr-2 and Thr-3) are identified on linkage groups 5 and 7 
accounting for between 9.1 and 32.1% of the phenotypic variance. AFLP markers are co-located with 
QTL. (Muchero et.al., 2010). These results will provide a resource for molecular marker development 
and the genetic characterization of foliar thrips resistance in cowpea (Muchero et al. 2010).  
b. Guar: A 1.6 kb guar mannan synthase (MS) promoter region has been isolated. This MS promoter 
sequence is over expressed in alfalfa (Medicago sativa L.). The quantitative GUS assay reveals that 
the MS promoter directs GUS expression especially in the endosperm in transgenic alfalfa, hence 
guar MS promoter could prove useful in directing endosperm-specific expression of transgenes in 
legumes (Naoumkina and Dixon, 2011). 
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c. Moth bean: Being extremely drought hardy crop, it is utilized for isolation of drought tolerant 
gene P5Cs encoding 1pyrroline 5-carboxylate synthesis protein through proline biosynthesis 
pathway for transfer of drought tolerance in Nicotiana tabacum (Hong et. al. 2000).  
d. Horsegram: Based on rDNA, IGS, RFLP by means of three restriction enzymes, 69 isolates of 
rhizobia in horse gram are grouped in five clusters. By sequence analysis of 16S-23S, rDNA, IGS 
identifies the genotypes of rhizobia distributed into five different lineages of Brady rhizobium genus.  
Nearly 87% of indigenous horsegram isolates (IGS types I, II, III & V) was isolated. Selection for 
high symbiotic effective strains could reward horsegram production (Chinnaswamy et al. 2011). 

Tissue Culture 
Micro-propagation and genetic transformation offer a supplementary approach to marker assisted and 
conventional breeding strategies for the improvement. 

Conclusion 
Legumes are healthy and sustainable protein source for the growing population. Hybridization involving 
individuals belonging to different clusters with greater diversity seems to be potential option for trait 
improvement. In crops with high genetic and phenotypic correlation might be due to pleiotropy and/or 
linkage between the traits and selection for such associated traits could be useful for genetic improvement 
of such traits. In cluster bean studies suggested selection for seed index might bring improvement in gum 
content. In moth bean genetic improvement for seed yield could be achieved by selecting early flowering 
genotypes with a greater number of pods per plant. Developing MAGIC population using diverse parents, 
generates the wide phenotypic variability and scope for identification of transgressive segregation due to 
recombination of parental genomic regions resulted in RILs. Biotechnological strategies may provide 
powerful tool for the discovery of novel gene/alleles underlying several agronomically important traits in 
arid legumes. Transgenic cowpea lines expressing Vip3Ba protein were completely protected against 
Maruca pod borer larvae, which helps to increase yield and income, and reduces the dependency on 
pesticides. 
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Introduction 
Seed is a biological entity and its ageing is an inevitable process beyond physiological maturity whether 
the seed is in mother plant or in storage. Rapid loss of vigour and viability of seed during storage is one of 
the major constraints faced by the seed industry and corresponding financial implication. Although ageing 
of seeds cannot be arrested completely when stored under ambient condition, it can however be controlled 
to an applicable extent by adoption of suitable storage technologies. Seed treatment with halogen 
formulation has conferred beneficial effect by lowering lipid peroxidation and there by extension of vigour 
and viability of seeds under storage. Halogen treatment slow down the deterioration senescence, reduce 
physiological and pathological deterioration in seeds. 

Seed Invigoration 
An improvement in seed performance by any post-harvest physio-chemical treatment resulting in better 
storability, improved germination and field performance over wide range of edapho-climatic condition than 
the corresponding untreated seed is consider as seed invigoration.  

Seed Invigoration Techniques 
1. Pre-Storage treatment – Halogenation and Antioxidant treatment. 
2. Mid-Storage treatments- Hydration and Dehydration. 

Halogenation 
Elements of group XVII of periodic tables are known as halogens. It consists the elements Fluorine, 
Chlorine, Bromine, Iodine and Astetine. Halogenation is chemical process that occur when hydrogen atoms 
are replaced by halogen in an organic compound such approach is called as halogenation. Halogens have 
been used in many forms i.e., vapour, dry and slurry. The halogens protect seed from pathogen and pest 
during storage due to antimicrobial property. The halogen is absorbed by unsaturated fatty acid of the seed 
and reduce the physiological deterioration by stabilizing unsaturated fatty acid components of lipoprotine 
of cellular membrane and reduction in lipid peroxydation and free radical reaction. Halogenation is an 
inexpensive and cost effect technology feasible for both large and small-scale farmersive storage. The 
halogenation treatment for seeds having multifold benefits viz., increase in germination percentage, vigour 
index, storability, field performance and dual-purpose utilization of seed as seed for sowing and grain for 
consumption. 

Free Radical Halogenation 
1. Electrons normally exist in pairs in specific orbitals in atoms or molecules.  
2. Free radicals are atoms or molecules containing unpaired electrons.  
3. Free radicals, which contain only a single electron in any orbital, are usually unstable toward losing or 
picking up an extra electron. 

How to Halogenate the Seed? 
In vapour treatment the seeds are exposed to very low concentration of halogens for 6-12 hrs in a closed 
airtight container. The concentration of chemicals and time of exposure would depend on the initial quality 
of seed used for treatment. These chemicals were mixed with inert carrier like CaCO3, talc, fresh chalk, 
charcoal, clay etc are used for dry-dressing of seeds. The halogen is obtained by adding 1ml of sulphuric 
acid to 50 mg of KCL or KBr or KI in a small Petridis placed in the bottom of a glass desiccators in which 
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seeds are kept on the porcelain plate for required duration of exposure. Chlorine may also be obtained by 
just placing bleaching powder and iodine by putting 25-50 mg of solid iodine crystals in the petri-dish. 

Advantages of Seed Halogenation 
1. Maintenance of vigour and viability of seeds during storage. 
2. Protect seed from storage pest. 
3. Significantly reduced storage fungi. 
4. Better field stand. 
5. Increased root intensity. 
5. Non-toxic. 
6. Cost effective. 
7. Easily available materials are used. 
8. Can be included in the seed production cycle. 

Conclusion 
It can be concluded that seed dressing with halogen has the beneficial effect on lowering lipid peroxidation 
and free radical production, which are the basic cause of seed deterioration of the stored seeds and it leads 
to increase in vigour and viability of seed under storage. The halogenation for maintaining seed quality 
parameters throws lights on the fact that Iodine treatment proved best among all the halogens and 
optimum dose on freshly harvested seeds of respective crop indirectly increases the vigour and viability of 
the seeds. Application of halogens in slurry (wet) form provide superior result as compared to dry form. 
Halogenation treatment provide protection against the extrinsic factors of seed deterioration namely seed 
pathogen and insects. Polythene bag of 700 gauge is more suitable as compared to cloth bag for long term 
storage. 
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Introduction 
Wheat is the cereal grain, having C3 mechanism and leading source of vegetable protein. Wheat is the most 
important worldwide staple food. Botanically, the wheat kernel is a type of fruit called a caryopsis. In 2019, 
India crossed the total production of 100 million tonnes in wheat. Triticum comprises six biological species 
at the diploid, tetraploid, and hexaploidy levels. These earliest cultivated forms were diploid (genome AA) 
(einkorn) and tetraploid (genome AABB) (emmer) wheat. The polyploid Triticum species originated by 
hybridization between Triticum and the neighboring genus Aegilops. (goatgrass). The central to wheat 
domestication is wild emmer wheat has contributed two genomes to bread wheat. (T. aestivum). The 
tetraploid species, T. turgidum (genomes AABB) and T. timopheevii (genomes AAGG) are polyphyletic. 
Aegilops is important in wheat evolution because, wild emmer (T. dicoccoides and T. araraticum) resulted 
from the hybridization of wild wheat, T. urartu and Ae.searsii. The early domesticated forms of einkorn, 
emmer, and spelt are all hulled, whereas modern forms of tetraploid and hexaploid wheat are free-
threshing. 

Triticum Taxonomic Relations 
Poaceae includes 12,000 grass species in about 771 genera that are classified into 12 subfamilies. Most 
tetraploid wheats (e.g. emmer and durum wheat) are derived from wild emmer, T. dicoccoides. Results of 
molecular analysis indicated the close relationship of all hexaploid wheat species. To date, no wild forms 
are known for either T. aestivum or T. zhukovskyi, which means they are innate cultivars. 

 
Fig: 1 Simplified scheme of the probable origin of wheat 

Evolutionary Studies 
1. Based on External morphology: 

a. Fragileness, hulled/free-threshing, no. of grains per spikelet 
b. Spikelet- Fragile and non- brittle spikes 
c. Glume forklets  
d. Rachis segment 
e. Dehiscence 
f. Seed shape 
g. Selection criteria. 

https://en.wikipedia.org/wiki/Fruit
https://en.wikipedia.org/wiki/Caryopsis
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1. Fragileness, hulled/free-threshing, no.    of 

grains per spikelet 
2. Spikelet- Fragile and non- brittle spikes 

  
3. Glume forklets 4. Rachis segment 

  
5. Dehiscence 6. Seed shape 

 
7. Selection criteria 

2. Cytological and cytogenetical evidence for evolution: 
Subgenus Species  Section  Species  n  Nuclear 
Triticum  
  

Urartu Dorof. et 
A.Filat  

T. urartu Thum. ex Gandil  7 Au  
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Dicoccoides Flaksb  
  
  
  

T. dicoccoides (Koern. ex Aschers. et 
Graeb.) Schweif.  

14 AuB  

T. dicoccum (Schrank) Schuebl  14 AuB  
T. karamyschevii Nevski   14 AuB  
T. ispahanicum Heslot   14 AuB  

Triticum  
  
  
  
  
  
  
  
  
  
  
  
  
  

T. turgidum L  14 AuB  
T. jakubzineri Udacz. et Schachm  14 AuB  
T. durum Desf  14 AuB  
T. turanicum Jakubz  14 AuB  
T. polonicum L  14 AuB  
T. aethiopicum Jakubz  14 AuB  
T. carthlicum Nevski (syn. T. persicum 
Vav.)  

14 AuB  

T. macha Dekapr. et Menabde   21 AuBD  
T. spelta L  21 AuBD  
T. vavilovii (Thum.) Jakubz  21 AuBD  
T. compactum Host  21 AuBD  
T. aestivum L  21 AuBD  
T. sphaerococcum Perciv  21 AuBD  
T. petropavlovskyi Udacz. et Migusch  21 AuBD  

Boeoticum Migusch. 
et Dorof  
  
  
  
  
  
  
  

Monococcon Dum  
  
  

T. boeoticum Boiss  7 Ab  
T. monococcum L  7 Ab  
T. sinskajae A.Filat. et Kurk  7 Ab  

Timopheevii A.Filat. 
et Dorof.  
  
  
  

T. araraticum Jakubz  14 AbG  
T. timopheevii (Zhuk.) Zhuk  14 AbG  
T. zhukovskyi Menabde et Erizjan  21 AbAbG  
T. militinae Zhuk. et Migusch  14 AbG  

Kiharae Dorof. et 
Migusch.  

T. kiharae Dorof. et Migusch  14 AbGD  

Conclusion 
Evidences from distribution of species point to Fertile Crescent of the Near East as centre of origin of wheat. 
Karyotypic and molecular studies proved that modern wheat Triticum aestivum derived from two parental 
species viz., T. turgidum and Ae. tauschii while T. turgidum itself derived from T. urartu and sitopsis 
species. Many species are used for breeding purposes and production of different synthetic wheat varieties. 
In genus Triticum, polyploid evolution has been accompanied by changes in chromosome number, mutation 
and substitution. 
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Introduction 
The solanaceae (Nightshade) is an economically important family of many food and drug plants. It consists 
of about 102 genera and some 2,500 species. Flowers are Regular, Bisexual and Hypogynous. With large 
number of seeds, fruits type is berry or capsule. Tomato, Chilli, Brinjal, Potato, Tobacco, Datura, Petunia 
etc. are some important plants of this family. NITI Aayog-GoI (2015) has submitted the report to agril. 
sector with shocking results that crop yield losses in India due to biotic stresses such as weeds, insect-pests, 
diseases, nematodes and rodents, range from 15 to 25 per cent. Cases of adverse health impact on society 
include acute poisoning, cancer, neurological effects and reproductive and developmental harms also 
increasing day by day. Genetic resistance is the cheapest source of stress management. 

What is Gene Pyramiding? 
Watson & Singh (1953) first introduced the concept of gene pyramiding. Gene pyramiding is defined as a 
method aimed at assembling multiple desirable genes/QTLs from multiple parents into a single genotype 
for specific/multiple traits through conventional breeding (Yunbi Xu, 2010). A pyramid could be constructed 
with major genes, minor genes, effective genes, ineffective genes, race-specific genes, non-race-specific 
genes or any other type of host gene that confers resistance. 

Objectives of Gene Pyramiding 
1. Enhancing trait performance by combining two or more complementary genes. 
2. Remedying deficits by introgression of genes from other sources. 
3. Increasing the durability of disease resistance. 
4. Broadening the genetic basis of released cultivars. 

 
Fig 1: Gene Pyramiding scheme 

Gene Stacking 
Gene stacking is the process of including more than one transgenic event in one plant to produce stacked 
traits, stacked transformation events, or a stacked genetically modified organism (GMO). According to the 
OECD, stacked transformation events are defined as “new products with more than one transformation 
event” (OECD, 2004). 

Advantages 
1. Transfer of gene from distant gene pools. 
2. No linkage drag. 
3. Horizontal gene transfer. 
4. Early variety release. 



 

 
Volume 4 - Issue 03 - March 2022       225 | P a g e  
 

Strategies for Gene Stacking 
Iterative Procedure / Sexual 
Hybridization 

 
Re- Transformation / Sequential 
Transformation  

 
Co-Transformation  Single plasmid 

Co-
transformation 
of Linked 
Transgenes 

 
Multiple 
plasmid Co-
transformation 
of Unlinked 
Transgenes 

 
Jo et al. (2014) scientist have pursued a cisgenesis approach to introduce 2 Potato Late Blight Resistant 
genes, Rpi-sto1 and Rpi-vnt1.1 from the crossable species Solanum stoloniferum and Solanum venturii, 
respectively, into 3 different potato varieties Atlantic (USA), Bintje (Dutch) and Potae9(Korean). 
200 stem explants from each of the 3 selected varieties were prepared and co-cultivated with an A. 
tumefaciens strain carrying only the cisgenic LBR genes Rpi-vnt1.1 and Rpi-sto1 between the T-DNA 
borders of a binary plasmid pBINAW2: Rpi-vnt1.1: Rpi-sto1. Atlantic, Bintje and Potae9, were transformed 
and PCR analysis was performed using primers specific for tetA, trfA, NPTIII, ColE1, oriV and traJ to 
detect vector backbone integration. The plasmid pBINAW2: Rpi-vnt1.1: Rpi-sto1 was used as a positive 
control and the untransformed Atlantic as a negative control. M: molecular weight marker. 
Christova and Batchvarova (2015) Four different transgenic lines originating from tobacco cultivar 
Nevrokop 1146 resistant to TSWV(Np) (19), PVY(Cp) (9), Angular leaf spot(ttr) (2) and herbicide-Glean® 
(chlorsulfuron) (ahas3R) (21) were used for the experiments. Out of 86 reciprocal crosses, 8 of them were 
chosen for future analyses. All four transgenes for resistance were present in 5 of analyzed F1 lines (6, 8, 
13, 27 and 42).  Among this 13 F2 tobacco plants with pyramided genes for resistance were selected. A 
complete resistance of line 8 to TSWV and 6 and 27 to PVY means that parental lines of the Np gene and 
the Cp gene, respectively, were homozygous to the transgenes. 
When resistance to any of tested diseases or the herbicide is close to 100%, we can suppose that the parental 
line source of corresponding transgene is also homozygous, but a part of genes is inactivated. Resistance of 
50% probably have a hemizygous parental lines source of the corresponding transgene. A resistance range 
of 53-55% to herbicide Glean® was accounted for most of analyzed F1 lines probably due to hemizygous 
ahas 3R gene in a parental line. Results confirmed inheritance of all 4 transgenes in 13 tobacco plants is 
4.3 % of all tested plants. 
Non-Mendelian segregation of the genes for resistance to tested diseases in a part of the F1/F2 lines could 
be based on gene silencing, presence of more than one copy of transgenes or lower expression level. The 
stable inheritance and expression of more than 2 transgenes in one plant genome by sexual crosses is 
difficult and requires cultivation of 4 to 6 generations. 
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Achievements 
Crop  Variety/line  Resistance for…  
Potato  Sarpo-mira  Late blight  
Tomato  Florida-1011  Verticillium wilt, fusarium wilt., grey leaf spot and leaf mould  

Floramerica  Fusarium wilt, grey leaf spot, leaf mould, alternaria leafspot, verticillium 
wilt and TMV  

Arka rakshak  Bacterial wilt, tomato leaf curl virus and early blight  
Chilli  F1-CH 1  Fruit rot, dieback, CMV and CLCV  
Tobaco  Burley  Many plant viruses, the root knot nematode, and the microbes that cause 

tobacco wildfire, black root rot, black shank disease and fusarium wilt.   

Conclusion 
Frequency of vector for back bone integration tended to be lower in the marker free transformation as 
compared to marker assisted transformation. Cisgenic potatoes will offer safe environmentally friendly, 
alternative to current agricultural practices which highly depend on the use of chemical for late blight 
control. Pyramiding of transgenes by sexual cross is slow process with low efficiency. Gene linked by LP4 / 
2A peptide are more efficiently expressed than linked by 2A only. Biological screening to conform the 
disease resistance in advance inbred line will be critical step in the development of multiple disease 
resistant tomatos. 
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Introduction 
Transgenic crops delivering Bt toxins are grown in millions of hectares. Although, the Bt crops increased 
the yield and reduced the use of conventional insecticide, however, their effectiveness would be decreased 
by evolution of resistance by insect pests. The first case of insecticide resistance has been reported in 
synthetic insecticide (DDT) within 6 years of its introduction (1948). The first case of insect-resistance to 
Bt crops was reported in Mississippi and Arkansas between 2003 and 2006 in bollworm Helicoverpa zea. 
This case was reported after 7 years after being introduced by Bt cotton. The bollworm resistance was 
discovered when an entomologist’s team form University of Arizona investigated published data from 
monitoring studies of six main caterpillar pests of Bt crops in U.S, Australia, China and Spain. The 
different cases of resistance to Bt toxins have been stated in different Bt crops. The number of resistant 
species has been increased worldwide, 13 cases of field-developed resistance to 5 Bt toxins in transgenic 
corn and cotton. Most of the resistance reported cases belong to Cry1A family. 

Mode of Action of Cry Toxins 
1. Ingestion 
2. Solublization  
3. Proteolytic activation  
4. Binding to target site 
It is widely accepted that the primary action of Cry toxins is to lyse midgut epithelial cells in the target 
insect by forming pores in the apical microvilli membrane of the cell. 

 
Figure 1: Mode of action of Cry toxins 

Image source: https://www.intechopen.com/books/protecting-rice-grains-in-the-post-genomic-era/toxic-
potential-of-em-bacillus-thuringiensis-em-an-overview 

 
Figure 2: Mode of action of cry toxins at the molecular level 

1. Solubilization and activation of the toxin. 
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2. Binding of monomeric Cry toxin to the first receptor (CADR or GCR), conformational change is induced 
in the toxin and α-helix 1 is cleaved. 
3. Oligomer formation. 
4. Binding of oligomeric toxin to second receptor (GPI-APN or GPI-ALP), a conformational change occurs 
and a molten globule state of the toxin is induced; (5) insertion of the oligomeri toxin into lipid rafts and 
pore formation.  
Image source: https://www.semanticscholar.org/paper/Bacillus-thuringiensis-insecticidal-three-domain-of-
Pardo. 

Findings that Indicate the Reason of Resistance Development in Pink Bollworms 
Against Cry Proteins 
Fabrick and Tabashnik (2012) compared the genetic basis of resistance to Bt toxin Cry1Ac in two 
independently derived, laboratory-selected strains (Two resistance strain AZP-R and Bt4-R, one susceptible 
strain; APHIS-S) of a major cotton pest, the pink bollworm (Pectinophora gossypiella [Saunders]). Previous 
work showed that AZP-R had three recessive mutations (r1, r2, and r3) in the pink bollworm cadherin gene 
(PgCad1) linked with resistance to Cry1Ac and Bt cotton producing Cry1Ac. Survival at the diagnostic 
concentration of Cry1Ac (10 mg Cry1Ac per mL diet) was 90% for resistant strain AZP-R and 0% for the 
susceptible strain APHIS-S, confirming previous results. Survival of resistant strain Bt4R was 75%, which 
suggests that it might have included a mixture of resistant and susceptible individuals. Survival of F1 
progeny from mass crosses between Bt4R and a susceptible strain did not differ between reciprocal crosses 
(i.e., R Bt4R6= APHIS-S versus R APHIS-S6= Bt4R), indicating autosomal inheritance. Survival was 0% 
for the F1 progeny from crosses between Bt4R and a susceptible strain, indicating completely recessive 
resistance at the diagnostic concentration. Survival was also 0% for the F1 progeny of a cross between AZP-
R and the susceptible strain, which confirmed that resistance of AZP-R was completely recessive at the 
diagnostic concentration. The results reported here from complementation tests for allelism show that the 
same locus confers resistance in Bt4R and AZP-R. Molecular analysis revealed a new mutant cadherin 
allele (r4) in Bt4R. 
Malthankar and Gujar (2015) Explored the ability of pink bollworm, to evolve resistance to Cry 2 Ab and 
characterized it in terms of inheritance. Sixteen-day bioassay of Bt Cry 2Ab toxin against 5-day old pink 
bollworm larvae show medium lethal concentration (LC 50) ranging 0.16 – 1.44μ g/g diet for five different 
population collected from Srivilliputtur (TN), Jalgaon (MH), Bharuch (GJ), New Delhi and Sri ganganagar 
(RJ). The 5-day old larvae of pink bollworm population, Jalgaon-R showing the highest resistance to Cry2 
Ab (LC 50 1.44μ g/g). Sixteen-day bioassay of Cry2Ab against pink bollworm population show differences 
susceptibility. Jalgaon-R population was the least susceptible with LC 50 1.44μ g/g and Bharuch non Bt 
was the most susceptible. Besides Jalgaon are Jalgaon-S and Sri ganganagar population showed les 
susceptibility to Cry 2 Ab based on LC 50 data, the population which was found least susceptible to Cry 2 
Ab was selected for evolution of resistance.  
Akhtar et al. (2018) in this review, illustrated by examples, there were rare instances where dominant 
resistant alleles were found. Reason of resistance in fields may include different concentration of Bt protein 
used in different regions, this low concentration causes less binding of toxins to insect midgut. Mostly 
resistance development was observed under laboratory conditions against Cry proteins which are inserted 
in transgenic cotton. Under laboratory conditions, cadherin was found to be responsible for development of 
resistance in bollworm. Resistance developed in the boll worms was related to recessive alleles. Seven 
transgenic cotton varieties and genotypes were tested for field performance against insect pests’ infestation 
under laboratory and field conditions. Response of target insects varied from different cotton cultivars and 
genotypes 
Wang et al. (2018) reported the first case of a cadherin transmembrane mutation associated with insect 
resistance to a Bt crop.They used three strains of pink boll worm 1.AQ47  (Resistant) 2.AZP (Resistant)   
3.APHIS (Susceptible). 
Inheritance of resistance: They used virgin adults in reciprocal mass crosses. We placed 20 APHIS-S 
females and 20 AQ47 males in one plastic box and 20 APHIS-S males × 20 AQ47 females in another, allowed 

https://www.semanticscholar.org/paper/Bacillus-thuringiensis-insecticidal-three-domain-of-Pardo
https://www.semanticscholar.org/paper/Bacillus-thuringiensis-insecticidal-three-domain-of-Pardo
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the adults allowed to mate, and collected the F1 eggs. We conducted bioassays as described above for AQ47, 
APHIS-S, and their F1 progeny.  
Genetic linkage between resistance to Cry1Ac and r13: The test for genetic linkage between resistance to 
Cry1Ac and r13, they generated F1 progeny from a single-pair cross between a male from APHIS-S strain 
and a female from AQ47. They tested progeny from five backcross families, which were each produced by a 
single-pair cross between a male F1 with a female from the resistant strain. Because crossing over in 
Lepidoptera occurs only in males, we used F1 males to generate backcross families and to test the 
hypothesis that resistance is tightly linked with PgCad1 (Heckel et al., 1999). Sequencing of the full-length 
cDNA from AQ47 revealed that r13 has a 207 bp deletion and encodes a cadherin protein lacking 69 amino 
acids, including all 23 amino acids of the transmembrane domain, 40 amino acids of the membrane 
proximal region, and six amino acids of the cytoplasmic domain. 

Future Prospect 
Bt is the most successfully used bio-pesticide in the agriculture sector, and its insecticidal protein genes 
are used to control insect pests in transgenic crops. Although, transgenic plants provide distinct 
opportunities for management of pest populations, but the development of insect-resistance threatens the 
continuous success of the transgenic crops delivering Bt toxins. The resistance to Bt crops could affect the 
long-term future of Bt applications. Furthermore, different strategies have been used to increase pest 
control efficiency and delay the evolution of resistance to Bt crops. 
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Spices and condiments are important agricultural commodities that are commonly used for seasoning and 
preserving food and are indispensable in culinary. Spices are used extensively in cosmetics, perfumes, 
confectionary, medicines, etc. Spices are grown mostly in tropical and subtropical regions of our country.  
Ginger (Zingiber officinale) is widely used as a spice. It belongs to the family zingiberaceae. The root of the 
plant is called rhizome and that is the most useful part of the plant. The ginger plant can be easily 
recognized as the leaves carry the pungent smell [2]. The rhizomes give erect, leafy stems, 30-90 cm in 
height. The base of the leaves sheathes the stem. The leaves are dark green, 15-20 cm long, narrow, 
lanceolate and with a prominent midrib. The flowers are small, yellowish, speckled, each with a purple 
speckled lip and borne on a spike. When the plants are about 9 months old, the green leaves turn yellow.  
Ginger is grown for its aromatic rhizomes used as both spice and a medicine. It is also an important 
commercial crop and the dried rhizome is of high economic importance. There are different forms of ginger 
that are sold in the market like raw ginger, dry ginger, bleached dry ginger, ginger powder, ginger oil, 
ginger oleoresin, ginger ale, ginger candy, ginger beer, brined ginger, ginger wine, ginger squash, ginger 
flakes etc. In India, most of the Ginger produced is used for domestic consumption and only a minor portion 
is exported [1]. It has high medicinal value and used as home remedy to cure acidity, cold, cough, etc. In 
Chinese and Japanese cuisine, the young roots of ginger are used as flavouring agents. 
Several biotic and abiotic factors affect the production and productivity of the spice’s crops. Among the 
biotic factors, the diseases caused by fungi and nematode and disease complexes involving both these 
pathogens are major constraints. Plant parasitic nematodes, besides feeding and damaging the host root 
system, are also responsible for rendering the plants susceptible to attack by fungal pathogens.  The 
nematode that are mainly associated with ginger are burrowing nematode, lesion nematode and root knot 
nematodes. In India, the root knot disease of ginger is mainly found in Kerala, Madhya Pradesh and 
Himachal Pradesh. However, the nematological investigations are mainly concentrated on the major spice 
crops like black pepper, cardamom, ginger, turmeric, chillies, garlic etc. and to the lesser extent on seed 
spices like cumin, coriander, fenugreek and fennel. 

Area and Production 
Table 1. All India ginger area and production (Area in ‘000 ha and Production in ‘000 MT): 
Year Area Production 
2018-19 164 1788 
2017-18 160 1118 
2016-17 168 1070 
2015-16 164 1109 
2014-15 142 760 
2013-14 133 655 
Source: National Horticulture Board (http://www.nhb.gov.in/) 

Burrowing Nematodes (Radopholus similis) and Lesion Nematode (Pratylenchus Spp.) 
These nematodes will exhibit stunting, reduces vigour and tillering. They get matured and dry out faster 
than healthy plants. The top most leaves become chlorotic with scorched tips. The rhizomes that are 
infested with borrowing nematodes exhibit small shallow, sunken, water-soaked lesions. Also, the rhizomes 
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tend to lose their characteristic bright yellow colour and show brown rotting. The lesion nematodes 
infestation causes yellowing of the leaves and the lesion nematode also gets attached to rhizomes with dry 
rot symptoms. The lesion nematode starts in the form of patch in the main field, which gradually spreads 
through farm implements and rain water. P. coffeae is reported to cause ‘ginger yellows’ disease. 

Root Knot Nematode (Meloidogyne incognita) 
The infected rhizomes as well as soil are the main source of infection. Root knot nematode is the sedentary 
endoparasite so the nematode develops endoparasitically feeding on the vascular tissues. The females are 
sac like, and males are vermiform that leave the roots and come out of the soil. The female nematode lay 
the eggs in the gelatinous matrix in masses on the root surface on galls, or in advanced stages inside the 
compound galls. Life cycle is completed in 25-30 days during the summer months while in winter months 
the life cycle is prolonged to 60-90 days under north Indian conditions. Hence, the infected planting 
material, irrigation water, agricultural implements are the main source of infection.  
The root knot nematodes cause the typical galling and knotting of the roots. Nematodes parasitizing the 
rhizomes produce galls in the outer tissues. This turns to necrotic spots subsequently. The fibrous roots are 
reduced and brown coloured water-soaked areas on outer tissues of rhizomes are observed. 

 
 

Figure 1: Root knot infecting ginger plant Figure 2: Depicting healthy and infested 
rhizomes in Ginger by Root knot nematode 

Management Aspects 
1. To manage these nematodes, the deep summer ploughing is recommended. Along with this, solarisation 
of the nursery beds for minimum of forty days during the hot months of summer is effective. 
2. The farmers should also make sure to use nematode free rhizomes for fresh planting. They can go for hot 
water treatment like dipping the rhizomes in hot water at 45oC for three hours before planting. 
3. Rhizomes (seed material) should be thoroughly washed to make them free from soil and then dried in 
shade. Intercropping or crop rotation should be done with cereals or millets.  
4. Application of organic amendments like neem cake (200 g/m2) at the time of planting and neem cake (100 
g/ m2) 45 days after planting in endemic areas. 
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Bhendi (Abelmoschus esculentus) is a warm season flowering plant belonging to the family Malvaceae and 
cultivated throughout tropical and warm temperate regions of the world for its edible green fruits 
(Anonymous, 2012). It is known by different names in various regions of our country like Ladies Finger, 
Okra, Bhindi (Hindi), Dhenras (bengali), Vendai (Tamil), bhindo (Gujarati), Bendekayi (Kannada), 
Ventaykka (Malayalam), Asra-pattraka (Sanskrit), etc. It is an annual erect herb 0.9 to 2.1 m in height, 
hairy, with 3 to 5 lobed palmately cordate leaves. The plants bear 12.5 to 30 cm pyramidal pods. It is mostly 
grown in tropical and subtropical regions. The young tender fruits obtained from the crop are used in 
curries and soups after cooking. 
Bhindi has good nutritive value with vitamins A and B, protein and minerals. It is also rich in iodine 
content and is beneficial for the treatment of goiter. For their use during off-season, the fruits can be dried 
or frozen. The manufacturing industries use their dry fruit skin and fibres for making paper, card board 
and fibres. Root and stem of the plant can be used for clearing cane juice for making jaggery. Uttar Pradesh, 
Bihar, West Bengal, Odisha, Assam, Andhra Pradesh and Karnataka are the major bhendi (okra) 
producing states in our country. 
Okra is originated from north eastern Africa in the general area of Ethiopia and Sudan. The presence of a 
huge number of related species with extensive variability and prevailing characters may suggest India as 
a secondary native of the plant. At present, its cultivation is prevalent in tropical, subtropical and warm 
temperate areas, but is mainly popular in West Africa, India, the Philippines, Thailand and Brazil 
(Choudhary, 1979; Gopalkrishnan, 2007). 

Area and Production 
Table 1. All India Okra Area and Production (Area in ‘000 ha and Production in ‘000 MT): 
Year Area Production 
2018-19 513 6176 
2017-18 509 6095 
2016-17 507 6003 
2015-16 511 5849 
2014-15 504 5709 
2013-14 531 6346 
Source: National Horticulture Board (http://www.nhb.gov.in/) 

Plant parasitic nematodes are one of the major limiting factors in both fruits and vegetables production. 
Since many years even though they are present, but recent years have witnessed an upsurge in the 
incidence. This has led to change in the cropping patterns, intensive cultivation and shift towards the water 
saving techniques. 
Hence, in general, nematodes play less significant role under multiple intercrop farming systems in 
subsistence agriculture as well as in widely spaced rotations in commercial farming systems.  They are 
highly damaging in the intensive production systems like protected cultivation systems where mono-
cropping is practiced. Extensive damage by nematodes occurs where nematode infested planting material 
in the form of seedlings is used for planting. Only three viz., Meloidogyne spp., Rotylenchulus reniformis 
and Pratylenchulus spp.  are of utmost significance. 
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Root Knot Nematode 
The root knot nematodes are soil borne in nature and sedentary endoparasites. The second stage juveniles 
infect the roots and the nematode feeds on the vascular tissues and develops endoparasitically feeding on 
the vascular tissues. Adult females are sac like and vermiform males leave the roots and come out in soil. 
The female nematodes lay the eggs in masses on the surface of the galls, or in advanced stages inside the 
compound galls. The life cycle is completed in around 25-30 days during the summer months.  
Meloidogyne incognita and M. javanica are highly pathogenic to vegetables like tomato, brinjal, bhendi, 
chillies, gourds, cucurbits, carrot, potato, beans, etc. The most common symptoms are stunted growth, 
yellowing of foliage and wilting appearance in patch areas. Also medium to severe galling of the roots are 
the characteristic symptoms (Fig 1). Reduced root growth and devoid of feeder roots are also common. The 
foliage turns yellow from older leaves to younger leaves and gradually wither away.  The galled roots show 
the rotting symptoms during later stages. 

 
Fig 1. Okra roots severely infested with root knot nematodes 

Reniform Nematode 
Okra is also a good host for Rotylenchulus reniformis which completes life cycle within 26 days. It causes 
the plant to stunt and damage the tap root system. Also, the severity of wilting is observed during the 
interaction of R. reniformis and M. incognita with Rhizoctonia solanii. The nematode along with fungus 
affects the water absorption which results in wilting symptoms. 

Management Aspects 
1. The root knot nematodes and reniform nematode problems in okra can be effectively mitigated by the 
adoption of low-cost input like deep summer ploughing and use of organic amendments in soil like neem, 
castor cake, etc.   
2. Rotation with non-host crops like cereals or following okra-rice-fallow or okra-cucumber-mustard 
sequence for the management of root knot nematode M. incognita.  
3. Soil application of Purpureocillium lilacinum @ 2.5 kg/ha in 2.5 t FYM is effective. 
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Introduction 
The growth of agriculture has become sluggish in recent days due to the many factors such as climate 
change, human induced activities etc. One major cause that directly reflect on low crop growth and 
productivity is poor germination coupled with week seedling growth or mortality. Continuous increase in 
population urges for an uplift in crop productivity which can be primarily achieved through addressing 
poor germination and seedling mortality or poor growth. Although quality seeds can play an essential part 
to ensure high germination and vigorous plant stand, there is a need to incorporate modern technologies 
to influence seed germination and check seedling mortality. Currently among various modern technologies, 
seed fortification is gaining attention as it is showing prospects to achieve high seed germination and 
seedling stand which are directly reflected to high crop growth and productivity. 

Seed Fortification 
Seed fortification is defined as physical way of treating the seeds to improve the quality of seeds for better 
germination, vigorous plant stand, growth and yield of crops. Through seed fortification, competitive ability 
of seeds and seedlings against the weeds is increased.  
One of the earliest known pieces of evidence of practising seed fortification is made by Theophrastus (372-
287 B.C.) who concluded that soaking cucumber seeds to milk or water accelerated the seed germination. 
In seed fortification, desired substance is incorporated into seeds through imbibition phase. By the end of 
imbibition, seeds complete initial phase of metabolic activities required for germination. Therefore, when 
the seeds are sown in the field, the time taken for germination/emergence is reduced. For imbibition, seeds 
are soaked in either water or dilute solution of bioactive materials such as micro-nutrients, plant growth 
regulators, seed protection chemicals, vitamins, bio-fertilizers, crude plant extracts etc. Seed fortification 
improves seed germination through benefitting embryo growth. 
During seed fortification, various physico-chemical changes occur and thereby, increase the growth of 
embryo and associated structures. This pre-hydration process helps in improving cellular activities such as 
mitochondrial activity leading to formation of high energy compounds and bio-molecules needed for seed 
germination. 

Methods of Seed Fortification 
Seed fortification follows the following steps (Fig 1): 

 
Fig 1: Steps of seed fortification 
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Soaking of the seeds in water or substance (chemicals, bio fertilizer, micronutrients etc.) rich solution can 
increase the moisture content of the seeds to 20-25% for impregnation of substances. 

Chemicals Used for Seed Fortification 
N: Constituent of amino acid, nucleotides and acts as co-factor of enzymes. 
P: Constituent of phospholipids, nucleotides and sugar phosphates 
K: Activator of various enzymatic processes, regulator of stomata 
S: Constituent of cysteine, methionine etc. 
Mg: Constituent of chlorophyll, activator of enzymes 
Fe: Constituent of phytochromes, catalase, peroxidase and dehydrogenase, helps in photosynthesis 
Zn: Constituent of dehydrogenase, alcohol dehydrogenase, lactic dehydrogenase, required for pollen 
germination 
Others: Growth regulators, bio fertilizer, botanicals, fungicides and/or insecticides. 

Advantages of Seed Fortification 
1. It improves quality of the seeds. 
2. It increases seed germination and growth of the seedlings. 
3. Seed fortification is a low-cost technology as it saves labour, time and input cost involved in various 
pesticides, fertilizers applications. 
4. It is very useful in dryland condition, where seed germination is severely hampered due to lack of soil 
moisture. 
5. Immediately after sowing, seeds cannot take the nutrients from the soil. So, seed fortification can play a 
major role here by supplying nutrients which is beneficial for seed germination and development of vigorous 
seedlings (Vishwanath et al., 2015). 
Seed fortification helps in improvement of crop growth and productivity in the following way (Fig 2): 

 
Fig 1: Role of seed fortification in crop growth and productivity improvement 
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Renugadevi and Vijayageetha (2007) used various fresh leaf extracts of crops (Prosopis juliflora, 
Tamarindus indica, Moringa oleifera, Hibiscus sabdariffa, Pongamia pinnata, Albizzia amara etc.) for 
organic seed fortification materials in cluster bean seeds and observed increment of seed germination, crop 
growth and yield specially, under use of Prosopis juliflora, Pongamia pinnata, Albizzia amara leaf extracts. 

Factors Affecting Seed Fortification 
1. Selection of ideal chemicals/organic materials 
2. Concentration/quantity of chemicals/organic materials 
3. Duration of treatment 
4. Method of treatment. 

Constraints 
Seed fortification often shows no or negative impact on seeds and thereby, crop growth due to following 
constraints: 
1. Toxicity of chemical or materials or active ingredients 
2. Restricted supply of oxygen to seeds 
3. Lack of skill or expertise or knowledge 
4. Difficulty in handling large quantity of seeds. 

Conclusion 
With proper use, seed fortification can exert positive impact on seed germination and thereby, optimum 
and vigorous plant stand. However, beneficial impact of seed fortification depends on proper 
standardization of materials, concentration/quantity of materials, duration and method of treatment. 
Therefore, adequate knowledge and researches on use of various chemicals and materials at different doses 
as well as methods of seed fortification for various crops are essential.  Along with these, strong extension 
service is also needed to disseminate the standard seed fortification technology to the farming community. 
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Anthracnose 
Causal Organism: Colletotrichum capsici 
Symptom: 

a. Ripe fruits turning red are affected  
b. Small, black, circular spot appears on the fruit skin  
c. Badly diseased fruits turn straw colour or pale white colour, lose their pungency. 
d. Diseased cut open fruits - lower surface of the skin is covered with minute, elevated sclerotia. 
e. Advanced stage - seeds covered by a mat of fungal hyphae, turn rusty in colour. 

 
Management:  

a. Use disease free seeds 
b. Seed treatment - thiram 2 kg/ha or zineb 2.5 kg/ha 
c. Three sprayings with captan 0.2 %- 1st spraying - just before flowering, 2nd at the time of fruit 
formation and 3rd - fortnight interval after second spraying. 

Fruit Rot/ Die-Back 
Causal Organism: Colletotrichum capsici. 
Symptoms: The disease occur in two forms; Dieback and Ripe fruit rot. 
Dieback: 

a. The disease causes necrosis of tender twigs from the tip to backward. The entire branch or the 
entire top of the plant may wither away.  
b. Numerous black dots (acervuli of fungus) are found scattered all over the necrotic surface of the 
affected twigs. 

 



 

 
Volume 4 - Issue 03 - March 2022       238 | P a g e  
 

c. Only the top or few side branches may be killed or in severe attacks the entire plant is withered. 
Partially affected plants bear fruit which are few and low quality. 

Ripe Fruit Rot 
1. Although red ripe fruits are frequently affected, anthracnose symptoms appear even on well-developed 
green fruits. 
2. Small black circular spots are appeared on the skin of the fruit and spread along the long axis of the fruit 
and thus becoming more or less elliptical. 
3. The spots are usually sunken with black margin. Badly diseased fruit turn straw colour from normal 
color. Sunken spots are covered with pinkish mass of fungal spores. 
4. The fruits with many spots drop off prematurely, resulting heavy loss in yield. Seeds are also infected by 
this fungus. 
Management:  

a. Seeds should be collected from spotless fruits.  
b. Disease crop debris should be collected and burnt.  
c. Seed treatment with Vitavax200, Brassical @ 2g/ kg of seed. 
d. Spraying with DithaneM 45 or Bavistin @ 0.2% solution, 34 times after 15 days interval when 
fruit begin too ripe. 

Fusarium Wilt 
Causal Organism:  Fusarium oxysporum f.sp.capsici 
Symptoms: 

a. On the young seedlings initially, water-soaked areas developed at the collar region and a brown 
sunken lesion which soon appeared as girdled resulting in seedling collapse. 

 
b. On adult plant initially, slight drooping of leaves which led to drying of leaves starting from lower 
ones extended from root to stem region and plants exhibited wilting symptom. 

Management: 
a. Use of wilt resistant varieties.  
b. Drenching with 1% Bordeaux mixture or Blue copper or Fytolan 0.25% may give protection. 
c. Seed treatment with 4g Trichoderma viride formulation or 2g Carbendazim per kg seed is 
effective.  
d. Mix 2kg T. viride formulation mixed with 50kg FYM, sprinkle water and cover with a thin 
polythene sheet.  
e. When mycelia growth is visible on the heap after 15 days, apply the mixture in rows of chilli in 
an area of one acre. 
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Introduction 
Vegetable growing is the most remunerative enterprise as it is adopted on small and marginal holding with 
high production in short duration. Being a source of farm income, it creates impact on the agricultural 
development and economy of the country. Vegetables are cheaper source of minerals, vitamins and with 
high caloric values. There is an increasing demand of vegetable both for domestic as well as for export, 
which can earn valuable foreign exchange for India. India is the second largest producer of Vegetable in 
the world after China. 

What is Vegetable Grafting? 
Grafting is a method of propagation where two pieces of living plant tissues are joined together 
to develop as a single plant. It is Surgical technique done by combining two separate plants 
part i.e., Scion and rootstock. Grafting of herbaceous vegetable crops is also an old practice. Grafting in 
cucurbits was briefly described in a seventeenth century book written by Hong (1643-1715) in Korea. 
Vegetable production using grafted plants was first initiated in Japan and Korea in the late 1920s by 
grafting watermelon (Citrullus lanatus) onto Pumpkin (Cucurbita mochata) rootstocks (Lee 1994). Soon 
after, watermelons (Citrullus lanatus) were grafted onto bottle gourd (Lagenaria siceraria) rootstocks. 
Eggplants (Solanum melongena) were grafted onto scarlet eggplant (Solanum integrifolium) in the 1950s. 
Later, grafting was introduced to North America in late 20th century. Now common in Asia, parts of Europe 
and Middle East (Davis et al.). 

Why Grafting Required in Vegetables? 
Due to limited availability of arable land and high market demand for off-season vegetables, cucurbits are 
cultivated under unfavorable conditions in some part of country. These conditions include environments 
that are too cold, wet, dry or are cool low-light winter greenhouses. More over successive cropping can 
increase salinity, the incidence of cucurbit pests and soilborne diseases like fusarium wilt caused 
by Fusarium spp. These conditions cause various physiological and pathological disorders leading to severe 
crop loss. Chemical pest control is expensive, not always effective and harmful to our environment. The 
phase-out of methyl bromide fumigation drives the search for alternative methods of soil born pathogen 
control in vegetables. Although alternative pesticides and other physical treatments are being tested and 
developed, grafting with resistant rootstocks offers one of the best methods to avoid soil borne diseases, 
biotic and abiotic stress. 

Advantages of Vegetable Grafting 
1. Avoidance of disease incidence. 
2. Avoidance of nematode infestation. 
3. Cold/heat hardiness. 
4. Excessive moisture tolerance. 
5. Drought hardiness. 
6. Salinity tolerance. 
7. Reduce uptake of heavy metal. 
8. Enhance water and nutrient uptake. 
9. Yield increase. 
10. Improving quality traits. 
11. Eco friendly. 
12. Reduce pollution. 
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Disadvantages of Grafting 
1. Additional seeds for rootstocks. 
2. Experienced labor needed. 
3. Wise selection of scion/rootstock combinations. 
4. Different combinations for cropping season. 
5. High price of seedlings. 
6. Excessive vegetative growth. 
7. Symptoms of incompatibility at later stages. 

Methods of Grafting in Vegetables 
Grafting methods vary greatly and considerably depending upon: The kind of crops, farmers’ experiences 
and preferences, facilities and machines available, numbers of grafting, and even by the purpose of grafting 
such as grafting for farmers’ own uses or for sales only by commercial growers. 
1. Hole Insertion Grafting: For watermelons, hole insertion hypocotyl grafting is favoured by farmers 
because of the smaller seedling size of watermelon as compared to the size of the rootstock, which is usually 
squash or bottle gourd. Watermelon seeds are sown 7–8 days after the sowing of gourd seeds (rootstock) or 
3–4 days after sowing squash rootstock seeds. Grafting is made 7–8 days after the sowing of watermelon 
seeds. Both the scion and rootstock should be uniform and strong enough to undergo the grafting operation. 
The true leaf including the growing point should be carefully and thoroughly removed and a hole is made 
with a bamboo or plastic gimlet or drill at a slant angle to the longitudinal direction. The hypocotyl portion 
of the watermelon is prepared by slant cutting to have tapered end for easy insertion. 

 
2. Tongue Approach Grafting: Higher rate of seedling survival. The seeds of scion (usually watermelons, 
cucumbers, and melons) sown 5–7 days earlier than the rootstock seeds. The growing point of the rootstocks 
removed before grafting to reduce the unnecessary loss of nutrient for the bud growth and to promote the 
rapid union of graft interface. The grafting cut for rootstock made in a downward direction and the scion 
cut in an upward direction at an angle, usually 30◦–40◦ to the perpendicular axis. Specially designed clips 
placed to fix the graft position. The root and lower hypocotyl of the scion are removed from the grafted plant 
by simply cutting off at the desired position. 
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3. Splice /One cotyledon/ Slant grafting: Major advantage is the production of strong and healthy 
grafted seedlings since all the vascular bundles of the scion are fused with those of rootstock. The graft 
union is strong enough to take all the rough post-graft handling. For the cucurbit rootstocks one cotyledon 
and the growing point are removed for grafting. After placing the scion on the rootstock ordinary grafting 
clips are used to fix the grafted position tightly together. This is the most common method for cucurbits. 

 
4. Cleft grafting: Cleft grafting in herbaceous plants may be somewhat different from those of woody 
plants. So, this method is mostly used in solanaceous crops. Usually, a portion of the stem is cut 
longitudinally. The rootstock seedlings are decapitated and longitudinal cut is made in a downward 
direction, 1–1.5cm long and 3/4 depth of the stem diameter. The scion is pruned to have 1–3 true leaves 
and the lower stem is cut to slant angle to make a tapered wedge. After placing the scion into the split 
made on the rootstock, a clip is placed to hold in position until the union. 

5. Pin grafting: Pin grafting is basically the same as the splice grafting. However, instead of placing 
grafting clips to hold the grafted position, specially designed pins are used to hold the grafted position in 
place. The pins are made of natural ceramic so it can be left on the plant without any problem. The price of 
ceramic pin is fairly high so that alternative methods are being sought. Experimental results revealed that 
bamboo pins, rectangular in cross-sectional shape, could successfully replace the expensive ceramic pins at 
much lower price. 
6. Tube grafting: Tube grafting is performed by holding the grafted position together in a slit elastic tube 
rather than using the usual grafting clips. 

 

Recent Innovations of Vegetable Grafting 
Brimato: An innovative technology to produce brinjal and tomato in the same plant through grafting. The 
dual or multiple grafting is a new technological option, wherein, two or more than two scions of the same 
family are grafted together to harvest more than one vegetable from a single plant. 
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Pomato: Pomato is a plant resultant of vegetable grafting. In this tomato scions were grafted onto potato 
rootstocks by cleft grafting. 
Micrografting: Micrografting involves the excision of the extreme tip of the shoot, preferably a dome (0.1 
to 0.5 mm), and eventually grafting it onto a rootstock. Within vitro micrografting, the seedling to be used 
as a stock is decapitated, and the cotyledons are removed. In some cases, in vitro grown rootstocks rather 
than seedlings have been used. 
Grafting robots: A full automation model developed in the Netherland can graft 1,000 tomato or eggplant 
seedlings per hour and has more functions such as automatically selecting matching rootstock and scion 
seedlings, which is a crucial process to increase the success rate. The first commercial model of a grafting 
robot became available for cucurbits in 1993. 

Conclusion 
Grafting is a promising tool to enhance plant performance of tomato and brinjal under growth conditions 
in which plants (roots) have to deal with salinity, water stress, thermal stress and heavy metal pollutants. 
Grafting is a rapid alternative tool to the relatively slow breeding methodology aimed at increasing abiotic 
stress tolerance of fruit bearing vegetables. 
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Citrus Scab 
Disease symptoms: 

a. Initially small, semi-translucent dots like lesion develops on leaves which become sharply defined 
pustular elevations. The opposite surface corresponding to the warty growth shows a circular 
depression with a pink to red center. 
b. On the fruit, lesions consist of corky projections which often break into scab affecting larger areas 
on the fruits. 

Survival and spread: Fungal survive in the infected leaves through overwintering lesions on the fruit or 
leaves and/or from any scab infections that have developed on the new spring flush. 
Favorable conditions: Scab can be particularly severe on summer growth flushes. Summer wet periods 
associated with rain showers and dew is highly conducive for spore germination and infection. 

Citrus Canker 
Disease symptoms: 

a. Initially, disease appears as minute water soaked round, yellow spots which enlarge slightly and 
turn brown, eruptive and corky. 
b. These pustules are surrounded by a characteristic yellow halo. 
c. Canker lesions on the fruit do not possess the yellow halo as on leaves. Several lesions on fruit 
may coalesce to form larger canker. 
d. Due to severe infections there may be defoliation, and twig and stem may show die-back 
symptoms. 

Survival and spread: 
a. In lesions on Citrus, and can also survive for long periods in diseased plant tissues 
b. Citrus leaf miners (Phyllocnistis citrella) help in the dissemination of the pathogen. 

Favorable conditions: Spring season is favorable for the development of disease. 

Citrus Tristeza Disease 
Disease symptoms: 

a. Disease affected tree leaves becomes chlorotic in the early stages. Gradually the leaves drop and 
the defoliated twigs show die-back. 
b. Diseased trees usually blossom heavily. 
c. Under the tree bark stem pitting can be observed. 
d. Trees with stem pitting are stunted and set less fruits. 
e. The fruits are of smaller size and of poor quality (insipid fruits). 

Transmission and favorable conditions: 
a. The disease is transmitted in semi persistent manner by aphid Aphis gossypii. 
b. Aphids are more active in warm summer conditions and increase their population as well as 
spread of the disease. 

Gummosis 
Disease symptoms: 

a. Disease starts as water-soaked large patches on the basal portions of the stem near the ground 
level. 
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b. Bark in such parts dries, shrinks and cracks and shreds in lengthwise vertical strips. 
c. Later profuse exudation of gum from the bark of the trunk occurs. 
d. Considerable amount of gum formation in sweet oranges may be observed, but relatively little in 
grapefruit. 

Survival and spread: 
a. The fungus survives in the form of dormant mycelium and under moist conditions. The fungi 
produce large numbers of motile zoospores, which are splashed onto the tree trunks. 
b. Secondary infections often occur through lesions created by Phytophthora. 

Favorable conditions: The Phytophthora species causing gummosis develop rapidly under moist and cool 
conditions. 

Greening 
Disease symptoms: 

a. Affected leaves show small circular green islands within the chlorotic areas. 
b. Heavy leaf fall occurs with the onset of summer. 
c. Twig die-back may also occur. 
d. Affected areas of the fruits remain green and gives bitter taste 
e. Affected fruits show reduction in size, lopsided growth and oblique columella. 
f. Seeds are poorly developed, dark colored and aborted. 

Transmission and favorable conditions: The bacterium is transmitted by the psyllids Triozaerytreae 
Del Guercio. The bacteria can be acquired by the insects in the nymphal stages and the bacteria may be 
transmitted throughout the life span of the psyllid. 

Anthracnose 
Disease symptoms: 

a. Leaf - common symptoms are a more or less circular, flat area, light tan in color with a prominent 
purple margin that at a later phase of infection will show the fruiting bodies of the fungus (tiny 
dispersed black flecks). 
b. Tissues injured by various environmental factors (such as mesophyll collapse or heavy 
infestations of spider mites) are more susceptible to anthracnose colonization. 
c. Fruit - anthracnose usually only occurs on fruit that have been injured by other agents, such as 
sunburn, chemical burn, pest damage, bruising, or extended storage periods. The lesions are brown 
to black spots of 1.5 mm or greater diameter. The decay is usually firm and dry but if deep enough 
can soften the fruit. If kept under humid conditions, the spore masses are pink to salmon, but if kept 
dry, the spores appear brown to black. On ethylene degreened fruit, lesions are flat and silver in 
color with a leathery texture. On degreened fruit, much of the rind is affected. The lesions will 
eventually become brown to grey black leading to soft rot. 

Survival and spread: Once the spores germinate, they form a resting structure that allows them to 
remain dormant until an injury occurs. 
Favorable conditions: 

a. Cool weather (temp 20°C) responsible for development of disease in plants. 
b. Long period of high relative humidity >80% with mists. 

Sooty Mould 
Disease symptoms: 

a. The dark, felty growth from sooty mold can be scraped off of plant surfaces, unlike fruit rots that 
extend into the rind and flesh. 
b. Where sooty mold occurs, look for aphids, citricola scale, cottony cushion scale, mealy bugs, 
whiteflies, and other phloem-sucking insects that excrete honeydew on which sooty mold fungi grow. 

Powdery Mildew 
Disease symptoms: Leaf: 
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a. White ‘powdery’ spores develop mostly on the upper leaf surface. 
b. Young leaves turn a pale whitish-grey-green. 
c. The ends of mildewed leaves can twist and curl upward. 
d. Young shoots can wither and die back. 
e. Severe infections cause defoliation. 

Fruit: 
a. White ‘powdery’ spores develop on the young fruits. 
b. Infected fruit fall prematurely. 

Survival and spread: The fungi produce tiny, powdery spores that can survive on fallen leaves. It can be 
transported long distances by wind, on people (clothing, hands), equipment (e.g. pruning tools, mechanical 
harvesters or hedgers) or vehicles. 
Favorable conditions: 

a. Cool and damp weather (temp 20°C) responsible for development of disease in plants. 
b. Long period of high relative humidity >80% with mists and fog are especially conducive for the 
development of disease. 
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Introduction 
Extraction is the removal of soluble material from an insoluble residue, either liquid or solid, using a liquid 
solvent. As a result, it is a solution process that is dependent on mass transfer events. The rate of diffusion 
of the solute through the liquid boundary layer at the interface is generally the regulating factor in the rate 
of extraction. Extraction is the separation of medicinally active components of plant or animal tissue from 
inactive or inert components by the use of selected solvents in typical extraction techniques. Plants produce 
relatively impure liquids, semisolids, or powders that are exclusively meant for oral or external 
consumption. As a result, extraction continues to be of great interest in order to enhance the yields of drugs 
obtained from plant and animal sources. Extraction technologies are still being researched and 
implemented in order to achieve larger quantities of active compounds from natural sources. Maceration, 
percolation, digestion, infusion, and decoction are the primary extraction processes. 

What is a Supercritical Fluid Extraction (SFE) 
Since the last century, supercritical fluids have been studied, with the most economic interest originally 
centered on the use of supercritical toluene in petroleum and shale oil refining during the 1970s. 
Supercritical water is also being studied as a method of eliminating hazardous waste and as a unique 
synthesis media. Supercritical fluid extraction (SFE) makes use of supercritical fluids, which have liquid-
like (solvent power, minimal surface tension) as well as gas-like (transport) qualities above their critical 
point. This trait has sparked a lot of interest in supercritical fluids among academics in recent years for its 
numerous uses. CO2 is the preferred supercritical solvent in the extraction of flavour and fragrance 
components because it is odourless, colourless, very pure, safe, cost efficient, nontoxic, nonflammable, and 
recyclable, permitting supercritical operation at relatively low pressures and at room temperature. In 
general, supercritical CO2 acts as a lipophilic solvent, but unlike liquid solvents, its selectivity or solvent 
power is customizable and may be modified to levels ranging from gas-like to liquid-like. 
There are various chemicals that may be utilised as supercritical fluids, as shown in Table 1, however 
carbon dioxide is the most usually employed solvent for three key reasons: First, it is safe for human health 
and the environment, adhering to the sustainability standards that increasingly regulate the acceptability 
of chemical processes; second, it has a near-ambient critical temperature (31°C), allowing biological 
materials to be treated at temperatures about 35°C. At roughly 200 bar pressure, the density of 
supercritical CO2 is near to that of hexane, and the solvation properties are similarly comparable; hence, it 
works as a non-polar solvent. 
Table 1 – Critical properties of some solvents used in SFE. 
Solvent Critical Property 
 Temperature (°C) Pressure (atm) Density (g/mL) Solubility σSFC 

(cal-1/2cm-3/2) 
Carbon Dioxide 31.2 72.9 0.470 7.5 
Ethane 32.4 48.2 0.200 5.8 
Ethene 10.1 50.5 0.200 5.8 
Methanol -34.4 79.9 0.272 8.9 
Nitrous Oxide 36.7 71.7 0.460 7.2 
n-Butene -139.9 36.0 0.221 5.2 
n-Pentane -76.5 33.3 0.237 5.1 
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Sulfur 
hexafluoride 

45.8 37.7 0.730 5.5 

Water 101.1 217.6 0.322 13.5 

Properties of Supercritical Fluid 
1. Supercritical fluids are composed of extremely compressed gases that blend the characteristics of gases 
and liquids in a fascinating way.  
2. Supercritical fluids can lead to reactions, which are difficult or even impossible to achieve in conventional 
solvents.  
3. For the majority of solutes, supercritical fluids have solvent power comparable to light hydrocarbons. 
Fluorinated chemicals, on the other hand, are frequently more soluble in supercritical CO2 than in 
hydrocarbons; this enhanced solubility is vital for polymerization. 
4. As density increases, so does solubility (that is with increasing pressure). The precipitation of a finely 
split solid occurs as a result of the rapid expansion of supercritical solutions. This is an important property 
of flow reactors. 
5. Because the fluids are often miscible with permanent gases (e.g., N2 or H2), substantially larger 
concentrations of dissolved gases may be obtained than with traditional solvents. 

Techniques of Supercritical Fluid Extraction 
The techniques involving supercritical fluids are rapid expansion of supercritical fluid extraction (SFE), 
supercritical solutions (RESS), gas antisolvent process (GAS), supercritical antisolvent process (SAS) and 
its various modifications, solution enhanced dispersion by supercritical fluids (SEDS), aerosol solvent 
extraction system (ASES), polymerization-induced phase separation (PIPS), supercritical solvent 
impregnation (SSI), particles from gas saturated solutions (PGSS) and supercritical assisted atomization 
(SAA). 
The published articles on the use of SFE, mostly for pharmaceutical and food processing, account for about 
45of the specific scientific literature, with the remainder made up of articles dealing with solvent 
extractions (about 20%), microwave assisted extraction (MAE, about 10%), ultrasound-assisted extraction 
(UAE, about 10%), and other extraction techniques that have not yet been used for industrial applications 
on a large scale (about 10%). 

Advantage and Disadvantage of Supercritical Fluid Extraction 
Advantages Disadvantages 
Rapid extraction; small amount of organic solvent 
or no solvent; no solvent residue; preserves 
thermally labile compounds; tunable solvent 
(SCF) density; selective extraction (small number 
of compounds extracted); inexpensive to 
operate/run 

High setup cost; technical knowledge of SCF 
properties required (e.g., phase behavior, cross-
over region) 
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Introduction 
The by-products of farming activities are usually referred to as “Farm waste” because they are not the 
primary products. These wastes chiefly take the form of crop residues (residual stalks, straw, leaves, roots, 
husks, shells etcetera) and animal waste (manures). Farm wastes are widely available, renewable and 
virtually free; hence they can be an important resource (Sabiiti et al. 2005). They can be converted into 
heat, steam, charcoal, methanol, ethanol, bio diesel as well as raw materials (animal feed, composting, 
energy and biogas construction etc.). Indian farmers have the distinction of using organics in agriculture 
from time immemorial. Ancient Indian scriptures, the Ramayana, Mahabharata, Vedas and the 
Upanishads have documented the use of animal excreta, fish, bones and various kinds of plant residues as 
manure. In Ramayana, it has been stated that all dead things and rotten garbage returned to earth are 
transformed into wholesome things that nourish life. In Mahabharata (5500 BC), mention of Kamadhenu, 
the cerestial cow and its role on human life and soil fertility has been documented. Use of organic manures 
is mentioned in Rig Veda (2500- 1500 BC), while use of green manure is mentioned in Atharva Veda (1000 
BC). In Sukra, it is stated that, to cause healthy growth, the plant should be nourished by the dung of goat, 
sheep, cow and water. Similarly, in Vrkshayurveda, by Surapala, use of manures and manuring and 
remains of animals were considered effective for plant growth. Use of several oilcakes and excreta of 
animals are also mentioned in Kautilya’s Arthashastra (300 BC). The importance of fertilizers and manure 
gained impetus during the fifties. The early adoption of organic recycling in India is attributed to the use 
of farmyard manure (FYM) prepared unscientifically adopting the pit method in the villages. The other 
insitu practices of organic residue recycling was incorporation of crop residues, growing legumes, goat/ 
sheep penning and adoption of other organic recycling methods. The successful finding of Hutchinson and 
Richard in 1921 that straw was degraded by an aerobic cellulose decomposing organism, Cytophaga 
hutchinsoni attracted considerable attention in India. This led to the adoption of scientific techniques in 
converting organic residues to value added compost. Subsequently research on organic residue recycling 
focused on perfecting the conditions for composting, identification of efficient microbial strains, use of 
additives, improvement in quality of composts and their use in agriculture. 

Assessment of Farm Waste Resource 
Assessment of biomass resources is a herculean task. It reflects the possible availability of organic 
resources. Various authors have put forth their inventory of organic residues, both of plant and animal 
origin. The basis of such assessment and projections has been an approximation of the extent of cultivated 
area and the likely yields of grain, straw and stubbles in case of agricultural residues. The number of heads 
of different types of cattle in rural and urban areas and the possible byproducts which would be realized 
provides estimates of the organic resources from animals. 

Crop Residues Production and Use 
Understanding the area under agricultural crops, cropping patterns and utilization of crop residues is 
essential for assessing the crop residues. In India, out of the total geographic area of 329 million hectare 
(Mha), the net cropped area accounts for about 43% and it appears that the net cropped area has stabilized 
around 140 Mha. Rice and wheat are the dominant crops, together accounting for 41% of cropped area, 
while pulses, oilseeds and other commercial crops account for 13.8, 15.9 and 10.2%, respectively. Cereals 
dominate the agricultural crops and account for 60% of cropped area, followed by pulses, cotton and 
sugarcane. It has been observed that the adoption of irrigation practices results in expansion of crops such 
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as rice, wheat, cotton and sugarcane. It is estimated that expansion of irrigation may result in increase of 
area under the above said crops by 6% (>10 Mha) at the cost of other crops like coarse cereals and millets. 
These changes would also influence the production of crop residues in future. The use of crop residues 
varies from region to region and depends on their calorific values, lignin content, density, palatability and 
nutritive values. Residues of most of the cereals and pulses have fodder value. The dominant end uses of 
crop residues in India are as fodder for cattle, fuel for cooking, thatch material for housing and as organic 
resource. Thus, in addition to use of crop residues as fuel and fodder, the residues of some crops are used 
for thatching, composting and mulching. The leguminous crop residues are normally put into the 
composting pit after the harvest of the main produce. The leafy residue of sugarcane is usually burnt in the 
field or used as fuel. 

Animal Wastes 
Animal wastes are one of the major underutilized resources in India and many other countries. Animal 
wastes refer mainly to excreta (dung) and urine along with bedding materials. India has the world’s largest 
bovine population including cows, bullocks, buffaloes and calves, with cattle to human population ratio of 
0.3. Interestingly, the piggery and poultry industry has grown substantially in the last two decades in an 
organized way and hence the manure could be used for nutrient recycling. Production of dung depends on 
the cattle population and dung yield per animal. It is difficult to collect and use all the dung produced by 
cattle. Thus, these wastes could not be fully exploited due to non-availability of a viable technology for their 
collection, transportation and disposal in an economical and inoffensive manner. The dung collection would 
be mostly from droppings at the cattle sheds. Based on mean annual average dung yield (fresh weight) of 
4.5 kg/day for cow and 10.2 kg/day for buffalo, total dung production is estimated at 659 Mt annually, with 
cow and buffalo dung accounting for 344 and 315 Mt, respectively. As far as the disposal and utilization of 
animal wastes are concerned, the pattern depends upon climate, local customs and the availability of 
firewood. It can be assumed that due to scarcity of easy availability of firewood, use of dung as fuel is 
increasing leaving progressively lesser amounts for recycling as manure. On an average, 50% of the dung 
is used for making cakes to meet the fuel requirements for the rural homes. The animal wastes could be 
converted into FYM or compost or recycled through biogas plants. One of the major advantages of biogas 
technology, besides cooking, lighting and electricity generation, is the utilization of slurry as manure for 
crop production. 

Present Pattern of Farm Waste Utilization 
1. Residue burning 
2. Animal feeding/bedding. 
3. Domestic fuel. 
4. Dumping. 

Need to Manage Farm Waste 
The impact of agricultural waste on the environment depends not only on the amounts generated but also 
on the disposal methods used. Some of the disposal practices pollute the environment. For example, 
agricultural waste burning is a common practice in the undeveloped countries, but it is a source of 
atmospheric pollution. Agricultural waste burning releases pollutants such as carbon monoxide, nitrous 
oxide, nitrogen dioxide and particles (smoke carbon). These pollutants are accompanied by the formation 
of ozone and nitric acid, hence contributing to acid deposition thereby posing risk to human and ecological 
health.  Animal wastes are excreted in solid, liquid and gaseous forms. Respiration and fermentation gases 
are lost to the environment soon after being produced by the animal. After excretion, solid and liquid animal 
waste is subjected to microbial conversion (mainly anaerobic), which converts organic substrates into 
microbial biomass and soluble and gaseous products. Some of these products have an impact on the 
environment, as well as water quality, soil deterioration and air pollution. 

Scenario of Food-Grains and Nutrient Requirement and Residues Supply in India 
Indian harbours 17% of global population in only 2.3% of land mass supported by 4% of fresh water 
resources. The population in India during 2010-11 was 1262 million (M) and it would be 1690 million in 
2025. The demand for food grains was 240 million tons (Mt) and in 2010-11 and it would be 328 Mt by 2025. 
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The consumption of fertilizer nutrients (N+P2O5+K2O) in India during the year 1950-51 was 69,800 tonnes 
only, which increased to an all-time high level of 25.15 Mt during 2008-09 (Fig 1). 

 
Parama and Biswas (2009) 

Fig. 1. A projection on food grain and nutrient requirement in India over the year 2025-26 
Further India is likely to be needed about 40-50 Mt of fertilizer nutrients by 2025-26. Presently India is III 
after China and USA as far as total fertilizer consumption in the world (FAI, 2009). In India the organic 
manures provided more than 98% of the nutrients during 1950, whereas in 1970’s this proportion was about 
50:50 and it is about 25:75 at present. China and India consume about 40% of the total fertilizer 
consumption in the world. In the condition of little chance of horizontal dimension, vertical dimension is 
only the alternative left over with us but these are also limited possibilities in western Indo-Gangetic Plains 
(IGP). Thus, the both organic and inorganic sources are inevitable in Indian agriculture to supply demand 
of nutrients and to improve the crop productivity for increasing population by 2025-26. The projected plant 
nutrients (N+P2O5+K2O) addition and removal in India during 2000 and 2020 is presented in Table 1. 
Table 1. Projected plant nutrients (N+P2O5+K2O) addition and removal in India (Mt): 
Projected plant nutrients (N+P2O5+K2O) addition and 
removal 

Year 
2000 2025 

Addition of nutrients through fertilizer 
Removal of nutrients by crops 
Balance 
Total projected availability of plant nutrients from 
tappable organic sources 

18.07 
28.0 
-9.93 
5.05 

29.6 
37.46 
-7.86 
7.75 

Tandon (1997) and FAI (2009) 

Management Techniques of Farm Waste for Crop Production 
There are several techniques through which the farm waste i.e., crop residues, animal wastes and crop 
residues + animal wastes can be managed.  
Crop residues: 

a. Conservation agriculture 
b. Incorporation with tillage 
c. Green leaf manuring 
d. Bio-energy options 
e. Feeding/Bedding for animals. 

Animal wastes: 
a. Biogas production 
b. Animal based manures 
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c. Vermicomposting 
d. Pesticides and biofertilizers. 

Crop residue + Animal waste: 
a. Manuring and Composting. 
b. Biogas production. 

Farm waste

Crop  
waste

Animal 
waste

Return to soil

Biogas 
production 

slurry

Energy 
productionFuel

Composting and 
Manuring

Recycling of Farm Waste

Mineralization of 
organic matter

Nutrient  
utilization by crop

Crop

Animals

Model for Recycling of Farm Waste
 

Conclusion 
Through various eco-friendly techniques of farm waste management, it can be concluded that the recycling 
of farm waste improves the soil fertility, food security and also quite economical which may enhance the 
agricultural sustainability in the near future. 
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Introduction 
Pest and pathogens are important constraints in achieving food security. Diseases caused by plant 
pathogenic fungi, bacteria, viruses, nematodes etc. have been found to contribute around 25% of the total 
yield losses. Among the diseases, greatest losses are inflicted by fungi (42%), followed by bacteria (27%), 
viruses (18%) and nematodes (13%) of the total losses resulted due to plant diseases (Khan and Sharma, 
2020). In order to minimize the disease induced damage in crops early disease detection and its prevention 
is highly recommended. 
Recently, immunological (ELISA and Dot blot) and molecular (PCR, RTPCR, Real time PCR, etc) 
techniques have revolutionized the diagnosis of pathogen through rapid and accurate detection of plant 
pathogens. However, these methodologies are time-consuming and require complex instruments, therefore, 
are not suitable for rapid and in-situ analysis. Consequently, there is a strong interest for developing new 
rapid and reliable detection technique. Biosensing systems have emerged as one of the efficient and early 
detection tool of plant diseases with high sensitivity and specificity at the point-of-care. 

Biosensor, Working Principle and its Types 
According to IUPAC, biosensor is a device that uses specific biochemical reactions mediated by isolated 
enzymes, immunosystems, tissues, organelles or whole cells to detect chemical compounds usually by 
electrical, thermal or optical signals (Fig.1). The analyte is detected by the biologically-affined sensitive 
layer, immobilized on the transducer. The biological response is transformed to an electrical, optical or 
electrochemical signal by the transducer and then further processed, providing the information. They are 
classified based on the transducing element as electrical, electrochemical, magnetoelectric and optical 
biosensors. Based on biorecognition element they are antibody based, DNA based, enzyme based and 
bacteriophage-based biosensors. 

 
Fig 1: Illustration of a biosensor 

Antibody Based Biosensors 
The principle of establishing antibody-based immunosensors lies in the coupling of specific antibody with 
a transducer, which converts the binding event to a signal that can be analyzed. Most antibody-based 
biosensors use electrochemical transducers (amperometric, potentiometric and impedimetric) or optical 
transducers. During the past decade, many articles have been published demonstrating the capability of 
antibody-based detection for plant pathogens. 
Jiao et al. (2000) applied a voltammetric indirect ELISA based on horseradish peroxidase (HRP) detection 
system to detect the plant virus, Cucumber mosaic virus (CMV). Quartz crystal microbalance (QCM) 
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biosensor was used for Maize chlorotic mottle virus (MCMV) detection where 11-mercaptoundecanoic acid 
was self-assembled on gold surface and then crosslinked with anti-MCMV for disease detection (Huang et 
al., 2014). 

DNA Based Biosensors 
Most DNA biosensors techniques are based on determination of DNA hybridization events including 
voltammetric electroluminescence, fluorescent and colorimetric approaches. Voltammetric approach has 
been recently reported by Malecka et al. (2014) for the label-free detection of picomolar concentrations of 
nucleic acid from Plum pox virus (PPV) glassy carbon electrodes. 
DNA hybridization on lateral flow using AuNPs-DNA probe was introduced by Wei et al. (2014) for 
earlydetection of Banana bunchy top virus (BBTV). Emerging approaches based on DNA translocation 
through nanopores, even though not reported yet for plant pathogen detection, show enormous potential in 
this field. 

Enzyme Based Biosensors 
An enzyme specific for the analyte of interest is immobilized on the nanomaterial modified-electrode. The 
amperometric detection is based on the bio-electrocatalytic reaction between the target analyte and 
electrode, which results in an electrical signal that can be used for quantitative detection of the analyte.  
Many of the VOCs produced by infected crops are alcohols and aldehydes which can be catalyzed by alcohol 
dehydrogenase enzymes. Accordingly, these enzymes can be used for the development of biosensors for the 
detection of alcohol or aldehyde-based VOCs which are specific to the infection. Fang et al., (2016) reported 
the detection of methyl salicylate with an amperometric sensor based on bi-enzyme modified electrode. 

Bacteriophage Based Biosensors 
Bacteriophage is emerging as a promising alternative for pathogen detection due to its high sensitivity, 
selectivity, low cost and higher thermostability. Upon the interaction between the bacteriophage and the 
target analyte, the impedance of charge transfer reactions at the interface changes is used as a signal for 
detection. 
Bioluminescent-phage based technology was developed for determination the presence of Pseudomonas 
cannabina pv. alisalensis that infects cruciferous vegetables (Schofield et al., 2013). 

Challenges and Future Directions 
Most biosensors offer advantages in terms of sensitivity, selectivity due to great recognition properties. In 
spite of their advantages, in-field application is still suffering due to the challenges such as uncontrolled 
antibody immobilization, requirement of proper DNA probe, unavailability of enzyme specific to plant 
volatiles. Biosensors constructed using nanomaterial platforms have higher specificity and applicability for 
real-time detection. Overcoming the challenges, it is also promising that the enzymatic and affinity sensors 
can be fabricated for multiple pathogen detection. 

Conclusion 
Given the spread of plant disease there is a strong need to develop new biosensors that can be used directly 
in the field by farmers themselves. It is expected that more portable devices will emerge in the future being 
a strong support for an efficient diagnostic in plant quarantine, large scale surveys and disease risk 
assessment. 
Using biosensors along with other diagnostic techniques can reduce the risk of obtaining false (positives or 
negatives). Over the long term, the use of nanotechnology with additional efforts will be helping to 
significantly develop highly sensitive and selective biosensors for real-time monitoring of plant pathogens 
in the field conditions.  
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Introduction 
As we all know, agriculture today faces many challenges posed by climate change, depleting natural 
resources, scarcity of labour, inefficient supply chains and volatile market forces. Confronting these 
challenges would require complex skills and understanding of the dynamically changing agricultural 
situation. Agriculture today is increasingly getting more knowledge intensive. Access to the right 
information at the right time and in the right form help us to make informed decision on the critical issues. 
This is more important for resource poor farmers and poorest of the poor living in rural areas. Farmers 
need for information will therefore increase tremendously as they will be required to make increasingly 
complex decisions, which will impact the livelihoods of families and society. Access to right information is 
no more a luxury- it is necessity. Research, extension and farmers efforts are all contributed significantly 
from 50 million tonnes in 1950-51 to land mark achievement of an estimated production of 241 million 
tonnes of food production in 2010-11. The total demand for food grains is projected to touch 280 million 
tonnes by the year 2020-21. Meeting his demand will necessitate a growth rate of nearly 2 per cent per 
annum in food grain production (Singh, 2011) and agriculture sector need to grow targeted 4 per cent per 
annum. Recommendation of the Planning commission of India’s working group on agricultural extension 
for XI five-year plan (2007-2011) states that the agricultural growth is stagnating and sluggish. Estimates 
indicated that 60 per cent of farmers do not access any source of information for advanced agricultural 
technologies resulting in huge adoption gap (NSSO, 2005). There are far greater expectations from the 
extension system today. However, how well it is prepared to meet these demands is a big question. Heavily 
understaffed with little integration with other stakeholders and not much dependence on farmers feedback 
for its planning process put extension in critical situation. The points towards today’s extension with 
greater expectations and demands the extension to assume a prominent position in the entire information 
exchange process at farm level and beyond. Capacity of human resources particularly with respect to 
addressing multiple and complex information needs of the farmer and their ability to handle innovative 
resources for technology dissemination have put a big question whether the present contingent alone shall 
be able to handle the scenario. In this existing scenario, it is expected that integration of ICTs in 
agricultural extension will provide needed impetus to agricultural sector and ICTs can complement the 
traditional extension system for “Knowledge Resource” delivery to the millions of the farmers (Saravanan, 
2010). 
Various forces are at work to change agricultural extension from a process of technology transfer (research 
institution to farmer) to a process of facilitating a wide range of communication, information, and advocacy 
services (demand-driven, pluralistic and decentralized extension). The focus of this change is on the 
improvement of overall rural livelihoods versus a specific focus on agriculture (Kuo, 2011). ICT fills a 
research gap by examining what people do with a medium when they have access to it, rather than looking 
at barriers surrounding the use of ICTs and digital divide issues arising due to differential access and 
capabilities (kameshwari, 2011). 

ICTs and Rural Livelihoods – More than Just Agriculture 
By focusing on how agricultural extension can harness ICTs for improving rural livelihoods, we need to 
move beyond narrow understandings of agriculturally specific ICT applications. This change in focus causes 
us to recognize that:  
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“Any ICT intervention that improves the livelihoods of poor rural families will likely have significant direct 
and indirect impacts on enhancing agricultural production, marketing and post-harvest activities – which 
in turn can further contribute to poverty reduction.” There are no blueprint approaches for ICTs or magic 
bullet ICTs that will automatically improve rural livelihoods. Developing countries each have location-
specific agricultural and rural development constraints and opportunities, and country-specific 
telecommunication constraints and opportunities. The skills and resources of stakeholders need to be 
harnessed to determine, plan and implement appropriate ICT interventions to improve rural livelihoods. 
This is particularly important given two important trends: 
1. The trend toward decentralizing, privatizing and pluralizing the delivery of extension, and 
2. The trend toward liberalizing telecommunication marketplaces in favour of competitive, multi-service 
provider, multi-service marketplaces.  
These two trends combine to provide opportunities to more effectively harness ICTs for extension and rural 
development policy, program and delivery synergies, provided that extensionists are able to move beyond 
an agriculture-specific role. Re-thinking organizational end goals in this way could prove a challenge for 
agricultural extension decision-makers and their organizations, but that the challenge must be faced if 
ICTs are to be used effectively.  
ICT interventions do not have to be specific to agriculture in order to enhance rural livelihoods or contribute 
to improved agricultural production. Indeed, a simple ICT intervention such as provision of an accessible 
rural payphone can play a significant role in enhancing the ability of poor rural families to continue, and 
perhaps enhance their contribution to national agricultural production and post-harvest activities. ICT 
interventions that improve the general livelihoods of poor rural families have the potential to enable those 
families to:  

a. Free up time for agricultural work through information or services which help improve family 
health and well-being;  
b. Provide access to household capital which can be leveraged for agricultural production or post-
harvest improvements; and  
c. Enable rural families to better take advantage of remittance economies for enabling family 
members to live elsewhere and send capital home to improve agricultural work and other livelihood 
activities.  

Improved access to credit, educational activities, health care services, or improved non-agricultural rural 
business activities can also yield significant improvements in the agricultural sector when families are able 
to enhance their overall livelihood strategies. The end goal of these ICT interventions is not improved 
agricultural production or post-harvest activities. The end goal is poverty reduction in the context of 
improved livelihoods, recognizing the clear importance of the rural family as the hub of agricultural 
production in areas of poverty, and within national economies. 

ICT Infrastructure Scenario 
Strategic reforms in telecommunications sector since 1990’s, facilitates strong ICT infrastructure in India. 
As on 2020, total telephone subscribers 1173.83 million (20.05 million fixed land line telephones, 1153.77 
million wireless connections. The growth rate in mobile phone user in Rural area is 45.43% and in Urban 
area is 54.57% (TRAI,2020). 

Why ICT? 
Information and communication technology emerged as a great savoir to the agricultural extension system 
during the early nineties. Since then, ICT has been developing and growing fast with the changing scenario 
in agriculture with respect to climate change, markets and technological developments within the country 
and outside. In the past few decades, Information and communication technologies have provided society 
with a vast array of new communication capabilities enabling people to communicate in real time with 
other using technologies such as instant messaging, voice over IP, and videoconferencing. Social 
networking sites like Facebook and e groups have allowed user from all over the world to remain in contact 
and communicate on regular basis. ICT with a clientele as large as 23 crore (230 million) farmers and 
agricultural labourers working in agriculture and allied areas, across the country (Census 20011) offers 
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great optimism towards handling the information need of farmers through the platform of extension system 
in the country (including Public, Private, Mass Media, Input Dealer and farmers). 

ICT Applications 
ICTs are mostly used to disseminate information to cover larger masses over a short period of time. 
Potential of ICTs are therefore visible in the areas involving information common to many people or 
dissemination of such of the knowledge/information more effectively which is generic and is relevant to a 
large population or in imparting common training to rural communities. Though it emerges as a tool for 
knowledge management, quite often it is also linked to the disadvantage of lacking local relevance of 
content, which is also not customized to the capacity of users. Human intermediation is therefore very 
important in ICT application. With a more systematic and considered approach ICTs can provide a great 
support in distance learning. If used intelligently ICT can provide greater opportunities for meeting the 
challenges before extension system today. Information and Communication Technology (ITC) exists in 
every aspect of modern society. Some well-known applications include applications for corporations 
(airlines, insurance companies, internet banking), applications for state organizations (electronic voting, 
tax refund), applications for healthcare (data about patients, diagnostic tools and instruments, special 
surgical equipment), applications for education (computer-based training - CBT, distance learning, e-
learning) adaptive learning time, flexible learning location, multimedia learning experience, reduced costs. 
ICT in everyday life includes e – mail, e – commerce, online banking, e – government, online shopping, e – 
learning (Richardson, nd). 

Farmers Call Centre - An Innovative Approach 
An overwhelming number TV/Radio sets, telephone and mobile phones, including SMS facility, are major 
options before the farmer who lack enough capacity to independently use these resources. Hence some sort 
of facilitation needs to be provided to make available the desired information to farmers. Farmers Call 
Centres are a system of extension blending all the resources of ICT to deliver need-based information to 
farmers. 

Kisan Call Centre 
For speedy transmission of technology and latest technical updates to farmers, for resolving their diverse 
problems, an innovative means, namely, the KISAN CALL CENTRE, was established for fulfilling the need 
of the farmer and: 

a. To provide technical inputs to farmers.  
b. To serve as a feedback mechanism for the policy makers.  
c. To forge strong Research Extension Farmer Linkages. 

The Major Topics Handled by KCC Experts are as Follows 
1. Disease and pest control for different crops grown in the region. 
2. Good agricultural practices, livestock management, fishery, etc.  
3. Best practices in agriculture in the state as well as of other states. 
4. Crop related information in agriculture, horticulture, animal husbandry aromatic plants, spices, 
plantation crops, cash crops, etc.  
5. Vermi-compost, organic farming, including organic plant protection, etc.  
6. Information on HYV seeds and nutrient management for different crops. 
7. Market related information for different crops in the state.  
8. Farmer support programmes. 
9. Agriculture related information that impacts farmers, farming practices, etc.  
To harness the potential of ICT in agriculture, Ministry of Agriculture took the initiative of launching an 
innovative scheme “Kisan Call Centers” on 21st January, 2004 aimed at offering solutions to farmers’ 
queries on a telephone call. These Kisan Call Centres (KCCs) are presently operating in 25 locations 
covering all the States & UTs with 144 Call Center Agents engaged therein answering farmers’ queries in 
their language. Farmers from any part of the country can access KCC by dialing toll free number 1800-
180-1551 from 6.00 A.M to 10.00 P.M. on all 7 days a week. This number is accessible through 
mobile/landline numbers of all telecom networks, even private service providers. At each KCC location the 
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Kisan Call Centre Agents are first level respondents answering farmers’ KCC agents are B.Sc. (Ag)/ 
Postgraduate in Agriculture and work at first level queries instantly. 
Majority of the questions are answered by the KCC agents at their own level. Only a small percentage (2 
per cent) of questions is escalated to higher-level experts (L-II experts) for answering the queries, which 
are not answered by KCC Agents. Higher-level experts are from States Development Departments/SAUs 
and Scientists/Subject matter experts from Central Institutions of DAC. 
In each of the 25 KCC locations, a Nodal Office was been identified for keeping liaison between KCCs and 
related departments & Institutions for providing technical support for running the Kisan Call Centres. 
DAC has also put in place a web-based portal “Kisan Knowledge Management System (KKMS)”, a database 
of state wise agricultural package of practices. Presently the database is available for most of the states for 
agriculture, horticulture, animal husbandry and fisheries, duly updated and validated by the State 
Agricultural Universities of the respective state/region. 
The information dissemination to the farmers is mainly categorised into three types, namely, information 
on Pre-cultivation, Cultivation and Post Cultivation. Information under the category of Pre-cultivation that 
is provided to the farmers through the KCC includes information related to field preparation, time and 
place of availability of HYV seeds, availability of fertilizers, training and orientation for the farmers for 
usage of best seeds, balanced use of pesticides and fertilizers, required amount of water for the specific 
crop, etc.  Under the category of Cultivation phase, KCC provides information related to pest and disease 
control, irrigation, government schemes, loans, etc. In the post cultivation phase, it provides information 
on the market, storage facilities, transportation, value addition, etc. 

Benefits to Farmers from KCC 
The KCCs provide instant answer to farmers on their query. The service is available to them round the 
clock wither online or in a voice mail mode. An analysis of farmer’s responses on KCC services reveals that 
majority got satisfaction through the answer as they could implement the advice. In particular the farmers 
were able to take timely decision in control of pest, weeds and diseases and judicious use of fertilizers. In 
few cases timely advice also led to financial gains to farmers in the agriculture. 

Increase in Call Flow 
As a result of dedicated service, the call flow has been constantly increasing. Since launch of the scheme 
over 10 million farmers call have been registered at the kisan call centres. With better service through 
technological up gradation, reliable information increase in number of call centre agents from time to time 
more and more farmers are going to get benefitted by these KCCs. 

Major Issues 
From the success of KCCs a number of key issues need to be addressed viz: 
1. Increasing number of KCC agents and locations as per call flow 
2. Continuation up gradation of knowledge level of KCC agents to be able to answer the farmers queries 
accurately. 
3. Inculcating needs soft skills and other interpersonal/ communication skills to make the farmers attached 
to KCC 
4. Greater involvement of states in KCC implementation 
5. A mechanism for regular farmers feedback to be put in place 
6. Regular monitoring and impact assessment of the programme  
7. Integration with CSCs 
8. Greater publicity and awareness campaign 
9. SAUs/ states and ICAR institutes to provide experts supports in answering farmers call in call 
conferencing mode. 
10. Updation and validation of the KKMS databases 
11. Greater technological upgradation from time to time 
12. Using the information on farmer feedback compiled in the KCC database in decision making process at 
state level. 
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Conclusions 
Amongst various ICT interventions Kisan Call Centres (KCC) are the most potential means as these 
centres blend all the successful ICT tools in a well-coordinated manner to deliver most credible, reliable 
and verification information to farmers at times when they really need. The human interface in the form 
of KCC agents make it the most effective extension material, as it facilitates customization of the 
information delivered as per the farmers need. A careful and continuous up gradation of Call Centres 
technology; selection of right candidates to work as KCC agents with continuous capacity building 
measures; greater ownership of the states and constantly improving the system with farmers feedback 
would go a long way in serving a much larger farmer population and in a way supplementing and 
complementing the public extension system. 
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Introduction 
The system must have a CO2 pump, a pressure cell to retain the sample, a way to maintain pressure in the 
system, and a collecting vessel. The liquid is piped to a heating zone and heated to supercritical 
temperatures. It next enters the extraction vessel, where it quickly diffuses into the solid matrix and 
dissolves the extracted material. The extracted material settles out after the dissolved material is swept 
from the extraction cell into a separator at a lower pressure. The CO2 can subsequently be cooled, 
recompressed, recycled, or released into the atmosphere. Supercritical fluid extraction systems (Figure 1) 
are classified as laboratory, pilot, or industrial. Using tiny volume reactors, the laboratory scale system 
attempts to generate micrograms to grams of extract (50 to 300 mL). Where kilos of extracts are wanted, a 
bigger reactor container with a capacity of several hundred liters is necessary. 

 
Figure 1. A typical supercritical fluid extraction system. 

Pumps 
Carbon dioxide is typically injected as a liquid at temperatures below 5°C and pressures below 50 bars. The 
solvent is pumped as a liquid since it is practically incompressible at that temperature. Because the fluid 
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is supercritical, most of the pump stroke will be "spent up" compressing it rather than pumping it. 
Reciprocal CO2 pumps or syringe pumps are frequently employed for small-scale extractions (up to a few 
grams/minute). Diaphragm pumps are the most commonly used for large-scale extractions. The pump 
heads are normally chilled, and the CO2 is likewise cooled before entering the pump. 

Pressure Vessels 
Pressure vessels can be as basic as tubing or as complex as purpose-built vessels with quick-release fittings. 
The minimum pressure required is 74 bar, and most extractions are performed at less than 350 bar. 
However, larger pressures are occasionally necessary, such as when extracting vegetable oils, when 
pressures of 800 bar are often required for full miscibility of the two phases. The vessel must be fitted with 
a heating system. For small containers, it may be placed inside an oven, while for bigger pots, it can be 
placed within an oil or electrically heated jacket. If rubber seals are employed on the vessel, care must be 
given since the CO2 may dissolve in the rubber, producing swelling, and the rubber will burst upon 
depressurization. 

Pressure Maintenance 
The pressure in the system must be kept constant from the pump to the pressure vessel. A basic restrictor 
can be employed in smaller systems (up to about 10 mL/min). This can be a cut-to-length capillary tube or 
a needle valve that can be adjusted to maintain pressure at varying flow rates. A backpressure regulator, 
which maintains pressure upstream of the regulator through a spring, compressed air, or electronically 
operated valve, will be utilised in bigger systems. Whatever method is employed, heating must be provided 
since the adiabatic expansion of CO2 results in substantial cooling. If there is water or other extracted 
material in the sample, it may freeze in the restrictor or valve and produce blockages. 

Collection 
The supercritical solvent is injected into a vessel that is at a lower pressure than the extraction vessel. 
Because the density of supercritical fluids, and hence their dissolving power, changes significantly with 
pressure, the solubility in lower density CO2 is substantially lower, and the material precipitates for 
collection. The dissolved substance can be fractionated using a series of containers at decreasing pressure. 
CO2 can be recycled or depressurized to atmospheric pressure before being discharged. For analytical SFE, 
the pressure is typically reduced to ambient levels, and the gaseous carbon dioxide is now bubbled through 
the solvent to capture the precipitated components. 

Heating and Cooling 
This is a crucial consideration. To preserve liquid conditions, the fluid is chilled before pumping and then 
heated following pressurization. Heat must be given when the fluid is extended into the separator to 
prevent excessive cooling. For small-scale extractions, such as those used for analysis, pre-heating the fluid 
in a length of tubing within the oven housing the extraction cell is generally adequate. The restrictor may 
be heated electrically or using a hair dryer. The energy required for each stage of the process in bigger 
systems may be determined using the thermodynamic parameters of the supercritical fluid. 

Maximizing Diffusion 
This can be accomplished by raising the temperature, expanding the matrix, or shrinking the particle size. 
Matrix swelling may occasionally be enhanced by raising solvent pressure and adding modifiers to the 
solvent. CO2 causes significant swelling of certain polymers and elastomers, with diffusion increasing by 
many orders of magnitude in some situations. 

Maximizing Solubility 
In general, increasing pressure increases solubility. The influence of temperature is less definite, because 
at the critical point, a rise in temperature induces a reduction in density and hence dissolving power. 
Solubility is anticipated to rise with temperature at pressures much above the critical pressure. Low 
amounts of modifiers (also known as entrainers) such as methanol and ethanol can also greatly boost 
solubility, especially of more polar molecules. 
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Introduction 
Hills, mountains, and undulating plateaus make up 72% of the entire geographical area of the north 
eastern region. The three fundamental resources of the life support system are land, water, and plants. 
Natural and human-induced causes are putting a strain on these resources in the north-eastern area. The 
region's traditional food production system, undulating topography, and heavy and severe rains have 
exacerbated resource degradation and depletion processes, causing the whole ecosystem to deteriorate. Soil 
erosion has an impact not only on-site, where fertile soil is lost, but also off-site, where flash floods in the 
lower valleys and plains cause damage to productive farmland, water supplies and irrigation systems, 
dams, highways and bridges, and loss of life and property. The land in the region is being misused in terms 
of natural resources such as soil, water, and forest. 
In the valleys, foothills, and other areas, there is unethical deforestation, large-scale shifting farming, 
increasing urbanisation, and flooding. Human activities and agricultural practises cause erosion, resulting 
in the depletion of natural resources and the destruction of the ecosystem. Overexploited denuded forest 
areas and wastelands, on the other hand, contain a lot of potential for producing feed, fuel, fibre, minor 
fruits, low-quantity wood, and so on. To achieve these goals, appropriate soil conservation programmes are 
necessary. The goal of agricultural system management for sustainable production is to manage the slope 
area now under Jhum cultivation in a scientific and cost-effective manner. Agronomical soil conservation 
strategies are crucial in weaning farmers away from shifting cultivation and achieving sustainable 
agriculture through natural resource management and increased biomass output. In order to advance 
towards agricultural sustainability, agricultural system management for sustainable production will be 
focused on the following aspects. 

Agronomic Measures 
Agronomic measures include contour farming, conservation tillage, strip cropping, mulching, mixed 
cropping and other improved practices. Through the use of these methods help to intercept rain drops and 
reduce the splash effect, help to improve the content of organic matter and soil structure, and also help to 
retard and reduce overland run-off. The use of agronomical measures is entirely dependent on the soil 
types, land slope and rainfall characteristics. 

Contour Farming 
Contour farming is the practice of executing field operations, such as ploughing, planting and cultivating 
land across the slope rather than up and down hill. In steep agro-ecosystems and sloppy fields, contour 
farming is one of the most often employed agronomic strategies for soil and water conservation. Ploughing, 
seeding, inter-culture, and other agricultural operations are all done along the contour line. The ridges and 
furrows created over the slope create a continuous succession of minor barriers to the running water, 
reducing runoff velocity and hence soil erosion and nutrient loss. It conserves soil moisture in low-rainfall 
areas by increasing infiltration rate and concentration duration, while reducing soil loss in high-rainfall 
areas. It decreases soil erosion, conserves soil fertility and moisture, and hence enhances total crop yield 
in both conditions. The success of this approach, however, is dependent on the amount of rainfall, soil type, 
and topography of a location. 
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Contour Ploughing 
Contour ploughing is a well-known agronomic practise that helps to conserve soil and water. Instead of 
ploughing up and down, the earth is ploughed along the contour. By concentrating water in the downhill 
furrows, this reduces runoff velocity and consequently soil erosion. Contour ploughing, on the other hand, 
is designed to create a barrier between rainfall runoff and the furrows. The rate of infiltration increases, 
and more water is retained. When biological conservation effects are inadequate at the start of the rainy 
season, contour ploughing is especially significant. With increasing slope gradient and length, rainfall 
intensity, and soil erodibility, the efficacy of contour ploughing declines. 

 
Contour Ploughing (Source: https://www.quora.com/What-is-the-difference-between-contour-

ploughing-and-terrace-farming) 

Contour Hedgerow Technology 
Contour hedgerow technique allows for the cultivation of hillslopes with the least amount of soil loss. 
Hedgerows can be constructed by planting fast-growing, deep-rooted leguminous trees or shrubs along the 
contours and across the hill slope, such as leucaenaleucocephala, gliricidiasepium, and erythrina species. 
Hedgerow spacing (vertical interval) may be determined based on the hill slope. Between hedgerows, crops 
are sown. Food crops are sown within the contour alignment hedgerows of fast-growing trees in alley 
cropping. Trees are trimmed on a regular basis to give mulch and green manure, which helps to maintain 
soil fertility, moisture conservation, and crop shadowing. Because of the cover effect, the crop on the 
hedgerows prevented soil loss, runoff, and erosion. 

 
Contour hedgerow technique 

https://www.quora.com/What-is-the-difference-between-contour-ploughing-and-terrace-farming
https://www.quora.com/What-is-the-difference-between-contour-ploughing-and-terrace-farming
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Tillage 
Tillage alters the soil physical characters like porosity, bulk density, surface roughness and hardness of 
pans. Different types of tillage implement influence these physical characteristics in their own way and 
thus affect erosion. Tillage can be distinguished into conventional tillage and conservation tillage. 
Conventional tillage includes ploughing twice or thrice followed by harrowing and planking. It leaves no 
land unploughed and leaves no residues on the field. Conservation tillage is disturbing the soil to the 
minimum extent necessary and leaving crop residues on the soil. Conservation tillage systems can reduce 
soil loss. Hard pans induce runoff earlier and also reduce crop growth by restricting root growth. Sub soiling 
improved soil moisture regimes, reduced runoff and soil erosion and increased yield of crop. 

Strip Cropping 
Strip cropping is growing of crops in uniform width across the slope. It is a farming technique that is 
employed when a slope is too steep or too long, or when there is no other way to avoid soil erosion. It 
alternates rows of row crops like corn, soybeans, cotton, or sugar beets with strips of tightly planted crops 
like hay, wheat, or other small grains. Strip cropping helps to prevent soil erosion by constructing natural 
water dams, which helps to keep the soil's strength. Plants in some strata absorb nutrients and water from 
the soil more efficiently than others. When water hits the poorer soil, which lacks the minerals needed to 
strengthen it, it is usually washed away. When soil strips are strong enough to impede the flow of water 
through them, the weaker soil is unable to wash away as easily as it would otherwise. As a result, 
agriculture remains fruitful for much longer. 

 
Strip cropping (Sources: http://lifeofplant.blogspot.com/2011/01/strip-farming.html) 

Cover Crops 
Erosion from cultivated fields can be reduced, if the land has enough crop canopies during the peak season. 
Good ground cover canopy gives protection to the land like an umbrella. Cover crop is a close growing crop 
raised mainly for protection and maintenance of soil. Effectiveness of the cover crop depends on close 
spacing and development of good canopy for interception of rain drops so as to expose minimum soil surface 
for erosion. Major role of plant cover is to protect the soil from the force of falling rain drops which are the 
primary cause of erosion on cultivated land. The rain drops have energy and they scribe the bare soil, 
dislodge particles from the soil mass. These soil particles get lost through runoff. Plant cover controls splash 
erosion by intercepting the rain drops and absorbing their kinetic energy. Pulse crops are generally more 
suitable for such purposes. Bean as a cover crop in combination with mechanical measures reduces soil and 
water loss in tea plantation. 

Mulching 
Mulch is a blanket of material that is put to the soil's surface. Mulch is used for a variety of reasons, 
including preserving soil moisture, boosting soil fertility and health, limiting weed development, and 
improving the aesthetic attractiveness of the region. A mulch is frequently, but not always, made of organic 
materials. It can be permanent (e.g., plastic sheet) or temporary (e.g. paddy straw). It may be used on bare 

http://lifeofplant.blogspot.com/2011/01/strip-farming.html
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soil as well as around existing plants. Mulching has the ability to reduce soil evaporation, conserve 
moisture, manage soil temperature, reduce weed development, and improve microbial activity. 
Furthermore, mulches are commonly utilised in restoration areas for the planting of low-maintenance 
trees. Mulches are used to manage a variety of stress situations in both agricultural and landscaping 
settings. This review study examines the many important effects of mulches on the development and 
establishment of many crops in nature. 

 
Organic mulching (Source: 

https://www.gardeningknowhow.com/edible/vegetables/vgen/mulch-for-vegetable-plants.htm) 

Mixed Cropping 
Mixed cropping occurs when two or more crops are cultivated on the same piece of land at the same time. 
Mixed cropping, for example, occurs when wheat and legume are grown on the same piece of land at the 
same time. This approach reduces the danger of one of the crops failing and protects against crop failure 
due to extreme weather. The crops that will be planted together should mature at various times and 
demand different amounts of water. It's best to produce one tall and one dwarf crop simultaneously. One 
crop's nutritional requirement should be lower than those of the other. The roots of one crop should be deep, 
while the roots of the others should be shallow. All of these factors combine to provide an effective mixed 
cropping system. 

 
Mixed cropping (Source: https://qknowbooks.gitbooks.io/jhs_1_science-farming-

systems/content/mixed_cropping.html) 

https://www.gardeningknowhow.com/edible/vegetables/vgen/mulch-for-vegetable-plants.htm
https://qknowbooks.gitbooks.io/jhs_1_science-farming-systems/content/mixed_cropping.html
https://qknowbooks.gitbooks.io/jhs_1_science-farming-systems/content/mixed_cropping.html
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Advantages of Mixed Cropping 
1. Crops that promote soil fertility can be chosen by the farmer. 
2. The crops' thick canopy protects the land from erosion. 
3. The farm provides the farmer with a wide range of crops. 
4. A well-balanced food is provided to the farmer. 
5. The soil's nutrients are used. 
6. The spread of diseases is prevented or delayed. 

Alley Cropping 
Alley cropping involves planting of rows of trees or shrubs, along contour and food crops and cover crops 
are grown in between the rows. The plants on hedge rows are periodically pruned. Alley width depends on 
the extent of the shade of hedge row plants and slope. Minimum alley width is 4 metres. 

Advantages of Alley Cropping 
1. Cropping intensity is higher. 
2. The system is flexible enough for use by small farmers as well as big farmers. 
3. Check erosion and improved fertility due to litter fall and its decomposition. 

Fallowing of Agricultural Land 
Fallow is an agricultural strategy that involves leaving arable land unplanted for one or more vegetative 
cycles. The purpose of fallowing is to enable the ground to recuperate and store organic matter while also 
maintaining moisture and interrupting disease lifecycles by removing their hosts temporarily. 

 
Fallow agricultural land (Source: https://www.quora.com/) 

Agroforestry 
Agroforestry is a sustainable land management strategy that combines the growth of trees or shrubs with 
the production of agricultural products and animals on the same plot of land. It is a new technique for 
successful soil and water conservation that includes a variety of strategies for limiting soil erosion, building 
sustainable agricultural production systems, reducing pollution, and enhancing farm profitability. The 
addition of leaf litter protects the soil from erosion, enhances soil health and moisture retention capacity, 
and promotes crop output. Agroforestry not only prevents soil erosion, but also produces a variety of 
commercial tree-based goods. 

https://www.quora.com/
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Sustainable agroforestry model (Source: 

https://www.newfoodmagazine.com/article/94301/how-can-agroforestry-help-support-the-
climate-agenda/) 

Conclusions 
Agronomical soil conservation-based farming in hilly micro watersheds under various land uses, such as 
agriculture, horticulture, forestry, and mixed land use, combined with various soil conservation techniques, 
is recognized as a low-cost and effective means of preventing land degradation in hilly tracts, with the 
potential to retain maximum rainfall in situ, contributing significantly to ground water development and 
stream recharge. Without suitable conservation measures, food production on a hillside is very resource 
draining and unsustainable. When implemented within the boundaries of a watershed, proper land use 
combined with agronomical soil conservation techniques can help to ensure the region's production system's 
long-term viability. These methods aid in the in-situ conservation of rainwater, halting soil loss and 
preserving soil fertility. 
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Introduction 
NEERA, also known as palm nectar, is a sweet, translucent drink that has grown in popularity as a result 
of its excellent health benefits. The sap collected from palm tree in India, Colima, Mexico, Philippines, Sri 
Lanka and Indonesia commonly named as “Neera”, “Tuba”, “Nectar” or “Honey water”,” Tuba”, “Toddy” 
and “Tuak”, respectively. It also has a very high nutritive value. Four different natural health drinks can 
be obtained from the coconut palm: mature coconut water, tender coconut water, neera, and sweet toddy. 
It can be consumed by children, adults, the elderly, and persons of all age groups. It has a delicious taste 
and a soothing aroma. It is a very popular non-alcoholic beverage. Natural sugars, minerals (both macro 
and micro minerals), and vitamins are abundant in Neera. It has a sweet flavour from the natural sugar 
in it, and it is translucent and white in colour. Coconut palm is also known as the "tree of life" since it 
provides food, fuel, medicine, livelihood and shelter to many farmers. Coconut palm trees provide 
commercially edible oil, food, coconut water, coconut milk, fibre, wood, and fuel. 

Nutritional Profile 
Neera is a nutrient-dense beverage. It contains a number of beneficial nutrients. The following list includes 
some of the most important nutrients. In the human diet, considerable amounts of macronutrients are 
required, energy is provided by macronutrients for physiological function, maintenance, and growth. In 
human balanced dietary diets, micronutrients are required in lesser amounts. Vitamins and minerals are 
the most common micronutrients. Vitamins are necessary for energy synthesis, immunological function, 
blood coagulation, and other biological activities. Minerals are necessary for good health and growth, as 
well as fluid equilibrium, bone health, and a variety of other functions. 
Table 1: Proximate composition of Neera: 
S.No Components Quality (g/100ml) 
1. Total solids 15.2-19.7 
2 pH 6.60-7.49 
3 Total sugars 10.08-14.50 
4 Total reducing sugar 0.439-0.647 
5 Ash 0.11-0.42 
6 Citric acid 0.016-0.030 
7 CHO 15.00 
8 Protein 0.060 
9 Vitamin C 16-30 
10 Vitamin B1 77.00 
11 Vitamin B8 127.700 
12 Glutamic acid 34.200 
13 Potassium 168.400 
14 Magnesium 2.900 
15 Phosphorous 3.900 
16 Sodium 90.600 
17 Chlorine 47.000 
18 Zinc 0.020 
19 Iron 0.053 
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20 Copper 0.031 
(Source: Indian coconut Bord Kochi, Kerl 2013) 

 
Fig: 1 Flow chart of Neera Processing 

Products of Neera 
Neera Jaggery: Boiling and evaporating neera yields Neera jaggery. It comes in solid or semi-solid 
crystalline form, with a pH between 6.5 and 7.0. Neera jaggery is made without the use of any chemicals 
or enzymes, and it just takes a small amount of heat treatment. Caramelization happens when Neera is 
cooked, changing the hue from milky white to clear brown. 
Neera syrup: Fresh Neera nectar is used to make Neeaa syrup. It is cooked to the ideal temperature and 
then concentrated into a concentrated syrup that is used as a healthy drink, also known as a wellness 
drink, because it contains all essential nutrients and has therapeutic characteristics, according to Aurveda. 
Palm wine (Toody): Toddy, as the name suggests, is an intoxicating and sweet-tasting alcoholic beverage 
created from Neera. Natural yeast fermentation occurs in Neera as a result of microbial and enzymatic 
action, yielding a fragrant wine with a 4 percent alcohol concentration. Because of the lengthy 
fermentation, the alcohol concentration rises with each passing day, resulting in a sour, stronger, and acidic 
product. Various species are used to enhance the flavor. 
Palm Honey: It's very comparable to the honey we use on a regular basis. It's a viscous liquid with a 780 
Brix sweetness and a pH of 6.0-6. It's used as a sweetener in ice cream and other confectionary, and it's a 
far healthier alternative to other sweeteners on the market. Its applications are also utilized in 
pharmaceutical formulations, and they are quite effective for anemic patients since they include high levels 
of iron and Vitamin C, both of which aid in iron absorption. 
Palm Sugar: Freshly harvested Neera is heated to 115°C to extract sugar from palm trees. Water is 
eliminated during this process, and it contains no added chemicals or food additives, making it the best 
natural sweetener with no adverse effects. It has been widely used as a sweetener in Southeast Asian 
regions for thousands of years due to its wellness properties, and it is rich in minerals and vitamins, with 
twice the iron, four times the magnesium, and over ten times the zinc of brown sugar, which is a perfect 
and healthier alternative to artificial sweeteners. 
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Products Available in Market 

   
Neera jaggery Neera Syrup Neera Wine 

   
Neera Honey Neera Sugar Neear chocolate 

   
Neera drink & Neera sesame 

balls 
Neera value added products 

Health Benefits of Neera 
1. Neera and its products are considered to be the best healthy option in our diet to stay healthy, because 
of its several health benefits. 
2. It is rich in potassium, magnesium, zinc, iron, vitamin B complex and vitamin C and has neutral pH. 
Higher levels of pollution leading to respiratory diseases but neera help in preventing oxidative damage to 
our respiratory cells caused by free radicals. 
3. Growing presence of contagious disease, it is crucial to increase the immunity booster food in inclusion 
in diet. Neera has low Glycemic index/Glycemic load due to which it is diabetic-friendly. 
4. Neera is rich in minerals and vitamins which improves metabolism and digestive health. It contains very 
important amino acids and that is glutamic acid which is essential for protein synthesis. 
5. Neera helps in keeping hair, skin and nail healthy. Nera promotes lactation in breast feeding mothers. 
It contains Vitamin A which is very beneficial for eyes. 
6. Vitamin C is also present in good quantities along with boosting immunity it helps in iron absorption. It 
also has an antioxidant property which helps in reduction of free radicals in our body by scavenging. 
7. Zinc meant for neutral growth, intelligence, immunity. Iron is essential for quality of blood, mental 
development, menstrual cycle and immune system. 
8. Copper helps to release energy, melanin production in the skin, production of red blood cells and assist 
so many enzymatic reactions. 
9. Neera can be promoted as a health drink, instant energy provider, functional food and nutraceuticals. It 
is also recommended after surgery because of presence of electrolytes. 
Table 2: Various nutrients of Neera and different health benefits: 
S.No Nutrients Health Benefits 
1. Carbohydrate  Provide energy in our body. 
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2. Protein Build, maintain and repair of the body 
3. Vitamin C Antioxidant, anticancer, increase absorption of iron, healing effect. 
4. Vitamin B1 Release of energy from fuel molecule 
5. Vitamin B8 Heart health, healthy cells, reduces high cholesterol 
6. Glutamic acid Major role in synthesis of protein, healing of illness 
7. Potassium Reduce hypertension and blood sugar, controls cholesterol 
8. Magnesium Needed for metabolism, nerves and stimulates brain (memory) 
9. Nitrogen Helps in treating cardiovascular diseases 
10. Phosphorous Enhance cell growth, bone and kidney function 
11. Sodium Key role in function of nerves and muscles 
12. Chlorine Maintain body fluid volume, acid base balance 
13. Zinc Necessary for mental development (intelligence) 
14. Iron Vital for quality of blood and mental development, immune system 
15. Copper Helps to release energy, melanin and red blood cell production 

Conclusion 
Neera tapping is a critical phase that must be carried out according to rigorous procedures beginning with 
the collection of the first drop. Storage of Neera necessitates a cool environment. The nutrient content and 
physicochemical properties of sweet toddy and neera differ. Neera is highly perishable due to the natural 
property of auto-fermentation, which occurs as a result of sugar enzymatic and microbiological processes. 
Analytical evidence shows that neera presses essential nutrients that are good for your health. Despite its 
sweet flavor, it is minimal in calories. It protects us from metabolic disorders due to its therapeutic 
properties. In comparison to other aerated drinks on the market, it is an excellent health beverage. It's also 
regarded as a medicinal beverage because it's high in electrolytes and contains all of the essential elements. 
This is a wholesome kind of health drink. 
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Betel vine (Piper betle L.) is known by its many names across the country and abroad.  In Indian 
subcontinent it is known as pan in Hindi, Tambula in Sanskrit, Villayadela in Kannada, Vettilakkoti in 
Malyalam, Vettilai in Tamil, Tamalapaku in Telugu, Videch-pan in Marathi, Nagarbel in Gujrati and pan 
in Bangala. It belongs to piperaceae family and is a perennial climber cultivated for its leaf.  It is a shed 
loving plant and originated from Malaysia according to De Cando. The medicinal properties of pan was 
recognized during 600 A D when Ayurvedic system of medicine came into practice. Betel leavesare 
beneficial to the throat and remove viscidity in human beings. Leaves help in digestion and tend to remove 
the bad smell of the mouth.  The juice of betel leaves is used as an adjunct to pills administered in the 
Ayurvedic medicines.  The fresh crushed leaves are used as antiseptic for cuts and wounds. It is also good 
for the respiratory system and is used in treatment of bronchitis, cough and cold. The leaves of the pan 
plant have been traditionally used for chewing. Pan chewing is considered as a good and cheap source of 
dietary calcium. The betel vine is a perennial creeper, cultivated in India for its leaf used for chewing as 
stimulant. In India the crop is grown as a cash crop in the states as Meghalaya, Orissa, Karnataka, Kerala, 
Madhya Pradesh, Assam, West Bengal, Bihar, Uttar Pradesh, Tripura. About 55000 ha is at present under 
betel vine cultivation in India with annual turnover of Rs 9000 crores providing livelihood to about 15 
million people. 

Major Insect -Pests of Betel Vine and its Management 
1. Aphid - Aphis gossypii Glover (Aphididae: Hemiptera). 
Damage: Both nymphs and adults desap the tender shoot and leaves causing yellowing curling and 
crinkling of leaves. 
Bionomics: 

a. Two forms of females are valuable in an aphid colony.  
b. The alate (winged) and apterous (wingless) forms which can reproduce parthenogenetically and 
viviparously, giving birth to 10-20 nymphs per day. 
c. The nymphs become adults in another week’s time. 

Management: Spray chlorpyriphos at 2 ml/litre on agathi leaves, clip off excess infested agathi leaves. 

 
2. Shoot bug - Pachypeltis politus W. (Miridae: Hemiptera). 
Damage: Both nymphs and adults suck the sap from tender leaves causing leaf blotches leading to ultimate 
drying. 
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Bionomics: 
a. The Adult is reddish brown bug.  
b. It thrusts its eggs singly within the tender plant parts.  
c. Egg period is 8-16 days. Fecundity is 72 eggs / female.  
d. Nymphal period lasts for 12-18 days.  
e. The incidence of this pest is severe in June-October. 

3. Mealy bug - Geococcus citrinus Kuw (Pseudococcidae: Hemiptera). 
Damage: Both nymphs and adults found on root regions and desap the root portions. 
Management: Spray chlorpyriphos at 2 ml/litre or Dimethoate 2 ml/litre. Concentrate the spray towards 
the collar region. 

 
4. Whitefly - Aleurocanthus nubilans Buckt and Dialeurodes pallida (Aleyrodidae: Hemiptera). 
Damage: Both nymphs and adults suck the sap from the leaves causing yellowing chlorotic spots, sooty 
mould development on leaves. 
Bionomics: The adult is a minute insect covered with white waxy bloom. 
Management: Spray malathion 50 EC at 2.0 ml/L. 

 
5. Scales - Lepidosaphes cornutus Ramk (Coccidae: Hemiptera). 
Damage:       

a. Both nymphs and adults infest the leaves, petiole and main veins.  
b. The scale infested leaves lose their colour exhibit warty appearance, crinkle and dry up 
ultimately.  
c. The affected vines present a sickly appearance and wilt in due course. 

Management: 
a. Select scale free seed vines. 
b. Spray chlorpyriphos 20 EC 2 ml/litre when one or two scales are noticed.  
c. Spray NSKE 5% @ 50 g/litre or malathion 50 EC 1 ml/litre of water. 
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Nematode Management: 
a. Application of Neem cake at 1t/ha or shade dried Calotropis leaves @ 2.5 t/ha can be applied to 
soil for controlling the nematode populations. 
b. Soil application of Pseudomonas flurescens @ 10g/vine for the control of root knot nematode and 
quick wilt of betel vine. 
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Introduction 
Rabha is an indigenous tribe in the plain district of Assam. It is one of the most primitive tribes which 
placed fourth major schedule tribe of Assam. Rabha tribe belong to the Indo-Mongoloid Kirat group of 
people from the aspect of originality and ethnicity (Sarma, 2019).  The Rabha tribe is scattered in different 
parts of India but mainly concentrated in the southern bank of the river Brahmaputra particularly in 
Goalpara and Kamrup district. In Assam as per the census of 2011 total population of the tribe is 2,96,189 
numbers. (Anonymous, 2020). The tribe has eight groups and they are Rondani, Maitori, Pati, Dahuri, 
Kocha, Bitolia, Hana and Sunga (Sarma, 2019).  Main source of livelihood of the Rabha tribe is agriculture 
and its allied activities.  The women folks of the Rabha community are expert weavers. They weave their 
own apparels. The Rabha bride usually wears the clothes woven by herself. They have excellency in colour 
combinations and possesses knowledge about dying yarns (Bora, 2020). It is a source of livelihood for the 
Rabha women. 
Sericulture being a cottage industry provides ample work for the rabha tribe as they mostly live in virgin 
with rich biodiversity place. In Goalpara district mainly ericulture and mugaculture is practiced. Different 
training programme, workshop, awareness programme etc. we’re being conducted time to time by the State 
department, Central Silk Board, Krishi Vigyan Kendra, Assam State Rural Livelihood Mission etc. to 
disseminate the scientific practices of Sericulture.  These institutes which conducts training are acting as 
a platform on behalf of both research workers and farmers to observe, analyze and understand the adoption, 
constraints if any, both at farmer’s level and in general. 

Stages of Adoption 
Rate of adoption of new technology within the rabha society depends on various factors, as technology is 
not adopted by farmers at once. In order bring about the desired change in the behavior of the rabha farmer, 
the extension worker/trainer needs to organize activities so that there will be repetition of the desired 
behavior. Therefore, during training programme following course of action are taken care of:  
Awareness: At this stage a farmer becomes conscious of the idea 
Interest: At this stage the individual is motivated to find more about the new idea 
Evaluation: At this stage the farmer evaluates the new idea, thus tries to seek more information of the 
introduced technology and thinks of making use of in reality. 
Trial without a small trial a farmer would never adopt any new idea. Thus, when a farmer’s mental trial 
is favorable, he/she tries to apply the idea in a small scale in his own. Sometimes for confirmation of the 
results the farmer takes up a second trial for effecting adoption or rejection of technology. 
Adoption: If second trial is successful then the farmer decides to adopt the technology and make use of it 
in full scale continuously. 
The duration of each stage and length of time between each stage greatly depend on various factors. The 
process is accelerated to some extent if the following conditions are fulfilled: 

a. The results of the technology advocated are impressive and significant. 
b. The investment on trials is not exorbitant and without involvement of greater loss even if the 
technology is rejected. 
c. The technology is flexible thus enabling the farmer for certain maneuverability and elbow room 
within his convenience. 
d. The technology advocated is compatible with the farmers’ existing practices. 
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e. The new idea is standardized and communicable. 
f. The new idea should satisfy the farmer for whom the idea has been demonstrated so that this 
farmer may act as a progressive farmer. 

Classification of Groups 
The adoption of a new technology is purely a mental process through which an individual passes from first 
knowledge introduction of an innovation to a decision to adopt or reject and to later confirmation of this 
decision. The innovativeness varies from one individual to another regarding adoption of the new idea 
within a social system. Depending on the mental set up the group of farmers trying with new technology 
may be classified in the following groups. 
Innovators: They are the first group of farmers to adopt the idea. 
Early adopters: These are the group of farmers whose motto is ‘the first nor the last’. The average age of 
this group is found to be comparatively less and educational status is more than average farmers of the 
locality. This group is also found to participate in various social organizational work. They have more touch 
with the extension centers and are leaders of the new system. 
Early majority: They follow the leaders and consist of typical average farmers 
Late majority: This group is basically status-quo oriented. However, with slight pressure they follow the 
early majority group. 
Laggards and cynic: This group of farmers are very much conservative and do not want to understand 
the science behind the innovation. They always try to stick to the traditional system. 

Conclusion 
The extension centers/training institutes which are acting as a liaison between the research workers and 
the rabha sericulture farmers should play a very vital role while disseminating the scientific practices at 
farmers’ level. The rate of adoption depends greatly on the knowledge and confidence of the extension 
worker, dealing with the subject. Proper training and guidance to the rabha sericulture farmers will lead 
to unstoppable development of the community as a whole. The effective adoption of the technology by 
farmers depends on following change in behavior during training.  
ATTENTION – INTEREST- DESIRE-CONVICTION-ACTION –SATISFACTION 

 
Farmers Training 
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Abstract 
Ensete ventricosum is a traditional multipurpose crop that feeds about 20 million Ethiopians as a staple or 
co-staple meal. Despite this, scientific data on the crop is limited. Kocho (fermented product made from 
scraped pseudostem and grated corm), Bulla (dehydrated juice), and Amicho (boiled corm) are three types 
of food that can be made from enset. These items are rich in Carbohydrates, minerals, fiber, and phenolics 
are abundant, while proteins are few. Meat is generally provided with such feasts and cheese as a source 
of protein. It possesses useful characteristics as a food crop, such as the ability to store foods for a long 
period and the ability to grow in a wide range of environments. It thrives in a variety of conditions, 
generates a high yield per unit area, and can withstand drought. It serves an essential use as animal feed. 
Furthermore, ensete has a significant level of genetic variability throughout a community, resulting in 
resilience and food security in the face of ever-changing environmental and land conditions. As a result, 
additional research focus and funds should be directed to amplify and expand the crop's application. 
Keyword: Hunger, pseudostem, thrives. 

Introduction 
Ensete ventricosum is a monocotyledonous, perennial, monocarpic, herbaceous crop. It belongs to the 
Zingiberales order, Musaceae family, and Ensete genus. Musaceae is a paleotropical family that makes up 
the order Zingiberales' base lineages.  E. ventricosum originated in Southeast Asia but, the genus Ensete 
has wild representatives all over Africa and Southern Asia. It can be found all throughout Africa, in the 
western, central, eastern, and southern regions. Ensete has only ever been domesticated in Ethiopia, 
despite its extensive distribution. Even within Ethiopia, enset production as a food crop is limited to a small 
region in the southwest, where Semitic, Cushitic, and Omotic language people live. 
E. ventricosum is a versatile crop that is widely farmed in southern and southwestern Ethiopia under the
name enset. It acts as a staple/co-staple food nourishing approximately more than 20 million people in the 
country.   
As a food crop, enset possesses a number of characteristics related to food security. First, the corm can be 
harvested at any time during the year and almost at any growth stage over a period of several years.  
Second, enset foods can be preserved for an extended period of time. Third, enset has a high food yield per 
unit area when compared to cereals. Ethiopia's enset growing regions are well renowned for their high 
population density, which may pose a threat to the environment. Fourth, enset thrives in a variety of 
conditions between 1200 and 3100 metres above sea level. 
This enables farmers to grow the plant throughout the country including places that aren't appropriate for 
growing cereals. Lastly, enset Drought, severe rainfall, flooding, and other extreme weather conditions 
aren't a problem for this plant. 

Cultivation of Ensete 
Enset grows best in the cold tropics, where temperatures range from 18 to 28 degrees Celsius.It requires 
60 to 80 percent relative humidity and 1100 to 1500 mm of yearly rainfall. These circumstances are found 
in Ethiopia's enset belt, which is located between 1700 and 2450     metres above sea level (masl) Farmers, 
on the other hand, virtually invariably multiply cultivated enset vegetatively and have enlarged the 
cultivation area range from 1100 to 3000 masl. Enset thrives on a variety of soil types with appropriate 
nutrient and drainage, pH values ranging from 5.6 to 7.3, and 23 percent organic matter Enset, unlike 
banana, is more resistant to damp circumstances. 
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It also outcompetes grasses and other weeds to an unprecedented degree in the Musaceae. Enset can also 
resist short bouts of frost and long periods of drought. It could survive for an extended period of time 
without rain or water. Cultivated enset is an icon crop that is widely and densely distributed in the 
southern region, some sections of Oromia, and minor regions of the Amhara Region's southern and eastern 
parts. 
Enset can naturally be multiplied via seed. Farmers, on the other hand, replicate enset solely through 
vegetative propagation using corms. This is due to the fact that plants are harvested before they set seed. 
Diverse agro-ecologies and ethnic groups with varied cultures and production practices distinguish enset-
growing places. As a result, enset vegetative propagation is affected by these parameters. As a result, 
traditional propagation methods include uprooting mother plants, drying the corm, splitting the corm, 
injuring the apical meristem, filling the corm with soil, manure, or gravel, and planting, protecting, and 
manuring the replicated corm. 

Enset as Food for Humans 
Enset is a strategic food store that is well-suited to alleviate food scarcity, which is a typical occurrence in 
Ethiopia. Outside of Ethiopia, the inflorescence is consumed as a delicacy in Malawi, while the flower bud 
is boiled and eaten in various regions of Southeast Asia. When compared to other crops, enset crop loss is 
uncommon, and yield is high.  
Kocho (fermented product from the corm and pseudostem, Bulla (dehydrated product of the juice from th
e decortication of the pseudostem and grating of the corm), and Amicho (stripped corm of younger enset p
lants, boiled and consumed) are the three main food products made from enset.  
In the various enset-growing areas, the methods employed in enset processing are more or less comparable, 
notably in the two processes (scraping of pseudostem and fermenting in a pit). To separate the pulp from 
the fibres, the pseudostem is decorticated and scraped. The corm is scraped into pieces. After that, the 
outputs are cut and added to the pit. Fermentation is used to extract the starch deposits in these areas. 
The treated pieces are pressed and the resulting liquid is collected when Bulla is required. This is 
dehydrated until a powder known as Bulla is formed. Depending on the environment, the fermentation 
stage might be anywhere from a few weeks to several months or even years. After 90 days from the original 
processing day, the product is deemed ready for consumption, but it can also be stored for one or more 
years. Kocho can also be cooked after being taken from the pits. Bulla is also white in colour and produces 
a less quantity of product than Kocho, but it commands a much higher price. Certain enset clones' corm 
fragments are sometimes consumed as a boiled form called Amicho, rather than fermented. Carbohydrates 
and fibres are abundant in Enset meals. The age, kind of clone, and manner of processing all influence the 
quality of enset products. When Bulla is not extracted, the best quality Kocho is white in colour and less 
fibrous. Corms with few fibres are prized for their ability to generate high-quality Kocho. Kocho of the 
lowest grade is darker and more fibrous, and it is a byproduct of Bulla extraction. Despite popular belief, 
enset fibre is a vital nutritional component. 

Enset as Feed for Animals 
The feed scarcity can be alleviated by feeding enset plant portions (leaf, pseudostem, and corm) to animals 
as both a base diet and a supplement. Nonconventional feeds, such as enset, have been ranked as the best 
nutritious feed by farmers, with acceptable levels of consumption, chemical composition, and rate of 
degradability determined to be comparable or better than traditional animal feeds. Because of its high-
water content (85–90%), enset is particularly useful as an animal feed during dry seasons when other feeds 
are scarce. 
In addition to being high in water, enset is also high in nutrients. The leaf, for example, has a high crude 
protein content comparable to Desmodium intortum, as well as fat, sugar, fibre, cellulose, hemicellulose, 
and lignin, as well as lower soluble carbs and starch content than Sesbania sesban, a common local browse 
tree. The leaf has a low dry matter degradability, although it is comparable to stover and Chloris guyana, 
and it is better than straw and banana. As a result, fermentable energy sources are required for the efficient 
use of the enset leaf as a feed. The pseudostem and corm, unlike the enset leaf, have the most soluble carbs 
and starch.  The corm can also be used for ensilage. 
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Diabetes Mellitus 
Diabetes Mellitus is a chronic metabolic disorder which inhibits the body to utilize glucose completely or 
partially. It is characterized by enhanced glucose concentration in blood & modification in carbohydrates, 
protein & fat metabolism. It can be caused by failure in the formation of insulin or liberation or action 
(Srilakshmi,2015).  
Diabetes can be kept under restraint by eating healthy diet, exercise & drugs. Healthy diet aids in 
maintaining normal blood sugar level in diabetes (Saraniyaand Jeevaratnam,2014). Diabetic people’s food 
should be low in Glycaemic index (Quiroz et al.,2012). Glycaemic Index helps to decelerate the digestion, 
absorption of carbohydrates, minimizing of insulin demand, assisting in blood glucose control & blood lipids 
(Villegas et al.,2007). 

Types of Diabetes Mellitus 
1. Type 1 Diabetes Mellitus: It is introduced as childhood Onset Diabetes or Juvenile Diabetes or Insulin 
Dependent Diabetes. The symptoms usually appear before 30years of age. The disease is distinguished by 
loss or inability to produce insulin from pancreas. It may generate vascular complications involving 
blindness, atherosclerosis, heart attack, stroke, renal shutdown & gangrene (death of tissue due to lack of 
blood supply). (Raghuvanshi and Mittal, 2018).  
2. Type 2 Diabetes Mellitus: It is mentioned as Adult-Onset Diabetes, Obesity related Diabetes & Non-
Insulin Dependent Diabetes mellitus. It generally occurs after 40 years of age. Obese person is vulnerable 
to type 2 diabetes mellitus. This disease may go unnoticed for years because visible symptoms are mild 
(Raghuvanshi and Mittal, 2018).  
3. Gestational Diabetes mellitus: As a result of ovarian & placental hormones reduce insulin sensitivity, 
insulin requirement elevates during pregnancy (Raghuvanshi and Mittal, 2018). 

Ragi / Finger Millet 
‘Millet’ is obtained from the French word, meaning thousand, containing up to 1000grains, belonging to the 
small seeded species of cereal crops or grains of annual plants. Due to its growth form of panicles which 
takes in the form of finger, it is referred as Finger millets or Ragi. It belongs to Poaceae family containing 
different varieties with multiple grain colour and utilizations; mainly it exists in brown, light brown and 
white from which the white variety have been used principally in baking industry, the brown and the light 
brown types are used for porridge and the brown Ragi are used in brewing traditional beer in South Africa 
(Sood et al.,2017).  
Table 1: Diabetes Diagnostic Criteria: 
Condition  Fasting plasma glucose (mg/ dl)  2-hour plasma glucose (mg/dl) 
Normal <110 <140 
Impaired fasting glucose <126 <140 
Impaired glucose tolerance <126 ≥140 
Diabetes Mellitus  ≥126 ≥200 

The grain is rearing in semi-arid region farmed in dry areas with restricted rainfall. It is cultivated between 
February-August and harvested between June-January. It is gluten free & non-acid forming grain yet 
inexpensive (Muthamlarassan et al., 2016). Being rich is nutrients this millet is still considered as 
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underutilized grain. Cereals are referred as the main staple food for Indians providing about 70-80% of 
their total energy intake (Gopalan et al., 2009). Recent studies on dietary profile on urban Indians from 
Chennai Urban Rural Epidemiology Study (CURES) reveal that the consumption of millet is very low as 
compared to rice (Radhika et al., 2011). 

Nutritional Composition of Ragi 
Because of ragi’s fibrous seed coat, it is a coarse grain as compared to rice. It contains 0.3g to 0.4g being 
the richest source of calcium compared to other minerals like phosphorus, iron, magnesium and fiber. The 
protein content in Ragi is of good quality as it possesses enzymes like lysine, threonine and valine 
(Ravindran, 1991).  
Viatal minerals such as calcium, phosphorus is present in Ragi with the highest amount of 162-358mg/100g 
(Roopa and Premavalli,2008). Calcium plays pivotal role in growing children, pregnant women, and elderly 
as well as to those people who are suffering from obesity, diabetes & malnutrition (Jayasingheet et 
al.,2013). High number of phenolic components are present in Ragi (Chethanand Malleshi,2007).  
There is a report that caffeic acid present in Ragi helps to minimize the fasting glycaemia and aids reduce 
from rise in plasma glucose when tested in rats. Catechins present in Ragi helps to improve the glucose 
tolerance in rats & querctin prevents glucose transport in transfected oocyte model & glucose absorption 
in rats (Remesy et al., 2005). 

Processed Ragi Products 
Ragi Mudda is one of the healthiest & most popularized traditional & healthy foods in Karnataka & 
Rayalaseema region in India (Eswarisai et al., 2018). Two kinds of low Glycaemic index recipes i.e., Ragi 
curd rice & Bengal gram Uttapam were developed and sensory evaluation was taken. The result indicated 
that the formulated product can be effective in formulating diabetic diet (Gitanjali and Vishakha,2020). 
Ready to cook millet flakes possess many health benefits like fiber and minerals in comparison with rice 
flakes and oats (Takhellambam and Chimmad, 2015). Ragi Mudda made from a combination of pre-
gelatinized Ragi& rice flours diminished cooking time (Eswarisai et al., 2018). Karnika and Chopra (2016) 
stated that Malted Ragi muffins made with malted Ragi instead of wheat flour was accepted by the panel 
members. 

Glycaemic Response Studies on Finger Millet (Human Studies) 
Low glycaemic response to cooked finger millet compared to milled rice, parboiled rice & wheat diet 
(Shuklaand Srivastava,2011). Malting and fermentation processes enhance the carbohydrate digestibility 
of finger millet, decrease the glycaemic response of germinated finger millet Dosa (fermented) & 
germinated finger millet roti compared to normal whole finger millet Dosa due to the conversion of starch 
to low molecular weight dextrin & maltose during germination (Lakhsmi and Sumathi, 2002). 

Conclusion 
Finger millet, being packed with nutrients with a low Glycaemic index contains numerous health benefits 
like lowering insulin needs, coronary heart disease. Antinutrients such as lectin, saponins & tannins, 
influence the Glycaemic response (Mani et al., 1993). Ragi is still considered as poor man’s grain besides 
with many potential health benefits. Therefore, it can be concluded that Ragi can be used in different food 
preparation & can be included regularly in our diet. 
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Introduction 
The word "push-pull" for insect pest management (IPM) method coined by Pyke et al. in Australia,1987. 
They studied at using a combination of repellent and attractive stimuli to manipulate the distribution of 
Helicoverpa spp. in cotton, minimising the need for insecticides, which the moths were becoming resistant 
to. Miller and Cowles (1990) used the phrase "stimulo-deterrent diversion" to describe the technique used 
to explore alternatives to pesticides for the management of onion maggots (Delia antiqua). 

Components of Push Pull Strategy 
The push components of the push-pull technique aim to make the protected resource difficult to locate, 
unappealing, or inappropriate for the pest. Push components in push-pull strategies are stimulated by 
visual cues (host colour, shape, or size synthetic repellents, non-host volatiles, host-derived semiochemicals, 
antiaggregation pheromones, alarm pheromones, antifeedants, oviposition deterrents, and oviposition 
deterring pheromones), non-host volatiles, host-derived semiochemicals, antiaggregation pheromones.Pull 
component stimuli include visual stimulants (traps or trap crops), host volatiles, sex and aggregation 
pheromones, and gustatory and oviposition stimulants. 

Principles of Push pull Strategy 
The push-pull approach's principle is to maximise efficacy, efficiency, sustainability, and output while 
minimising negative environmental effects. By managing the additive and synergistic effects of mixing 
behavior-altering stimuli, this strategy maximises their effectiveness. The efficacy and efficiency of 
population-control techniques can also be improved by concentrating pests in a specific location. For 
population reduction, biocontrol techniques or highly specific botanical pesticides are preferred over broad-
spectrum synthetic pesticides. The use of renewable resources, particularly plants, is encouraged in the 
production of semiochemicals. The purpose of agricultural systems is to maximise output while minimising 
expenses, thus harvestable trap crops or intercrops are employed instead of sacrifice crops whenever 
possible. 
The most successful example currently in use was devised in Africa for the control of lepidoptern stem 
borers in maize and sorghum, specifically Chilo partellus (Swinhoe), Eldana saccharina Walker, Busseola 
fusca (Fuller), and Sesamia calamistis (Hampson). The technique entails a combination of intercrops and 
trap crops, as well as the utilisation of plants that are local to the farmers and that exploit natural enemies. 
Repellent non-host intercrops, such as molasses grass, Melinis minutiflora, silverleaf desmodium, 
Desmodium uncinatum, or greenleaf desmodium, Desmodium intortum, keep stem borers away from the 
crops (push). These are largely Napier grass, Pennisetum purpureum, or Sudan grass, Sorghum vulgare 
sudanense, which are both appealing trap plants (pull). When molasses grass was intercropped with maize, 
it reduced stem borer infestation while also increasing Cotesia sesamiae parasitism. The natural enemies 
of the stem borer were also improved by a trap crop of Sudan grass. Increased crop yields and livestock 
production have resulted from the push-pull technique, resulting in a substantial influence on food security 
in the region. 
Molasses grass has been shown to possess chemicals that are identical to those present in maize. There 
were also five other compounds that were repellent to stem borers, including (E)-b-ocemene and (E) 4, 8-
diethyl-1, 3, 7-nonatriene. These chemicals, as well as a high number of sesquiterpenes, are produced by 
Desmodium intercrops. Desmodium reduces the parasitic African witchweed Striga hermonthica when 
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intercropped with maize or sorghum. Gravid stem borers have been reported to be attracted to six host 
volatiles: octanal, nonanal, naphthalene, 4-allylanisole, eugenol, and (R, 5)-linalool. According to recent 
research, the difference in moth preference between maize and sorghum, as well as Napier grass trap crops, 
is due to a large burst of four electro physiologically active green leaf volatiles released by trap crop plants 
within the first hour of the scotophase, when the majority of oviposition occurs (Cook et al., 2007).  

Advantages of Push Pull Strategy 
Push-pull techniques have a number of advantages over using individual components in isolation. 
Individual components may not be capable of providing efficient control by themselves. Trapping 
techniques that use attractive baits, for example, may have a large influence on species with low 
reproductive rates but not on those with high reproductive rates. Other components with negative effects 
on host selection were added to the preference differential, and the combined effects may reduce pests below 
economic threshold levels. Furthermore, rather of being additive, the efficiency of push and pull 
components is typically synergistic. Due to habit or host deprivation in the lack of more suitable hosts, 
antifeedants and oviposition deterrents are frequently utilised to a limited extent. The pull stimull can be 
used as a feeding or ovipositional outlet. Treatment of the insect population requires less chemical or 
biological material because pest populations are limited in pre-determined zones (either traps or trap 
crops), cutting costs. Push-pull approaches employ a combination of semiochemicals that do not select for 
resistance in a significant way. In addition, lowering the use of standard insecticides reduces the danger of 
pests acquiring resistance to them. 
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Introduction 
Averrhoa carambola L., commonly known as carambola or star fruit, is a perennial tree in the family 
Oxalidaceae, a popular fruit in many parts of the world, that is extensively cultivated in southern China, 
southeast Asia, India and northern South America. The word carambola comes from the Sanskrit word 
Karmaranga meaning "food appetizer". It is fleshy, crunchy, juicy, slightly tart, acidic, and sweet and juicy 
taste and is frequently used in fruit salads, fruit platters, as a garnish in cocktail drinks and beverages, or 
squeezed into juice and served as a functional beverage. It is also used in jellies, ice creams, preserves, and 
sweets due to its high moisture content and high perishability. Traditionally, these were used for treating 
diabetes and diabetic nephropathy, arthralgia, vomiting, lithangiuria, coughing, hangovers, and chronic 
paroxysmal headache for thousands of years. 

Taxonomic Classification 
Scientific Name : Averrhoa carambola 
Kingdom  : Plantae  
Division : Magnoliophyta- Flowering Plants 
Class : Magnoliopsida – Dicotyledons 
Order : Geraniales 
Family  : Oxalidaceae  
Genus  : Averrhoa 
Species  : Carambola 

 

Nutritional Composition of Star Fruit (Per 100mg) 
Nutrient Quantity  
Moisture 92 % 
Energy 39.76 calories  
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Carbohydrates 9.38 g 
Protein 0.38 g 
Fat 0.08 g 
Fiber 0.80-0.90 mg 
Vitamin C 34 mg 
Vitamin A 61 IU 
Sodium 2000 mg 
Potassium 133 mg 

Medicinal Uses and Health Benefits 
According to world Health Organization (WHO), majority of the developing countries depends on the plant-
based medicines for treating several diseases. Star fruit has many medicinal uses and also contains 
secondary metabolites like flavonoids, terpenes, phenylpropanoids and their glycosides etc., which have 
several biological functions. 
Different parts of this star fruit including leaves, roots, flowers and fruits have been utilized as 
ethnomedicine across the world. For example, leaves are crushed and applied to treat headache, Chicken 
pox, ringworm. Decoction of leaves and fruits are used for treating vomiting, fever and angina. Some parts 
of developing countries like China uses fruits of this tree for treating and preventing Diabetes Mellitus, 
high blood pressure and urinary diseases and digestive problems. 
This fruit is also used as a food supplement for the people with poor appetite for improving appetite. Roots 
are commonly accepted as a diuretic and appetite stimulating agent also used as an anti-diarrheal and 
febrifugal drug. 
Starfruit is low in calorie; carbohydrates can help in losing weight. These fruits are good source of B 
vitamins especially folic acid helps in reducing stroke and heart diseases and helps in maintain heart 
health. Star fruits purifies blood keeps skin healthy and glowing. 
Overall, the parts of plant are used for curing cold, fever, cough, sore throat, blood hemorrhages, sunburn, 
digestives, urinary and many other. Use of this fruit for diabetic and pre- diabetic may be helpful as the 
fiber content shows hypoglycemic properties that may help in regulating blood glucose levels.  
Star fruit is very rich in polyphenolic antioxidants like quercetin, epicatechin, vitamin C and beta carotene. 
Antioxidants are extremely important because of the protective action they offer against some types of 
degenerative cell damage because of free radicals, it will be a good idea to include star fruit in your diet, 
especially if you are at risk of degenerative conditions like cancer, Alzheimer`s and so on. 

Conclusion 
Incontrovertibly, fruits are very important in daily diet for various health benefits. However, some fruits 
may contain high amount of unique secondary metabolites, which are hazardous to our health. This fruit 
have several medicinal properties; hence, it is used medicinally for many years in Ayurvedic treatments. 
Star fruit contain various antioxidants which are considered medicinally important and beneficial for the 
health. 
However, the negative part of this fruit is that it produces Oxalic acid and Caramboxin, which are toxic to 
uremic patients. It can cause death if consumed in sufficient quantities by those experiencing renal failure. 
Thus, more public awareness about oxalate poisoning on uremic patient should be promoted. It will help to 
avoid adverse side effect of star fruits in uremic patients. It is very important that the public is well 
educated on the benefits as well as hazardous effect of the star fruits. 
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Abstract 
Snake gourd is a popular plant, the fruit of which is mainly eaten as a vegetable. The plant is commonly 
called snake gourd, viper gourd, snake tomato, or long tomato in many countries. It is an annual climber 
belonging to the family Cucurbitaceae and commonly cultivated in Asian countries including Sri Lanka, 
India, Malaysia, Peninsula, and Philippines. The fruit is commonly consumed as a vegetable due to its high 
nutritional value. The plant is a rich source of functional constituents such as flavonoids, carotenoids, 
phenolic acids and soluble and insoluble dietary fibers and essential minerals, which makes the plant 
pharmacologically and therapeutically active. 
Scientific Name: Trichosanthes anguina L. 
Family: Cucurbitaceae. 
Proginator: Trichosanthes cucumerina.  
Synonym: Cucumber of southern barbarian. 
Chromosome No.: 2n=22. 
Origin: India. 
Other Names: Viper gourd, snake tomato or long tomato. 
Maximum diversity areas: Southern peninsular tract and Kerala. 

Introduction 
Snake gourd (Trichosanthes anguina L.), also known as snake tomato, viper gourd, and long tomato, is a 
commonly grown tropical or subtropical annual, climbing, herbaceous vine, raised for its strikingly long 
fruit, used as a vegetable, medicine, and a lesser-known use, crafting didgeridoos. The name snake gourd 
might have been given due to its long, slender, snake-like fruits. Immature fruits of snake gourd are used 
for culinary purposes; occasionally, shoots and tender leaves are also used as vegetables.  
Snake gourd fruits and seeds are nutritive, and they contain essential nutrients and vitamins in 
appreciable amounts. In Nigeria, snake gourd is substituted for tomato not only because of its sweet taste, 
aroma, and deep red endocarp pulp when fully ripe, which prevents the fruit pulp from turning sour as 
quickly as tomato paste (Idowu et al., 2019). 

Botany and Floral Biology 
The plant is a monoecious annual herb climbing by 2–3- branched tendrils upto 5 to 6 meters high or less. 
The stems are slender, green, 4-angled, somewhat hairy, and faintly disagreeable in odor. The roots are 
somewhat tuberous and whitish. The leaves are alternate, simple with no stipules. Leaves are scabrid hairy 
on both surfaces, rounded in outline, 7 to 14 centimeters long and broad, and 3 or 5-lobed, the lobes being 
broad, rounded or obtuse, and the sinuses broad or narrow and rounded. The base is broadly heartshaped. 
The staminate inflorescences are long peduncled and axillary, with six to fifteen flowers. 
Flowers are unisexual, regular, and white in colour with green and hairy calyx. Corolla is tubular in with 
lobes fringed and hair like outgrowths. The male flowers are many-flowered with axillary racemes on 10–
30 cm long peduncles. They are with 3 stamens but the female flowers are solitary and sessile with inferior, 
single celled ovary, long and with hairy stigmas. Fruits are very slender, long and cylindrical berry, often 
twisted, greenish-white when immature, dark red when mature. The seeds are half-ellipsoid, somewhat 
compressed, undulate, hard, rugose, nearly one centimeter long, greyish-brown, sculptured, margin 
undulate and imbedded in a soft foetid with red pulp (Devi, 2017). 



 

 
Volume 4 - Issue 03 - March 2022       290 | P a g e  
 

Nutritional Facts of Snake Gourd 
Food Property Composition per 100 g of edible portion 
Calories 86.2 
Total Fat 3.9g 
Saturated Fat 0.5 g 
Polyunsaturated Fat 1.6 g 
Monounsaturated Fat 1.6 g 
Total Carbohydrate 12.5 g 
Dietary Fiber 0.6 g 
Sugars 0.6 g 
Pantothenic Acid 3.00% 
Vitamin B12 0.00% 
Vitamin B6 11.30% 
Vitamin C 30.50% 
Vitamin D 0.00% 
Vitamin E 1.10% 
Calcium 5.10% 
Copper 4.40% 
Folate 5.60% 
Riboflavin 2.70% 
Selenium 3.10% 
Thiamin 5.20% 
Sodium 33.0 mg 

Health Benefits of Snake Gourd 
Snake gourd fruits and seeds are nutritive, and they contain essential nutrients and vitamins in 
appreciable amounts. It is suitable for diabetic patients due to its low calories and high-water content. It 
can be used against constipation as it is rich in fiber content. Fruits are also rich in flavonoids, carotenoids, 
and phenolic acids, which make the plant pharmacologically and therapeutically active (Devi et al., 2017).  
T. curcumineria is used as an abortifacient, anthelmintic, stomachic, refrigerant, purgative, laxative, 
hydragogue, hemagglutinant, emetic, cathartic, in the treatment for malaria and bronchitis and as an 
antioxidant. It has a promising place in the Ayurvedic and Siddha system of medicine due to its various 
medicinal values like antidiabetic, hepatoprotective, cytotoxic, anti-inflammatory, and larvicidal effects.  
The seeds are found to have high crude fat content, hence, its oil found suitable for use in biodiesel 
production (Idowu et al., 2019).  
Climate and Soil: Snake gourd prefers tropical and warm humid climate. The crop is susceptible to frost 
and cold. The optimum temperature for better growth and development of snake gourd is around 25- 350C. 
A loamy soil with pH of 6.0-7.0 is ideal for its cultivation. 

Snake Gourd Varieties 
1. CO-1 (1976): 

a. It is a pure line selection from a local type of Alangulam   
b. The fruits are 160-180cm long, Dark green skin with white stripes 
c. Yield -18 t/ha  
d. Crop duration - 135 days 
e. Developed by Tamil Nadu Agricultural University, Coimbatore.  

2. CO-2 (1986): 
a. Fruits are short (30-35cm) Stout, light greenish white without stripes and have a ashy bloom on 
the surface.  
b. It is pure line selection from local type of Coimbatore district.   
c. Yield -25-30 t/ha 
d. Crop duration- 125-130 days. 
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3. Kaumudi: 
a. A high yielding variety developed by Kerala agricultural University 
b. Fruits are long white, with average length of one meter. 
c. Suitable for growing in acid alluvial soils of Kerala 
d. Average yield- 50t/ha. 

4. Baby: 
a. High yielding variety developed by Kerala agricultural University 
b. Fruits are small, uniformly white coloured fruits and average fruit weight of 474 g 
c. Average yield- 57 t/ha. 

5. TA 19: 
a. Recommended by the Kerala Agricultural University 
b. Fruits are about 60cm long. At immature stage they are light green with white stripes at the 
stylar end 
c. The average fruit weight is 600g and the fruits are ready in 65-70 days from sowing.  
d. Average yield- 30-40 t/ha. 

6. Haritasree (2013): 
a. Released from Kerala Agricultural University. 
b. This variety produces dark green fruits with white stripe and having high yield potential.  

7. Phule Vaibhav (2001): 
a. AICRP on Vegetable Crops, MPKV, Rahuri  
b. Pure line selection  
c. Crop duration-190 days 
d. Yield -28.5 t/ha 
e. Foliage colour green with dark green stem, Fruit colour white with green strips and smooth 
surface 
f. Tolerant to Downey mildew under field conditions. 

9. Konkan Shweta (1992): 
a. Developed by Konkan Krishi Vidyapeeth, Dapoli (Maharashtra) 
b. The fruits are medium long (90-100cm) and white in colour. 
c. The crop duration is about 120-130 days  
d. Selection from Mahim area Konkan  
e. Yield :15-20 t/ha 
f. High yielding viny plants with green foliage and white with green discontinuous streaks at the 
top in fruits, long size and mild flavour. 

10. PLR (SG) 1: 
a. It is a pure line selection from white long type. 
b. Suitable for cultivation under irrigated conditions only. 
c. Excellent cooking quality due to less fibre, high flesh content and does not twist due to maturity. 
d. Yield-35 – 40 t/ha. 

11. APAU Swetha:  
a. Fruits are long with green strips in white background  
b. Yield is 28-30 t/ha. 

12. Manusree. 

Sowing 
Snake gourd is sown twice in a year, preferably February to March as a summer crop, while during June 
to July as a rainy season crop. Seed rate: In general, about 4.0-6.0 kg seed is enough for sowing a hectare 
land area. However, Seed sowing in pits at a spacing of 2.0 m × 2.5 m requires about 1.5 kg seeds per 
hectare. In order to protect the seeds or seedlings, the seed should be treated with Trichoderma viride @ 
4g, Pseudomonas fluorescens l0g or carbendazim 2 g/kg of seed. 
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Nutritional Requirement 
Snake gourd responds well to both organic manure and fertilizers application. Farmyard manure should 
be applied @ 10-15 t/ha at the time of land preparation or applied in pits with soil at least two weeks before 
planting. Although snake gourd responds well to nutrients application, especially nitrogen but applying 
excessive nitrogen under frequent irrigation condition should be avoided, as it promotes excessive 
vegetative growth, especially in heavy soils, which increases the male flower production proportionately 
than female flowers, thereby reduction in fruit yield. 

Irrigation 
Snake gourd is treated as one of the moisture-sensitive crops, which suffers badly with both excess and 
moisture stress conditions. Irrigation should be restricted to the base of the plant or root zone without 
wetting the stems, leaves and developing fruits promotes decaying of vines and fruits. The critical stages 
of irrigation for snake gourd include immediately after seed sowing. Active vegetative growth stage, 
lowering and fruit setting stage as well as fruit development stage. Moisture stress during this stage of 
crop growth significantly reduces the fruit yield of snake gourd. 

Intercultural Operations 
Hoeing and weeding: In general, in most of the cucurbits including snake gourd, it is essential to keep 
the held weed tree in order to obtain better growth and development of the crop. The snake gourd field 
should be free from weed flora during the initial growth stage by application of herbicides such as pre-
emergence application of either pendimethalin or Alachlor@ 1kg/ha, which will effectively control the weed 
flora under field conditions. Subsequently, it weeds pose problem in snake gourd crop, one manual weeding 
nay be done in order to keep the weed population low. 
Training of vines: In general, the snake gourd prefers proper training for better growth and yield. The 
crop has the potential to produce very long and large sized fruits; hence, more prone to inflections when 
coming in contact with wet soils. In order to improve the fruit yield and quality, it is generally advocated 
to trail the vines on bowers or pedals. This crop is usually grown by training the vines over low trellises or 
bowers of 60 cm height, made up with bamboos and ropes or wires. The major advantages of training vines 
of snake gourd are lower incidence of diseases.  
Harvesting: Depending upon the variety, season and cultural practices adopted, snake gourd starts 
fruiting 60 to 80 days after sowing seeds. The fruits should be harvested when they are still tender and 
about half to two thirds of their full size, depending on the variety under cultivation.  
Yield: In general, the local cultivar yields about 6-10 fruits per vine while that of the improved cultivar is 
up to 50 fruits per vine in a cropping season. The average fruit weight varies from 300 to 1000 grams. 
Depending upon the variety, season and cultural practices adopted the average fruit yield varies from 10 
to 25 t/ha. 
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Scientific Name:  Coccinia grandis (L.).  
Family: Cucurbitaceae. 
Common Name: coccinia, Scarlet gourd, Little gourd, Kundru or Tondli/Tonde kayi. 
Chromosome No.: 2n=24. 
Origin: India, South-Eastern Asia &Africa. 

Introduction 
Ivy gourd is an unexploited cucurbitaceous perennial vegetable crop. It is an aggressive climbing vine that 
spread quickly over, trees, shrubs, fences and other supporting structures. Its cultivation is restricted to 
nearby cosmopolitan cities and in coastal areas. 

Botany 
Plant is climbing, Semi-perennial (3-5 years), glabrous herb with trailing habit. A tendril is formed at each 
node. The stem is longitudinally ribbed when young & become round & woody when older. Leaves are 
simple, alternate, broadly ovate-oblong with angular basal lobes. 5-10 cm in diameter. The leaves have five 
lobes with serrated margin. 
Flowers are dioecious in nature, large, solitary, white in color & open in night hours. Fruits are young and 
tender green, small (4-10 cm long and 1-2 cm in diameter), ovoid or elliptical fruits which are used as salad 
or cooked. The fruits are smooth, green with or without white streak when immature & become scarlet red 
on ripening. Pulpp is creamish white or yellowish green in color when immature, but become bright pink 
to dark pink when ripe. Seeds are white or tan, hairy, flattened with broad rim. Roots are long and tuberous 
(Jitendra Kumar et al., 2021). 

Uses 
Immature fruits are used for cooking and used in sambar or fried and are rich source of carbohydrates 
(3.1%), proteins (1.2 %), vitamin A (250 mg), and C (15 mg) per 100 g of fruits. Medicinally it is gaining 
importance among diabetic patients for lowering sugar content. The leaves are also used in some parts of 
India for medicinal use. The tender shoots are also eaten. Leaves, stems and roots have medicinal uses in 
ayurvedic and native systems for treatment of skin diseases, bronchitis and diabetes. 

Crop Improvement 
Almost all the present-day cultivars have been developed clonal selections, mainly from seedling progenies 
spontaneous mutations. The fruits of the different varieties vary in shape, size and stripe pattern. There 
are also few types in which plants with male flowers are absent and the fruits produced on the female 
plants are parthenocarpic. Some types having bitter fruit, not suitable for human consumption, are also 
found occasionally. But unfortunately, till today no systematic research has been initiated in University 
and Private institutions. 

Varieties 
Indira Kundru - 5 This variety has been developed by at IGKV, Raipur (Chattisgarh state). Fruits 

are oblong and green color with white strips. Suitable for table purpose. 
Average yield 101.9 t/ha. 

Indira Kundru- 35 This variety has been developed by at IGKV, Raipur (Chattisgarh state). Fruits 
are long, light green 6.0 cm of length, and 2.43 cm fruit diameter. It is a high 
yielding variety. Producing about 22 kg /plant and has yield potential of 41 – 45 
t/ha/ year 
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Sulabha (CG- 23) This variety has been developed through clonal selection from 
germplasm selection at KAU, Vellainkkara. Fruits are long (9.25 cm). 

 pale green with average fruit weight is 18.5 g. It takes 37 days for first 
flowering. The fruit harvest can be done in 45- 50 DAP. Fruits are cylindrical, 
slightly green with continuous striations. Leaves are typically trilobed. It 
produces 1050 fruits / plant / year and yield potential of 40-42.5 t/ha. 

DRC-1 Released from UAS, Dharwad. It spreads upto 2-3 meters on pendal system. 
Leaves are big, narrowly serrated. Fruits are ready for harvest after 50-60 DAP 
and is susceptible to powdery mildew. Fruits are oval to cylindrical in shape. 
Fruits are big with white strips, Fruit length-5.70cm, diameter 2.06 cm. 
Average fruit weight 20.13 g , TSS-3.8, Yield per plant 21.31 kg/plant, No. of 
fruits /plant 1537 shelf life 8 days, Yield 84.17 t/ha. 

Arka Neelanchal 
Kunkhi 

A dual-purpose (salad as well as cooked) early variety. Fruits are extra-long 
(8.39 cm), weighing around 15-20g, uniform, cylindrical with attractive stripes. 
It produces around 800 fruits in a season with yield potential of 20-25 t/ha. 

Arka Neelachal 
Sabuja 

High yield, hardy plant type, tolerance to bruishing. 

Climate 
Grows best in warm and humid climate with an ideal temperature of 20-300C. In southern region, it 
continues to produce fruits almost throughout the year but the peak seasons of fruiting are summer and 
rainy seasons. In the northern plains the plants remain dormant during winter and produce fruits only 
once in a year. 

Soil 
It can be grown on well drained, light, medium (loam) soils. The most suitable soil for is well drained sandy 
loam. Heavy clay is to be avoided. The best soil pH is 6.5. The crop does not grow well in acidic and alkaline 
soils. 

Propagation 
Propagated by both seeds & Semi hardwood stem cutting. Commercially is propagated by stem cutting. 

Planting Season 
The planting is done in June-July or February-March. 

Planting 
Semi hardwood stem cuttings of 15-20 cm long with pencil thickness (1.5-2.0 cm thick) having 5-6 leaves 
on each cutting, are used for planting. Two to three cuttings are planted, about 5-6 cm. deep, in each basin 
of 60 cm. diameter. The distance between the basins is 1.5-2.0 metre. The plant population in a field should 
have female and male plants in a ratio of 10: 1 (Plant population should have at least 5-10% male plants). 

Training 
In the initial stage the plants are supported by stakes so that they grow straight to the pandals/ bower 
system of 1.25-1.50 m. height. and spread their branches within 6 months. Initial stage young plants are 
delicate and require support to keep their young shoots growing upright. 
Tendrils of this plant are long and elastic with coil like springy characters and they will coil on the support. 
For commercial crop, plants are trained on a bower/pendal system of 1.25-1.50 m height. In the initial 
stages the plants are supported by stakes so that they grow straight to the bower system and spread their 
branches within 6 months. 

Manures and Fertilizers 
About 20-25 tonnes of FYM as to be applied at the time of basin preparation and during planting add 3-5 
kg farmyard manure in each pit. The fertilizer requirements are 60-80 kg N, 40-60 kg P and 40 kg K per 
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hectare. Both manures and fertilizers are applied every year before fruiting starts. Half dose of N with full 
P and K are applied at planting time and rest of N in four equal splits. 

Pruning 
Pruning is a major horticultural practice in perennial vegetable crops and influences on the vegetative, 
reproductive balance of the plant. The pruning of vines reduces the amount of carbohydrates and other 
materials already made and increase the number of leaves which would have contributed to further food 
manufacture. Pruning helps for enhancing the yield, size of fruits, quality fruits and returns. Repeated 
pruning of vines must be done when the plant seems to be weak and leaves turn yellow i.e., after every 3 
to 4 months to maximise yield (newly developing vines produce more flowers and yield). The vines are 
pruned back after the fruiting is completed, leaving 60-75 cm long vines. 

Interculture 
Weeding and light hoeing are done during the early stages of vine growth. 

Irrigation 
It requires good quantity of water but cannot withstand water logging conditions. The plants require light 
irrigation at 10-12 days interval during summer. Watering may not be necessary in rainy season. The soil 
should have adequate moisture during flowering and water logging is harmful to the plants. 

Yield 
It produces fruits throughout the year in South India but plants remain dormant during winter in Northern 
India. Harvesting of fruits is determined by change of color from dark green to bright or light green. The 
tender and fully grown fruits are harvested carefully so that no injury is caused to the vines. 
Under ideal conditions, approximately 8-10 kg of fruits can be harvested per vine per year. Nevertheless, 
an average of 200-300 fruits weighing 3-4 kg can be harvested per vine per year. These fruits can be shipped 
to long distances or stored for up to 2 weeks at room temperature. The average yield is about 10-15 tonnes 
per hectare. 

Storage 
The immature fruits after harvesting can be stored at room temperature for about 1-2 week. The plants 
are perennial, replanting is advocated after every 4-5 years. 
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An infectious disease COVID 19 caused by SARS–CoV–2 is a newly discovered coronavirus that causes 
extensive lung injury mainly due to immoderate oxidative stress, free radicals and dysfunctional immune 
system and so on. Human beings are harmed by this virus however the question arises “Can vitamin C 
avert COVID 19?” Then, how to take vitamin C; in the form of diet or supplements or drugs to nurse COVID 
19. 

Vitamin C 
Vitamin C is otherwise known as ascorbic acid; an essential water-soluble nutrient widely utilized for its 
antioxidant properties. Principally oxidation is a normal process in the body as a result of day-to-day 
cellular activities involving immune function, normal metabolism etc. Large number of oxidized molecules 
promote oxidative stress that is a key driver of many chronic disease. The pivotal role of vitamin C is to 
donate electrons to oxidize them which is recognized as reduction in chemical terms. Cofactors are the 
molecules that assist enzymes involved in chemical reactions. 
As a co-factor, vitamin C supports a number of physiological processes comprising wound healing, immune 
function & other metabolic pathways. A fascinating thing about vitamin C is that most animals can 
synthesize their own vitamin C but humans can’t. So, they need to get it from their diet or supplements. 
The major dietary sources of vitamin-C are vegetables like tomato, brocoli, bell peppers and citrus fruit like 
oranges, lemons, guava, kiwi, but exposure to oxygen or cooking can destroy 25% or even more vitamin- C 
in foods. It is good to take raw vitamin C foods that to immediately after cutting and peeling. 
One medium sized orange contains 77% of the daily need so we can easily get vitamin C daily need from 
the food that we eat. Consumption of vitamin C is absorbed in the small intestine primarily by Na 
dependent vitamin C transporters and in some extent by glucose transporters. Certain genes are 
responsible for Na dependent vitamin C absorption hence, genetic variations can affect vitamin C 
absorption. After vitamin C get absorbed in the body, it is then distributed throughout the body’s tissues 
however the concentration of different tissues differ like lowest amount present in muscle, heart & kidney 
and highest amount is present in brain and adrenal glands. 
Vitamin C is broken down into different intermediate molecules in the liver and metabolites accumulates 
in kidney and excreted in urine at the end. The amount of vitamin C humans exactly need depends on 
numerous factors like age, sex, and life stages. Needs are fairly high in infancy, slightly reduced during 
childhood and then peak in early adulthood; pregnancy enhances a women’s vitamin C requirements. The 
daily need for vitamin C is 90 mg for adult men, 75 mg for women and extra 30 gm requires for pregnant 
women that is 105 mg. The smokers require extra 35 mg to protect lungs. 

Why Vitamin C Comes to Role in Covid 
Some clinical studies have revealed that vitamin C has a positive impact on many infections caused by 
bacteria, virus etc. COVID 19 is the root of extensive lung injury mainly due to excessive free radicals, 
oxidative stress and dysfunctional immune system. As a significant antioxidant vitamin C neutralize free 
radicals and decrease oxidative damage to lungs; the reason that people looked into it was that the people 
with vitamin C deficiency had more occurrences of pneumonia. 

What Different Studies are Asserting? 
There was a study in China for COVID 19 where they are giving mega doses of vitamin C of 1 gram 
intravenously may elevate lung function in the hospitalized people with COVID. Depending upon their 
study there is difference between intravenous and oral supplements. Intake of mega doses of vitamin C 
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orally, it will go through gastrointestinal tract and pull water with it which causes diarrhoea. Blood will 
absorb vitamin C by consuming this intravenously of which excess come out through urine. 

 
Another study by U.S. national institutes of health trials indicates that the military, athletics, bodybuilders 
like people who are engaged in physical activities which is vigorous they are generating more free radicals 
because they are making lot of ATP, required more of vitamin C than normal people to minimize oxidative 
damage. 

Conclusion 
Larger doses of oral supplements do not have any effect for normal healthy individuals. It is better to take 
intravenous mega doses of vitamin C. As vitamin C aids with the immune system cells activity so it seems 
to help with the phagocytes activity and assist with natural killer cell functions. It also assists the epithelial 
cells of lung and makes it stronger. Intake of vitamin C as oral doses of 90 mg required daily, it can be 
fulfilled by taking two medium size oranges in a day or in tablet form so that our immune system and our 
cells always have the proper amount of vitamin C available because the studies also found that when the 
infection starts the need for vitamin C to help in neutralize free radicals during increasing infection. But 
vitamin C cannot prevent or it cannot cure COVID 19 but to stay our-selves healthy and able to fight better 
we should take vitamin C either from food or from supplements which will make us stronger and better. 
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Ashwagandha (Withania somnifera Dunal.) is a widely cultivated medicinal crop in India (2n=48). In 
English, it is known as the 'Winter cherry.' In ancient Ayurvedic literature, ashwagandha is described as 
a significant medication. This plant contains a variety of alkaloids, the most important of which being 
'withanine' and'somniferine.' The leaves also contain fine unidentified alkaloids (yield 0.09 percent), 
withanolides, glycosides, glucose, and a variety of free amino acids, according to reports. The roots have 
been shown to contain starch, reducing sugars, hentriacontane, glycosides, dulcitol, and withanicil in 
addition to alkaloids (0.08 percent). Proline, valine, tyrosine, alanine, glycine, hydroxyproline, aspartic 
acid, cystine, and cysteine are among the amino acids found in the green berries. The drug is mostly found 
in Ayurvedic and Unani preparations. Because of its antibacterial and anticancer properties, withaferine - 
A has gotten a lot of interest. In the indigenous culture, it is used to treat carbuncles. The paste made from 
its leaves is used to treat tubercular gland irritation, and the paste made from its roots is used to treat skin 
problems, bronchitis, and ulcers. While roots are used to treat rheumatism and dyspepsia in Rajasthan, 
they are also utilized to reduce loin pain in Punjab and to induce abortion in Sind. Warm leaves are also 
utilized in some locations to provide relief from eye problems. Roots, on the other hand, are usually utilized 
to treat general and sexual weakness in humans. The fruits and seeds of Ashwagandha are diuretic in 
nature. Chest issues are treated using the fruits and seeds. Saddle-sores and girth-galls in horses can be 
treated with a paste produced from the green berries, leaves, and a short twig. 

Origin and Distribution 
W. somnifera grows wild on pasture fields and woodland area in Madhya Pradesh's Mandsaur and Bastar 
districts, as well as in the foothills of Punjab, Himachal Pradesh, and Western Uttar Pradesh in the 
Himalayas. Another species, W. congulans Dunal, is a stiff grey under-shrub that grows to 60-120 cm in 
height and can be found in the wild in Punjab, Sindh, and the surrounding areas. It is grown on around 
4000 hectares in India, primarily in the drier sections of the Manasa, Neemuch, and Jawad tehsils in 
Madhya Pradesh's Mandsaur district, as well as in Punjab, Sind, Rajasthan, and South India. Its 
cultivation has been reported in the Mysore District of Karnataka. 

The Plant's Description 
Ashwagandha is a member of the Solanaceae family. This is a 13-150 cm tall erect herbaceous evergreen 
tomentose shrub. Its entire body is covered in whitish stellate hairs. The leaves are oblong, whole, slender, 
with a cuneate base and densely hairy beneath. Flowers are bisexual, greenish or bright yellow, axillary, 
and form umbellate cymes in clusters of approximately 25. Sessile or subsessile flowers can be found. The 
fruit is a berry that measures 7 mm in diameter, is crimson, globose, and smooth, and is encased in an 
inflated membrane persistent calyx that is somewhat 5-angled pubescent. When the fruits are fully mature, 
they turn an orange-red colour. 
The seeds are reniform in shape and golden in colour. Flowering occurs from July to September, with ripe 
fruit accessible in December. The commercial medicine is made up of dried W. somnifera roots that come 
in little pieces measuring 10.0 to 17.5 cm long and 6.12 mm in diameter. The stem bases are also visible. 
The pieces are dark brown on the outside and creamy on the inside. They are conical, straight, and 
unbranched. 
The main roots bear fibre lateral roots; they have a buff to grey-yellow exterior surface with longitudinal 
ridges. The stem bases contain longitudinal creases and are thicker, cylindrical, and green. The roots have 
a short, irregular structure, a pungent odour, and a mucilaginous, bitter, and acerbic flavor. The 
macroscopic and microscopic characteristics of immature tuberous and older roots are unique. 
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Varieties 
The cultivar Nagori is a native to the area. The enhanced varieties include 'Jawahar Asgandh-20,' Asgandh 
– WS – 90 – 134, Rakshita, and Poshita. Under the Medicinal and Aromatic Plants project, a single plant 
selection from Jawaharlal Nehru Krishi vishwa Vidyalaya, Regional Agricultural Research Station, 
Mandsaur was released as 'Jawahar Asgandh – 20.' The cultivar consistently outperforms the others in 
terms of dry root yield. The dry roots of Asgandh – WS – 90 – 134, which was released from JNKVV, 
Mandsaur, are said to have high levels of alkaloids (0.605 percent) and Withanine (20.38 percent). CSIR-
CIMAP, Lucknow, has released two high yielding varieties, Poshita and Rakshita. 
Poshita: The plants are moderately tall (71.22–87.2 cm), matures in 189–210 days, and yields 14 q/ha dry 
root. The total alkaloid production is 1.292 kg per hectare. 

Soil 
It thrives in sandy loam or light red soils with plenty of organic matter and good drainage. It is also simple 
to dig up the roots without causing them any damage in such soil conditions. The pH range of 7.5 to 8 is 
ideal. 

Climate 
Aswagandha prefers a subtropical climate to a tropical one. It is planted towards the end of the rainy season 
and grows best in dry conditions. In such conditions, 1-2 late winter showers are sufficient to allow the 
roots to fully develop. It can be grown in locations that receive 660-750 mm of rain each year. 

Propagation 
The crop can be grown by putting the seeds directly into the field as well as nurturing and transplanting 
seedlings. 

Sowing Directly 
Seeds are broadcast straight into the main field in this situation. The sowing is determined by the monsoon 
because it is primarily a rain fed crop. The field is thoroughly prepared, divided into plots of appropriate 
proportions, and the seeds are sown during the second week of July after receiving one or two showers. 
This kind of planting needs a seed rate of 10-12 kg per hectare. 

Nursery Management and Planting 
Seedlings should be sown in well-prepared raised nursery beds when being raised for transplanting. To 
provide enough seedlings for one hectare, approximately 5 kg of seeds are necessary. Seeds are treated with 
Dithane M-45 at a rate of 3 g per kilogramme of seeds before sowing to prevent nursery infections. In the 
nursery beds, the seeds are sowed in 5 cm lines and covered with light soil. Germination begins in around 
6-7 days after sowing and is completed in about 10 days. When the seedlings are six weeks old and tall 
enough, they are transplanted in 60 cm rows, 60 cm apart, in well-prepared soil. 

Manures and Fertilizers 
Ashwagandha is a crop that does not require a lot of manure or fertilizer. Where it is grown commercially 
in Madhya Pradesh, no fertilizers are used and the crop is grown purely on residual fertility. Nitrogen and 
phosphorus have little effect on root output, according to research conducted at the Indore Research 
Station. 

Intercultural Operations 
At the age of 25-30 days, the direct planted crop is thinned to maintain a plant population of 20,000 to 
25,000 per hectare. Hand weeding every 30 days helps to keep the weeds under control. 

Harvesting and Drying 
Harvesting begins in January and lasts until March (150-170 days after sowing). The drying out of leaves 
and the turning red of berries indicate the crop's maturity. By cutting the stem 1-2 cm above the crown, 
the entire plant is uprooted and the roots are separated from the aerial components. For drying, they are 
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next transversely sliced into smaller pieces of 7-10 cm. The roots are occasionally dried as a whole. To 
obtain the seeds, berries are removed from dried bushes and threshed. 

Yield 
One hectare of land may produce 300 to 500 kg of dried roots and 50 to 75 kg seeds on average. 

Grading 
Before being shipped, the dried entire roots are cleaned, trimmed, and graded. To remove adherent soil as 
well as the thin lateral roots and rootlets, they are hammered with a club. It's possible to cut the primary 
tap root into transverse parts. Following that, the complete product is hand-sorted into four grades based 
on the thickness and homogeneity of the pieces. A. Grade, B. Grade, C. Grade, and Lower Grade are the 
four levels of grades. 
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Coconut water is the liquid endosperm of a young coconut at 9 months after pollination, when the solid 
endosperm or white fleshes form. In its natural state, it is a pure and nutritional beverage. The coconut 
husk is a good container for the carbohydrates, minerals, amino acids, and vitamins found in the water. 
Electrolytes, minerals, vitamins, complex carbohydrates, amino acids, and other nutrients can all be found 
in tender coconut water. The natural carbohydrate content of the liquid solution is about 4-5 percent. As a 
result, coconut water is well-suited to the booming sports drink sector. Sports drinks with less than 5% 
carbohydrate content, like most soft drinks, are able to ensure benefits, whereas those with more than 10% 
carbohydrate content, like most soft drinks, are related to abdominal cramps, nausea, and diarrhea. 

Numerous Medicinal Properties of Tender Coconut Water 
1. Suitable for feeding newborns with gastrointestinal problems. 
2. Rehydration solution for the mouth 
3. Organic substances with growth-promoting characteristics are present. 
4. Helps to keep the body cool 
5. When applied to the body, it prevents prickly heat and summer boils, as well as rashes produced by small 
pox, chicken pox, measles, and other diseases. 
6. Intestinal worms are killed. 
7. It is a useful drink in cholera cases since it contains saline and albumen. 
8. Checks for infections in the urinary tract. 
9. it’s a great tonic for the elderly and ailing. 
10. Relieves malnutrition. 
11. Diuretic 
12. Can be used to treat kidney and urethral stones. 
13. In an emergency, it can be treated with intravenous. 
14. it’s been used as a blood plasma substitute since it’s sterile, doesn't generate heat, doesn't kill red blood 
cells, and is easily absorbed by the body. 
15. Its electrolytic impact aids in the rapid absorption of medicines and facilitates their maximal 
concentration in the blood. 

Sugars 
Sugars, such as glucose and fructose, are a significant component of tender nut water. In the early months 
of development, the concentration of sugars in the nut water continuously increases from about 1.5 percent 
to approximately 5 to 5.5 percent, then gradually decreases to around 2% when the nut is fully mature.  
Sugars are present in the form of glucose and fructose (reducing sugars) in the early stages of maturation, 
while sucrose (non-reducing sugar) occurs only later. Non-reducing sugars rise with maturity while 
reducing sugars decrease. Sucrose accounts for almost 90% of the total sugars in a fully developed nut. 

Minerals 
Most minerals, such as potassium, sodium, calcium, phosphorus, iron, copper, sulphur, and chlorides, are 
found in tender coconut water. Potassium makes up more than half of the minerals, and its concentration 
is altered significantly by potash manuring. 
Tender coconut water, which is high in potassium and other minerals, helps to boost urine production. 
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Protein 
Protein is found in minimal amounts in coconut water. In the protein of tender coconut water, the 
percentages of arginine, alanine, cystine, and serene are higher than in cow's milk. It has a low risk of 
causing shock in patients because it does not include any complicated proteins. 

Vitamins 
Both ascorbic acid and B vitamins are found in tender coconut water. Ascorbic acid concentrations range 
from 2.2 to 3.7 mg per ml, with the concentration decreasing as the kernel enclosing the water hardens. 

Tender Coconut Water Undergoes Minimal Processing 
Tender coconuts have a high perishability, and unless managed scientifically, their natural freshness will 
be lost within 24 to 36 hours after being removed from the bunches, even under refrigerated settings. The 
husk, which makes up two-thirds of the volume of tender coconut, is responsible for its bulkiness. If a large 
portion of the husk is removed, it will be much easier to handle soft coconuts. However, when the husk is 
partially removed, the nut's colour changes to brown, which reduces the nut's beauty. To preserve the 
flavour and prevent discoloration, technologies for minimal processing of tender coconut have been 
developed. Kerala Agricultural University (KAU) devised a method for minimally processing tender 
coconut that comprises dipping partially dehusked tender coconut in a solution of 0.50 percent citric acid 
and 0.50 percent potassium metabisulphate for three minutes. The product can be kept refrigerated for up 
to 24 days at 5-7 ° C.  Tender coconut can be delivered to a faraway location and served chilled, just like 
any other soft drink, utilizing this method. Plastic crates and insulated cold boxes can be used for transport 
and storage because of the consistent size. 

Tender Coconut Water in Pouches/Aluminum Cans for Preservation and Packing 
The Coconut Development Board, in partnership with the Defence Food Research Laboratory in Mysore, 
has developed a method for packaging tender coconut water in pouches/aluminum cans with a shelf life of 
more than six months in a normal environment and 12 months in a refrigerator. Collecting tender coconut 
water in sanitary conditions, upgrading and pasteurization, filtration, and packaging in bottles or cans, 
depending on the situation, are all part of the procedure. The product will contain additives such as nissin 
and sweeteners. 

Acknowledgement and Source 
Coconut Development Board, Kochi (Ministry of Agriculture and Farmers welfare). 
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Turmeric (Curcuma domestica) is a tall perennial plant used for its rhizome as an annual crop 
(underground root like stem bearing roots and shoots). It is related to family of ginger (Zingiberaceae) and 
grows in a similar hot and humid tropical habitat. Turmeric is a plant that originated in the Indian 
subcontinent and is now the world's largest producer and consumer. Turmeric is an important part of 
Indian culture, as it is a vital element in curry, as well as a cosmetic, a fabric dye, and a variety of 
traditional health cures. 'Indian saffron' is another name for the spice. 

Harvesting 
Turmeric is collected between the ages of 7 and 10, when the stems and leaves have begun to dry out and 
die back. The entire plant is dug up, with care taken not to harm or bruise the rhizomes. Before entering 
the market, the collected turmeric rhizomes are transformed into a stable commodity through a series of 
post-harvest processing activities such as boiling, drying, and polishing. Turmeric is boiled three to four 
days after it is harvested. Because the bulbs (or mother rhizomes) take a little longer to cook, the fingers 
and bulbs are separated and cured separately. The dry recovery of various turmeric cultivars varies greatly, 
ranging from 19 to 23%. 

Boiling 
The first post-harvest process undertaken at the farm level is boiling, which entails boiling new rhizomes 
in water until tender before drying. Boiling kills the vitality of new rhizomes, eliminates the raw odour, 
shortens drying time, and produces a consistently colored product. When huge amounts of turmeric need 
to be cured, an improved turmeric boiler with steam boiling technology is used. A trough, inner perforated 
drums, and lid makes up the enhanced turmeric steam boiler. The outer drum is made of mild steel that is 
18 SWG thick and is 122 x 122 x 55 cm. 
A lid with hooks for simple lifting is included, as well as an inspection door. An exit is located at the bottom 
of the drum for simple draining and cleaning. The outer drum has four interior drums with dimensions of 
48 x 48 x 45 cm each. Four inner drums have a capacity of 100 kg each. The inner drums have a 10 cm-high 
leg so that the rhizomes do not come into touch with the water in the outer drum, which is filled to a depth 
of around 6-8 cm. 
By digging a pit that serves as a furnace, the outer drum is covered with more than half of its depth below 
ground level. This furnace has two openings: one for feeding the fuel and one for removing the ash and 
unburned material. 75 litres of water are added to the turmeric boiler after it is placed in the furnace (6-8 
cm depth). In each inner drum, about 55-70 kg of well-washed rhizome is placed in the boiler, and the cover 
is placed in place. 
Fire is built in the furnace using agricultural waste materials, usually turmeric leaves. It takes roughly 25 
minutes to build steam and boil the first batch of rhizomes, and 10 - 15 minutes for the succeeding batches 
during the boiling process. The stage of boiling of the rhizome is determined by pressing the rhizomes with 
a hard pin / needle through the inspection door. The lid is removed with a long pole, and the inside drums 
are lifted one by one. 
Depending on the amount of water lost due to evaporation, around 20 litres of water is added to the outer 
drum for the following batch. The next batch of rhizomes is poured into all of the drums, and the process of 
heating continues. To avoid damage and extend the life of the equipment, all of the drums must be cleaned 
free of dirt and soil at the end of the boiling operation. The boiler has a batch capacity of roughly 100 
kilograms, and the fuel need is 70–75 kg of agricultural waste materials. 
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Drying 
The cooked fingers are laid out on the drying floor in 5-7 cm thick layers to dry in the sun. A thin layer is 
not recommended since the color of the dry product may be damaged. The material should be stacked or 
covered during the night. The rhizome may take up to 10-15 days to thoroughly dry. The bulbs and fingers 
are dried separately, with the latter taking longer. To ensure that the product is not polluted by foreign 
materials, turmeric should be dried on a clean surface. 
Mold growth on the rhizomes should be avoided at all costs. To promote equal drying, the rhizomes are 
flipped on a regular basis. Turmeric can also be dried in solar tunnel driers using UV stabilised semi-
transparent polyfilm sheets of 200 microns thickness. Solar radiation is passed via a plastic sheet with a 
90 percent transmittance. Short wave radiations pass through the UV sheet, but long wave radiations pass 
through it opaquely. 
Short wave radiation is entrapped by the UV sheet during daylight hours, heated by the black absorb at 
the bottom, and transformed to long wave radiation. The temperature within the dryer rises due to the 
conversion of short-wave radiation to long wave radiation. The heat from the absorber is transferred to the 
air above it. The moisture is absorbed by the warm air from the bottom as it passes over the product. The 
products in the drier are additionally heated by solar radiation that passes through the clear cover of the 
drier. 
This raises the temperature and speed of drying of the product inside the drier compared to the ambient 
temperature. The dry product yield ranges between 20 and 25% depending on the variety and the place 
where the crop is cultivated. During the boiling process, the starch gelatinizes, and during the drying 
process, intercellular gaps expand, allowing for better water diffusion and a shorter drying time. 

Polishing and Colouring 
The look of dried turmeric is poor, with a rough, dull exterior surface covered in scales and root fragments. 
Smoothing and polishing the exterior surface with a manual or mechanical rubbing improves the 
appearance. Polishing continues until the desired polish level of 7-8 percent is reached. During complete 
polishing, polishing waste accounts for 5 to 8% of the weight of the turmeric, and 2 to 3% during half 
polishing. 
Wrinkles can also be removed by polishing dried turmeric. The dried turmeric fingers are rubbed on a hard 
floor to polish them manually. The dried rhizome has a rough look and a dull colour after manual polishing. 
In an upgraded process, polishing is done with a hand or power operated drum positioned on a central axis 
with enlarged metal screen on the sides. 
The abrasion of the surface against each other as they roll inside the turmeric-filled drum results in 
polishing as it is turned. The colour of the turmeric after it has been processed has an impact on the pricing 
of the product. As a result, turmeric powder is sprinkled during the final polishing phase to produce an 
attractive product. 

Storage 
The bulk rhizomes are stored away from direct sunlight in a cold, dry location. When ground turmeric is 
exposed to light for an extended amount of time, its colour fades. As a result, the packets should be kept in 
a cardboard box out of direct sunlight. The storage area must be clean, dry, cool, and pest-free. To keep 
pests and insects out of the room, mosquito netting should be installed on the windows. Foods with a strong 
odour, detergents, and paints should not be kept in the same room. To keep storage pests at away, 
insecticides should not be used on dried/polished turmeric. 

Processing of Turmeric Powder 
1. Grinding: Grinding is one of the most popular methods for preparing turmeric powder for use and 
resale. The major goal of spice grinding is to achieve smaller particle sizes while maintaining high product 
quality in terms of flavor and colour. For this procedure, many ambient grinding mills and methods are 
available, including hammer mills, attrition mills, and pin mills. Turmeric is traditionally ground in India 
using plate mills and hammer mills. 
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2. Sieving: The size of ground spices is filtered using screens, and the larger particles can be processed 
further. Screens with a mesh size of 60 to 80 meshes are commonly employed. 
3. Packing: The turmeric powder is packaged in materials that protect it from hygroscopicity, loss of 
aroma/flavor, discoloration, insect infestation, and microbiological contamination, which are all frequent 
deteriorating factors of turmeric powder. Flexible Intermediate Bulk Containers (FIBCs), also known as 
Jumbo bags, are extensively used for bulk packing and have a capacity of up to 1 tonne. LDPE is utilised 
in institutional packaging such as laminated flexible pouches and plastic weaving bags. 
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Pre breeding is defined as any activity aimed at identifying desirable characteristics and/or genes from un-
adapted (exotic or semi-exotic) materials, including those that, while adapted, have not been subjected to 
any type of selection for improvement and have subsequently introgressed these targeted genes /traits into 
desirable cultivated varieties. The materials produced by pre-breeding procedures are believed to have a 
high potential for inclusion in standard breeding programmes. Thus, the pre-breeding strategy allows the 
imbibition of plant genetic resources into plant breeding program. To ensure food security for the world's 
living population, we must conserve genetic variability for the future, as well as make optimal use of 
present plant genetic resources. As a result, in the current context, the use of pre-breeding approaches in 
combination with plant breeding approaches is critical to ensure food security. Pre-breeding also aids in 
the production of new base populations for plant breeding programmes as well as the identification of 
heterotic patterns for hybrid programmes. Concept of pre-breeding in Jute is at its infant stage with lot of 
opportunities for its genetic improvement. 
According to Marshall, a lack of pre-breeding techniques limits the utilisation of landraces and exotic 
germplasms in plant breeding programmes. Pre-breeding at gene banks/germplasm collections ensures the 
availability of trait-specific materials as well as a means to expand the genetic diversity of improved 
accessions. After cotton, jute is the second most important natural fibre crop, having immense potential in 
the contexts of the environment, economy, medicine, and nutrition. Jute, on the other hand, remains an 
orphan crop in many nations. 
In recent years, the advent and usage of synthetic fibres has posed a challenge to jute cultivation. Insect 
pests and diseases also have a detrimental influence on the production of jute fibre. Due to insect 
infestation, jute farming suffers a 31-34 percent reduction in fibre yield. Similarly, it has been stated that 
every year, up to 60% of the output of jute fibre is lost owing to the occurrence of fungal infections alone.  
These biotic stresses not only cause fibre yield losses, but they also degrade fibre and seed quality. However, 
no jute variety has been identified that provides a high level of resilience or tolerance to biotic stresses. As 
a result, genetic modification of the jute crop through a pre-breeding technique is indispensable exploit the 
untapped genepools of jute to extend and improve jute cultivation. 

Need for Genetic Enhancement 
Plant breeders must generate enhanced cultivars to fulfil market demand, which is attainable through the 
utilisation of elite breeding material developed by pre-breeding. Previously, greater emphasis was placed 
on adaptability and performance through selection on existing variability than the development of new 
variability to meet immediate demands. 
These effects in jute crops are plagued by constraints such as (1) narrow genetic genetic base, resulting in 
slower progress (genetic gain) in plant breeding; (2) increased risk of genetic erosion due to various abiotic 
and biotic biotic stresses; (3) lack of availability of resistant/tolerant commercial varieties for biotic 
stresses; and (4) decrease in pesticide and fungicide efficacy with the emergence new resilient races of 
pests/pathogens. Given the aforesaid limits, particularly its vulnerability to biotic stresses such as insects, 
pests, and diseases, the only answer is to enhance the tolerance or resistance of Jute to biotic stresses by 
genetic enhancement through pre-breeding. 
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Genetic improvement or pre-breeding is essential to increase the value of germplasm in order to break 
these bottlenecks and establish superior gene pools. Germplasm is vital in enhancing crop cultivars in 
terms of numerous valuable Jute traits, such as those listed below: 
1. Resistance to abiotic and biotic stresses. 
2. Fibre quality attributes such as fibre length, strength, fineness, maturity, and uniformity. 
3. Early maturity to facilitate multiple cropping systems. 
4. Broadening of cultivar genetic bases as well as the creation of vast genetic variability. 

Methods of Genetic Enhancement 
Two major pre-breeding approaches are proposed to genetic enhancement of Jute-  
1. Introgression: Introgression is the transfer of one or more genes from exotic/un-adapted, / wild stock 
to adapted breeding populations. This is done by cross breeding between the donor and the recurrent 
parent. In the backcross breeding, the parent from which desirable genes are to be incorporated is used as 
the donor parent, and the parent whose improvement is to be further improved is used as the recurrent 
parent. To alter a genetic stock, six generations of traditional recurrent backcrossing are necessary. This 
method leads to the accumulation of genes, resulting in an enhanced level of genetic expression for the 
trait. 
2. Incorporation: It is a large-scale programme aiming to develop a locally adapted population using 
exotic or un-adapted germplasm. This was first suggested by Simmonds (1993). In contrast to introgression, 
incorporation aims at indexing the crop genetic base. Thus, genetic base broadening ultimately results in 
the development of potential parents either from adapted stocks or through the use of un-adapted stocks. 
Besides pre-breeding and plant breeding two plat biotechnology approaches, genetic transformation and 
cell culture techniques are also play important role in genetic enhancement. 

Problems Associated with Genetic Enhancement in Jute Crop 
There are several problems that are associated with genetic enhancement programmes particularly when 
genes are introgressed from wild species.  
Some problems are listed below: 
1. Cross incompatibility in inter-specific hybridization breeding. 
2. Stability barriers and chromosome pairing in hybrids. 
3. Linkage drag in progeny of cultivar and wild cross combinations. 
4. Hybrid viability and sterility. 
5. Small size of inter-specific hybrid population. 
6. Restricted genetic recombination in the hybrid population. 
7. Lack of availability of trait specific donors viz. resistance to diseases, insect- pests and fiber quality traits. 

Prospects for Genetic Enhancement in Jute 
Jute grows best in very humid and warm climates. These climatic conditions predispose jute to insect pests 
such as the Yellow Mite and the Bihar harry caterpillar (BHC), as well as fungal diseases such as stem rot. 
Although insecticide-pesticide and fungicide application are effective methods of controlling insects and 
diseases, host resistance is far more profitable and environment sustainable for the resource-poor jute 
farming community because the pathogen can survive on several alternate hosts, making chemical 
eradication nearly impossible. 
Unfortunately, there are no pest or disease tolerant or resistant jute varieties currently available. Many 
food and fibre crops, such as maize, rice, legumes, and cotton, have already employed pre-breeding 
techniques for biotic and abiotic stress tolerance/resistance. Unfortunately, no significant use of pre-
breeding was found in jute and allied fibre crops. 
Recently, ICAR-CRIJAF has identified resistance donors WCIN-136-1, WCIN-179 and OIJ-161 for Stem 
rot & Bihar Harry Caterpillar (BHC) which will help in genetic enhancement of high yielding but 
susceptible jute cultivars. As a result, the application of pre-breeding for genetic upgrading of jute by 
resistance gene(s) introgression into high-yielding agronomically superior varieties looks promising in the 
future. 
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As the global population is increasing at alarming rate, it is believed that almost 9 billion people will be 
competing for world food resources by 2050.  In such a situation, increase in demand for food is evident but 
it is not possible to increase land under cultivation as already 80% of arable land is under use. In addition 
to it, human development and intensive agricultural practices are causing tremendous degradation of soil 
and water. While looking for possible solutions, the use of hydroponic technology is a promising alternative, 
a niche method of food production that allows producers to grow plants without soil. The concept of 
Hydroponics was earliest published in Bacon’s 1627 book “Sylva Sylvarum”. Water culture quickly became 
a popular research technique following the publication, but it was not until the 1920s that the idea really 
took hold. This technique is also called as vertical or urban farming and is more efficient than traditional 
land farming. In this system of cultivation, plants take up nutrients directly from water and results in 
improved yield. There are multiple studies which support the fact that hydroponically grown plants produce 
a better yield as the growing conditions are set to optimum by artificial means plus there is no fixation of 
nutrients like that in soil. It comes with an additional benefit that water used during hydroponics can be 
recycled. 

 
Water use efficiency (WUE), or the weight of the harvested product per unit of water supplied, is maximized 
with hydroponics because there is minimal evaporation in closed (i.e. water is recalculated) systems. 
Hydroponics has the potential to sustain a large proportion of the world’s population and to allow third 
world countries to feed their own people, even in places where soil is poor and water is scarce. Hydroponics 
does not need any particular geographic location but can be practiced anywhere where facilities are 
available. Based on the facilities available, there are many techniques used in hydroponics, the major 
determinants being1. Available resources 2. Space 3. Expected productivity 4. Growing media, 5. Quality 
of the product. 
Though there are many different techniques in which hydroponic sytems can be arranged, however all of 
these techniques are variation of following 6 hydroponic systems shown in figure 1.  The simplest type of 
hydroponic system is “the wick system” without any moving parts. The growth media in which plants are 
embedded is made up of peat, vermiculite etc. The nutrient solution is stored in container at bottom that 
travels to growth media through a wick. Though this is the inexpensive system, but sometimes the nutrient 
solution supplying capacity of wick might be smaller than actual amount required by some fast-growing 
plants. In order to overcome this problem, an active system “Water culture system” is adopted in which 



 

 
Volume 4 - Issue 03 - March 2022       311 | P a g e  
 

plants roots are in direct contact of water while plants are held stationary by styrofoam support. This 
system goes well with fast growing plants like lettuce. In order to maintain optimum oxygen levels, EBB 
and Flow system” is devised which grows plants on a growing medium fastened over a reservoir. 
The pump inside the reservoir pumps the nutrient solution into the growth medium in flooding phase 
expelling all oxygen from growing media while in drain phase the solution is collected back in reservoir 
making room for oxygen in media.  The Ebb & Flow is a versatile system that can be used with a variety of 
growing media. The entire grow tray can be filled with Grow Rocks, gravel or granular Rockwool. 
Working on improving efficiency of hydroponics, “Drip system” of hydroponics was introduced. The 
Continuous Drip system is an active recovery or non-recovery type system which uses a submersible pump 
in a reservoir with supply lines going to each plant. With drip emitter for each plant the gardener can 
adjust the amount of solution per plant. A drip tray under each row of plants, sending the solution back to 
the reservoir, can easily make this system an active recovery type. 
The Ebb- flow and continuous drip system both require appropriate timer for the pump to supply adequate 
nutrients from time to time. The need of timer is overcome by adopting “Nutrient Film Technique” 
(NFT). This system has a constant flow of nutrient solution so no timer required for the submersible pump. 
The nutrient solution is pumped into the growing tray (usually a tube) and flows over the roots of the 
plants, and then drains back into the reservoir. Plants are supported by a growing basket and no growing 
medium is used accept air. In some cases, the NFT system is modified into “Aeroponic system”in which 
roots hang in the air and are misted with nutrient solution every few minutes. Because the roots are 
exposed to the air like the N.F.T. system, the roots will dry out rapidly if the misting cycles are interrupted. 
Hydroponic technology has the potential to flourish at a large scale due to its promising yield but the initial 
cost of setting up a hydroponic farm in India is very high. It needs a proper building, facilities to maintain 
proper lightening, air circulation, temperature along with food-grade plastic made trays and tubes. The 
technology becomes more costly when combined with automation and artificial intelligence and involves 
sensors, controllers, water pumps, lighting etc. 
At the same time farmers are not well acquainted with the use of these technologies which further increases 
the cost of setting up e.g., single fault in maintaining the ambient temperature can lead to major crop 
losses. A lot of farmers are not even aware about hydroponics, leave alone their execution. The phenomenon 
is especially apparent when we see that this technology is flourishing mainly in the start-up sector of the 
young, urban Indian. 
Efforts are constantly being made to introduce hydroponics in a country like India that has almost 70% 
population dependent on Agriculture Famous drug companies like Dabur, Himlayas, Patanjali are already 
using hydroponically cultivated herbs in their concoctions. This is developing curiosity among young 
farmers for taking up hydroponics on commercial scale. With a tech-based hydroponics setup, it will be 
possible to grow medicinal plants, aromatics, berries, leafy greens, micro greens and various other plants. 
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Abstract 
Alkali bees of genus Nomia are ground nesting and salt soil loving bees’ native to desert to semi-arid 
regions. These bees are efficient pollinators of alfalfa and other crops. Alkali bee employee specific 
technique to open flowers and prefer pollen over nectar. It was found that bees have high threats from 
various parasites, pathogens and predators besides being highly susceptible to pesticides.  Bees nest in 
moist silty soils having good drainage and salty surfaces. This paper describes various behavioral 
characteristics and the conservation strategies important for their pollination in various crops and 
population decline.  
Keywords: Nomia, Halictidae, Hymenoptera, Pollination, Behaviour, Mating. 

Introduction 
Alkali bees belong to phylum arthropoda, class Insecta, order hymenoptera, family Halictidae, and genus 
Nomia comprised of 500 species worldwide. These are most distributed, sub social to solitary in nesting, 
foraging on wide range of plants in various landscapes during maximum period of year. The important and 
well-studied species among Alkali bees is Nomia melanderi. 
The Nomia are comprised of soil dwelling ground-nesting bees native to wild, deserts, forests, meadows 
and semi-arid areas from most Western United States and Asia. The alkali bees were first time described 
by Theodore Dru Alison Cockerell during 1906, with a special characteristic of nesting in dense and intense 
aggregations under favourable climatic conditions having assured food resources and salty soils. The names 
Alkali were derived from behavioral characteristics of nesting in salt-saturated soils having alkaline 
reactions. 
Alkali bees are effective and efficient pollinators of Alfalfa, onion and many other crops worldwide. The bee 
possesses special morphological adaptations employed in opening flowers for sucking nectar and successful 
pollination. During the process of pollination, bees apply excess pressure to snap open and widen the keel 
of flowers, to inject mouth inside deep to suck the nectar. The mechanism of opening the flowers has 
suggested that Alkali bees are efficient pollinators of various crops and weeds. 
These bees fly under varied range of environmental conditions, and were found to perform pollination in 
an efficient manner, preferring pollen over nectar and perform significant visitation under different 
climatic conditions or even if the field is watered too. Further, bees are preferred over honey bees in 
pollinating alfalfa due to their specialty in opening the flowers without damaging stamens and stigma. In 
recent years, the bees were supplemented with Megachilidae species to bridge the pollinator deficit gap 
created by colony collapse disorder (CCD). 
The unusual and varied nesting behavior and habitat of Alkali bees is well known and farmers of various 
countries have developed techniques and methods for their accommodation in salty fields, meadows and 
moist areas. The bees were found dominantly in salty soils for nesting and egg deposition in fresh cells. In 
years of field experience, the farmers from western countries have understood that ploughing up of the 
natural, flat and fertile areas has drastically declined the overall alfalfa crop yield. Methoprene work as a 
best juvenile hormone analog, and work as a limiting factor for alkali bees. The female bee individuals have 
most accelerated reproductive maturity via Juvenile hormone that especially induces fast mating and 
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oviposition behavior. The alkali bees are solitary in nature and each female bee makes own single nesting 
tunnel, however they live in aggregations in particular habitat with other individuals. 

Material and Methods 
Collection of bee samples was done in Ladakh and Jammu and Kashmir from 2019 to 2022. The Ladakh 
area is characterized by sandy soils having high concentrations of various salts. While as soils from J&K 
are dominantly comprised of clay, loam, sandy and sandy silt categories. Surveys were conducted in various 
regions of both Union Territories during flowering seasons. Bees were collected by sweep netting, killed 
and preserved in ethyl acetate. Distribution and identification upto genus level were done using online 
catalogue of bees from India (Gupta 2010; Saini et al.2018). 

Results and Discussion 
Predators, parasites and pathogens: In general, the alkali bee is almost 2/3 the size of a honeybee, with 
abdomen possessing black to metallic banding. Males have white face, while females infrequently use 
stingers as defense. Larvae are prone and susceptible to attack from various parasites and predators such 
as: bee flies (Bombyliidae) Heterostylum robustum and soil beetles Meloe nigr. Like other living species, all 
life stages of Alkali bees are susceptible to pesticides and various other natural hazards. We found no 
known kleptoparasite of this species. 
Kapheim et al. (2021) found that microbiome plays an essential role in bee ecology and found a relationship 
between bees and their bacterial symbionts. The other minor pests of alkali bees comprised of flesh fly 
Euphytomina nomiyora, ambush bugs, tiger beetles, checkered flower beetles, chalcid wasps, ants, spiders, 
mites, and cuckoo bees killing larvae and robbing pollen and eggs. Further, large animals like birds, rodents 
and skunks also feed upon both immature and adults.  
Among various pathogens attacking bees, the most important are viruses that attack the developing larvae. 
Further, many pathogens (yeast and molds), Asprgillusflavus, A. tamari, Fusarium Solani, Rhizopus spp. 
are also involved in spoilage of pollen and killing of brood during wet conditions. It was found that unknown 
fungi proliferate within bodies of weak and diseased larvae, and was also present in the faces of healthy 
larvae. Due to fungal infection, the feces pellets join together in particular manner, which is an indirect 
indication of fungal population and presence. 
After hatching of eggs, the newly emerged larvae feed on fungi. The fungi have huge significance in 
completing various life stages of Nomia bees and were especially known to help in reproduction and feeding 
too. We found that mites are associated with Nomia bee species. The mite population is reared in every 
generation of bees, and huge mite population was found. There is difference in rearing of mites among bee 
genders and females were found to host high mite population compared to males. Further, it was also found 
that adult individuals were hosting more mites compared to immature ones. During the provisioning, mites 
enter into cells, and thereby carry out their lifecycle. Almost 60-65% of cells had mites, with a mean count 
of 5.5-5.6 mites/cell. Mite populations reach to highest densities, but did not harm to bees due to their 
fungivorous nature.  
Artificial Nests: Alkali bees have a selective nesting requirement, which means they are very susceptible 
to habitat loss. In horticultural areas the higher honey bee populations had adverse impact on alkali bees, 
especially the densities of alkali bee species have reduced as growers expanded field sizes to take advantage 
of abundant honey bee populations. Further, the plowing up productive nesting areas in the process may 
considerably contribute to bee decline. 
The off-road vehicle traffic, cattle grazing, construction and industrialization have resulted in extensive 
habitat loss. However, artificially constructed soil beds continue to provide some habitat for bees mating 
and nesting.  Bee populations have been compensated by using artificial nesting sites, which consists of an 
excavated trench, having depth of 2.5-3.25 feet from surface, lined of pond layer, black plastic sheet, and 
often a bentonite clay layer. 
The silty load soils are more preferred, with clay content ranging from 7-10%. Once water is added, or 
under raining, the salt content is raised to surface and make a thin film. Salt layer seals the soil surface 
and prevents the moisture loss from artificial soil bed which is very favorable for nesting ecology and 
habituation of bees. Generally, saline soils are most preferred, however if salt content is less, it can be 
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added with water. In most cases salts are added to surface at the rate of 1.0-1.25 pound/sq. foot followed by 
ranking and tilling of upper few inches of surface layer (O and A soil horizon). 

Habitat Management 
Alkali bees have huge foraging ranges, and feed on various plant and herb species in addition to cultivated 
crops. Due to various anthropogenic factors, the alternate food crops have reduced which are very important 
as supplemental food sources once main crop is not in blooming stage. Due to various pressures the forage 
sources have reduced that in other words has resulted into alkali bee population decline in every season. 
Prevention of natural and artificial bee beds, intense grazing, construction, blind and non-target chemical 
sprays, and monoculture of crops must be avoided to preserve the habitat for alkali bees. Maintaince of 
first layer surface vegetation, attractive beds, and low surface moisture level are very helpful in building 
upto of alkali bee populations in orchards. The artificial beds need to be kept plan, pebble free, unsprayed, 
and flooded during the active nesting season. The soils surface with good water retention, capillary action, 
considerable clay and salt content are most preferred and need to be conserved. Further, the hydrology of 
soils worked as controlling factor for bee nesting. 

Behaviour 
Nesting biology and behavior: Nearly 75% of solitary bees nest in soil and spend much of their life cycle 
in soil (Antoine and Forrest 2020). Solitary alkali bees’ nest in salty soils (Figures showing the large 
coverage of a thick salt layer on soil surface in Leh that makes the soil suitable for survival, nesting, egg 
deposition and overwintering), with high densities on surfaces facing sun. Each adult copulated female laid 
an average of 1.25-2.25 eggs per day, spending maximum day time for cell and main tunnel construction. 
During the month of April to May, immediately after emergence, the female begins to excavate soils from 
suitable habitat for constructing nesting galleries. It was found that a female spends almost 8-9 hours of 
day for nest construction during earlier phase of their adult life stage. 
The excuvated soils, dirt, small pebbles are removed with mandibles and tarsi. The soil is turned into small 
pellets, and later heaped and deposited around the mouth of burrow entrance. The main burrow depth 
varies form 13.5-17.33 cm from surface. It was found that burrow depth may be even higher in case of loose 
moist salty soils. The pattern of other burrows and small tunnels varied from horizontal to oblique; 
however, most of secondary tunnels are horizontal in arrangement. Primary, secondary and tertiary 
passages were found. The vertical burrows are short and straight holes called cells crated for oviposition 
and are later filled with dirt and are subsequently lost during off season. Every year the adult female (bee 
population is annual) create new holes for fresh oviposition. 
Oviposition occurred in cells crated during night hours from main burrow. The main vertical burrow is dug 
first, followed by lining on sides increasing fineness of walls but reducing the dimension of cells. The 
secretions from Dufour’s glands are applied on walls making it water proof, harder and prevent the falling 
of soils particles which may block the passage.  
Female start cell provisioning after cell construction, by mixing pollen and nectar to shape it into ball which 
later is placed at posterior side of cell; same were earlier observed by Cane and Love (2021) and Rauf et 
al.(2021). All debris and small particles which halt the way into cell are removed out of tunnel. As soon as 
pollen ball formation is made, the oviposition occurs in late afternoon. 
Egg laying is done on top of the pollen ball and later female seal the cell with a thin cap and did not move 
back for inspection. Till the emergence of new adults from cells, female pays no attention, except if the 
larvae are diseased. In case of disease occurrence in cells, female open the cap and fill the cell with dirt to 
remove the contamination. Three to four days are needed for egg hatching after oviposition. The newly 
hatched larvae start to feed upon the pollen ball, and larvae (pre-pupa) defecate and enter into diapause.  
The hatching period varies from 4-14 days (in wild and desert areas with little harsh climate, low 
temperature etc.), the hatching is prolonged upto 14-15 days. If eggs are laid near summer, the hatching 
period get extended upto 2 weeks and is resumed once soil and air temperature rises. 
Feeding behaviour: For the development of ovaries in females, immediately after emergence the females 
start consuming the pollen mass to start mating. The consumption of pollen remain continuous till mating 
is over and oviposition is done. This overall took almost 2-2.5 weeks. Since solitary alkali bees have large 
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lipid content in eggs and pollen provide added lipids and amino acids for reproduction and egg laying.  
Comparatively, younger females consume large pollen content then aged ones. 
The maximum of pollen consumption occurred in afternoon till evening. However, pollen content collected 
in early of the day was used for larval provisioning. Females usually forage on blossoms which are close to 
nesting habitat, tripping almost 90-95% of flowers visited; increasing her foraging range and later moves 
smaller distances for foraging once she get more aged. Time per visit (30-33 minutes/visit), number of visits 
and per cent visitation reduces with age of female. For each pollen ball to complete, it took nearly 10-14 
trips by bees consuming almost 4.25 to 5 hours per day. 
Mating behavior: The adult alkali bee female emerged from soil bed by digging a vertical burrow to soil 
top surface. The females usually emerge from overwintering cells, and make an exit hole to soil surface 
without disturbing other nesting burrows. The burrows left are filled with loose soil and lack a fresh 
tumulus. Generally, males emerged first by few days; however, emergence remained continue for whole 
season. 
The emerged male individuals start flying above the nesting burrows and beds in search of females. For 
foraging purposes, the males visited various crops near the nesting burrows; however maximum of time 
were consumed in searching of females for mating. After preening and sunning for minutes, wings begin to 
dry and male vibrate and start flight. An earlier flight effort from both sexes lasts for very short time, and 
after many small flight efforts it took long flight lasting for minutes. In the state of low flight and inactivity, 
the females went under mating. 
The time duration consumed for each mating was very short, and more often only a single contact occurs 
during the process. The prepared males grasp the newly emerged females over wings near thorax before 
she raises her wings above the normal wing’s position. During copulations, the male contact with the female 
lasts for few seconds (13-15 s) only, and chances of inserting the genitalia is not always 100% successful 
during flight. Maximum of the copulations observed were performed during the foraging trip. Generally, 
males mate once in life cycle, while as female mates with more than one male during active copulation 
period.  
During the emergence, the maximum proportion (60-63%) of emerged individuals were comprised of 
malesso as to maximize the chances of mating as females have comparatively less active mating cycle. After 
emergence males started patrolling for new emerged females, driven by pheromones that decrease with 
age of female. 

 
Fig-1: Thick deposition of salt crust layer on sandy soil surface in Ladakh Leh, suitable for 

nesting of Alkali bees, as bees select salty soils for nesting, egg deposition and overwintering. 
Further, the site has no chances of water stagnation during winters, that may increase the 

survival of bee immature (egg, larva, pr-pupa, pupa). 
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Fig-2: Soil salt deposition on sloppy soil surface, preferred for nesting, egg deposition and 

overwintering of Alkali bees and other salt loving Arthropods. The site is preferred for 
nesting of bees, as the chances of water stagnations and immature mortality is least. 

 
Fig-3: Deposition of salt on semi-sloppy soil surface in Leh, the site is preferred for salt loving 

bees. The site is preferred for nesting of Alkali bees, as the chances of water stagnations is 
least and survival of bee immatures (egg, larva, pr-pupa, pupa) is higher. 

 
Fig-4: Salt deposition on plan soil surface in Leh. The cracked crust layer of silty soil surface 
showed at beneath a larger thickness of salt deposition. The site is not preferred for nesting 
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of Alkali bees, as the chances of water stagnations is higher that may result into mortality of 
bee immatures (egg, larva, pr-pupa, pupa). 
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Definition 
Bio fertilizers are preparations containing micro-organisms, with capability of mobilizing nutritive 
elements from non-usable form to usable form through biological processes. 

Introduction 
1. Biofertilizer term refers to substances containing effective strains of living microorganisms such as fungi, 
algae, bacteria that can expedite soil microbial activities to enhance the active supply of nutrients in a way 
that plants can easily incorporate.  
2. Inorganic fertilizers indeed played a significant role in enhancing agricultural productivity, but they 
overstretched the use of renewable sources. Although, farmers are still applying over dosage of chemical 
fertilizers in lieu of high production nevertheless their excess has cost us soil contamination, soil toxicity, 
water table contamination etc. causing environmental pollution (Mahdi et al., 2010) as well as causing 
several types of cancers and cardiovascular disease in humans (Engel et al., 2000).  
3. Among agricultural   crops, vegetable crops being short-duration, flexible provided with high productivity 
accompanying health benefits plays a significant   role   in   food   trade especially in India.  
4. Vegetables are important for human nutrition in terms of bioactive nutrient molecules   such as dietary 
fibre vitamins and minerals, and non-nutritive phytochemicals (phenolic compounds, flavonoids, bioactive 
peptides, etc.) 
5. They are packed with vitamins (C, A, B1, B6, B9, E) and anti-oxidants which can help in growth, 
repairing of body cells and reduce risk of dreadful diseases like cancers.  
6. These nutrient and non-nutrient molecules reduce the risk of chronic diseases such as cardiovascular 
diseases, diabetes, certain cancers and obesity (Pennington et al., 2009; Malaterreb et al., 2018) 
7. Biofertilizers are the essential component of organic farming as they help in maintaining soil fertility for 
longer time period.  
8. The microbes present in these fertilizers provide nutrient to plants by using different mechanism and 
also encourage immunity of plants to protect their selves from the attack of diseases and pests as well as 
abiotic stresses. 

Importance of Bio Fertilizer 
Biofertilizers add nutrients through the natural processes of nitrogen fixation, solubilizing phosphorus and 
stimulating plant growth through the synthesis of growth promoting substances. Some bio fertilizers are 
viz. symbiotic nitrogen fixing biofertilizers, free-living biofertilizers, associative symbiotic nitrogen fixing 
biofertilizers etc. Biofertilizers can be applied directly to the crop or also with the combination of chemical 
fertilizers and have different mode of action.  
Benefits: 

a. Average increase crop yields by 20-30% 
b. Replace chemical nitrogen and phosphorous by 25% 
c. Stimulate plant growth 
d. Activate the soil biologically 
e. Restore natural soil fertility. 

How do these Fertilizers Work? 
1. These microbial cultures fix atmospheric nitrogen in the soil and root nodules of legume crop and make 
it available to the plants. 
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2. Solubulize the insoluble forms of phosphates like tricalcium, iron and aluminium phosphate into 
available form. 
3. Produce hormones, vitamins and other growth factors required for plant growth. 
4. These are called biological instruments and play a very significant role in the augmenting of the 
productivity. 
5. They scavenge phosphate from soil layers. 
6. Decompose organic matter and help in soil mineralization. 

Advantages 
1. Less expensive. 
2. Make soil more productive 
3. Eco-friendly and sustainable 
4. Reduces the cost towards fertilizers use, especially regarding nitrogen and phosphorus. 
5. They do not require non-renewable source of energy for their production. 
For vegetables Azotobacter and phosphate solubilizes are commonly used bio-fertilizers. 

Azotobacter Bio-Fertilizers 
1. Azotobacter is free-living nitrogen-fixing bacteria, fixing nitrogen equivalent to 25-30kg N/ha. 
2. It also produces hormones like Indole Acetic Acid (IAA) and Gibberellins. 
3. Vitamins like biotin, folic acid and different B-group are also produced. 
4. The application of Azotobacter, supported by judicious use of organic matter, ensures good seed 
germination, increasing productivity. 

Phosphate-Solubilizing Bio-Fertilizers 
1. These bio-fertilizers play a significant role in solubilizing insoluble phosphate. 
2. Around 95-99% of the total soil phosphorus is insoluble which is directly not available to plants. 
3. The P-solubilizers containing bacteria or fungi may convert isolable form of phosphate to soluble form 
by producing organic acids in general. 
4. About 15-25% of insoluble phosphate can be solubilized, saving chemical fertilizers significantly. 
5. Important micro-organisms are: 

a. Bacillus polymyxa,      
b. Aspergillus awamori, 
c. Penicillium digitatum etc. 

The Regional Biofertilizers Development Centre, Nagpur, conducted experiments at    farmers' fields 
during 1997-98. Table 1, given below shows the increase in yield by application of bio-fertilizers in 
vegetables: 
Table1: Yield increase in vegetables at farmers’ fields at different locations: 
Place Treatment Crops Yield Increase in yield 

over untreated 
(%) 

Umri 
Nagpur 

Azotobacter Okra 24.8 26.0 8.3 

Ambada 
Narkhed 

PSM Brinjal 125.0 137.5 10.0 

Tivara 
Amravati 

Azotobacter Brinjal 190.0 220.0 15.8 

Nagapur 
Sweagram 

Azotobacter Chilli 14.5 16.0 10.3 

Bopapur 
Nagpur 

PSM Cauliflower 34.0 36.5 7.35 

Chikhali 
Katol 

Azotobacter Cauliflower 32.5 34.5 6.2 
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Chicholi 
Parshivani 

Azotobacter Okra 23.4 25.5 8.97 

How to Apply Bio-Fertilizers in Vegetables 
There are 4 methods for applying bio-fertilizers in vegetables: 
1. Seed treatment, 
2. Cut piece/set treatment 
3. Seedling treatment. 
4. Soil application. 
Seed Treatment: 

a. About 200g of bio-fertilizers is required to treat 10-14 kg of seed. 
b. Suspend one packet of 200g in approximately 400ml water and mix it thoroughly. 
c. Pour this mixture on seeds and mix with hands to obtain uniform coating on each and every seed. 
d. Spread the seeds in shade for drying for 10-15 minutes then sow them immediately. 

Cutting/Set treatment: 
a. Prepare a culture suspension by mixing 1 kg of culture in 50-60 litres water. 
b. The cut pieces of planting material required for 1 acre are kept immersed in the suspension for 
10-15 minutes. 
c. Then bring out these cut pieces and allow to dry for sometimes before planting. C 
d. Cut pieces method is applicable for crops like potato. 

Seedling treatment: 
a. Seedling treatment is recommended for tomato, chilli, onion etc. 
b. Prepare the suspension by mixing 1 kg of culture in 10-15 litres of water. 
c. Get seedlings required for 1 acre and make small bundles of seedlings. 
d. Dip the seedlings in the suspension for 15-20 minutes. 
e. Transplant these immediately. 
f. Generally the ratio of inoculants and water should be 1:10 approximately, i.e., 1 kg packet in 10 
litres of water. 

Soil Application: 
a. Prepare the mixture of 2-3 kg of bio-fertilizer in 40-60 kg of soil/compost. 
b. Broadcast the mixture in one acre of land either at sowing time or 24 hr before sowing. The 
application of phosphate-solubilizers is very common. 
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Introduction 
The curry leaf tree (Murraya koenigii) is grown for its aromatic leaves, which are being inevitable 
ingredients in Indian dishes. There are very few pests attacking this tree leaves which is the economic part 
being utilized in culinary purpose. Few major pests are being dealt hereunder to manage properly. 

Citrus Psylla, Diaphorina citri (Psyllidae: Hemiptera) 
Distribution: India, China, Japan, Burma, Sri Lanka. Host plant: Citrus, curry leaf, Ornamental plants. 
Nature of damage: The nymphs and adults suck sap of the fresh leaves and tender parts of the plants and 
thus vitality of infested plants in reduced, giving them a sickly appearance. Nymphs secretes drops of sweet 
thick fluid on which a black fungus develops.  
Description and life history: Adult is brown with its head lighter brown and pointed. The wings are 
membraneous semitransparent with a brown band in the apical half of the forewings. The hind wings are 
shorter and thinner than forewings. The nymphs are flat, louse like and orange-yellow and congregated 
large numbers on young leaves and buds. A female lays 500, almond-shape, orange and stalked eggs on 
tender leaves and shoots. Egg period 4 -5 days in summer and 10-20 days in winter. Nymphal period is 10-
11 days in summer and 34 - 36 days in winter. Adult longevity is 12 -26 days in summer and 190 days in 
winter. Total life cycle is 14 -17 days in summer.  
Management: 

a. Proper pruning of the undesirable portions of curry leaf plants.
b. Spray NSKE 5% 3. Spray insecticide dimethoate / Imidacloprid and give a waiting period of
minimum one week. 

Citrus Butterfly, Papilio demoleus (Papilionidae: Lepidoptera) 
Distribution: Asian countries, Australia Nature of damage: Larva defoliates tender leaves Host: Curry 
leaf, ber, citrus, wood apple and other rutaceous plants. Description and life history:  Young larva resembles 
bird droppings. Grown up larva is cylindrical stout and green with brown lateral oblique bands. Adults are 
dark brown with numerous pale-yellow markings. P. polytes are black butterfly with white markings. The 
female lays 183 eggs singly on tender leaves. Egg, larval and pupal periods last for 4, 1321 and 8 – 16 days. 
Management: 

a. Hand collection and destruction of caterpillars.
b. Spray cartap hydrochloride 1.5 gm /lit (or) phosalone 2ml /lit.

Shoot and Bark Caterpillar, Indarbela tetraonis (Metarbelidae: Lepidoptera) 
Distribution: India, Bangladesh, Burma, Sri Lanka.  
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Nature of damage: The larva makes zigzag galleries in tender shoots causing wilting of the shoot. It 
remains in small tunnel concealed in silken webbed masses comprising of charred material and excreta at 
the axils of branches and feed on the bark by scraping. Host: Citrus, Mango, Guava, Jasmin, mulberry, 
drumstick, litchi, amla, pomegranate.  
Description and life history: The pale brown moth has wary grey markings on the wings. The female 
oviposits under loose barks of trees. The full-grown caterpillar is pale brown with a dark head. Pupation 
takes place inside the bore hole.  
Management: Removal of frassy galleries on the trunk and injection of monocrotophos 10 ml into the bore 
hole and close the hole air tight with mud. 

Leaf Roller, Psorostichia (Tinica) zizyphi (Oecophoridae: Lepidoptera) 
Yellowish green caterpillar with black head rolls the leaves and feed on green matter. Adults are small 
brown moths.  
Management: Spray monocrotophos 1.25 ml/lit. 

Citrus Black Fly, Aleurocanthus woglumi (Aleyrodidae: Hemiptera) 
Nymphs and adults infest tender shoot and leaves causing drying of tender shoots.  
Description and life history: Adult fly is dark orange with smoky wings and fore wings having whitish 
areas. Egg and nymphal periods last for 7 to 14 and 38 – 60 days respectively. 

Conclusion 
An integrated approach of controlling these pests is the need of the hour to avoid pesticide residue problems 
since curry leaves are being utilized for aroma and taste in culinary purposes. 
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Panchagavya, an organic product, has the ability to help plants develop and thrive by stimulating growth 
and providing immunity. Cow dung, cow urine, milk, curd, jaggery, ghee, banana, tender coconut, and 
water are among the nine products that make up Panchagavya. These have remarkable powers when 
properly blended and applied. 
Constituents of panchgqvya can be Cow Urine, Water, Cow milk, Cow curd, Jaggery etc. Or any natural 
product having property to support plant and microbial growth along with supply of nutrients. 
Panchagavya has practically all of the key minerals, micronutrients, and growth harmones (IAA & GA) 
essential for crop growth, according to physico-chemical characteristics. 
The predominance of fermentative microorganisms such as yeast and lactobacillus could be owing to a 
combination of low pH, milk products, and the addition of jaggery/sugarcane juice as a growth substrate. 
The synthesis of organic acids by the fermentative microorganisms was responsible for the low pH of the 
medium, as demonstrated by population dynamics and organic detection in GC analysis. 
Lactobacillus produces a variety of helpful metabolites, including organic acids, hydrogen peroxide, and 
antibiotics, all of which are powerful against other pathogenic microbes. The following fatty acids, alkanes, 
alconols, and alcohols were discovered using GC-MS. 

Effect of Panchagavya 
Plants that have been treated with Panchagavya produce larger leaves and a denser canopy. The 
photosynthetic system is turned on to boost biological efficiency and allow for the production of more 
metabolites and photosynthates. Side shoots are produced by the trunk and are strong and capable of 
carrying the maximum number of fruits to maturity. The amount of branching is relatively considerable. 
There is a lot of rooting going on application of Panchgaavya. Furthermore, they sustain for a long period. 
The roots were also seen spreading and growing into deeper strata. All of these root’s aid in nutrition and 
water absorption. 
When land is converted to organic farming from inorganic systems of culture, there will be a yield 
depression under normal conditions. Panchagavya's main feature is its ability to restore all crop yields 
when the land is transformed from an inorganic to an organic cultural system from the first year. In all 
crops, the harvest has been moved up 15 days. 
It improves the taste as well as the shelf life of vegetables, fruits, and cereals. Panchagavya ensures a 
larger profit margin and frees organic farmers from debt by lowering or substituting costly chemical inputs. 
Hardiness to Drought- Water evaporation is reduced by forming a thin oily layer on the leaves and stems. 
The roots that have grown deep and wide.  

Animal Health Panchagavya 
Panchagavya is a living elixir that contains a variety of microorganisms, bacteria, fungus, proteins, carbs, 
lipids, amino acids, vitamins, enzymes, known and undiscovered growth promoting agents, micronutrients, 
trace elements, antioxidants, and immunity boosting components. 
The living microorganisms in the Panchagavya stimulate the immune system and develop a large number 
of antibodies against the ingested microorganisms when eaten orally by animals and humans. It has the 
same effect as a vaccination. 
This biological response boosts immunity in both animals and humans, helping to avoid illness and heal 
disease. It restores youthfulness and slows down the ageing process. 



 

 
Volume 4 - Issue 03 - March 2022       324 | P a g e  
 

The other ingredients in Panchagavya help with appetite, digestion, assimilation, and toxin disposal in the 
body. Constipation is no longer a problem. Thus, the animals and humans become hale and healthy with 
shining hair and skin. The weight gains are impressive. 

Source 
Selvaraj, N., B. Anitha, B. Anusha and M. Guru Saraswathi. 2007. Organic Horticulture. Horticultural 
Research Station, Tamil Nadu Agricultural University, Udhagamandalam-643 001.  
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Agrivoltaic or agrophotovoltaic (APV) system is the association of food production as well as energy 
production on the same piece of land. 

Agrivoltaic Opportunities 
Land use efficiency: Conventional photovoltaic projects tend to have a serious land use conflict issue 
with agricultural farmland in that solar farms require huge land areas to install PV panels (Premier, 2021). 
Solar plants using PV panels will therefore compete with agriculture for land. So that combination of solar 
panels and food crops on the same land unit may maximize the land use. New solar plants may therefore 
combine electricity production and food production, especially in countries where cropping land is scarce. 

 
Based on the potato yield, that potato has been cultivated Germany in 2018. The land use 

efficiency rose to 186 % per hectare with agrivoltaic system compared to conventional 
photovoltaic system (Fraunhofer ISE, 2020). 

Water use efficiency: Shading by the panel provides multiple additive and synergistic benefits, including 
reduced plant drought stress and greater food production (Premier, 2021). Area under PV panels 
maintained higher soil moisture throughout the period of observation. A significant increase in late season 
biomass was also observed for areas under the PV panels (90 % more biomass) and area under PV panels 
were significantly more water use efficiency (328 % more efficient) (Hassanpour et al., 2018). 

Methods of Agrivoltaic System 
There are three basic types of Agrivoltaics: 
1. Using the space between photovoltaic panels for crops: In this crop are cultivated by using the 
space between the photovoltaic panels. It was proposed in the early 1980. 

2. Green house solar array: In which part of its transparent covering is replaced by PV modules. In this 
there are two basic types of PV systems are present 1. Baterries or inverter 2. Grid. 
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1. Batteries or inverter: it is a device that converts direct current (DC) electricity which is generated by 
solar panels to alternating current (AC) electricity. 
2. Grid: When excess power is being generated in batteries, the grid absorbs this. At night when there is 
no generation, the grid supplies the needed power. This is net metering mechanism which allows excess of 
generated power in batteries to utility power grid. 

 
Process of power generation 

3. Stilt mounted pv modules: Stilt-mounted agrivoltaic system is originally invented in 2004. The 
structure is made of pipes and rows of PV panels mounted above the ground and arranged at certain 
intervals to allow enough sunlight for photosynthesis to penetrate to the ground. Moreover, the structure 
has no concrete footing, so it can be easily dismantled. 

Configuration of Agrivoltaic System 
There are different configurations of agrivoltaic devices. 
1. Orientation of solar panels in the south for fixed or east-west panels for panels rotating on an axis. 
2. Sufficient spacing between solar panels for sufficient light transmission to ground crops. 
3. Elevation of the supporting structure of the solar panels to homogenize the amounts of radiation on the 
ground. 

Advantages of Agrivoltaic System 
1. Electricity and shade-resistant crop production 
2. Beneficial for summer crops for the microclimate they create and the side effect of heat and water flow 
may control 
3. Adaptation of crops against climate change and natural disaster 
4. Recycling of harvested rainwater for cleaning PV modules and irrigating crops 
5. Reduction in soil erosion by wind and dust load on PV panel. 
6. Reduction in greenhouse gas emission (598.6 tons of CO2 savings/year/ha). 
7. Diversification of farmer’s income. 

Disadvantages of Agrivoltaics 
1. Shade resistant crops are not typically grown in industrial agricultural systems. 
2. Non mature technology 
3. Less efficiency for crop yield and energy production 
4. Technical constraints for farmers and for the exploitation of the PV farm. 
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Conclusion 
The agrivoltaic system is the best solution to the intense competition for the lands between food and 
renewable energy production through efficient use of solar radiation in the long run. Land use pattern and 
efficient use of land and natural resources need to map with reference to climatic conditions, agricultural 
potential and availability of natural resources to facilitate local or regional policies for agricultural 
practices under solar plant. Agrivoltaics system is proving to be financially fruitful and stress-free 
mechanism for the farmers. 
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Water is a valuable natural resource. The alarming rate of greenhouse effect due to global warming has 
increased the drought condition and water scarcity in arid and sub-tropical tracts of the world. Due to 
growing population and their unlimited demand for fresh water, globally the fresh water is expected to 
become more stressed in future decades (Gleick, 1998). 
Conserving water is a critical societal issue especially in arid and semi-arid regions across the world. The 
major goal of present-day agriculture is to maximize land and water productivity without threatening 
environment and natural resources of the country. 
To combat the water shortage problem, possible remedies like water conservation and water reuse are 
given prime focus all over the world. The struggle to balance water use among domestic, industrial and 
agricultural users has led to the need to find and use alternative irrigation water resources. Rapid growth 
of urban population and industrialization resulted in generation of huge quantities of wastewater 
perennially. 
Wastewater reuse, in particular, has been given greater considerations in light of increasing world 
population and fresh water shortages especially in the agricultural community (Abderrahman and 
Shahalam, 1991).  
Wastewater rich in organic materials and plant nutrients is finding agricultural use as a cheap way of 
disposal. Irrigation with reused water (treated sewage effluent) has been demonstrated to provide many 
benefits such as reduced pollution in freshwater rivers and lakes and increased availability of plant 
nutrients (nitrogen) (Fitzpatrick et al, 1986; Hayes et al, 1990). Wastewater induced improvements in soil 
fertility status and nutrient uptake have been reported widely. The added organic matter through 
wastewater irrigation is also presumed to influence soil microbial activity, carbon biomass and enzymatic 
activities in soil (Lal et al, 2015). 
Proper irrigation of annual and perennial plants is important for sustainable health, growth and aesthetics 
in the landscapes. As the high-quality irrigation is a limiting factor in urban areas in arid environment, 
new ornamental plants which thrive in low quality irrigation water has to be developed for landscapes. 
Sustainable management of water for irrigation is required and more plants should be screened which can 
tolerate hardy conditions like salinity which is a major component in effluent irrigation. As more poor-
quality water is used for landscape irrigation, demand for salt tolerant landscape plants has increased in 
arid and semi-arid regions.  
Among the different garden plants ‘Foliage plants’ are interesting group of ornamentals usually grown as 
pot plants or ornamental plants for centuries. The majority of the plants used for interior decoration are 
considered “foliage plants” because of the highly decorative value of their leaves. They constitute roughly 
80% of the total value of ornamental products traded domestically. This group consists of mainly of 
herbaceous plants and the juvenile forms of certain shrubs and trees and of fresh cut foliages for flower 
arrangements. Most of them are originated in tropical and subtropical areas of the world and are adapted 
to low light levels, making them a natural choice for interior environments. The impact of saline water and 
subsequent salinization of root zones are of great importance in production of containerized plants.  
Several studies have shown that nutrients in recycled water or wastewater can positively affect plant 
growth (Hasek et al, 1986; Lesikar et al, 1998). Conversely, only a limited number of research projects have 
examined the effect of wastewater on the growth of container grown foliage plant species. So far, there has 
been no experimental information showing to what extent the ions in wastewater affects the growth of pot 
grown foliage plants. While the results published earlier are differing probably due to the source of 
wastewater, cultivation techniques, difference in response of plant species and environment. 
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Greenhouse gases (GHG’s) are a major concern at global level from environmental point of view and 
livestock contribute a significant amount via enteric methane production to GHG’s, so it becomes essential 
to device strategies to mitigate methane emissions by livestock, as it has 21 times global warming potential 
compared to carbon dioxide. Nutritional benefits from ruminants are pronounced as they have the ability 
to convert fibre- dense forages that are indigestible to humans into high quality bioavailable nutrient 
sources. In fact, 86% of the feed consumed by livestock worldwide is not considered edible for human 
consumption (Mottet et al. 2017). However, enteric CH4 emission is produced as a result of microbial 
fermentation of feed components by methanogenic bacteria and protozoa predominantly in the rumen 
(87%). Also, approximately 5.5 to 6.5% of raw energy ingested is converted to methane (Johnson and Ward, 
1996).   
Bacteria, protozoa and fungi convert complex carbohydrates, starch and protein into sugars and amino 
acids which are then converted into volatile fatty acids, H2 and CO2. Although H2 is the major end product 
in the rumen as a result of fermentation but it does not accumulate as methanogens use carbon sources 
like carbon dioxide (CO2), formate and methyl groups together with H2 to form CH4. Removal/ utilization 
of H2 is essential to prevent its accumulation in rumen to prevent creation of unfavorable environment for 
fermentation. The molar percentage of volatile fatty acids (VFA’s) influences the production of CH4 
production by inhibiting reoxidation of reduced enzymatic co-factors (NADH, NADPH and FADH). VFA’s 
such as acetate and butyrate production results in CH4 production, while as propionate formation serves 
as a competitive pathway for H2 use in the rumen. A reduction of enteric methane production without 
compromising animal productivity is thus desired to mitigate greenhouse gas emissions and improve 
ruminant feed conversion efficiency. 

Methane Mitigation Strategies 
Various methane mitigation strategies are enlisted below. 
1. Concentrates: Compared to forage-based diets, concentrate based diets are associated with lower CH4 
yield (g/kg DMI; Johnson and Johnson, 1995) because fermentation of starch in concentrate results in more 
propionate and butyrate than cellulose in forage and thus competes with methanogenesis for [H]. Moreover, 
it leads to fall of pH which is decreases the growth of protozoa and thus associated methanogens, but its 
increase has to be well balanced as higher concentrate diet can lead to ruminal acidosis and offset fibre 
digestion. 
2. Type of Forage: Methane emission (g/kg dry matter ingested) is influenced by the type of forage the 
animal has been ingesting. Methane production increases with increased plant maturity. Usually, animals 
fed legumes have less methane emissions than animals fed grasses. The lower CH4 loss observed with 
legumes compared to grasses can be attributed to the lower proportion of structural carbohydrates in 
legumes and faster rate of passage, which shift the fermentation pattern towards higher propionate 
production (Johnson and Johnson 1995). 
3. Lipids: Numerous studies have shown that low levels of lipid supplementation of diets (<4% of dietary 
DMI) can decrease CH4 production (by up to 20%, although results are variable). It has been found that 
medium chain fatty acids or oils and poly unsaturated fatty acids decrease methane production but DMI 
and milk components get compromised if added above recommended levels.  Dietary lipids modify the 
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rumen environment in several ways, including (i). Toxic characteristics on methanogens and protozoa (ii). 
Hydrogenation of unsaturated fatty acids (alternative H2 sink) and (iii). Shifts to propionic production, 
leading to reduction of enteric CH4 production (Johnson and Johnson 1995; Beauchemin et al. 2008). 
4. Ionophores: Ionophores are antimicrobials which have ability to reduce CH4 production in ruminants. 
Being classified as antibiotics they are banned for such purposes in many countries due to apprehension of 
antibiotic resistance.  
5. Organic acids: Since organic acids such as malate, fumarate etc are precursors of propionate which is 
an alternative H2 sink, hence they have been found to be effective against CH4 production but being 
expensive is the hindrance in their commercial application. However, forages can be provided as a source 
of dicarboxylic acid.  
6. Nitrates: Supplementing nitrate (NO3) to ruminants has been shown to decrease methane production 
(Zijderveld van et al., 2011). Nitrate has a greater affinity for H2 than does CO2 and so, when nitrate is 
present in the rumen; nitrite and ammonia formation is favoured over methane production. Nitrate can 
achieve over 20% mitigation, but risks of animal toxicity need to be managed as it leads to formation of 
methaemoglobin which has less oxygen carrying capacity. 
7. Biochar: Organic matter that has undergone pyrolysis, commonly known as biochar, has a wide range 
of impacts on livestock systems due to its unique characteristics. Biochar may provide a habitat for 
methanogens or possibly absorb gases when consumed due to its porous nature, but the mechanisms of 
action for CH4 mitigation in cattle are not well understood. Rice husks sourced for biochar and fed at an 
inclusion rate of 6 g/kg DM reduced CH4 production by 22%, increased liveweight gain by 25%, and had no 
impact on DMI over a 98-day period (Leng et al. 2012). 
8. Tannins: Tannins are polyphenolic substances with varied molecular weight and complexity and are 
classified as either hydrolysable or condensed. Antimethanogenic activity of tannins found in plants has 
been associated with condensed tannins. The CH4 mitigation mechanisms of tannins are not well 
understood but may be due to a combination of factors, including a reduction in fibre digestibility (decrease 
in H2 production) or a direct inhibition of methanogens (Tavendale et al. 2005). 
9. Saponins: Saponins are glucosides with a direct effect on rumen microorganisms. They have been 
studied for their capacity to alter rumen fermentation by reducing protozoal communities, thus lowering 
H2 availability and the production of CH4 (Hess et al. 2003). However, saponins are bitter and reduce the 
palatability of livestock feeds and higher concentrations of saponins have been linked to bloat through 
foaming properties. 
10. Essential oils: Essential oils are secondary metabolites responsible for the smell and color of some 
plants. Some molecules present in essential oils have antimicrobial activities that act on gram-positive and 
gram-negative bacteria. Many EO’s have a high affinity for lipid and bacterial membranes, leading to 
disruption, but the broad antimicrobial effect is likely to be due to a combination of mechanisms (Helander 
et al. 1998). Inclusion of EO’s in livestock diets has not rendered any safety concerns for animal husbandry 
or consumption of subsequent products There is an increasing interest in exploiting natural products as 
feed additives to manipulate enteric fermentation and possibly reduce CH4 emissions from livestock 
production. 
Other new potential mitigation options are use of probiotics, bacteriocins, bacteriophages, vaccines etc. 
Probiotics favor lactic acid utilizing bacteria and reduce lactic acid accumulation thus favoring cellulolytic 
bacteria. Bacteriocins are bacteriocidal compounds that are peptide or protein in nature. These are 
produced by bacteria and are typically considered to be narrow spectrum antibiotics.  Some bacteriocins 
(nisin and bovicin) are known to reduce CH4 production. Bacteriophages (archaeal viruses) are obligate 
pathogens that can infect and lyse bacteria and methanogens. Vaccination of animals induces production 
of saliva antibodies that are released in the rumen to neutralize methanogen effects or reduce methane 
emissions. However, a lot of research is yet to be done in this regard. 
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Bumble bees are of major importance, ecologically and economically as pollinators in cool and temperate 
biomes and as model organisms for scientific research. They are easy to rear in the laboratory and have 
long been used to study ecological principles, social behavior, optimal foraging strategies, host-parasite 
interactions and pollination. Approximately 250 bumble bee species are confined to temperate, alpine and 
arctic zones of the Northern Hemisphere and show a primitively eusocial colony organization with 
overlapping generations and reproductive division of labor. Colonies of these species last for less than a 
year, and only fertilized queens survive the winter. They emerge from hibernation in spring and establish 
monogynous colonies. Depending on the species, one or more broods of workers are reared during the 
summer, followed by the production of reproductive that leave their colony to mate and then hibernate. 

Biology 
A bumble bee produces a nest, rather than a true hive, but we will refer to them as hives for the sake of 
convenience. A honeybee hive in the wild can survive for many years, while a bumble bee hive is an annual 
event with only young and freshly mated queens surviving through the winter in their native distribution. 
Bumble bees develop their hive from a single mated queen. In spring, a young mated bumblebee queen 
emerges from an overwintering hole, where she has been hibernating. She will spend some time searching 
around for a suitable site to establish her new hive. In the wild this might be an abandoned rodent hole, or 
a dense low shrub. Once she has found the hive site, inside it she builds a small honey pot out of wax, which 
she exudes from between segments of her abdomen. She visits flowers to collects nectar to fill the honey 
pot, and collect pollen to make small balls (mixed with nectar) as a food store for her young. She lays a 
group of fertilized eggs on the pollen balls, which she will brood over to keep warm, much like a bird would. 
The underside of her thorax is hairless, which enables her to efficiently transmit body heat to the young. 
She maintains the hive’s heat at around 30˚C. During this time, she still makes short trips outside to 
continue to collect pollen and nectar. Once the eggs have hatched the larvae eat the pollen balls provided. 
Pollen is high in protein, which is necessary for the larvae to grow and develop. After a period, the larvae 
stop feeding and pupate. Approximately 2 weeks later, the adult worker emerges. After a few days workers 
take over the brooding and eventually the foraging duties from the queen, who focuses on laying more 
worker eggs. She will stay within the hive from now on. The hive continues to develop, and can vary in size 
from 80 to 400 individuals at its peak. Initial workers are small, but future adults will increase in size as 
the hive becomes stronger and more resources can be devoted to their development. 
At some point the hive will start generating gynes (unmated queens), after mating it will become the 
following year’s queens. The gynes, like the workers are born from a fertilized egg. It is thought that the 
queen prevents the early production of gynes by releasing a pheromone, which she subsequently stops. 
Gynes are fed more during the larval stage to assist their development and give them their increased size. 
At roughly the same time the queen and possibly some dominant workers will lay unfertilized eggs, which 
will develop into smaller males. Bumble bees have a haplodiploid sex-determination. Males do not collect 
pollen for the hive, and quickly leave to find a gyne to mate with. Gynes will also leave the hive to mate, 
but will return to build up fat reserves necessary to survive the winter. Finally, the young queens leave the 
hive to find suitable over-wintering holes, and the cycle begins again the coming spring. 

Caste Determination in Bumble Bees 
In bumble bees, as in other hymenoptera, fertilized eggs can develop into either a worker or a queen. Caste 
determination in bumble bees was investigated in greater detail solely in pollen storing species, such as 
Bombus terrestris and B. hypnorum where food is stored in storage pots and fed directly to the larvae by 
the workers. In these cases, larvae can develop as queens only if they receive a sufficient amount of food. 
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In addition, the egg-laying queen of B. terrestris apparently inhibits queen development of young larvae 
during the early phase of the colony cycle. B. terrestris larvae that were exposed to a queen during the first 
days of their development did not become queens, even if provided with extra food. The inhibitory effect of 
the queen ceases as the colony develops, and toward the end of its cycle new queens are produced along 
with males. The chemical structure of the pheromone that inhibits queen development in larvae has not 
yet been identified, although its existence has been clearly demonstrated in behavioral experiments. In 
addition, it remains unclear how the queen’s primer pheromone that determines caste in her female 
offspring is transmitted from adult bees to larvae (Lopez et al., 2007). 

Control of Worker Reproduction 
Colony development in bumble bees is characterized by two distinct social phases. Usually in the spring, a 
single, monandrous queen finds a new colony. At the beginning of the colonial cycle, she was the only egg-
laying female and produced several batches of workers. After some time, colony development reaches a 
switch point at which the queen starts to produce males and new gynes (Duchateau and Velthuis 1988). 
The actual period of time that elapses from colony foundation to the switch point apparently influences the 
sex ratio of the progeny at least in B. terrestris whereas early-switching colonies produce mostly males, late 
switchers produce mostly queens. In the subsequent competition phase, workers also start to reproduce. 
Because workers are unmated, they lay only haploid eggs, thus producing males. In this final phase of 
colony development antagonistic interactions and oophagy by both the workers and the queen occur. 
In B. terrestris, both physical interactions and queen pheromones delay ovarian development in young 
workers and egg-laying in older workers in pre competition phase colonies. The same queen pheromone 
seems to inhibit queen rearing. Because extracts of mandibular glands as well as extracts of whole bodies 
showed an inhibitory effect on worker reproduction, the pheromone was suggested to be produced in the 
mandibular glands and spread over the queen’s body surface by self-grooming. 

Fertility Signals 
In all eusocial hymenoptera, control of the queen over workers is probably inseparable from the mechanism 
of queen recognition. Fertility signals that are produced mainly by the queen but also by egg-laying workers 
have been chemically identified for many groups of social insects. Fertility signals in bumble bees were 
found first in B. hypnorum and more recently in B. terrestris. In both species, the dominant workers which 
are characterized by their behavior and developed ovaries possess higher amounts of volatiles on their 
cuticle with specific odor bouquets. In B. terrestris, both egg-laying queens and workers produce higher 
amounts of wax-type esters that may act as fertility signals. A series of octyl esters is produced only in 
sterile workers and are assumed to play a role in proper colony functioning, brood care and avoidance of 
conflicts among workers during the competition phase. 

Parental Care in Bumble Bee 
Mass provisioning means food for the entire larval development is provided at once, it is observed in 
stingless bees. In species like the honey bee, social wasps and ants the larvae are fed by progressive 
provisioning the workers must regularly provide the larvae with food. This seems to give workers control 
over larval development by imposing the feeding regime upon these larvae. 
In bumblebees both types of food provision are present. ‘Pocket-makers’ (e.g., B. pascuorum, B. hortorum, 
B. diversus) store pollen in separate pockets underneath brood clumps creating a continuous food supply 
on which the larvae can feed directly. ‘Pollen-storers’ (e.g., B. terrestris, B. hypnorum, B. terricola) 
accumulate nectar and pollen in empty cocoons and specialized storage cells. These larvae depend on the 
workers to feed them progressively by regurgitating a mixture of nectar, pollen and glandular secretions 
(Pereboom, 2000). Each larva is thus fed individually and the frequency of feedings is related to the 
progress in larval development. 

Foraging 
The use of chemical signals in food collection is a widespread phenomenon among bumble bees. Sydney 
during 1981 have found that the bumble bee (Bornbus vosnesenskii) leaves odors on rewarding flower 
models and thereby can distinguish these from non-rewarding models.  
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Foraging bumblebees (Bombus vosnesenskii) deposit a substance on rewarding flowers which assists in 
discrimination between rewarding and nonrewarding flowers in a controlled laboratory environment. 
Discrimination occurs while the bee is on a flower workers probe rewarding flowers as well as empty ones 
that have rewarded in the recent past but they do not probe flowers that have had no reward. While coming 
back to the nest bumble bees use footprints and nesting material to recognize their nest. 

Conclusion 
Bumble bees are model organisms to study aspects of regulation of reproduction. The chemical ecology of 
interactions between bumble bees and their social parasites is a promising field for research, the study of 
chemical mimicry may help identify basic mechanisms of chemical communication. 
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Abstract 
This article describes method for manufacturing homemade fertilizer using the household kitchen wastes. 
The fertilizer so made will be affordable and also help in controlling the biodegradable house hold waste. 
The basic requirement for the manufacturing of this fertilizer is biodegradable kitchen material which is 
actually considered as waste. The high nutrition value of organic bio products enhances the quality of the 
soil. Being liquid, it will spread into the soil at a faster rate and no special time will be needed for spreading 
this type of fertilizer as it can be sprayed with water. 

Introduction 
Management techniques of agricultural production are nowadays focused on a greater commitment to 
environmental sustainability. On this way, organic agriculture, accepted by the EU and the FAO as an 
alternative system to conventional agriculture, appears to be an environmentally friendly growing system 
since mineral fertilizers abuse and misuse are responsible for health problems and environmental 
pollution. 
Many organic farmers are trying to find natural ways to improve soil structure and fertility. Homemade 
organic liquid fertilizers, when manufactured properly, can be just as effective as commercially produced 
liquid fertilizers. 
Organic liquid fertilizers are available in a variety of forms. For instance, compost tea is a potent fertilizer, 
while coffee grounds are supposed to supply enough nitrogen to plants. Kitchen trash is used to make a 
large percentage of organic fertilizers. 
However, rather of throwing things out, there are many more things that can be converted into effective 
fertilizer for use in an organic garden. To use the waste to generate a special substance that is liquid 
fertilizer which can replace maximum amount of chemicals. 
The basic concept of this article is just to give pollution less alternative with maximum number of 
advantages. One of them is that the fertilizer made is in liquid state and thus can spread earlier as 
compared to solid fertilizers used now a day. 

 

Procedure 
Eggshell Fertilizer: Eggshells are rich in calcium and contain a small percentage of potassium. Crush 
them, put in a mason jar, and fill it with water. Let it sit for a week and use the water on your plants. It is 
ideal for tomatoes and houseplants. Calcium helps prevent blossom-end rot. 
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Onion peels: Onion and garlic peels are a great way to add nutrients to your plant compost without 
spending any money. So don't throw away the skins, use them to create organic potassium-rich fertilizer 
for all your plants growing indoors or outdoors. Using them will increase their disease resistance, growth, 
and productivity. Take a handful of onion peels in water for 24 hours. Use the drained water in your garden 
the following day. If you fertilize your plants regularly, do this only once in 15 days. 
Potato peel: Potato peels can be used as fertilizer only if composted. Potato skins are rich in nutrients for 
plants but should be composted carefully before returning to the soil and using potato water in the garden 
is a good way to give it to them. Use unsalted potato water, let it cool for a while, and then use it to water 
your household plants. 
Banana Peels: Banana peels come with loads of potassium. Fertilizers that are rich in potassium are good 
for flowers and fruit plants. This, however, may not be appropriate for foliage plants such as spinach and 
lettuce. Soak two to three banana skins in water for a few days. The minerals will leach into the water, 
which you can then use as it is for your plants, with no need to dilute. Give the soaked peels to your worms 
or put it in the compost. 
Vegetable Cooking Water: After boiling vegetables, do not dispose it off. Let it cool then dilute it with 
water. Use it on houseplants and at the organic garden. To avoid the bad smell, use it all at once. This 
water is rich in vitamins that the vegetables lose during the cooking process. 
Coffee powder: Coffee used as a fertilizer is not exactly a new idea. Many gardeners add coffee grounds 
to compost piles where it decomposes and mixes with other organic matter to create some fantastic, 
nourishing soil. Coffee works great on many types of flowering indoor plants but can be used outside as 
well. Diluted coffee adds just enough organic fertilizer to encourage bushier, healthier plants. 
Compost Tea: In a bucket, begin by placing compost, followed by water and a lid. Ensure the bucket is not 
tightly locked. Let it sit for one to two days and pour the water in a different bucket. Dilute it in a ratio of 
one to ten and use the mixture in the organic garden. 
Cow dung liquid: Cow dung water for plants is an excellent fertilizer highly rich with organic matter 
which helps to improve aeration and break up compacted soils. Our high-quality cow dung helps in adding 
extra nutrients and minerals to your home and garden soil. 
Rice water: Rice water is a mild fertilizer and consistent use could take the worry out of over fertilizing. 
The starches from leftover rice water will help encourage beneficial soil bacteria, while the vitamins and 
minerals will add small amounts of NPK (nitrogen, phosphorus and potassium) to the soil. Take fermented 
rice with potato water or milk. Cover with cloth to allow for air exchange. Place on a shelf with no direct 
sunlight. 

Application and Advantage 
One of the most important benefits of liquid organic fertilizer is that it is 100% natural. It is a liquid so it 
can be sprayed on over areas using various different types of machinery. Liquid organic fertilizer is known 
to boost unhealthy gardens which have been affected by dry weather conditions. 
Within 6 weeks of using, green will start to appear and your garden will be back on its way to beauty and 
greenery. Another one of the important benefits of this product is that it is able to retain large amounts of 
water and slowly feed it off the soil, plants and trees which surround it. As a result of this less watering is 
required. 
Liquid organic fertilizer can hold water for up to 2 weeks so in some cases watering does not need to be 
done in this time. 
Some of the other benefits in which liquid organic fertilizer offers include:  
1. Increases crop yields  
2. Environmentally safe  
3. Not manure based and therefore does not have a strong smell. 
4. No Chemical run-off  
5. Increases root development on plants  
6. Delays the aging process of leaves  
7. Increases resistance to plant disease and insects. 
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8. Increases the plants nutrient uptake. 

Conclusion 
There are many scientific evidence data support the idea that liquid organic fertilizers can be successfully 
used as a substitute of mineral fertilizers in crop/plant nutrient management under drip irrigation, since 
they enhance soil chemical fertility, prevent excessive nitrate-N concentration, promote plant growth and 
C fixation in the plant. Moreover, these fertilizers would allow not only to reduce the use of chemicals, but 
also to re-use crop residues and animal manure, conferring them an added value. Nevertheless, further 
studies should be addressed in order to evaluate these results in field conditions. 
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Feed additives are products used in animal nutrition for purposes of improving the quality of feed and the 
quality of food from animal origin, or in general feed additive refers to a non-nutritive product that affects 
utilization of the feed or productive performance of the animal. Due to the increased demand for animal 
products as a result of ever-increasing world population and improved economic status, research is 
continuously going on to increase the productivity of farm animals which is affected by a number of both 
external and internal factors. Animals with high growth performance need to maintain a high health 
status, and the use of proper additives is a predominant argument in such cases. Feed additives can be 
used to increase the health status, fertility and performance of farm animals. They improve the feed 
conversion ratio mainly by regulating feed intake and increasing digestibility of nutrients and energy. A 
number of feed additives are used in livestock and poultry. 
1. Probiotics: It is defined as a live microbial feed supplement, which beneficially affects the host animals 
by improving its intestinal microbial balance. In monogastric animals’ strains of Lactobacillus, Streptococci 
and Bacillus subtilis have been used and in ruminants Saccharomyces cerevisiae has been used. They exert 
their action by a number of ways.  

a. Preventing colonization of digestive wall by pathogenic microorganism as they adhere to it and 
hence, pathogenic microorganisms are flushed out with digesta.  
b. Neutralisation of enterotoxins formed by pathegenic organism in GIT tract. 
c. Prevention of synthesis of amines by coliforms which irritate gut and cause diarrhoea.  
d. Increase immune competence. 

2. Prebiotics:  Prebiotics are nondigestive food /feed ingredients that beneficially affect the host by 
selectively stimulating the growth and/or activity of one or a limited number of bacterial species already 
resident in the digestive tract and thus attempt to improve host health. Prebiotics are mostly 
oligosaccharides, and most commonly used prebiotics are mannan-oligosaccharide (MOS), galacto-
oligosacchrides (GOS) and fructo-oligosaccharides (FOS). MOS blocks the attachment of harmful bacteria 
and prevents their colonization and FOS enhances the growth of probiotic bacteria which reduces the 
number harmful bacteria. Although they are not easily digested by host digestive enzymes but are 
fermented by favourable bacteria like Bifidobacteria and Lactobacilli giving them a competitive edge. 
Moreover, they interfere with attachment of harmful bacteria to gut wall.  
3. Antibiotics: These are substances which are produced by living organisms (mould, bacteria or green 
plants) and some antibiotics prevent growth of bacteria (bacteriostatic) while others are bactericidal i,e. 
they kill bacteria. They were originally developed to control specific pathogenic organisms. Now antibiotics 
have been used in animal feed for about 50 years ever since the discovery not only as an anti-microbial 
agent, but also as a growth-promoting agent and improvement in performance. The reasons include a more 
efficient conversion of feed to animal products, an increased growth rate and a lower morbidity/mortality 
rate in general. Rational use of antimicrobials plays a vital role in the production of food animals and 
protecting public health, while irrational and irresponsible use may cause antimicrobial resistance.  
4. Enzymes: Since all the compounds are not in feed are not broken down by completely in the GIT tract, 
so it has been found that supplementation by some enzymes improves the availability of certain nutrients 
like starch, oils, proteins etc. Fibrolytic enzymes such as cellulase, phytase, xylanase & beta-glucanase 
increase nutrient utilization efficiency, eliminate toxic effects of feed in nonruminants. The carbohydrate 
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fractions in certain cereals cell walls like beta-glucans and arabinoxylans are resistant to breakdown by 
digestive enzymes particularly in pig and poultry due to formation of viscous material which hinders 
digestion, so enzymes like beta-glucanase, pentosanase and xylanases are added to their diets. Phytases 
are added in monogastric animals to increase availability of phytin phosphorus. These enzymes 
substantially improve feed digestibility and animal performance. 
5. Buffers: Buffers are added to diets to regulate normal pH when highly fermentable carbohydrates are 
used which lead production of more lactic acid and hence acidosis due to fall of pH.  As many of the rumen 
microbes particularly cellulolytic bacteria cannot tolerate low pH environment so there is change in 
fermentation pattern within rumen favouring growth of acid producing microbes and hence leading to 
digestive disturbances viz. acidosis and laminitis.  The addition of feed buffers and neutralisers, such as 
carbonates, bicarbonates, hydroxides, oxides, salts of VFA, phosphate salts, ammonium chloride and 
sodium sulphate have been shown to have beneficial effects as they neutralize H ions produced. NaHCo3 & 
MgO are used routinely in dairy cattle, to counteract the depression in milk fat synthesis due to low ruminal 
pH & reduced acetate/propionate ratio induced by a low roughage & high grain diet.  Supplements of 
NaHCo3 should be 0.6 to 0.8 percent of a total mixed diet or 1.2 to 1.6 percent of a concentrate mixture & 
MgO should be added @ 0.2 to 0.4 per cent of total mixed diet or 0.4 to 0.6 percent of a concentrate mixture. 
When feeding a combination of two, 2 to 3 parts NaHCO3 should be mixed with one-part MgO. 
6. Antibloat compounds: Gas is normally produced at the rate of 30-50 litres per hour as a result of 
microbial fermentation of ingested feeds and it accumulates at the top of rumen (Bowen, 1996). Bloat occurs 
when the number of gases produced is more than eructated. Grazing of livestock on pastures for high 
productivity usually increases the incidence of bloat especially when pastures are having alfa-alfa or clovers 
leading to the formation of stable foam in rumen. Commercial preparations containing detergents like 
Dioctyl sodium sulfosuccinate and other anti-foaming substances like silican dimethicone, poloxalene cause 
rapid dispersion of the foam. Mineral oils like turpentine and vegetable oils like peanut, soyabean oil etc.) 
are also effective and give satisfactory treatment. 
7. Antimethane compounds: Livestock contribute a significant amount to greenhouse gases via enteric 
methane production as a result of microbial fermentation of feed components by methanogenic bacteria 
and protozoa predominantly in the rumen. Also, approximately 5.5 to 6.5% of raw energy ingested is 
converted to methane (Johnson and Ward, 1996). A reduction of enteric methane production without 
compromising animal productivity is thus desired to mitigate greenhouse gas emissions and improve 
ruminant feed conversion efficiency. Organic acids such as malate, fumarate etc are precursors of 
propionate which is an alternative H2 sink, hence they have been found to be effective against CH4 
production. Supplementing nitrate (NO3) to ruminants has been shown to decrease methane production 
(Zijderveld van et al., 2011) as it has a greater affinity for H2 than does CO2. Likewise, it has been found 
that phytogenic feed addittives like tannins, saponins and essential oils have also antimethanogenic 
activity.  
In addition to above common categories of feed additives, there are a number of other feed additives which 
are being used in ruminants and monogastric animals like chelates (e.g EDTA), hormones (e.g., estrogen, 
progesterone, thyroxine), antifungal additives (e.g., nystatin, copper sulphate), anticoccidials (e.g 
amprolium), antihelmenthics (e.g., albendazole, febendazole), anticaking agents (e.g., sodium aluminium 
silicate, sodium calcium aluminium silicate) etc. In general, long-term studies will be crucial, proving 
mainly the efficacy of these additives, their safety with regard to animal health, the quality of animal 
products and environment, and, subsequently, their availability in terms of their anticipated regular use. 
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Pest management methods have experienced various developments and advancements over time to 
minimize environmental impact. The overuse of chemical pesticides has led to development of various 
adverse consequences such as resistance, residue, resurgence and secondary pest outbreak in different 
parts of the world. In this context, biological control is considered as a well-established method to manage 
pest population below threshold level. It is likely to be less adaptive by the majority of farmers than other 
physical or chemical control methods due to slower perpetuation and environmental dependency, but is 
usually more stable and long-lasting. In this context, there is a high demand for inexpensive and innovative 
techniques to assess the efficiency of natural enemies as biocontrol agents. 

Techniques in Biological Control 
The bio-agents of pests can be utilized in three major ways:  
1. Classical biological control that is importation of exotic species and their establishment in a new place; 
here the pest control strategies make use of predators, parasitoids, microbial pathogens and sometimes 
entomopathogenic nematodes obtained from the country of origin to lower the pest populations. Since the 
late 1800s, biological control has successfully suppressed more than 200 invasive insect pests and over 50 
weeds around the world (Cock et al., 2016). Application of new tools such as DNA-based analyses to 
determine areas of origin and species identities, ecological niche modelling, climate matching, and 
microbiome analyses have the potential to sufficiently influence the success of future projects targeting 
invasive pest as well as the legacy pest. 
2. Augmentative biological control is a practice to increase the effectiveness of the natural enemy 
population either by their propagation and release or by manipulating environmental conditions which 
resulted in temporary suppression of pests below the threshold level. Augmentation is divided into two 
parts. A. Mass production B. Release. 

Mass Production of Natural Enemies 
Large amounts of parasitoid culture are required for large scale continuous releases of natural enemies, 
hence mass production is an important aspect in biological control programs. However, the cost of the host 
production is one of the most significant parameters that can impact mass-rearing investments directly. 
Generally, factitious hosts are utilized to increase the efficiency and to reduce the cost of mass-reared 
parasitoids.   
CRISPR gene editing (Molecular based methods) in insect control: CRISPR gene editing can be 
used to create a ‘gene drive’ to spread a gene rapidly through generations. It may allow for the insertion of 
new desirable qualities such as pesticide resistance (Gurr and You, 2016), which is better suited to 
augmentative biocontrol, while removing fewer desirable characters in biological control agents (flight, 
diapause). So, in near future, there is a scope to use molecular techniques to manipulate biological control 
agents, the CRISPR/Cas9 system in particular. 

Release 
Natural enemy release success is dependent on a number of criteria that are strikingly similar to those 
that determine pesticide use success: application rate, timing (including time of day), synchrony with the 
pest's vulnerable stage, coverage, and the severity of rainfall after application. Release is divided into two 
parts. 
1. Inoculative release: To re-establish a natural species that is occasionally killed off in an area by 
unfavourable conditions for part of the year, inoculative release can be done as infrequently as once a year. 

https://besjournals.onlinelibrary.wiley.com/doi/full/10.1111/1365-2664.13163#jpe13163-bib-0010
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2. Inundative release: This method is aimed at eradicating pests quickly in the short run. Inundative 
releases would have to be repeated if pest populations increased again after natural enemies were released, 
because control is exclusively due to the released individuals.  
Modern approaches in augmentation of natural enemies: Various 
European Trichogramma products are applied to crop fields by hand. One exception is the product called 
trichocaps which can be broadcast either by hand or by aircraft using conventional application equipment. 
Trichocaps packets are actually hollow walnut-shaped cardboard capsules (2 cm. diam.) that each contain 
approximately 500 parasitized Mediterranean flour moths, Ephestia kuehniella Zwolfer, eggs (Kabiri et al., 
1990). 
Conservation biological control includes their conservation through manipulation of the environment. It 
deals with the protection of natural enemies which are already present. An alternate food supply always 
required by beneficial insects in addition to the pest prey which will encourage them to stay in the crop 
area to feed and reproduce. 

Recent Advances in Conservation of Natural Enemies 
1. Provision of food and shelter: Food provision is the most critical strategy by which flowering plants 
support natural enemies and improve biological control. These flowering plants increase the premature 
adult longevity, survival, and fecundity of generalist predators. One of the earliest ways to enhance 
predator populations is to supply them with shelter. Placing nesting box within orchards, fields or even 
greenhouse surely help predators to decrease winter mortality, while encourage them to colonise earlier 
and with higher number individuals. 
Table 1. Insectary plants: 
 Types of plants  Features 
1. Banker plants Some host plants with plant feeding species that are not the pest of main 

crops can be used to multiply the number of natural enemies. 
2. Beetle banks  Permanent strips can be planted to provide shelter to predatory ground 

dwelling insects. 
3. Companion plants Diverse plant species can be grown together to increase the pollinator and 

natural enemy abundance. This can also be called intercropping or 
polyculture.  

4. Cover crops  Known as floor cover or ground cover. These are low growing, non-
harvestable crops that help to manage fertility, soil erosion. 

5. Hedge rows Strips of shrubs, trees, other perennials can be planted in border areas that 
cannot be planted. 

2. Food spray: The food spray in combinations with chemical attractant could be used to attract some 
predators and it will significantly increase their oviposition and preference. The pollen sprays can also 
serve as food for generalist predatory mites and enhance their efficiency as bio-agents of whiteflies and 
thrips on cucumber (Nomikou et al., 2010).  
3. Herbivore-induced plant volatiles (HIPV): In the recent past, the exogenous spraying of synthetic 
HIPVs have been reported to attract a higher number of natural enemies. Many artificial HIPVs were 
tested accordingly, and proved that the HIPVs (e.g., methyl salicylate (MeSA) or methyl jasmonate (MeJA) 
are able to attract beneficial insects and help them to catch in HIPV-baited area, reduce them to below an 
acceptable level (Simpson et al., 2011). 
4. Spraying of kairamones: Behaviour of natural enemies is guided by various volatile signals and these 
semiochemicals are utilized to manipulate their behaviour. These synthetic compounds are tested in 
outdoor crops in order to know their potential of attracting natural enemies. Various commercial sprays 
are to be developed using these volatile compounds.  
Table 2. Genetic improvement of bio control agents: 
Sl no. Bio control attributes References 
1. Climatic tolerance 

https://link.springer.com/article/10.1007/s10526-014-9579-6#ref-CR78
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A. • The superior strains of T. chilonis Ishii, an important egg parasitoid of 
lepidopterans has been developed by National Bureau of Agricultural 
Important Insects (NBAII), Bangalore through selection technique for 
adaptation to high as well as low temperature regime  

• This strain had been found to be effective at 36°C and 60 % relative 
humidity and also found with increased longevity and higher 
parasitism rate.  

• It is specifically effective against pests of vegetable crops, cotton and 
sugarcane in summer months. 

(Ballal and 
Singh, 2003) 

2. Tolerance to insecticides 
A. A pesticide-resistant strain known as COS strain (carbaryl-OP-sulphur-OP-

resistant strain) of phytoseiid mite, Metaseiulus occidentalis Nesbitt, the most 
important predator of spider mites has been improved through artificial 
selection that was finally observed to be resistant to diazinon, azinphos-
methyl and phosmet like organophosphorus insecticides.  

(Arora and 
Shera, 2014) 

3. Tolerance to multiple traits 
A. A multiple insecticide and temperature tolerant strain (MITT) strain of T. 

chilonis have been developed to effectively control under high insecticide 
pressure in different crops. This strain was found to be resistant to endosulfan 
(organochlorine), monocrotophos (organophosphate) and fenvalerate 
(synthetic pyrethroid) and to high temperature (32–38 °C).  

 (Kumar et 
al., 2008) 

4. Altered biological traits 
A. Enhancing longevity of certain parasitoids has been proven to be beneficial. 

NBAII, Bangalore, has developed superior strains of T. chilonis (Bio SC1: 
graminaceous tissue borers), (Bio H3: H. armigera) and (Bio C1: cotton 
bollworms). These strains were found to be 60–100 % more prolific than the 
previously used strains. Hybridisation and heterosis were also attempted to 
increase the fitness of parasitoids. 

(Arora and 
Shera, 2014) 

5. Genetic improvement of entomopathogenic microbe 
A. Improvement in host range 
a. The bioinsecticide Condor® (a biopesticide for soybean and different forest 

trees) was modified by using rDNA (ECX9399 of EG2348) which was found to 
have superiority against fall armyworm Spodoptera frugiperda (Smith) on 
corn over its parent strain. 

(All et al., 
1994) 

B. Improvement in photostability and activity 
a. Melanin, a natural product was found to impart UV undegradability, so ethyl 

methanesulphonate (EMS) induced mutants of B. thuringiensis were observed 
to be UV tolerant and also higher insecticidal activities against potato tuber 
moth, Phthorimaea operculella Zeller.  

(Mohamed et 
al. 2010) 

C. Improvement in activity through alternate delivery system:  
a. Bt genes have been cloned and expressed in endophytic, epiphytic and/or 

aquatic bacteria as well as eukaryotic plants to improve their delivery, 
residual activity and prolong the persistence of Cry protein. 

(Sharma, 
2008) 

Conclusion 
Over reliance on chemicals has led to different ecological and environmental concerns i.e., resistance, 
residue and resurgence. 
To overcome these consequences, different biological control agents have been used to manage the pest 
population, but climatic constraints along with different persistence related parameters are the major 
hindrance to the successful utilisation of different natural enemies.Till date, different modalities of natural 
enemies have been altered using genetic engineering approaches, which have proven fruitful in the long 
term. 
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Tropospheric ozone is a trace gas of the troposphere with an average concentration of 20 to 30 parts per 
billion by volume (ppbv). It is also known as ground level ozone or surface ozone as it is located near the 
earth’s surface. It acts as a pollutant and greenhouse gas and a major ingredient of summer smog (Climate 
and clean air coalition, 2021). 

Formation of Tropospheric Ozone 
Being a secondary pollutant, tropospheric ozone is formed by photochemical reactions involving nitrogen 
oxides and Volatile Organic Compounds (VOCs) in the presence of sunlight and also from methane and 
some other pollutants through similar reactions (Sarkar et al., 2017). The reactions are as follows. 
1. Formation of tropospheric ozone from nitrogen oxides: 
NO2 + radiation               NO + O 
O + O2                              O3 
2. Formation of tropospheric ozone from methane: 
CH4 + 4O2 + radiation                HCHO + H2O + 2O3 
3. Formation of ozone precursor from methanol (VOC): 
CH3OH + O2 + NO               HCHO + NO2 + H2O 

Causes for the Formation of Ozone Pollution 
1. Soil nitrogen oxide emissions 
2. Lightning nitrogen oxide emissions 
3. Biological Volatile Organic Compounds (BVOCs) 
4. Wetland methane emissions 
5. Wildfire emissions 
6. Anthropogenic nitrogen oxide and VOCs emission. 

Ozone Pollution Due to Fireworks 
In addition to all the causes discussed above, festivals which we celebrate by firing crackers are also 
responsible for ozone pollution.  
Sparklers depend on a combination of different metal salts to generate their colour and sparkle -these 
include potassium perchlorate, sulphur, strontium nitrate, barium nitrate, sodium oxalate, calomel, 
aluminium and manganese. When burnt, a significant proportion of the light emitted by these constituents 
has a wavelength below 240 nm. 
The radiative energy of these emissions is sufficient to dissociate atmospheric molecular oxygen into atomic 
oxygen, thereby producing ozone in troposphere. This proposed mechanism could explain the formation of 
bursts of O3 without the participation of NOx, and is therefore similar to the process of ultraviolet 
radiation-induced formation of O3 in the stratosphere. 

Transport of Tropospheric Ozone 
Ozone and its precursors last for weeks or months in the troposphere. Hence, they can be transported from 
one region to another by large scale climate patterns, synoptic patterns and Stratosphere-Troposphere 
Exchange (STE) (Lu et al., 2019). 
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Equipment for Measurement of Tropospheric Ozone 
Some of the measuring equipment are shown here which include ozonesonde, aircraft, LiDAR and satellite 
measurements. 

 
a) Ozonesonde b) Aircraft   c) LiDAR – Light Detection and Ranging   d) Satellite 

measurement 

Critical Levels of Ozone Based on Vegetation Type 
According to Centre for Ecology and Hydrology, the critical level of ozone differs based on different 
vegetation types. These critical values for each vegetation type have shown below along with effect indicator 
and its reduction percentage. 

Ozone Pollution Symptoms in Plants 
1. Plants show several symptoms based on the duration and intensity of ozone concentration. Generally, 
ozone pollutions symptoms in plants include flecking, necrosis, stippling and chlorosis. 
2. Exposure to high ozone concentration during pollen development and fertilization causes reduction in 
pollen/ovary development and germination, pollen tube growth. 
3. Ozone pollution causes Reduction in embryo development, Abortion of individual seed sets, Abscission 
of pods/fruits and Reduces deposition of storage reserves in remaining fruits/pods. 
4. Tropospheric ozone has detrimental effect on yield and yield attributes of a crop. 

Control Measures for Reducing Ozone Pollution 
Ozone concentration can be reduced by following several control measures involving lower emission of ozone 
precursors. Some of the measures include: 
1. There should be separate areas for the industries and the residential houses. The industries should be 
established away from cities. This will reduce the respiratory and other disease in animals due to industrial 
gases. 
2. The inspection of vehicles should be done to know the amount of release of the harmful gases from the 
source and measures can be taken to reduce them. 
3. Usage of biofuels should be encouraged. The biofuels do not release the harmful gases like the leaded 
fuels. 
4. Usage of public transport will reduce the consumption of fuel and thereby reduces the pollution. 

Conclusion 
Being a secondary pollutant, tropospheric ozone is formed by photochemical reactions of primary pollutants 
like nitrogen oxides, methane, etc. The life time of ozone in the troposphere can be a few weeks to months. 
Hence, it can be transported from one to another region by atmospheric circulations and stratosphere-
troposphere exchange. Long term exposure to ozone causes respiratory diseases which may ultimately leads 
to death in human beings. Ozone pollution also affects both vegetative and reproductive stages resulting 
in reduction of yield in agriculture. Hence, it is necessary to follow control measures to reduce ozone 
pollution. 
  

Vegetation type Effect indicator Reduction (%) Critical level of ozone  (mmol m-2) 
Crops Grain yield 5% 7.9 
Forest trees Whole tree biomass 4% 13.7 
Semi natural 
vegetation 

Flower/seed 
biomass 

10% 10.8 
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Soil is one of the earth’s most important natural resources. It underpins human food production systems, 
supports the cultivation of vegetation for feed, fibre and fuel, and has the potential to help combat and 
mitigate climate change. It is also a rich and complex ecosystem, accommodating a staggering array of 
biodiversity. Soil health has to be maintained to ensure sustainable crop production. In the soil 
environment, roots need nutrition, water, aeration and low mechanical strength to grow and function. 
When any of these is deficient in a soil horizon, there is a constraint to root growth. Crop production can 
be hindered due to a multitude of factors including unfavorable changes in soil physical, chemical and 
biological properties. A favorable soil environment should be maintained through proper amelioration 
techniques for overcoming these constraints. Surface soil management and its effect on crop production has 
been a research subject for several centuries. But the recognition of subsoil constraints and their 
consequences on crop production is quite recent. 

Subsoil 
It is the layer (stratum) of earth immediately below the surface soil (below 20 cm), consisting predominantly 
of minerals and leached materials such as iron and aluminium compounds. 

Importance of Subsoil 
Subsoil contributions to plant nutrition range between 10 and 80 per cent, and are expected to increase 
when topsoil is dry or nutrient depleted. Unsurprisingly, several studies have shown no yield increase after 
fertilization even in nutrient-poor soils, since nutrient availability is typically characterized in topsoil and 
potential nutrient delivery from subsoil was not considered. Guaranteeing plant access to the subsoil 
nutrient and water reservoir greatly increases the resistance of the crop production system, making a 
greater pool of resources available and allowing the plant to avoid detrimental conditions in the topsoil A 
favourable condition of subsoil is important for the production of deep-rooted crops like maize, sorghum, 
soybean etc. 

Subsoil Constraints to Crop Production 
Any physical, chemical or biological characteristic of the soil located below the seedbed that limits the 
ability of crops or pasture to access water and nutrients are considered as constraints to the subsoil. Subsoil 
constraints can affect plant growth directly and indirectly. Direct chemical effects are attributed to subsoil 
acidity, sodicity and salinity, presence of phytotoxic concentrations of specific ions such as borate, Cl–, Na+, 
HCO3 – or Al3+, as well as reduced nutrient solubility induced by alkaline pH (>8.5) that causes nutrient 
deficiency in the plant, particularly for P, Zn, Cu and Mo. Direct physical effects arise from induced or 
inherent high soil strength that presents mechanical resistance to root penetration. Indirect effects occur 
as a result of secondary problems induced by the presence of subsoil constraints, which further impacts 
plant growth. For example, waterlogging caused by a perched water table overlying an impenetrable sodic 
B soil horizon can reduce root growth or high salt concentration can cause an osmotic potential in the soil 
that decreases transpiration and water uptake by plant roots.  
Thus, subsoil constraints can be mainly of three types: 
1. Physical constraints. 
2. Chemical constraints. 

https://www.britannica.com/science/soil


 

 
Volume 4 - Issue 03 - March 2022       348 | P a g e  
 

3. Biological constraints. 

Physical Constraints 
The predominant physical constraints in the subsoil are subsurface hardpan and compactness, impeded 
aeration and suboptimal temperature. Compacted subsoil lacks interconnected air spaces, restricts plant 
root growth, reduce the uptake of water and nutrient from the subsoil thereby restricting plant 
development. The most common measures to reduce subsurface compaction are deep tillage, application of 
soil amendments, crop management to improve soil organic matter and water management.  
Impeded aeration and suboptimal soil temperature in the subsoil impairs crop growth and yield. Impeded 
aeration can be avoided by ensuring adequate drainage of water from the soil and preventing soil crusting 
and compaction. Mulching, cover cropping, proper drainage, good aeration and incorporation of organic 
matter can help in maintaining optimum soil temperature. Melting permafrost, soil piping and constrained 
subsurface features like durinodes, duripans and fragipans are also physical constraints in subsoil that 
affects crop production. 

Chemical Constraints 
Major chemical constraints in the subsoil include subsoil acidity, salinity, sodicity, and nutrient 
imbalances. Subsoil acidity, as characterized by low Ca and high Al at depths below the plough layer, is 
restricting crop growth and production in many parts of the world, especially in the humid tropics where 
most soils are highly weathered. Subsoil acidity causes significant yield reduction in tropical acid soils 
because of high content of soluble Al and Mn or low plant-available calcium, inhibiting physiological and 
biological activities, root development and uptake of nutrients as well as water. Surface application of lime 
has very little effect on subsoil acidity and therefore specialized management strategies which include 
surface incorporation of gypsum, phosphogypsum or organic manures has to be adopted for managing 
subsoil acidity.  
Application of organic amendments like biochar, composts, crop residues etc. alone or in combination with 
inorganic amendments can also reduce subsoil acidity. The soil column leaching experiment to assess the 
effect of incorporation of a combination of organic amendments and lime on alkalinity movement. All 
amendments in combination with lime showed greater pH increases than lime alone. 
Subsoil salinity can cause an osmotic effect when the soil layer dries. Salts affect plant growth due to 
increasing soil osmotic pressure and interference with plant nutrition. Sodium salts accumulated in 
different soil layers lead to the generation of sodic soils. Sodic soils are characterised by low hydraulic 
conductivity. This condition results in diminished water storage capacity as well as reduced oxygen and 
water transport. Subsoil salinity can be ameliorated by increasing the leaching increment to move the salt 
deeper into the soil profile.  The plant growth-promoting (PGP) bacteria that thrive in association with 
roots of plants alleviate salt stress for improved plant growth and yield through different mechanisms. The 
most common ameliorant applied to sodic soils to correct soil structural problems is gypsum. An integrated 
management approach combining gypsum and organic amendments is desirable for effective control of 
subsoil sodicity. Deep incorporation of gypsum and organic amendments reduces the soil pH and 
exchangeable sodium percentage (ESP) and improved soil aggregate stability. 
Aluminium toxicity and low soil calcium and phosphorus levels affect plant growth in acidic subsoils. 
Proper amelioration of subsoil acidity helps in mitigating these constraints. The root colonization by certain 
arbuscular mycorrhizal fungi increased in the subsoil (15–45 cm) but not in topsoil and this can ensure 
adequate supply of nutrients especially P in subsoil. Other chemical constraints in the subsoil include 
constrained B horizons, constrained endopedons and gleization. 

Biological Constraints 
Biological subsoil constraints occur when there is a reduction in the activities of good soil organisms, such 
as earthworms and arbuscular mycorrhizae, and/or an increase in pathogens or plant-parasitic nematodes. 
Pathogenic fungi and nematodes often build up in the subsoils of monoculture cereal cropping systems. 
Proper management of subsoil physical and chemical constraints can ensure control over the emergence of 
subsoil biological constraints. For example, amelioration of subsoil acidity will reduce the amount of soil 
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borne pathogenic fungi in subsoils, and adoption of tillage, crop rotation, drainage etc. ensure proper 
aeration and optimum soil temperature levels that prevent the buildup of subsoil biological constraints. 

Conclusion 
Subsoil constraints are any physical, chemical or biological characteristic existing below the topsoil that 
limit crop (or pasture) root access to moisture and nutrients. Physical constraints can be due to layers of 
high bulk density soil which impede root growth and are often caused by compaction or sodicity. Chemical 
constraints include nutrient deficiencies, acidity, salinity and sodicity. Subsoil acidity is a major soil 
constraint to crop production in humid tropics. Subsoil constraints have a significant impact on soil water 
storage and use, nutrient regimes and crop growth. Thus identification of the most limiting constraint and 
its interaction with other factors followed by proper management of subsoil is essential for sustainable site-
specific resource management. 
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Climate variability and change is posing a greater threat to Indian agriculture. The latest report by IPCC 
(2021) has indicated that a warming climate would favor an increase in the intensity and frequency of 
extreme events and we are already witnessing some of these such as heat waves and precipitation extremes. 
Crop insurance products can insulate the farmers against the crop losses due to extreme weather events. 
Recognizing the importance of agriculture, the government has implemented many programs in the 
interest of the country's farmers since independence. Pradhan Mantri Fasal Bima Yojana (PMFBY) was 
introduced in 2016. This article describes the details of the scheme. 

Crop Insurance 
The primary goal of any insurance is to protect the insured from a variety of known hazards. Crop insurance 
is purchased by agricultural producers, including farmers, ranchers and others to protect against either 
the loss of their crops due to natural disasters, or the loss of revenue due to declines in the prices of 
agricultural commodities. In India, various types of insurance schemes have been put into implementation 
since 1972 (Table 1). 
Table 1: Crop insurance products and its advancement in India: 
No. Name of the scheme Period 
1 Scheme based on individual approach  1972-1978 
2 Pilot Crop Insurance Scheme (PCIS)  1979-1984 
3 Comprehensive Crop Insurance Scheme (CCIS)  1985-1999 
4 National Agricultural Insurance Scheme (NAIS) and Modified – NAIS 1999-2000: 2012-13 
5 Pilot - Weather Based Crop Insurance Scheme (WBCIS) 2007-08: 2012-13 
6 National Crop Insurance Programme (NCIP) 2013-14: 2016-17 
7 Restructured -Weather Based Crop Insurance Scheme (RWBCIS) 2013-14: 2015-16 
8 Pradhan Mantri Fasal Bima Yojana (PMFBY) Since 2016 

Weather-based insurance can be an important ex ante risk coping tool for poor farmers, allowing them to 
manage with weather-related production risk while also reducing their overall exposure to climate 
variability and change. Weather insurance aims to compensate farmers in the event of the occurrence or 
non-occurrence of a certain weather event that is expected to affect agricultural production. 

The Pradhan Mantri Fasal Bima Yojana 
The PMFBY, which began in April 2016, compensates farmers for crop yield losses. The farmer will be 
compensated based on the difference between the threshold yield and the actual output in the case of a crop 
loss. The threshold yield is determined using the average production over the previous seven years, and 
the amount of compensation is determined based on the degree of risk associated with the notified crop. 
Farmers who have taken up institutional loans are encouraged to participate in the program. Droughts, 
dry periods, floods, inundation, pests and diseases, landslides, natural fire and lightning, hailstorms, 
cyclones, typhoons, tempests, hurricanes, and tornadoes are all included under the scheme. The scheme 
also covers post-harvest losses for up to 14 days (Singh and Singh, 2019). 

Highlights of the Scheme 
1. A uniform premium of only 2% to be paid by farmers for all kharif crops and 1.5% for all rabi crops. In 
case of annual commercial and horticultural crops, the premium to be paid by farmers will be only 5%. The 
premium rates to be paid by farmers are very low and balance premium will be paid by the Government to 
provide full insured amount to the farmers against crop loss on account of natural calamities. 
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2. There is no upper limit on Government subsidy. Even if balance premium is 90%, it will be borne by the 
Government. 
3. Earlier, there was a provision of capping the premium rate which resulted in low claims being paid to 
farmers. This capping was done to limit Government outgo on the premium subsidy. This capping has now 
been removed and farmers will get claim against full sum insured without any reduction. 

Advantages of PMFBY 
1. Maximum benefits by paying minimal premium: Earlier crop insurance schemes (NAIS and 
MNAIS) premium rates had risen drastically while compensation derived in case of crop failure very low. 
Under PMFBY premium amount is low at 2 percent for Kharif crops and of 1.5 percent for Rabi crops. So, 
more farmers adopt insurance. 
2. Post-harvest loss covered: It offered compensation for post-harvest losses as well. 
3. Wide coverage of crops: It covers most food crops and oil crops cultivated in India. Also covers 
commercial or horticultural crops (including cotton). 
4. "Capping" done away with: no upper limit on paying insurance coverage. Farmers compensated in 
accordance with their losses. 
5. Fast assessment of crop losses: Smart phones, remote sensing technology and even drones shall be 
used to estimate losses, assess compensation, and settle claims without much delay. 

Conclusion 
An effective crop insurance policy is critical for compensating farmers for income losses caused by natural 
and man-made calamities, as well as financing agricultural inputs. Lower premium rates and wider 
coverage of PMFBY will help the farmers to insulate themselves against variety of extreme weather events. 
An effective implementation of the scheme will be of great help for the farmers of the country.  
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Introduction 
Agriculture in current climate change scenario requires a revamp in production to feed the enormous 
population. To achieve this, adequate supply of various inputs is essential. The inputs from either external 
or internal source can play major role in ensuring successful crop production and profitability of farmers. 
Apart from these, there are some operations which also play key roles in uplifting crop productivity. These 
are often less highlighted as they bear low or no monetary expanses. They are termed as low or no cost 
inputs in agriculture. 

Low and No Cost Inputs 
Cultivation of crop requires lots of inputs which farmers provide at monetary expanses.  However, there 
are lots of inputs/operations which bear low cost or sometimes, no cost at all. These inputs such as 
crop/variety selection, seed treatment, seed treatment, sowing depth, time, spacing, plant population, 
resource conservation technologies such as crop rotation, crop/variety substitution, minimum soil 
disturbance, residue retention over soil, water harvesting, crop establishment technologies, recycling of 
farm wastes, plant protection measures, advisory support etc. can play important role in crop growth and 
yield. 

Role of Low or No Cost Agricultural Inputs in Crop Production 
In the following section, role of various low or no cost agricultural inputs on crop production has been briefly 
discussed. 
Selection of crop/variety: Selection of ideal crop or variety can lead to suitable adaptation to a region 
and thereby, ensures optimum crop growth and yield. Crop/variety should be selected based on the agro-
climatic condition, irrigation water availability, farmers’ socio-economic status, cropping system options, 
availability of post-harvest facilities, allelopathic influence of the crop, rooting depth, pest and disease 
tolerance, government policies and scheme, market demand, livestock population, consumer preference etc. 
Healthy, pest free, quality seeds should be selected for achieving less seedling mortality and optimum 
growth of the crop. To get sustainable crop production through increase of soil fertility, mono cropping 
should be avoided and growing of legume crops should be encouraged. Exhaustive crops should not be 
repeated as continuous growing of such crops leads to degradation of soil fertility. Intercropping/mixed 
cropping should be practiced to improve soil health, conserve soil moisture and earn additional income. 
High and low feeder crops should be grown on high and poor fertile soils, respectively. 
Seed treatment: Seed treatment is an essential operation done before sowing to control of seed borne 
disease/insect infestation, improve soil fertility and micro-organisms activity through biofertilizer, which 
altogether ensure optimum seed germination and high plant stand establishment. 
Time of sowing: Optimum sowing time is a major non-monetary input which can increase crop growth 
and production through providing favourable environmental condition for seed germination and seedling 
establishment. Delay or early sowing not only reduce the crop yield but also lowers down quality of the 
produce. 
Sowing depth: Ideal sowing depth also plays an important role to facilitate seedling emergence and early 
plant stand establishment, which in turn, influence crop growth and yield. According to the size of the 
seeds, different crops have different sowing depth. Bold seeded crops are sown deeper into the soil (8-10 
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cm); medium seeded crops are sown in 3-5 cm soil depth and small seeded crops are sown in shallow soil 
depth (1-2 cm). In light soil, deeper sowing and in heavy soil, shallow sowing are recommended. Under 
drought condition, it is advised to sow seeds in deeper layers of the soil. 
Plant density: Optimum plant population is essential for ensuring high productivity of crop. High plant 
population can lead to intra-plant completion between crop plants while, low plant population can lead to 
inter-plant competition between crop and weeds for resources. Optimum plant population depends on crop, 
variety, agro-climatic condition of the area, soil and water quality and availability etc. Proper seed bed 
preparation, seed treatment, proper row and plant spacing, time and method of sowing, selection of quality 
seeds, ideal germination can lead to optimum plant population which in turn positively influence crop 
growth and yield. 
Spacing, seed rate and method of sowing: Adequate plant spacing leads to optimum plant population 
which elevates crop productivity. Crop plants should be selected in such a way, it can minimize both intra- 
and inter-plant competitions for resources. Use of optimum seed rate is another important non-monetary 
input which can reduce unnecessary use of excess seeds and thereby, the cost of thinning. On the other 
hand, insufficient seed rate can lead to increment of weed infestation as well as increase of cost through 
gap filling. Optimum seed rate ensures good plant stand for crop growth and productivity. Likewise, 
selection of proper sowing method depending on the crop, agro-climatic condition, labour and time 
availability etc. can play an important role in achieving high crop growth and production. For instance, line 
sowing is generally recommended over broadcasting to ensure adequate inter-culture operations, while 
broadcasting is suitable in dry land areas or under the situation of labour and time shortages.  
Crop establishment technology: Ideal crop establishment technology is needed for ensuring optimum 
plant population and thereby, sustainable crop production. Traditional methods are labour, time and cost 
consuming and degrades soil health resulting in loss of crop yield. Raised and sunken bed method, broad 
bed and furrow method, ridge and furrow method of sowing in place of flatbed method of sowing are useful. 
Planting under zero-tillage condition is also useful for achieving high crop production. In rice, SRI, direct 
seeded aerobic rice, double transplanting, non-puddled transplanting etc. are suitable. In wheat, FIRB 
planting is now showing prospect in this regard. 
Crop/variety substitution: Replacement of old poor yielding varieties with improved high 
yielding/hybrid varieties can improve the productivity of crop from an area. Performance of crop, in general, 
depends on agro-climatic condition. Under aberrant weather conditions, if there is a risk of one crop, 
contingency crop planning must include the substitution of crop with the crop which is most suitable to 
agro-climatic condition.  
Recycling of farm wastes: Intensive cropping approach and livestock population generate lots of crop 
residues along with livestock wastes in farm. These wastes can be efficiently converted into useful products 
such as mulch materials, organic manures, raw materials for mushroom cultivation, livestock feed etc. and 
thus, efficient utilization of farm wastes can increase not only the crop productivity but also benefit allied 
sectors. 
Conservation agriculture: With population growth, intensive cropping has become compulsory approach 
adopted by the farmers. In many places, sowing of rabi crops like wheat gets delayed due to late sowing of 
kharif rice and as a consequence, yield of rabi crops is reduced because of terminal drought/increase in 
temperature. Delay in sowing is not only found in case of rabi crops but also in any crop due to late 
harvesting of previous crop as time is required for land preparation before sowing the next crop. Further, 
use of conventional tillage practices for land preparation increases cost of cultivation by consuming fuel for 
machinery operations as well as causes soil erosion through exposing the soil to wind and water, 
evaporation loss of water, loss of beneficial micro-organisms activity by allowing sun heat to penetrate the 
soil, compaction in sub-surface soil layer etc. Therefore, resource conservation technologies such as 
conservation agriculture (CA) is required. CA is based on the three principles: crop diversification, 
minimum soil disturbance and soil cover with crop residue, cover crops etc.  (Fig 1).  It maintains at least 
30% soil surface covered with crop residue. CA results in high soil aggregation, porosity, water holding 
capacity, soil structure, micro-organisms activity, water infiltration and conservation, soil fertility and 
hydraulic conductivity. Further, it reduces soil erosion, water evaporation as well as reduces the labour, 
time and overall cost of cultivation. 
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Fig 1: Principles of conservation agriculture (Stanojevic, 2021) 

Crop Diversification/ Rotation 
It indicates growing of different crops one after another in succession on the same land. It helps in 
mitigating the build-up of disease, insect and weeds associated with a particular crop in an area (Rani and 
Jatana, 2019). Similar crops or crops from same family often act as alternate host for pathogens, insects 
which can be prevented if the crops from different families are grown in rotation. Leguminous crop should 
be included in rotation after a non-leguminous crop. Further, crops from different rooting habits are to be 
grown in rotation to utilize nutrients and moisture from different depth of soil properly. 

Minimum Soil Disturbance 
It omits all the unnecessary tillage operations or combines multiple operations together to make minimum 
disturbance to the soil. Only tillage is done to prepare seed bed for good seed germination and plant stand 
establishment. Through less disturbance to the soil with reduced/minimum tillage or zero tillage, erosion 
loss of top soil through wind and water can be minimized. Further, sub-surface soil compaction can be 
reduced which is otherwise developed through running heavy machineries for tillage operations. It creates 
less disturbance to the soil micro-organisms and thereby, helps in improving soil health. 

Soil Covering with Crop Residue or Cover Crops 
Covering of soil with crop residues/stubbles (mulching) or cover cropping minimizes soil erosion through 
water and wind. Further, it benefits the soil micro-organisms activity and provide nutrients to soil through 
decomposition. Covering the soil with mulches or cover crops, obstructs runoff flow and thereby facilitates 
water infiltration. It also conserves the water through reducing water evaporation and suppressing weeds. 
As evaporation loss is restricted, accumulation of salt on soil surface through capillary action is minimized. 
It improves soil physical, chemical and biological health for better crop growth and productivity. It also 
moderates the soil temperature and thereby, facilitates the seed germination and early stand 
establishment. If legume is used as cover crop or intercrop, it increases soil fertility through biological 
nitrogen fixation. When intercrop is grown, it gives additional profit to the farmers or provide subsistence 
in case of failure of one crop due to agro-climatic anomalies. 

Plant Protection 
In order to achieve sustainability in production, chemical-based pesticides need to be excluded as they are 
detrimental for the environment and low or no cost plant protection strategies are encouraged. Certified, 
healthy seeds should be selected along with clean, disease, weed and insect free seed bed. Mulching, 
intercropping, crop rotation, summer ploughing, soil solarisation, flooding, stale seedbed, use of tolerant 
varieties, changing the time of sowing, plant population, weeding during critical crop weed competition 
period, line sowing etc. are some low/no costs weed control options. Use of bio-agents and botanical 
extracts/bio-pesticides such as neem-based formulations should be used for controlling various pest 
problems. 

Water Harvesting in Dryland Areas 
Water unavailability is a major constraint in dry land areas. Rain water is a zero-cost input which can 
provide water for crop growth and sustainable production. Collection of rainwater through digging water 
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harvesting structures can be beneficial for crop production. In hilly areas, practices like contour bunding, 
bench terracing, contour cropping etc. can reduce runoff water velocity and provide opportunity time to 
infiltrate into the soil for long term use. Organic manures derived from farm wastes can increase soil 
porosity and water holding capacity and thereby, reduces irrigation requirement for crop growth. 

Advisory Support 
Along with different low and no cost technologies, farmers need advisory support from reputed universities, 
KVKs, NGOs, Government and/or private organisations etc.  Information about forecasted weather, soil 
fertility through soil health cards, site specific nutrient management through precision agriculture, 
optimum irrigation scheduling, insect, disease and weed infestations and mitigation strategies etc. can play 
very important role in uplifting the crop productivity in an area. 

Conclusion 
Optimum production of crop is achieved by multiple factors and input management. Other than 
conventional or known inputs, various operations in agriculture which are often overlooked or treated as 
general practice can also play major role in successful crop production. Adequate attention towards 
application/use of these low or no cost operations or inputs are required to achieve successful crop growth 
and productivity. Further, research works with the aim to optimizing these low or no cost inputs are also 
needed for various crops in different location. 
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Introduction 
A life table is a record of reproductive rates, survival in a population, rate of mortality and expectation of 
further life by age, size, or developmental stage (e.g., egg, hatchling, juvenile, adult). Life table provides an 
important tool in understanding the changes in population of insect pests during different developmental 
stages throughout their life cycle. It is an especially useful approach in entomology, where developmental 
stages are discrete (distinct) and mortality rates may vary widely from one life stage to another. It is very 
useful to analyze the mortality of insect population to determine key factors responsible for the highest 
mortality within population. 

Nature and Origin 
Leopold (1950) was the first researcher to identify the value of the life table in the study of natural 
population and he called it as “Life equation”. 
Morris and Miller (1954) presented the first detailed example of a life table for natural population of 
spruce budworm (Choristoneura fumiferana). 

Types of Life Tables 
1. Age Specific (or Horizontal) or cohort life table: It is based on the fate of a real cohort (cohort is a 
group of individuals all born during the same time interval) conveniently the members of a population 
belonging to a single generation and of same age. A cohort life table follows the survival and reproduction 
of all members of a cohort from birth to death. Cohorts are frequently defined on an annual basis. The 
population may be stationary or fluctuating. Here data are collected by following a cohort throughout its 
life. This is rarely possible with natural populations of animals. 
2. Stage Specific (or Vertical) Life Table or static life table: It is based on the fate of an imaginary 
cohort found by determining the age structure. Here population remains stationary with considerable 
overlapping of generations. A static life table records the number of living individuals of each age in a 
population and their reproductive output. Here data are collected from a cross-section of the population at 
one particular time or during a short segment of time. 
Life-Table Notation (columns in a life table): 
1. x Age or stage of cohort, measured in years or some other conventional 

unit. 
2. Nx the number of individuals present at the start of age 

interval x.  
3. Dx The number of individuals dying during the age interval x to x+1.  
4. qx=dx/nx Rate of mortality during the age interval x to x +1. 
5. Sx = (nx-dx)/nx Rate of survival during the age interval x to x +1. 
6. Lx The number of individuals surviving at the starting of age 

 interval x to x + 1 
7. Kx Killing power or key factor of the high intensity (rate) of mortality.  

This factor can be used in pest management programme. 
8. Mx Fecundity rate (i.e., average number of female offspring produced per 

female in the population over some period of time, generally a year). 
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9. lx*mx The mean number of female offspring produced by females in an age 
class. This information is used to calculate net reproductive rate (R0). 

10. R0 = [∑ (lx*mx)] 
 

The net reproductive rate per generation. Or in other words, the mean 
number of female offspring produced by a female during her lifetime 
(i.e., the replacement rate). Note: R0 < 1 the population is declining. 
R0 > 1 denotes an increasing population. R0 = 1 indicates a stationary 
or "stable" population. 

Methods of Collecting Life-Table Data 
1. Age at Death Recorded Directly - The number of individuals dying in successive intervals of time is 
recorded for the individuals born at the same time. This is the most precise type of data available because 
it is based on a single cohort followed through time.  
2. Cohort Size Recorded Directly - The number of individuals alive in successive intervals of time is 
recorded for individuals born at same time. These data are similar to those obtained with Method 1, except 
that those surviving are tallied, not those dying. These data are also precise and specific to the cohort 
studied.  
3. Age at Death Recorded for Several Cohorts - Individuals are marked at birth and their death is 
recorded, as in Method 1, but several cohorts are pooled from different years or seasons. This data is for 
analysis of several cohort. 
4. Age Structure Recorded Directly - The number of individuals aged x in a population is compared 
with the number of these that died before reaching age x+1. The number of deaths in that age interval, 
divided by the number alive at the start of the age interval, gives an estimate of qx directly. 
5. Ages at Death Recorded with a Stable Age Distribution and sample- Often it is possible to find 
skulls or other remains that give the age at death of an individual. These data can be tallied into a frequency 
distribution of deaths and thus give dx directly. 

Life Expectancy (ex) 
Life expectancy is how much longer an individual of a given age can be expected to live beyond its present 
age.  Life expectancy is calculated in 3 steps.    
Step 1:  Compute the proportion of survivors at the mid-point of each time interval by averaging lx and 
lx+1 i.e: 
Lx = lx + lx+1 

Step 2:  Sum all the Lx values from the age of interest (n) up to the oldest age, k: 
Tx = ∑ Lx𝑘𝑘

𝑥𝑥=𝑛𝑛  
Step 3: calculate life expectancy as: 
ex = 𝑻𝑻𝑻𝑻

𝒍𝒍𝑻𝑻
 

k– Value:  
It is a key factor which is primarily responsible for increase or decrease in number from one generation to 
another and was computed as difference between successive values for log „lx‟. However, the total 
generation mortality was calculated by adding „K‟ values of different development stages or the insect 
which is indicated as „K‟.   
K = kE + kL1 + kL2 + kL3 + kL4 + kpp + kp 

Life Table in Pest Management 
1. The life tables provide a way to tabulate birth and death of insects.  
2. With the help of life tables, we can calculate the life expectancy of beneficial insects and can be used for 
the biological control by predicting natural things in particular instar within which we get maximum 
mortality.  
3. On this basis, we can prepare a plan for the management of insect pest at particular time.  
4. Key factor analysis has proven to be a valuable aid in identifying the environmental factors for high 
mortality. Life tables have been prepared for several insect pests in India viz, Helicoverpa armigera, 
Spodoptera litura, etc. and their key mortality factors have been identified. 
 



 

 
Volume 4 - Issue 03 - March 2022       358 | P a g e  
 

Impact of Climate Change on Plant Disease Scenario 
Article ID: 36365 

Abhishek V1, J. Likhita2 
1Ph. D. Scholar, Department of Agricultural Entomology, Keladi Shivappa Nayaka University of 

Agricultural and Horticultural Sciences, Navile (Shivmogga), Karnataka. 
2M.Sc. Department of Plant Pathology, Kerala Agricultural University, Vellanikkara (Kerala). 

 
 

 

Introduction 
Climate change defines as change in weather parameters and long-term shifts which causes conditions 
which are unfriendly to mankind. It includes both global warming and its impact on changing weather 
patterns. It majorly refers to the drastic changes occurred in Earth’s atmosphere over a range of period 
ranging from decades to millions of years. It is a major global threat and entire globe is becoming vulnerable 
to climate change. 
Climate change is causing dangerous effects on the disease severity and incidence of many crops which are 
our part time parcel of day-to-day life. There are wide range of complexities present in our natural 
ecosystems. These complexities are the starting points to generate a complex array of conditions which 
favors situations to interact pathogen with its host plants and to end up in an epidemic outbreak. 
Ultimately, these progressions will require indeed past short-term fluctuations to multiyear trends to 
develop a clear-cut idea of nature and to what extent of plant and pathogen adaptation and determines the 
fate of plants under forthcoming climate changes. 

Causes for Climate Change 
The major reasons which alter the greenhouse gas concentration to a level which leads to climate change 
are human activities. There will be changes in the Brazilian phytosanitary scenario in our near future. The 
impact of climate change on plants are depended upon the host plant, disease causing incite, weather 
conditions of the respective region as well as various agro-ecosystem components. 
However, the impact of climate change is not studied in a single day and are not determined so easily. 
Consequently, many scientists from various countries went beyond their disciplinary boundaries which 
resulted in broader context. As it is the most challenging environmental issue which is being faced by 
humankind today. Change in temperature, rainfall, evaporation patterns and increase in the occurrence of 
natural calamities are in exponential manner. 

Effect on Plant Diseases 
Many noticeable scientific reports have been made by many researchers and scientists from many parts of 
the world. Projected atmospheric and climate change will affect the interaction between crops and disease 
causing incite. Climatic factors such as temperarure, humidity, moisture, wind, light, soil reaction and 
oxygen and C02 concentration etc., For example, Late blight of potato caused by Phytophthora infestans is 
very rare to occur when mean atmospheric temperature rises to 250C. Low temperature conditions are 
favored by stripe rust of wheat and stripe disease of barley. Fusarium wilts, bacterial wilt of eggplant, 
tomato and potato caused by Ralstonia solanacearum, soft rots caused by Erwinia caratovora, charcoal rot 
caused by Macrophomina phaseolina and Phymatotrichum root rot prefers high temperature conditions. 
Moisture is another weather parameter which finds it close relation to temperature. Late blight of potato 
occurs very rarely in dry areas even though if it causes, it may be due to heavy irrigation and fertilizer 
application. Moisture is required for fungal spores for its sporulation process which are the causing agents 
for the secondary spread of disease. Downey mildew of maize caused by Peronosclerospora philippinensis 
conidiospores becomes turgid and flat at the region of contact. Due to change in humidity conditions 
suddenly, adhesive force and conidium base and sterigma tip round off shooting the spores to a distant 
distance this leads to spread of disease. Some of the diseases which are favored by water deficiency are pox 
of sweet potato, safflower root rot, wheat seed decay etc., Diseases which favored by high relative humidity 
are powdery scab of potato, bare patch of wheat, take all disease of wheat etc., 
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While considering wind, it is the principal factor in dispersal of fungal spores. On the other side of coin, 
wind helps in drying of top wet soil and wet plant surfaces which helps in reducing the disease spread. 
Strong winds when accompanied with sand particles often causes damages to fruit and leaves surface there 
by promoting bacterial and fungal infections. 
Light is an important factor which mainly determines the seasonal diseases. Day length and intensity of 
light makes plants favorable or unfavorable for disease causing incites like fungi, bacteria and viruses. 
Whereas light intensity affects the survival infective organs of pathogen like dormant mycelia, sclerotia. 
Tomatoes which are grown under low light intensity conditions becomes very susceptible to wilt caused by 
Fusarium. But it has a positive effect on growth, sporulation and infection type produced by rust causing 
fungi. In low light intensity conditions, incubation period of Melampsora lini differs from 6-14 days. On the 
other side, strong sunlight can kill conidia of Uncinula necator and Oidium mangiferae. Whole leaves of 
plants are destroyed by plants showing symptoms of tomato necrosis. peach leaf curl due to low light 
intensity and increase in number of lesions. 
Disease causing incites like fungi, bacteria and nematodes has an ability to cause a disease in the soil pH 
which is suitable for host growth. Actinomycetes like Streptomyces scabies will grow normally in neutral 
pH soils whereas fungi prefer acidic pH. Effect of soil pH through host is mainly through tolerance. Acid 
tolerant plants when grown in acidic soils becomes resistant to necrotrophs like Pythium. Common scab of 
potato has a severe impact on dry soils having a pH in the range of 5.2-8.0. Intensity of the disease caused 
by club root of cabbage will be drastically reduced when soil pH ranges from 5.2-6.2. Texas root rot of cotton 
and Verticillium wilts prefers alkaline soils whereas potato wart and sclerotial diseases prefers acidic soils. 
Oxygen to carbon dioxide ratio in atmosphere above the ground will always remain constant so there is no 
much effect of them on disease production. Low oxygen and high carbon dioxide in atmosphere increase the 
growth of Geotrichum candidum. Sclerotinia minor growth is reduced in carbon-dioxide riched atmosphere. 
The direct effect of aeration on plant pathogenic fungi includes the requirement of fungi for growth and 
reproduction. 

Conclusion 
Climate change leads to global warming. It is one of the biggest challenges for human kind to tackle it and 
restore the Earth’s atmosphere and environmental conditions in such a way that none of the flora and 
fauna should be affected with it. On the effects of increasing concentrations of atmospheric gases, we and 
our future generations should take part and implement ideologies in a manner to alter the earth’s climatic 
conditions which are eco-friendly to all creatures on our mother planet Earth. 
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What is Immunity? 
It is defined as the body’s ability to identify and resist large numbers of infectious and potentially harmful 
microorganisms, enabling the body to prevent or resist diseases and inhibit organ and tissue damage. 

Immunomodulators 
These are biological or synthetic substances that can stimulate, suppress or modulate any aspect of immune 
system including both adaptive and innate arms of the immune system. 

Immunity Essentials 
1. Less than 5 hrs of sleep a day can depress the immune functions in the body. 
2. Natural killing cell functionality can be decreased in case of dieting thereby weakening the immune 
system 
3. The immune system can be strengthened just a month after one quits smoking.  
4. Laughter is the best medicine? (yes indeed!)-People who lack humor tend to have less protective immune 
responses. 
5. Maitake and other medicinal mushrooms enhance the activity of NK cells. 
6. Probiotics are the good bacteria found in yogurt stimulates the production of component of the immune 
system, which in turn stimulates NK cell activity. 
7. Ginseng contains a polysaccharide called ginsan that stimulates NK cell activity. 
8. Saponins from soyabeans inhibits viruses by increasing NK activity 

Spices and Herbs for Boosting Immunity? 
1. Ayurveda is a form of traditional medicine followed in india which stresses the use of plant-based extract 
and preparations for better health.  
2. In ayurveda the use of specific herbs for various health benefits including the effect on immunity has 
been widely practised ever since its inception. 

Turmeric 

 
1. Curcumin (diferuloylmethane) is an orange-yellow component of turmeric (Curcuma longa), a spice often 
found in curry powder.  
2. Traditionally known for its anti-inflammatory effects. 
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3. Curcumin has been shown in the last two decades to be a potent immunomodulatory agent that can 
modulate the activation of T cells, B cells, macrophages, neutrophils, natural killer cells, and dendritic 
cells. 

Ashwagandha 
1. It is often referred to as the Indian ginseng because of its rejuvenating abilities. 
2. The root is the main commercial part and it is bitter in taste, hot in action, germicidal, aphrodisiac, 
diuretic and alleviative of "vata" and" Kapha".  
3. The most common benefit of ashwagandha root includes boosting the immune system and increasing the 
number of white blood cells. 
4. Apart from its immune functions’ compounds purified from ashwagandha has biological activities such 
as antioxidant, anti-inflammatory, immunomodulating, antispasmodic actions and also often act as cough 
suppressants. 

Ginger 
1. It’s not only finding a place in kitchen but also renowned more for its medicinal properties than for its 
cooking purposes. 
2. It is known help to treat cold, flu, relieve pain and inflammation.  
3. Ginger is widely regarded as an antioxidant and immunomodulator that helps to combat not only 
disordersa directly related to human health, but also helps the body to rejuvante. 

Liqorice 
1. The distinctive liqorice taste comes from the glycyrrhizic acid in the roots and this acid is 50 times 
sweeter than sugar.  
2. Apart from this it is commonly used in the confectionery and cosmetic industry.  
3. GA in low doses has shown to have anti-inflammatory, anti-diabetic, anti-tumor and anti-microbial 
properties. 

Basil 
1. The basil leaves contain health benefiting essential oils such as eugenol, rosmarinic acid, apigenin, that 
prevent chemical induced skin, liver, oral and lung cancers. 
2. Research also shows that some of the properties of basil are shown to prevent radiation – induced DNA 
damage. 

Kalmegh 
1. Kalmegh is used in 26 Ayurvedic formulations as evidenced from Indian Pharmacopoeia while, in 
Chinese Medicine, it is an important “cold property” herb and is used to release body heat in fever, and 
prevent common cold.  
2. The herb is having a preventive effect from many diseases, due to its powerful immune strengthening 
benefits.  
3. The entire plant is used to treat snake bite. This also possesses anti-diabetes, anti-jaundice, anti-
ulcerogenic, anti-typhoid, anti-HIV, antimalarial, anticancer and antiviral properties. 

Conclusion 
1. Medicinal and spice crops contain many of the chemicals in the form of alkaloids, flavonoids, terpenoids, 
polysaccharides, lactones, and glycoside products are responsible to cause alterations in the 
immunomodulatory properties. 
2. Medicinal plants possess immunostimulant properties and they can serve as a potential source for drugs 
for various immunocompromised states including AIDS, cancer and for the treatment of serious chronic 
infections. 
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Introduction 
Entomopathogenic nematodes (EPN) are beneficial nematodes parasitizing crop insects, particularly 
lepidopterans and coleopterans, and are effectively used as biopesticides against a wide variety of insect 
pests. The impressive attributes of EPN have stimulated strong commercial interest in nematodes as 
biological insecticides and are perceived as viable alternatives to chemicals in the IPM program. The ability 
to mass-produce Entomopathogenic Nematodes as biopesticides is a crucial factor in their success. Even 
though these nematodes were initially developed over 70 years ago, they are now commercially generated 
using three different culture methods: in vivo, in vitro solid, and liquid culture. 

In Vivo Culture 
Mass production of nematodes done on the live host. This is a two-dimensional system that relies on 
production in trays and shelves. 

White Trap Method 
Inoculation, harvest, concentration, and disinfection are some of the procedures involved in the methods. 
On a dish or tray lined with absorbent paper (e.g., filter paper) or another substrate conducive to nematode 
infection, such as soil or plaster of Paris, insects are inoculated with nematodes. Infected insects are 
transferred to White traps after 2–5 days; if infections are allowed to spread too long before the transfer, 
nematode reproductive stages may be harmed, and the cadavers may break. The cadavers are placed in a 
dish surrounded by water, which is enclosed by a bigger dish or tray in white traps. An inverted petri dish 
cover lined with filter paper or filled with plaster of Paris provides a moist substrate for the nematodes to 
walk on in the middle dish (containing the cadavers). Infectious juveniles from the progeny travel to the 
surrounding water, where they are captured and harvested. Contamination is reduced in the White trap 
method because infective juveniles travel away from the cadaver, leaving the majority of potential 
contaminants behind. However, some host material or microbial contamination is likely, which can be 
decreased by washing the harvested nematodes several times using the concentration procedures outlined 
above. Antimicrobial substances such as streptomycin sulphate, Hyamine1 (methyl benzethonium 
chloride), Merthiolate, NaOCl, or HgCl2 can also be used to decontaminate nematodes, although the effects 
of these chemicals on nematodes for commercial usage have not been studied. 

Lotek Method 
The Lotek system is one method for boosting the efficiency and scalability of in vivo production. The White 
trap method necessitates the use of two trays, one for inoculation and the other for harvest; the transition 
from inoculation to harvest needs manual labor. The Lotek approach, on the other hand, involves only one 
perforated tray and an automated harvest system that mists infective juveniles downward and pumps them 
to a collection tank. When infective juveniles fail to reach the water trap in the White trap method, yield is 
diminished, an issue that gets worse with scale. The Lotek misting system captures virtually all infective 
juveniles, increasing productivity. Furthermore, the Lotek procedure reduces the amount of space needed 
for harvesting as well as the amount of time it takes (thus increasing turn-around time). 

Inoculation of Nematodes on the Host 
1. Pipetting 
2. Spraying nematodes onto a substrate     ` 
3. Immersion of insects in a nematode suspension 
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4. Applying the nematodes to the insect’s food 
Host immersion was shown to be around four times more efficient than pipetting inoculum onto the hosts. 
In general, nematode yield is related to host size. In Galleria larvae, the output of Heterorhabditis sp. per 
unit body weight is always greater than that of Steinernema sp. The yields of in vivo production are 
similarly influenced by nematode dosages. Temperature, aeration, and moisture are all elements that 
might affect yield. Other elements, like the media, have an impact on nematode production efficiency. In 
industrial facilities that grow their insect hosts for nematode culturing, for example, a better host diet for 
insect production correlates to higher overall process efficiency. In a tri-trophic interaction, the nutritional 
quality of the insect host's food can also influence the quality and fitness of entomopathogenic nematodes 
raised on those insects. The nematodes function in community dynamics will be influenced by host food 
impacts on entomopathogenic nematode ecology, which will have an impact on fitness. Because greater 
doses result in reduced yield because of EPN competition for nutrients, the best yields are obtained with 
moderate inoculum dosage. Depending on the species, optimal production temperatures range from 18°C 
to 28°C. 

Some of the Nematode Species which are Grown on Different Hosts 
Nematode species  Host 
Heterorhabditis indica, Steinernema glaseri  Chilo sacchariphagus indicas  
H. bacteriophora  Tenebrio molitor  
S. masoodi,S. seemae, S. carpocapsae,S. glaseri  S. 
thermophilum, H. indica  

Helicoverpa armigera 

S. carpocapsae  Spodoptera litura 
H. indica Plutella xylostella 
H. bacteriophora Odontotermes obesus  
S. carpocapsae, H. bacteriophora   Capnodis tenebrionis  

In Vitro Culture 
Solid method: Solid culture began in two-dimensional venues, such as Petri dishes, holding diverse media, 
such as dog kibble, swine kidney, cattle blood, and other animal products. Yeast extract, nutritional broth, 
vegetable oil, and soy flour were among the mediums used. The creation of a three-dimensional rearing 
system involving nematode culture on crumbled polyether polyurethane foam increased in vitro solid 
culture significantly. The foam is combined with a liquid medium and autoclaved. The bacteria are 
introduced first, followed three days later by the nematodes. By spreading the foam onto sieves that are 
immersed in water, nematodes can be extracted in 2–5 weeks. Infectious juveniles migrate out of the foam, 
settle down, and are piped to a collection tank, where the product is cleansed by repeated water washing, 
i.e., sedimentation and decanting. Media for this strategy, like in Petri dishes, was originally based on 
animal products (e.g., hog kidney or chicken offal), but was later enhanced (for cost and consistency) and 
may incorporate diverse components such as peptone, yeast extract, eggs, soy flour, and lard. 
Liquid culture method: Entomopathogenic nematodes were originally produced axenically in liquid 
culture. The opposing issues of giving enough oxygen while preventing excessive shearing of the nematodes 
were recognized as a major hurdle in the development of monoxenic liquid culture in a bioreactor. The 
difficulty can be made worse by the viscosity of the media. Another issue that arises during agitation is 
foaming, which can be reduced by considering bioreactor design and antifoam or defoaming chemicals. 
Symbiotic bacteria are introduced initially in liquid culture, followed by nematode infective juveniles. Soy 
flour, yeast extract, canola, maize oil, thistle oil, egg yolk, casein peptone, milk powder, liver extract, and 
cholesterol have all been recorded as components for liquid culture media. Culture duration can range from 
3 weeks to 3 months, depending on the media and species, however many species reach optimum production 
in 2 weeks or less. Nematodes can be removed from the medium by centrifugation once the culture is 
complete. 

Conclusion 
Chemical pesticides have the potential to trigger secondary pest outbreaks, accelerate the development of 
resistance, destroy natural enemies, and pose a risk of human poisoning, with around 20,000 people dying 
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each year as a result of pesticide poisoning. As a result, different countries' regulatory authorities have put 
restrictions on the use of chemical pesticides. Insect pest management can benefit from biological control 
employing predators, parasitoids, or diseases. Over the last two decades, research and development on 
biological control and insect pests have exploded, and entomopathogenic nematodes (EPNs) have emerged 
as a key tool in insect management. EPN-based biopesticides already have the largest market share in the 
biopesticide globe, second only to Bacillus thuringiensis. EPNs of the families Steinernematidae and 
Heterorhabditidae (Order: Rhabditida) have symbiotic bacteria of the family Enterobacteriaceae that are 
fatal parasites. Heterorhabditids are connected with Photorhabdus spp., while Steinernematids are 
associated with Xenorhabdus spp. In vivo or in vitro mass production of EPNs is possible. 
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Introduction 
Plant cells from which the cell wall has been enzymatically or mechanically removed are called protoplasts. 
Theoretically, protoplasts are totipotent, which means they can dedifferentiate, re-enter the cell cycle, go 
through multiple mitotic divisions, and ultimately proliferate or regenerate into different organs. As a 
result, fusing protoplasts from various species provides a useful breeding strategy (Johnson and Veilleux, 
2001) that avoids prezygotic or postzygotic hurdles associated with sexual hybridization. It is capable of 
producing several homokaryon and heterokaryon types, and also alloplasmic hybrids (cybrids) (Xia, 2009). 
For the introduction of innovations into commercial crops, protoplast fusion had become a popular 
procedure. Involvement in protoplast research has resurfaced in the last decade, owing in part to popular 
opposition to GMOs. 
E. C. Cocking revealed the enzymatic destruction of plant cell walls in order to get a large number of live 
naked cells, known as protoplasts, in 1960. Furthermore, it has been shown that when exposed to 
appropriate physicochemical conditions, higher plant protoplasts can ingest foreign DNA via their uncoated 
plasma membrane. A detailed summary of steps of protoplast culture is illustrated in Fig. 1. 

Isolation of Protoplast 
Protoplasts are biotechnological reagents that can be utilised to carry out genetic transformations or 
somatic hybridization. Unfortunately, due to the low regenerative efficacy of these simplified mechanisms, 
this application is confined to a few plant species. The cellulose fibres in the plant cell wall create a network 
containing hemicelluloses that is embedded in the pectin matrix. The following approaches can be used to 
isolate protoplast: 
Mechanical method: Klerker discovered this method of protoplast isolation in 1892. When plant tissue 
is cut along a line with a razor blade, some protoplasts are liberated. This is the underlying premise of 
mechanical protoplast isolation. 
Enzymatic method: After 1968, when cellulase and macerozyme enzymes were commercially available, 
efficient use of the enzymatic approach of protoplast isolation was possible. After enzymatic disintegration 
of the cell wall with cellulase and pectinase or hemicellulase, protoplasts are extracted from plant tissues. 
The resultant cells are surrounded by the plasma membrane, which provides only a limited barrier against 
mechanical and osmotic pressures after cell wall disintegration. The medium used for protoplast 
preparation and culture is high in sugars, which maintain a little hyperosmotic environment, which 
prevents plasmalemma osmotic lysis. Mannitol (0.9M), a sugar-alcohol that is not involved in plant cell 
metabolism, is added to the medium. 
Table 1: Some commonly used enzymes for protoplast isolation and sources: 
Enzymes Source 
Cellulases Trichoderma viride 
Hemicellulase Aspergillus niger 
Pectinase Rhizopus spp. 

Sorbitol and mannitol, which are applied at concentrations of 450-800 mmol, are the most commonly 
employed osmotica for protoplast isolation. It has been claimed that agarose, rather than agar, is superior 
for solidifying media, which has been observed to boost protoplast culture efficiency. Protoplast isolation 
requires a pH range of 4.7 to 6.0. PVP-10, Glycine, Glutathione, and other antioxidants are employed in 
protoplast isolation. 
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Protoplast Fusion 
Somatic hybridization is the process of creating a hybrid by the fusing of somatic cells. Cybrid (cytoplasmic 
hybrids) are fusion products with one parent's nucleus and the other parent's extra-nuclear genome/s, and 
cybridization is the process of generating cells or plants with such genetic combinations. Protoplast fusion 
can be done by: 
1. Chemical fusion: Fusion of protoplasts by application of chemical agents at particular concentration, 
temperature and time duration. This includes: 

High pH and high Ca2+ treatment: When protoplasts from two different species are treated with 
a highly alkaline solution (pH 10.5) and a higher Ca2+ concentration at 370 C for about 30 minutes, 
they can fuse. This method was used to create intraspecific and interspecific Nicotiana hybrids.  

2. Polyethylene glycol (PEG) treatment: Isolated protoplasts from two separate parents are fused in 
precise proportions and treated with a 15-45 percent PEG (1500-6000 MW) solution for around 15-30 
minutes before being gradually washed with culture media. 

Electrofusion: This process of protoplast fusion was discovered by Zimmerman in the year 1982. 
Fusion is done using AC with 100 to 400 V intensity. 

Isolation of protoplast 

 
Fusion of protoplast of different genomes 

 
Hybrid selection 

 
Hybrid culture of cells 

 
Development of hybrid plants 

Fig.: Flowchart indicating development of hybrid plant using protoplast culture. 

Applications 
Prophylactic use of β-lactam antibiotics in complex in vitro procedures: Antimicrobial treatments, 
such as the use of antibiotics, can significantly avoid or reduce contamination losses during plant in vitro 
cultivation (Abdi et al., 2008). Use antibiotics of choice to inhibit Agrobacterium development in 
transformed tissue cultures, such as cefotaxime or timentin, which are regularly used during complex in 
vitro techniques to safeguard important carrot cultures from inadvertent bacterial contamination 
(Grzebelus et al., 2008). 
In vitro selection against biotic stress: Cultures of protoplasts or tiny cellular aggregates can be a 
viable alternative to other tissue sources, enabling selection: 1. A bigger population of physiologically 
homogeneous cells, 2. under regulated conditions, and 3. occupying less laboratory space Carnations, cotton 
plants, chrysanthemums, and lemons all showed similar absence of phenotypic alterations when they were 
regenerated under biotic stress (Savita et al., 2011). The fact that regenerants are more pathogen-tolerant 
than field-grown plants is due to the effect of the in vitro culture itself, not the toxin pressure. 
In vitro selection against abiotic stress: Studies showed that salt-treated protoplasts can split and 
form proembryonic mass, but subsequently regenerated somatic embryos have different morphology and 
ploidy (Grzebelus et al,.2018). The use of protoplast cultures in an in vitro selection method produces 
variety, which reduces the deleterious effects of salt stress. 

Conclusion 
The protoplast culturing technique has limitless plant enhancement possibilities. Physiologists, virologists, 
molecular biologists, geneticists, and morphogeneticists are already using it as an unique study tool. The 
work could have far-reaching implications in agricultural research as in future (1) Somatic hybrids are 
created by fusing the protoplasts of sexually incompatible or distantly related plants, (2) nitrogen-fixing 
bacteria and blue-green algae have been introduced into non-legumes, particularly cereals, (3) the 
introduction of a selected genome into the protoplast of a crop to confer disease resistance, (4) Mutations 
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in haploid protoplasts can be easily induced and detected, (5) the introduction of 'foreign chloroplasts' into 
crop plants with ineffective photosynthetic systems. (6) Protoplast culture to produce clones for vegetative 
proliferation and genetic diversity and (7) Transgenosis is the insertion of a part or entire genome. These 
options are not meant to be a replacement for current plant breeding procedures, but they are clearly new 
and valuable tools that can be used. 
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Introduction 
Nematodes are small invertebrates that make up the phylum Nematoda are among the most abundant 
creatures on earth. Most nematodes are free-living and feed on bacteria or other microscopic organisms 
(Elsen et al., 2007). Other species are parasitic of plants or animals. Plant-parasitic nematodes can 
devastate a wide range of crop plants, causing billions of dollars in agricultural losses each year (Elling et 
al., 2013). Nematodes have their immense ability to survive under different environmental conditions such 
as extremes of temperature, salinity, moisture, low oxygen, no food, etc. which they face frequently in their 
habitats (Gaur and Kamra, 1994). Due to the nature of survival of nematodes, over the years several 
methods have been developed to store the nematodes for long term duration by using cryopreservation 
techniques. Cryopreservation has a several advantages over the preservation methods on host plants or 
axenic culture system (Elsen et al., 2007). The nematodes stored by using cryopreservation could be useful 
for genetic studies. Different type of nematodes can be stored under cryopreservation. 

Techniques of Cryopreservation 
The successful cryopreservation consists of 6 essential steps: (1) an appropriate pretreatment to prepare 
the biological materials to survive dehydration, (2) a water content reducing step, (3) freezing with an 
appropriate cooling rate, (4) storage in liquid nitrogen, (5) thawing with an appropriate thawing warming 
rate and (6) recovery.    
The reduction of the amount of freezable intracellular water that forms damaging ice-crystal upon lowering 
the temperature is essential for survival after cryopreservation. These ice-crystal cause irreversible 
damage to cell membranes and destroy their semi-permeability. The dehydration can be achieved through 
(i) the application of cryoprotective agents that act osmotically or small molecules that enter cells easily, 
respectively called non-penetrating and penetrating cryoprotective agents, (ii) slow freezing resulting in 
freeze dehydration and (iii) air drying. Prior to this cellular dehydration, the presence of a cryoprotective 
solution, containing compounds such as glycerol, dimethyl sulphoxide, ethylene glycol and methanol, is 
usually required to protect cells from injury by the effect of concentrated extra-cellular solutes and physical 
deformation caused by osmotic shrinkage.                
Nematodes can be cryopreserved either by one treatment or two step treatments. In one treatment, 
nematodes equilibrate in above any cryoprotectants at room temperature and two treatments; firstly, 
nematodes equilibrate in cryoprotectants at room temperature; then spin down briefly and equilibrate with 
cold cryoproctants on ice. Upon completion of above cryoprotectants treatment, load the embedded 
nematodes into a nylon membrane. The cryovials content nylon membrane is proceeded for fast-freezing in 
liquid nitrogen (-196 °C) and storage the frozen samples in -140°C. Whenever nematodes needed for any 
studies, recover the membrane from -140°C freezer and thaw it immediately in warm water bath (30 °C) 
(Elsen et al., 2007).  
Successful cryopreservation reported for several free-living, entomopathogenic, animal and plant parasitic 
nematodes by using different cryoprotective solutions.     
Table 1: Cryopreservation of plant parasitic nematodes (Elsen et al., 2007): 
Nematodes Pre-treatment (in final 

concentration) 
Freezing 
rate 

Survival 
(%) 

References 

Aphelenchoides 
sacchari 

10 % Dimetyl sulfoxide  Slow 56 Hwang, 1970  
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Ditylencuus 
dipsaci 

 7.5 % Dimetyl sulfoxide Slow  23-35 Sayre and Hwang 
(1975) 

Meloidogyne 
graminicola 

10 % Ethylene glycol (at 37 °C) 
+40 % Ethylene glycol (at 5 °C) 
  

Rapid  25 Bridge and Ham 
(1985) 

Bursapelenchus 
xylophilus  

1 % Dimetyl sulfoxide Slow 17 Riga and Webster 
(1991) 

Pratylenchus 
thornei  

14-17 % Glycerol + 70% methanol 
(at RT) + 70 % methanol (at 5 °C) 

Rapid 76 Galway and 
Curran (1995) 

Meloidogyne 
hapla 
M. chitwoodi 

10 % Ethylene glycol (at RT) 
+40 % Ethylene glycol (at 5 °C) 

Rapid 75 Van der Beek et 
al., (1996) 

Cryopreservation method is one of the excellent methods to preserve the nematodes for long term duration 
to various purposes. This method is also useful for recalcitrant organisms. This method is easy and rapid 
for storage of nematodes for long duration in liquid nitrogen. 
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Introduction 
India is the most populous country. India is developing every day with something new. Also, 
industrialization is growing dramatically, putting many arable lands at greater risk. Vertical farming is 
the answer to all these problems in India. Vertical farming is the cultivation and production of crops/plants 
on vertical layers and vertical slopes. Vertical farming is defined as the process of cultivating crops in 
vertical layers. It can be a very promising source for the future as space can be used to produce large 
quantities of vegetables and fruits. 

 
Vertical farming, involves growing crops in controlled indoor environments, with precise light, nutrients 
and temperatures. In vertical farming, growing plants are stacked in layers that may reach several stories 
tall. It enables farmers to achieve constant production of plants - all year round without seasonal, regional 
or climatic influences. Controlled environment agriculture, more commonly known as Vertical Farmi ng - 
the process of growing food or other agricultural products within factory style situations, without the typical 
natural resources associated with plant production, such as soil and sunlight. 
Compared to traditional farming methods, vertical farming uses significantly less water and pesticides. 
Being indoors, the crops are not subject to the seasons and therefore yield more throughout the year. 
Lettuce, tomatoes, and green crops can be grown through this exercise. It is the process of growing crops in 
vertical layers in a controlled environment. It not only reduces the need for water but also increases 
productivity and increases the ability to grow a wide variety of crops. However, in addition to the many 
other benefits, there are some issues with vertical farming. 

What is Vertical Farming? 
Vertical farming is an agricultural process in which crops are grown on top of each other instead of 
traditional, horizontal rows. Growing vertically allows protection in space, resulting in higher crop yields 
per square foot. Vertical farms can control environmental conditions for plants to thrive. 

How Vertical Farming Works? 
There are four key areas in understanding how vertical farming works: 
1. Physical configuration 
2. Lighting 
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3. Growing medium 
4. Sustainability characteristics. 

 
Vertical farms consist of one of several models, ranging from wooden shelves on the garden patio to 
warehouses and greenhouses that are capable of producing enough food for entire communities, in buildings 
such as skyscrapers. 
Firstly, the main goal of vertical farming is to produce more food per square meter compared to other 
farming systems. To this end, crops are grown in vertical layers in the tower's life structure. 
Secondly, the combination of natural and artificial light is used to maintain the perfect level of light in the 
room for growing crops. Technologies such as rotating beds are used to improve light efficiency. 
Thirdly, instead of soil, aeroponic, aquaponics, or hydroponic growing sources are used. Peat moss or 
coconut husk and non-soil medium are common in vertical farming. 
Finally, this uses different sustainability features to meet the energy cost of farming. Vertical farming uses 
95% less water. 

Systems of Vertical Farming in India 
Vertical farms come in different shapes and sizes, from simple two-level or wall mounted systems to large 
warehouses several stories tall. But all vertical farms use one of three soil-free systems for providing 
nutrients to plants - Hydroponic, Aeroponic and Aquaponics. 
1. Hydroponics: The predominant growing system used in vertical farms; hydroponics involves growing 
plants in nutrient solutions that are free of soil. The plant roots are sub- merged in the nutrient solution, 
which is frequently monitored and circulated to ensure that the correct chemical composition is maintained. 

 
Hydroponic farming is highly adaptable to farmers' needs and production and requires low cost and scalable 
expansion. These include methods such as water culture, ab and flu, the nutrient film technique, and the 
wick system. A hydroponics system is a method for growing plants without soil. Plant roots are immersed 
in liquid solutions containing macronutrients like nitrogen, phosphorus, sulphur, potassium, calcium, and 
magnesium, as well as trace elements, including iron, chlorine, manganese, boron, zinc, copper, and 
molybdenum in hydroponics. In addition, inactive (chemically inert) mediums such as gravel, sand, and 
sawdust are used as substitutes for root support. The advantages of hydroponics include the ability to 
increase yields per area and reduce water use. Hydroponic farming uses less water compared to 
conventional farming. Because of these advantages, hydroponics is the largest system used in vertical 
farming. 
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2. Aeroponics: The National Aeronautical and Space Administration (NASA), in the 1990s, interested in 
finding efficient ways to grow plants in space and coined the term "aeroponics," defined as "growing plants 
in an air/mist environment with no soil and very little water." Aeroponics systems are still an anomaly in 
the vertical farming world, but they are at tracting significant interest. An aeroponic system is by far the 
most efficient plant-growing system for vertical farms, using up to 90% less water than even the most 
efficient hydroponic systems. Plants grown in these aeroponic systems have also been shown to uptake 
more minerals and vitamins, making the plants healthier and potentially more nutritious. 

 
3. Aquaponics: It is a bio-system that integrates recycled aquaculture (fish farming) with hydroponic 
production of vegetables, flowers, and herbs to create symbiotic relationships between plants and fish. It 
achieves by using nutrient-rich waste from fish tanks to "fertilize" hydroponic production beds. Hydroponic 
beds work as bio-filters that remove gases, acids, and chemicals. So, the freshly cleansed water can be 
recirculated into the fish tanks. As a result, fresh and clean water can be re-circulated in fish tanks. 

 
It is the practice to cultivate both fish and plants. Fish provides beneficial nutrients and bacteria to plants, 
and as a result, filters the water for fish. This method creates a highly productive and balanced ecosystem 
with enormous benefits. Nutritious wastewater from fish tanks is filtered through a solid removal unit and 
then transported to a biofilter, where toxic ammonia is converted to nutrient-rich nitrate. By absorbing 
nutrients, plants then purify wastewater, which is recycled back into fish tanks. Furthermore, plants use 
carbon dioxide produced by fish, and water in fish tanks heats up and helps the greenhouse maintain its 
temperature at night to save energy. As most commercial vertical farming systems focus on a few fast-
growing vegetable crops, aquaponics, including an aquaculture component, are not currently as widely used 
as conventional hydroponics. 

Advantage of Vertical Farming 
1. Year-round crop production 
2. Eliminates agricultural flow 
3. Significantly reduces fossil fuel consumption (transport machinery and crop transport) 
4. Uses useless or unused properties 
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5. No weather-related crop failure 
6. Vertical farming is a high yield 
7. Lower cost base due to protection from floods, droughts and sun damage.  
8. No requirements for fertilizers, herbicides, or pesticides, soil, long distance transportation, farm 
machinery such as tractors, trucks, or harvesters. 
9. No seasonality issues because continuous crop production occurs all-year round. 

 

Disadvantages Vertical Farming 
1. High electricity usage to run lighting and heating/ cooling in a vertical farm impacts the economics 
2. Quite expensive 
3. The current model for crops grown in vertical farms focuses on high value, rapid-growing, small footprint 
and quick-turnover crops, such as lettuce, basil, and other salad items 

Crops Suitable for Vertical Farming 
Vertical systems are used for growing leafy vegetables such as Basil, Coriander. Lettuce, Kale, Chard and 
collard greens, Chives, Mint, Thyme, Spinach, and Gerbera, etc. 

Limitations of Vertical Farming 
There are both advantages and disadvantages to vertical farming. The main limitations of vertical farming 
are as follows: 
No Established Economics - The financial feasibility of this new method of farming is uncertain. The 
financial situation is changing, however, as the industry matures and technology improves. 
Difficulties with Pollination - It takes place in a controlled environment. Thus, the process of pollen 
needs to be done manually, which will be labour-intensive and expensive. 

 
Labour costs - The higher the energy costs in vertical farming, the higher the labour costs due to the 
centres where wages are higher, as well as the need for more skilled labour. However, automation in 
vertical fields may require fewer workers. Manual pollination can be one of the most laborious tasks in 
vertical fields.  
Too Much Dependency on Technology - The development of better technologies can always increase 
efficiency and reduce costs. But whole vertical farming relies heavily on different technologies for light, 
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temperature retention, and humidity. Losing power for just one day can be very costly for a vertical farm. 
Many people think that the technologies used today are not ready for mass adoption. 

Challenges of Vertical Farming 
1. Monitoring of Optimum Air Quality, Temperature and Relative Humidity, Water Quality, Light Quality, 
Nutrients Concentration and pH in Nutrient Solution. 
2. Substrate of Vertical Eco-Farming. 
3. Design of Watering Systems. 
4. Selection of Ideal Crop for Vertical Eco Farming. 
5. Vulnerability of Vertical Eco-farming. 
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In the world there are currently about 1 billion people chronically malnourished and approximately 2 billion 
people who suffer from a deficiency of essential micronutrients. To address the need of a diet with fresh, 
nutrient-rich and high content of phytocompounds necessary for healthy development of the body, the 
vegetables industry has introduced a new product: microgreens. The microgreens can be considered an 
innovation of the concept of vegetables and vegetables industry in general, having the potential to 
transform the whole idea of vegetables. 

What is Microgreen? 
Micro greens, commonly termed as ‘Vegetable Confetti’, are another form of distinction crop, portrayed as 
soft juvenile greens raised from the seeds of grains, vegetables, or herbs as well as its wild types. Since, in 
developed countries attraction towards healthy eating, gourmet cooking and indoor gardening has been 
increased and thereby microgreens have now attained recognition there. This new form of food has a 
comparatively small life span even in refrigerator and are utilised in very little amounts as garnishes, 
toppings, or seasonings. 

 
Micro greens are identified by various number of colors, tastes, textures and are fresh and tenderly soft 
vegetables, found from the seeds of abundant varieties (aromatic herbs vegetables, wild edible plants, and 
herbaceous plants), harvested a few days or weeks after germination during the formation of cotyledons 
and appearance of the first true leaves. 
Micro greens have larger concentrations of phenolics, antioxidants, minerals, and vitamins than present 
in fully developed green or seeds and hence recognized as functional foods consisting of health improving 
or ailment prevention characteristics apart from their nutritional benefits. These are well recognized as 
good carrier of biologically active components. 
Unfortunately, commercialization of micro greens is less due to their speedy degradation and a very small 
storage life, generally 3 to 5 days at encompassing temperature, so these are supposed to be highly 
decomposable products. As the demand for micro greens rises, consequently their appearance in farmer’s 
markets and specialty on grocery stores also begins, so the improvement of their bundling and post collect 
stockpiling circumstances is in this way getting significant for upgraded timeframe of realistic usability. 
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Microgreens have gained increasing popularity as food ingredients in recent years because of their high 
nutritional value and diverse sensorial characteristics. Microgreens are edible seedlings including 
vegetables and herbs, which have been used, primarily in the restaurant industry, to embellish cuisine 
since 1996. The rapidly growing microgreen industry faces many challenges. Microgreens share many 
characteristics with sprouts, and while they have not been associated with any foodborne illness outbreaks, 
they have recently been the subject of seven recalls. Thus, the potential to carry foodborne pathogens is 
there, and steps can and should be taken during production to reduce the likelihood of such incidents. One 
major limitation to the growth of the microgreen industry is the rapid quality deterioration that occurs 
soon after harvest, which keeps prices high and restricts commerce to local sales. Once harvested, 
microgreens easily dehydrate, wilt, decay and rapidly lose certain nutrients. Research has explored 
preharvest and postharvest interventions, such as calcium treatments, modified atmopsphere packaging, 
temperature control, and light, to maintain quality, augment nutritional value, and extend shelf life. 
However, more work is needed to optimize both production and storage conditions to improve the safety, 
quality, and shelf life of microgreens, thereby expanding potential markets. 

 
Like sprouts, microgreens are a young vegetable. However, sprouts and microgreens are not the same. 
Sprouts are newly germinated seeds that people harvest just as the seed begins to grow and before their 
leaves develop. Conversely, microgreens grow from sprouts, and they have leaves. 
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When the cotyledon leaves — the embryonic leaves — have fully developed, and the first true leaves have 
emerged, the plant becomes a microgreen. People usually grow sprouts in water and harvest them within 
Microgreens can grow either in soil or hydroponically, but they need sunlight. People harvest them after 
1–3 weeks, depending on the type. People can grow microgreens from any herb or vegetable. The flavor 
will depend on the plant. 

Nutritional Benefits of Microgreens 

 

Health Benefits of Microgreens 
Eating vegetables is linked to a lower risk of many diseases. This is likely thanks to the high amounts of 
vitamins, minerals and beneficial plant compounds they contain. Microgreens contain similar and often 
greater amounts of these nutrients than mature greens. As such, they may similarly reduce the risk of the 
following diseases: 
1. Heart disease: Microgreens are a rich source of polyphenols, a class of antioxidants linked to a lower 
risk of heart disease. Animal studies show that microgreens may lower triglyceride and “bad” LDL 
cholesterol levels. 

 
3. Alzheimer’s disease: Antioxidant-rich foods, including those containing high amounts of polyphenols, 
may be linked to a lower risk of Alzheimer’s disease. 
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4. Diabetes: Antioxidants may help reduce the type of stress that can prevent sugar from properly entering 
cells. In lab studies, fenugreek microgreens appeared to enhance cellular sugar uptake by 25–44%. 
5. Certain cancers: Antioxidant-rich fruits and vegetables, especially those rich in polyphenols, may 
lower the risk of various types of cancer. Polyphenol-rich microgreens may be expected to have similar 
effects. 

How to Grow Your Own 
Microgreens are easy and convenient to grow, as they don’t require much equipment or time. They can be 
grown year-round, both indoors or outdoors. 
Here’s what you’ll need: 

a. Good-quality seeds. 
b. A good growing medium, such as a container filled with potting soil or homemade compost. 
Alternatively, you can use a single-use growing mat specifically designed for growing microgreens. 
c. Proper lighting — either sunlight or ultraviolet lighting, ideally for 12–16 hours per day. 

 
Instructions:  

a. Fill your container with soil, making sure you don’t over-compress it, and water lightly. 
b. Sprinkle the seed of your choice on top of the soil as evenly as possible. 
c. Lightly mist your seeds with water and cover your container with a plastic lid. 
d. Check on your tray daily and mist water as needed to keep the seeds moist. 
e. A couple of days after the seeds have germinated, you may remove the plastic lid to expose them 
to light. 
f. Water once a day while your microgreens grow and gain color. 
g. After 7–10 days, your microgreens should be ready to harvest. 

 

Varieties of Microgreen 
Microgreens can be grown from many different types of seeds. The most popular varieties are produced 
using seeds from the following plant families: 
1. Brassicaceae family: Cauliflower, broccoli, cabbage, watercress, radish and arugula 
2. Asteraceae family: Lettuce, endive, chicory and radicchio 
3. Apiaceae family: Dill, carrot, fennel and celery 
4. Amaryllidaceae family: Garlic, onion, leek 
5. Amaranthaceae family: Amaranth, quinoa swiss chard, beet and spinach 
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6. Cucurbitaceae family: Melon, cucumber and squash 

 
Cereals such as rice, oats, wheat, corn and barley, as well as legumes like chickpeas, beans and lentils, are 
also sometimes grown into microgreens. Microgreens vary in taste, which can range from neutral to spicy, 
slightly sour or even bitter, depending on the variety. Generally speaking, their flavor is considered strong 
and concentrated. 

 

Problems Related to Storage of Microgreens 
1. Harvesting at optimal maturity 
2. Minimizing injury 
3. Sanitation and handling skill 
4. Temperature control 
5. Relative humidity 
6. Modified atmosphere packaging storage 
7. Postharvest light treatments 
8. Washing treatments. 

Challenges 
1. The growing demand for “superfoods” like microgreens can be a good opportunity for the Indian food 
industry. By creating special categories for greens, more people become aware of microgreens. Microgreens 
have a high price market and reliable customer segment (culinary and fancy restaurants) and, its high 
price market is a result of expensive production costs and challenges to keep them contamination-free 
during all stages, starting from media preparation to proper packaging. Contamination is no more a 
challenge because of modern technology, however that also amounts to its expense. On the other hand, 
microgreens low yield, rapid senescence, and very short shelf-life curbs the expansion of their commercial 
production. 
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2. The COVID pandemic is actively impacting supply chains across industries. Restaurants have 
experienced closures or substantial drop-offs in demand, and lots of farms have adapted their business to 
undertake to remain afloat. Food safety, accessibility, and quality is usually the topic of public policy and 
political discussion due to the role it plays in public health. Most microgreen production is currently 
domestic and the 2020 pandemic is expected to decelerate demand growth for organic crops due to a decline 
in discretionary spending. 
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Globally agriculture is presently facing many constraints such as population pressure, degrading land, 
change in dietary habits, small land holdings, and many biotic and abiotic stresses. With aggravating 
climate change, environmental stresses especially drought and heat have caused a serious concern. 
Amongst various environmental concerns in agriculture, increasing global temperature is the remarkable 
one. 
With regard to global climate models, the mean ambient temperature is predicted to increase by 1-6°C by 
the end this century. Such increase of global temperature will have a significant influence on agricultural 
productivity in accordance with the severity of the high temperature, drought, salinity, waterlogging, and 
mineral toxicity stresses. 
High temperature leads to heat stress that is defined as increase in temperature above the threshold level 
for a period sufficient to cause injury or irreparable damage to crop plants. High temperature-induced heat 
stress is expressed as the rise in air temperature beyond a threshold level for a period sufficient to cause 
injury or irremediable damage of crop plants in general. Heat stress has appeared as a great menace to 
successful crop production in the world. 
Wheat (Tritium aestivum L.) is one of the most important staple food crops grown over 215 million hectares 
(Mha) in a wide range of environment throughout the world with an annual production of about 772 million 
metric tons (Mt). 
Wheat crop alone accounts for about 21% of the world’s food production. Wheat is a major food crop in India, 
accounting for approximately 12% of world’s wheat production. Its production has risen from 6.5 Mt in 1960 
to 106.21 Mt in 2019-20 (Directorate of Economics and Statistics, Department of Agriculture and 
Cooperation, Govt. of India, 2020). 
India is the second largest producer and consumer of wheat only next to China. Its productivity has 
increased to 3.14 t ha-1 which is close to world average of 3.02 t ha-1 but considerably lower than China (4.8 
tha-1, FAOSTAT, 2019). The Indo-Gangetic belt covering around 13.5 Mha area with the major rice-wheat 
cropping system is food basket of India. 
India achieved significant progress in wheat production during the last four decades. In spite of increased 
production, we need to stride in wheat production to fulfill the demand of growing population in the 
changing climate scenario. 
The climate change impact is most significantly felt in Indo-Gangetic plains in the form of shorter winters 
and beginning of high temperature much earlier than the normal expectation. As pointed by Dr. Nagarajan 
(a renowned wheat researcher), heat stress especially terminal heat is the main constraint limiting wheat 
yield in India. 
Terminal heat stress becomes a major concern in wheat where temperature rises above optimum at the 
time of grain growth which decreases rate of grain filling, and ultimately affects yield. Late harvesting of 
rice crop, which sequentially leads to delay in wheat sowing as well as proximity to equator, forces the crop 
to face terminal heat stress in IGP. 

Plant Responses to Heat Stress 
Heat stress affects both vegetative and reproductive stages of crop growth. However, terminal heat stress 
impacts the reproductive growth stage of crop and more specifically grain filling stage. Plant responds to 
heat stress in different ways as: 
1. Morphological and development responses: 

a. Poor seed germination and crop establishment. 
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b. Reduced plant growth and early senescence of leaf. 
c. Alteration in plant growth and development. 
d. Decline in yield because of poor grain filling in wheat. 

 
Schematic illustration of linking between climate-induced heat stress occurrence, plant 

responses to heat stress, and adaptation measures in the farmers’ field. 
2. Physiological responses: 

a. High temperature leads to water stress which leads to poor growth and development of plants, 
b. Reduced photosynthetic processes with higher transpiration rate, 
c. Canopy temperature depression, chlorophyll content, membrane thermostability and stomatal 
conductance are affected under high temperature stress as well as these can act as selection criteria 
as well as indicator of cultivars susceptibility under heat stress. 

3. Wheat grain growth and development: 
a. Reduced grain number per plant reducing grain yield, 
b. High temperature causes pollen sterility above 30oC leading to less fertilized grains, 
c. High day and night temperature of 31/20°C can lead to shriveled grains reducing overall grain 
weight 
d. Accelerated grain filling stage with reduced duration for grain filling, 
e. Deteriorated wheat grain quality because of less nutrient mobilization, 
f. Reduction in gluten content under heat stress causing reduced flour quality. 
g. Reduced grain starch content and more sugar content under high temperature stress. 

Management of Heat Stress 
It is evident that heat stress especially terminal heat stress affects adversely the growth and development 
of wheat plants. Heat stress in field can be managed by growing heat tolerant cultivars and alteration in 
agronomic practices. Some of the management options under terminal heat stress is discussed below: 
1. Sowing technique: Use of desi plough or seed drill in row-to-row planting. Zero tillage or conservation 
agriculture can also help in alleviation of heat stress impacts as residue incorporation will act as mulch. 
2. Seed Rate: when the sowing is delayed under unavoidable circumstances, increasing seed rate by 1.25-
1.5 times will help in getting the desired yield in spite of seed mortality. For example, seed rate of 100kg/ha 
is recommended under normal condition; for late sown condition (after 15 December), a seed rate of 125 
kg/ha should be preferred. 
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3. Choice of cultivars: Under delayed sowing, choice of variety should be such that either the variety 
should have escaped mechanism or can tolerate heat stress. We need to follow varieties recommended for 
late sowing conditions; some of them are listed in the table: 
Name Duration (Days) Yield potential (QTLs/ha) Recommended zones 
PBW 373 126-134 41-45 North West Plain Zones 

(NWPZ) 
Halna 
(K 7903) 

85-100 35-40 North Eastern Plains 
Zone (NEPZ). 

Golden Halna (K 424) 90-110 40-45 NEPZ 

Unnat halna 85-90 35-45 NEPZ 
Malviya Wheat 234 
(HUW-234) 

126-134 45-50 NEPZ 

Malviya Wheat 213 
(HUW-213) 

125-130 40-45 NEPZ 

DBW-173 119-124 57 NWPZ and 
Uttarakhand 
(Tarai region) 

LOK 1 126-134 42-45 NEPZ and NWPZ 
DBW 90 121 66 NWPZ 
WH 1124 121 56 NWPZ 
DBW 71 119 68 NWPZ 
HD 3059 121 59 NWPZ 
RAJ 3765 134 44 NWPZ 
DBW 107 109 68 NEPZ 
HD 3118 112 66 NEPZ 
HD 2985 108 51 NEPZ 
NW 2036 108 66 NEPZ 
DBW 14 102 64 NEPZ 
HD 2643 111 54 NEPZ 
UP 2425 126-134 36-40 NEPZ 
MP 3336 107 64 Central Zone 
MP 1203 110 59 Central Zone 
HD 2932 109 58 Central Zone 
HD 2864 107 51 Central Zone 

4. Water management: Under heat stress, management of water is most critical as heat stress is mostly 
coupled with drought stress. Wheat crop under no water stress can cope with high temperature stress as it 
will not allow stomata to close under heat stress which will help in transpiration cooling without drastically 
reducing the yield, while crop facing temperature + water stress will close its stomata for saving of water 
which will cause no evaporative cooling leading to higher leaf temperature at which most of the enzymatic 
activity stops leading to drastic reduction in physiological process and yield. 
Scheduling of irrigation according to soil type and quantity of water available will help in alleviating impact 
of heat stress in wheat. 
In case when water availability is limited, scheduling one supplemental irrigation at grain filling stage 
helps in alleviating heat stress in wheat. 
5. Foliar spray: Under heat stress, application of an additional fertilizer dose especially in the form of 
nitrogenous and potassic fertilizer at grain filling stage greatly helps in reducing the yield decline. As 
potassic fertilizers increase the rate of photosynthesis which will increase dry matter translocation to vein 
and helps in increase grain weight and ultimately yield. 
Simultaneously, application of these fertilizers helps in reducing water stress. Generally, the 
recommendations are application of additional 30 kg N/ha at grain filling stage; potassium nitrate @ 1% 
also helps in mitigation of terminal heat stress in wheat. 
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In summary, high temperature stress reduces yield and quality of wheat crop. Adapting to heat stress 
through agronomic management practices like timely sowing, zero tillage, supplemental irrigation and 
fertilizer at grain filling stage and selection of suitable cultivars according to the agro-climatic conditions 
are some of the options which can help alleviation of terminal heat stress in wheat with least yield penalty. 

 
Figure 1: Evaluation of different wheat genotypes at ICAR-RCER Experimental farm 

 
Figure 2: Evaluation of wheat performance under different sowing dates for terminal heat 

tolerant cultivars. 

 
Figure 3: Experimental field view under different sowing dates for evaluating terminal heat 

tolerance. 
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India achieved spectacular growth in agriculture since 1966, but population grows at a higher rate than 
food supply created food scarcity. Thus, shortage of food gives rise to famines, epidemics, riots etc. Due to 
these calamities a part of population is eliminated and a natural balance between population and food 
supply is established only in the short-run because population again begins to grow at a faster rate than 
food supply and the economy again moves to food crisis. That way food crisis arises in an economy at a 
regular interval. High yields often come from the use of improved crop varieties, fertilizers, pest control 
measures and irrigation, which have resulted from green revolution. The green revolution in India refers 
to a period of time when agriculture in India changed to an industry dependent system. Despite high 
productivity, farmers face various problems like degradation of land, increased weed growth, pest 
infestation, loss of biodiversity, water and soil pollution associated with the intensive agricultural systems.   
The present-day agriculture is challenged to fulfill the twin objectives of achieving food, fodder, fiber and 
fuel security as well as sustainability with emphasis on restoring soil resources, improving water quality, 
mitigating climate change and preserving soil and natural resources for long-term use. Sustainable 
agriculture is a potential solution to correct and prevent these problems. 
Sustainable agriculture refers to the ability of a farm to produce food indefinitely, without causing 
irreversible damage to ecosystem health. It is usually noted that this requires the reconciliation of 
environmental, social and economic demands - the “three pillars” of sustainability. With the new emphasis 
on sustainable agriculture comes a reawakening of interest in soil health. Soil health emphasizes the 
integration of biological, chemical and physical measures of soil quality that affect farmer’s profit and the 
environment. Healthy soils function to sustain soil biota and plant life, store and cycle water and nutrients, 
decompose organic matter, inactivate toxic compounds, suppress pathogens and protect water quality. Soil 
health is a systems concept that implies that the soil functions as a balanced living system. 
Healthy soil, an essential component of a healthy environment, is the foundation upon which sustainable 
agriculture is built. Reduction in soil organic matter under intensive farming systems is a major cause of 
decline in soil health. Organic matter plays a critical role in soil ecosystem because it provides substrates 
for decomposing microbes that in turn supply mineral nutrients to plants), improves soil structure and 
water holding capacity, increases natural suppressiveness against soil-borne pathogen, and reduces heavy 
metal toxicity. In this scenario, a recovery of depleted soil organic matter and its maintenance to an 
adequate level is a critical task to improve soil health. For managing soil health certain organic 
amendments like animal manure, municipal biosolids, green manure, compost, biochar etc. are added. 
Among these the huge potential of biochar as a soil amendment in agriculture has recently been recognized 

Biochar 
Biochar is the carbon rich product that is gained when biomass is heated with a limited supply of oxygen 
in a process called pyrolysis or gasification. Biochar is not pure carbon, but rather a mix of carbon (C), 
hydrogen (H), oxygen (O), nitrogen (N), sulphur (S) and ash in different proportions. The main structure of 
biochar is stacked crystalline graphitic sheet and randomly ordered amorphous aromatic structure. Four 
complementary and often synergistic objectives may motivate biochar applications for environmental 
management: soil improvement (for improved productivity as well as reduced pollution); waste 
management; climate change mitigation; and energy production, which individually or in combination must 
have either a social or a financial benefit or both.  
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Characteristics of biochar: The properties of biochar vary substantially depending on the source of 
biomass, the rate at which it is heated, the maximum temperature of heating, and the extent to which 
volatiles produced during pyrolysis are separated from the biochar prior to cooling. The level of aromaticity 
directly influences the stability of biochar in soil environments. Other properties of biochar are particle 
size, porosity, surface area, charge density, functional groups, biologically available and active compounds, 
and inorganic bases that are admixed with the biochar.  
From a physical point of view, biochar has a low bulk density due to its porous structure leading to a high 
specific surface area ranging from 50 – 900 m² g-1 and a high-water holding capacity. From a chemical point 
of view, the most striking feature of biochar is its polycondensed aromatic structure caused by dehydration 
during thermo chemical conversion leading to its black color.  
Several studies demonstrated that the quality of the feedstock and production conditions such as pyrolytic 
temperature and residence time has a significant influence on the quantity, quality and the elemental 
compositions of the biochar.  
Therefore, both production technology and the original composition of the feedstock source strongly 
influence final biochar yield as well as physical and chemical properties. 
Effect of biochar on soil properties: Biochar, a byproduct of the pyrolysis process, is a biomass-derived 
black carbon intended for use as a soil amendment. As a soil amendment it is mainly used to improve soil 
nutrient status, C storage and filtration of percolating soil water. Biochar has an inherent energy value 
which can be used to maximize the energy output of pyrolysis. However, research has shown that 
application of biochar to soil may be more desirable as it can increase soil organic carbon (SOC), improve 
the supply of nutrients to plants and therefore enhance plant growth and soil physical, chemical, and 
biological properties. 

Effects of Biochar on Soil Physical Properties 
Soil structure: The incorporation of biochar into soil can alter soil physical properties such as structure, 
pore size distribution and density with logical implications in soil aeration, water holding capacity, plant 
growth and soil workability. The biochar amendment significantly increased the proportion of macro 
aggregates (>0.25 mm). Biochar influences soil aggregation due to interactions with soil organic matter, 
minerals and microorganisms. Many long-term experiments carried out earlier showed that the formation 
of soil aggregate was a respond of soil organic carbon.  
Soil density: Biochar particles have low density with high porosity compared to that of soils which aid soil 
to hold more air and water, thus decreasing the soil bulk density. Improved aeration will be partly due to 
increase in macro porosity with resulting higher air-filled porosity and improved supply of oxygen to soil 
under a wide range of soil water conditions. 
Soil porosity: Biochar has a very porous nature and thus its application to soil will improve soil aeration. 
However, the extent of changes will depend on the porosity characteristics of different biochar types and 
application rates. Pore size distribution of biochar depends on anatomical structure of parent feedstock and 
process conditions of pyrolysis, such as charring temperature and activation.  
Soil water: The influence of biochar on soil physical properties will affect the soils response to water, 
aggregation, workability, shrink-swell dynamics, permeability and soil water retention. This change may 
be due to physical changes in the soil whereby small particles of char block the soil pores and reduce water 
infiltration rates. Biochar has high total porosity, and it can retain water in small pores and increase water 
holding capacity. Its biochar application increases the water holding capacity of soil. 

Effects of Biochar on Soil Chemical Properties 
pH: The highest mean value of pH was observed in soil treated with biochar, while the lowest value was 
recorded in control. The increase in soil pH with application of biochar was due to presence of alkali and 
alkaline earth metals.  
CEC: Biochar has a greater ability than other organic matter such as animal manure, green manure and 
compost to adsorb cations due to its greater surface area, negative surface charge and greater charge 
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density. This makes it potentially more capable of retaining nutrients and providing these to growing 
plants. The CEC gets increased with increased rate of biochar application. 

Effects of Biochar on Soil Biological Properties 
Soil microbial activity: High surface area, porous structure and nutrient retentive capacity of biochar 
provide favorable habitats for microbes. Biochar stores and supplies nutrients to soil microbes via the 
sorption of nutrient cations and inorganic anions with its surface functional groups, especially oxygen-
containing groups such as the carboxylate group.  
Enzyme activity: Mineralization of soil organic matter (SOM) is an important microbial mediated process 
by which carbon, nitrogen, and other nutrients are converted from organic forms into inorganic forms. Soil 
microbes must produce soil enzymes to catalyze the breakdown of soil organic matter and to make readily-
usable dissolved compounds for growth and metabolism. The effect of biochar on soil enzyme activities like 
urease and β – glucosidase enzyme activity got increased with the application of biochar when compared to 
control. Higher enzyme activity could be due to the higher microbial biomass in the biochar treatments 
that released more urease enzyme than the other treatments. 
Application of biochar ameliorates soil fertility, improves nutrient uptake and enhances the plant biomass 
and oil yield. Use of biochar in basil cultivation is thus one viable option that can intensify natural rates of 
carbon sequestration in the soil, reduce farm waste and improve the soil quality. Application of biochar and 
chemical fertilizer improve soil structure, fertility and productivity of basil plants. However, use of biochar 
alone was not sufficient to boost the growth of the basil plant and soil nutrient status. 

Negative Impacts of Biochar on Crop Productivity and Soil Quality 
Improper biochar application may decrease crop productivity and can deteriorate soil quality. Sometimes, 
biochar application to soil can cause water logging in heavy clay soils, may injure plants and earthworms, 
and can reduce the efficacy of soil-applied pesticides. The application of improper biochar types to particular 
soils (e.g., alkaline soil amended with high pH biochar) may negatively impact soil quality. Some biochar’s 
may also possess a high amount of ash which may contain salts that cause soil salinity. 

Conclusion 
Biochar is a promising tool for attaining sustainable productivity agriculture.  Application of biochar in soil 
can boost sequestration of soil organic carbon as well as increase fertilizer efficiency, enhance productive 
capacity, and advance global food security. Also, biochar production provides a great potential for worldwide 
climate change mitigation that goes beyond its uses in agricultural production alone. It also makes soil 
cleaner and healthier through decontamination effect. If biochar is not properly made, it can pollute soils 
with compounds such as PAHs, dioxins, furans, heavy metals etc. and also pose threat to ecosystem. 
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Introduction 
Antioxidant can be defined according to PFA rules 1955, as a substance which when added to a food retard 
or prevents its oxidative deterioration. Antioxidants have the capability for slowing down the autoxidation 
process of other compounds and neutralize free radicals. Oxidation is set of chemical reactions which 
degrades the food products and minimizes its shelf life. These are also playing important role in food 
processing industries as a means to hinder oxidation, strengthen flavor, aroma as well as color. 
Antioxidants also considered very helpful in the treatment of various diseases like diabetes, coronary heart 
disease, cancer etc. However, synthetic antioxidants are applied in food industry which can cause numerous 
side effects on human health. Recent study shows that synthesis of natural antioxidant from fruits and 
vegetable waste has gained great attention. Further research has to be performed on plant phenols and 
processing of agricultural and industrial by products as a potential source for extraction of antioxidants. In 
present scenario strong interest has been focused on incorporation of antioxidants in food related products 
moreover, plant materials such as herbs, spices, seeds including fruits and veges are the natural 
components which are used not only for their biological importance but also their economic factor (Lourenco 
et.al., 2019). Therefore, to achieve good health and free from day-to-day lifestyle disease consequences then 
it is recommended to follow balanced or varieties in diet instead of taking antioxidants supplements on a 
regular basis which overcomes your health hazards. Glutathione, ubiquinol, and uric acid are some 
antioxidants which produced during normal metabolism in the body (Kumar et.al., 2014). 

Classification of Antioxidants 
These can be classified in the basis of their performed activities, their mode of action, background, including 
their biochemical characteristics (Perez et.al., 2013). 
Natural Antioxidant:  They allow food processors to produce stable products with clean labels of all 
natural ingredients. It brings less rigorous burden of safety proof than that required for synthetic products. 
Moreover, natural antioxidants are those which found natural sources viz. vegetables, fruits, seeds, peels, 
meat, leaves, roots, barks. Some examples of natural antioxidants are- tocopherol, beta carotene, ascorbic 
acids, flavonoids, anthocyanin, coenzyme Q10, lycopene and selenium. 
Antioxidant Appearance Function Uses Health benefits 
Tocopherols Golden brown 

color slightly 
viscous liquid 
with 
characteristic 
odor 

Termination of free 
radicals 

Cereals and its 
products, rice 
bran oil, soyabean 
oil, palm oil.  

Prevention of 
CVDs 
(Cardiovascular 
diseases) 

Ascorbic acid White or slightly 
yellow crystalline 
powder 

Diminishes the 
generation of odor active 
compounds in emulsions. 
Quench various forms of 
oxygen 
Regeneration of primary 
antioxidants 

Citrus fruits, 
beverages, guava, 
sprouted pulses.  

Prevention of 
various form of 
cancer (stomach 
and lungs) 

Carotenoids Yellow, orange 
and red lipid-
soluble  

Trap free radicals in the 
absence of singlet oxygen 

Dairy products, 
fat, oils, fruit 
juices. 

Helps to aid in 
vision 
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2. Dietary Antioxidant: Dietary components which can be identified as antioxidants such as ascorbate, 
beta carotene, tocopherols and bioactive plant phenols. It can be nutrients or non-nutrients. In extracellular 
fluids ascorbic acid is considered the most important water-soluble antioxidant. It is capable of neutralizing 
reactive oxygen species in the aqueous phase before lipid peroxidation is initiated. Tocopherol is also 
considered major lipid soluble antioxidant moreover, it is more effective chain breaking antioxidant within 
the cell membrane where it protects membrane fatty acids from lipid per oxidation (Ortega et.al., 2014). 
3. Synthetic Antioxidant: These are chemically synthesized compounds since they do not occur in nature 
and are added as food preservatives to prevent lipid oxidation (Feredioon et. al., 1992). Today, almost all 
processed foods have synthetic antioxidants incorporated, which are reported to be safe. Some examples 
are- BHA (Butylated hydroxyanisole), BHT (Butylated hydroxytoluene), PG (Propyl gallate), TBHQ 
(Tertiary butylhydroquinone) and DG (Dodecyl gallate). 
Antioxidant Appearance Function Uses Food Safety 

Issues 
BHA White waxy 

flaxes or 
tablets 

• Terminates free radicals 
• Possess antimicrobial 

activity 

Beverage and 
desserts mixes, 
margarine, 
chewing gums, 
bakery, meat 
products etc. 

Suspected for tumor 
formation in 
animals. 

BHT White 
granular 
crystals with 
slight odor 

• Terminates free radicals 
• Possess antimicrobial 

activity 

Potato chips, 
vegetables oils, 
frozen seafood, 
breakfast cereals, 
snacks etc. 

              - 

TBHQ White- or tan-
colored solid 
crystals with 
characteristic 
odor 

Terminates free radicals 
 

Pizza, toppings, 
edible fats, beef 
patties, vegetable 
oils, poultry etc. 

Mutagenicity 

PG White 
crystalline 
powder with 
slight odor 

Terminates free radicals 
 

Non-alcoholic 
beverages, 
margarine, 
meatballs, beef 
patties, chewing 
gum base etc. 

              - 

4. Endogenous Antioxidant: In addition to dietary antioxidants, the body relies on several endogenous 
defense mechanisms to help protect against free radical-induced cell damage. The antioxidant enzymes 
glutathione peroxidase, catalase and superoxide dismutase (SOD) metabolize oxidative toxic intermediates 
and require micronutrients cofactors such as copper, zinc, manganese and iron for optimum catalytic 
activity (Admassu et.al., 2019). 
5. Exogenous Antioxidants: It can derive from natural sources such as – anthocyanin, vitamins, 
flavonoids and some mineral compounds (Percival, 1998). 
Both natural and synthetic antioxidants have wide applications in food industry; they are used as food 
additives in different food products to prolong their shelf life and appearance. Thus, efforts are being made 
to reduce oxidation by increasing addition of antioxidants to food. Lipid peroxidation is a major cause of 
quality deterioration in many types of natural and processed foods however; it is undesirable because it 
leads to rancidity and off flavor. One of the effective means of retarding lipid peroxidation is to add 
antioxidants (Anbudhasan et.al., 2014). Addition of antioxidants to meat and meat products is known to be 
effective in methmyoglobin formation and lipid oxidation (Karwowska et.al. 2007). Furthermore, use of 
synthetic antioxidants to maintain the quality of ready-to-eat food products has become common place, 
consumer concern regarding safety has motivated the food industry to seek natural antioxidants (Arshiya, 
2013). Antioxidants are not only important in food processing industry to improve their flavor, aroma, color 
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and shelf life but also effective in various prevention of various degenerative illness such as- diabetes 
mellitus, cardiovascular diseases, cataracts, neurological diseases, different types of cancers etc. Dietary 
as well as natural antioxidants present in foods and other biological materials have attracted considerable 
interest because of their presumed safety and potential nutritional and therapeutic or health effects 
(Mandal et.al., 2009). 

Conclusion 
Antioxidants from natural sources are valuable bioactive compounds with well demonstrated potentials for 
use in the industry. Beyond their applications in functional food products, attention has also been focused 
on their use as alternatives to their synthetic counterparts to increase product stability and avoid 
deterioration by oxidation during processing and storage. The forthcoming research can focus on promoting 
the use of natural extracts and fulfilling consumer demands for healthier foods. 
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Introduction 
Invasive insect species are non-native or exotic that occur outside their natural adapted habitat and 
dispersal potential. Although invasive alien species have been identified as the second greatest threat to 
biodiversity after habitat loss, characterizing and quantifying their impacts on native species and habitats 
remains a fundamental problem in the conservation biology. These species are causing enormous damage 
to biodiversity and the valuable natural agricultural systems upon which we depend. Damage by crop pests 
which include insects, diseases, nematodes and rodents, is one of the major constraints to increase food 
production. Globally, up to 30% of agricultural yields are affected by pests and diseases despite intensive 
chemical pesticide use. Apart from these elements the agricultural economy in India is vulnerable to threat 
from exotic pests/diseases which act as the bottle neck in reducing yield. 

Steps in Invasion 
The process of invasion of an alien species follows certain sequential steps, viz. introduction, establishment 
and spread. 
Introduction: In order to become a habitant of a new locality, beyond the natural ranges, the insect must 
have to first move or get itself moved from its current habitat. This movement of the insect is called as 
passive transport which is brought about by vectors. The most common vectors nowadays are humans or 
human consignments. Passive transports of these invasive species are very common and are difficult to 
control. Even after strong quarantine inspections, it is difficult to detect the cryptic early stages of the 
insect which might be transported through the tourists.  
Establishment: Short colonisation is very common, but the insect cannot be regarded as an invasive one 
unless it has established itself in the new environment which is possible only when the invaded insect 
overcomes the environmental barriers. Unlike local colonisation, establishment of an invasive species is 
dependent on the amount of propagule introduced. It is believed that the establishment is promoted by 
disturbances conducted at the receiving environment. Disturbance promotes establishment either because 
native species are poorly adapted to the frequency, intensity or timing of human-mediated disturbances. 
Insects are more prone to invasiveness due to increased resource availability and decreased biotic 
resistance. 
Global warming is another cause of rapid invasiveness of the insects. Global warming has modified the 
resource availability and habitat suitability, thereby deteriorating biological regime of the native insects, 
hence favouring the establishment of the alien insects. 
Spread: Spreading is the process where the initially established species spreads to other areas. Spreading 
is guided by environmental factors such as weather conditions, microclimate and habitat quality [26]. The 
community context of spreading includes interspecific competition and predators also. The decision for 
spreading in an individual insect is also brought about either by its behavioural responses (aggressiveness 
or sociality of the insect) or morphological responses (wing development as in the case of aphids). Apart 
from that the established insect can also spread through human-mediated transportation. The latter 
conserves energy for the invasive insect since the human-mediated transports are quick but the success 
rate of the spread is highly dependent on the habitat permeability of the habitat to which the lien insect 
spread. 
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Current Status of Invasive Insects in India 
There are 173 invasive species introduced to India including 54 terrestrial plants, 56 aquatic organisms, 
47 organisms having agricultural importance and 14 organisms of island ecosystem. On the other hand, 
there are 23 insect pests introduced to India. 
Sr. No. Common 

Name 
Scientific 
name/ family 

Introduced 
from/year 

Hosts Symptoms 

1. Woolly aphid Eriosoma 
lanigerum 
(Aphididae) 

China 
(1889) 

Apple, pear. Nymphs and adults 
are sap suckers, roots 
are damaged by the 
formation of swellings, 
and plants look 
unhealthy even 
leading to death. 

2. San Jose 
scale 

Quadraspidiotus 
perniciosus 
(Diaspididae) 

China 
(1911) 

Populus spp., 
Salix spp., 
Aesculus spp., 
Alnus spp., 
Morus spp. 

Nymphs and adults 
suck the sap usually 
from the twigs and 
branches even fruits 
and leaves depending 
on severity. Heavy 
infestation on bark 
causes gumming 
which will be fatal to 
plant. Pink 
discolouration around 
the parts infested by 
scales. 

3. Lantana bug Orthezia 
insignis 
(Orthezidae) 

Sri 
Lanka/West 
indies 
(1915) 

Lantana, coffee, 
Citrus, sweet, 
potatao, 
gumwood, brinjal, 
rose. 

Bug feeds sucking the 
sap from the phloem. 
As a by-product, 
honeydew is excreted 
which leads to 
attraction of ants and 
development of sooty 
moulds. 

4. Cottony 
cushion scale 

Icerya purchasi 
(Margarodidae) 

Australia, 
(1921) 

Acacia spp., and 
also a wide range 
of forest trees. 

Insect is a sap sucker. 
Abundant amount of 
honeydew is excreted 
leading to the sooty 
mould. 

5. Pine woolly 
aphid 

Pineus pini 
(Adelgidae) 

1970 Pinus spp. Aphid feeds on shoots 
of plants causing 
dieback from the tip. 

6. Subabul 
psyllid 

Heteropsylla 
cubana 
(Psyllidae) 

Central 
America 
(1988) 

Leucaena spp. insects are sap 
suckers from the 
young shoots, leaves 
and inflorescences 
leading to complete 
deformation of young 
shoots. 

7. Spiralling 
whitefly 

Aleurodicus 
dispersus 
(Aleyrodidae) 

Caribbean 
region, 
Central 

Wide range of 
plants (481 
hosts). 

Nymphs and adults 
suck sap from host 
plants. Premature leaf 
drop. Nymphs secrete 
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America 
(1993) 

white, waxy and 
flocculent material. 

8. Silver leaf 
whitefly 

Bemisia 
argentifolii 
(Aleyrodidae) 

1999 Tomato, Squash, 
Cucumber, 
cotton, 
Eggplants, Okra. 

symptoms (irregular 
ripening), sooty mould 
development due to 
honeydew secretion, 
viral disease (tomato 
leaf curl virus 
transmitted by adults) 
and cosmetic damage 
due to the presence of 
adults and nymphs on 
leaves. 

9. Papaya 
mealy bug 

Paracoccus 
marginatus 
(Pseudococcidae) 

Central 
America 
(2007) 

Mulberry, 
tapioca, Jatropha, 
cotton and 
plantation crops. 

Stylets are inserted 
into leaves and skin of 
the fruits and suck the 
sap. Injection of toxic 
substance leads to 
chlorosis, stunting, 
distortion, early leaf 
and fruit fall. 

10. Cotton mealy 
bug 

Phenacoccus 
solenopsis 
(Pseudococcidae) 

USA (2005) Cotton, brinjal, 
okra, tomato, 
sesame, 
sunflower. 

Sap suckers 
Infestation of this 
mealybug on cotton 
causes: stunting, 
yellowing, distortion 
and premature drop of 
leaves and fruits. 

11. Rugose 
spiralling 
whitefly 

Aleurodicus 
rugioperculatus 
(Aleyrodidae) 

2016 Coconut, guava, 
banana, mango, 
drumstick, 
jackfruit. 

Young ones and adults 
suck the sap from 
leaves by remaining 
ventral surface of the 
leaves. 

12. Woolly 
whitefly 

Aleurothrixus 
floccosus 
(Aleyrodidae) 

Neotropical 
(2019) 

Guava, citrus.   

13. Neotropical 
whitefly 

Aleurotrachelus 
atratus 
(Aleyrodidae) 

Neotropical 
(2019) 

Cocos nucifera 
and Dypsis 
lutescens. 

 

14. Potato tuber 
moth 

Phthorimaea 
operculella 
(Gelechiidae) 

Italy (1937) Tobacco, tomato, 
brinjal, beet and 
stored potato. 

Caterpillars mine the 
leaves and bore holes 
on tender shoots and 
tubers. They can move 
through veins into the 
petiole. 

15. Diamondback 
moth 

Plutella 
xylostella 
(Plutellidae) 

1914 Cabbage, 
cauliflower, 
radish, Knol-khol 
(rabi), turnip, 
beetroot. 

Mining and 
skeletonisation of 
leaves and caterpillar 
also bore into heads of 
cabbage. 

16. South 
American 

Tuta absoluta 
(Gelechiidae) 

South 
America 
(2014) 

Tomato, potato, 
pepper, brinjal 

Larvae attack leaves, 
buds, stalks and 
fruits. Feeding results 
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tomato leaf 
miner 

in blotches visible 
from both sides, 
galleries on leaves  

17. Fall 
armyworm 

Spodoptera 
frugiperda 
(Noctuidae) 

America to 
Africa, 
Africa to 
India (2018) 

Maize, millet, 
sorghum, 
sugarcane, rice, 
wheat, cowpea, 

larvae feed on leaves 
by scraping and 
skeletonising leaving a 
silvery transparent 
membrane.  

18. Blue gum 
chalcid 

Leptocybe 
invasa 
(Eulophidae) 

Australia, 
2006 

Eucalyptus  
spp. 

Small, white maggots 
produce galls on the 
midrib of leaves, 
petioles and twigs 
leading to gnarled 
appearance, stunted 
growth, lodging, 
dieback 

19. Erythrina 
gall wasp 

Quadrastichus 
erythrinae 
(Eulophidae) 

2005 Erythrina spp., 
black pepper 
vanilla. 

Wasp forms galls on 
the leaves, stems, 
petioles, and youngs. 
Due to galls their 
reduction in size and 
number eventually 
decreases the growth 

20. Coffee berry 
borer 

Hypothenemus 
hampei 
(Scolytidae) 

Northeast 
Africa 
(1990) 

Arabica and 
robusta types of 
coffee 

Females bore a hole 
into the coffee berry 
and then construct 
galleries in the beans 
where the eggs are 
deposited, followed by 
larval feeding on the 
coffee seed. 

21. Serpentine 
leaf miner 

Liriomyza 
trifolii 
(Agromyzidae) 

USA (1990) Pea, cucurbits, 
tomato, castor, 
ornamental 
plants 

The adult female 
makes punctures in 
the leaf tissue with its 
ovipositor for both 
feeding and 
oviposition. 

22. The coconut 
eriophyid 
mite 

Aceria 
guerreronis 
(Eriophyidae) 

1997 Coconut Nuts are discoloured 
resulting in the 
reduction of market 
value. 
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Insect thermoregulation is the process whereby insects maintain body temperatures within certain 
boundaries. However, the term temperature regulation or thermoregulation is currently used to describe 
the ability of insects and other animals to maintain a stable temperature (either above or below ambient 
temperature) at least in a portion of their bodies by physiological or behavioral means. Poikilotherm – an 
animal whose body temperature varies with the temperature of the surroundings. Eg. insects. 

Behavioral Regulation 
Extreme temperatures are avoided. At temperatures over 44°C, approaching the upper lethal temperature, 
larvae of the desert locust, Schistocerca become highly active. This high level of activity resulted in their 
moving back to a lower temperature. Similarly, movement into an area of low temperature brings down 
the activity. But in insects it is neither killed by extreme heat nor trapped at temperatures too low for its 
metabolism to continue efficiently. In the field, many insects are known to regulate body temperature by 
moving into areas of sunlight when the air temperature is low, or moving to the shade when it is high. They 
also vary posture and orientation to the sun exposing large areas of the body if it is cool, or as little as 
possible when body temperature is high. 

Physiological Regulation 
During flight, the flight muscles raise the thoracic temperature above ambient and, for many insects, the 
only way to avoid overheating at high air temperature is to stop flying. Some species, however, have the 
ability to regulate thoracic temperature physiologically. For example, in flight, Manduca keeps its thoracic 
temperature between 38 and 42°C over a range of ambient temperatures from 12 to 36°C. Some other 
moths, bees, beetles and dragonflies are known to have a similar capacity. Flying insects are able to 
modulate heat production by altering wing beat frequency. In honeybees, reduction of wing beat frequency 
at high temperatures is also known to contribute to regulation of thoracic temperature. 
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Regulation of Colony Temperature by Social Insects 
Social insects regulate the temperature of their nests so that their larvae develop under relatively constant 
conditions. Ants, for example, move their larvae to the most favorable situations in the nest. On hot days, 
Formica blocks its nest entrance stopping the entry of warm air. Regulation of colony temperature is also 
well known in Apis. At high temperatures, workers stand at the entrance of the hive fanning with their 
wings and creating air through the nest. This is sufficiently effective to keep the temperature of the brood 
down to 36°C when the hive is heated to 40°C.  
1. Survival at high temperature: Insects are cooled by evaporation, so that for short periods they can 
withstand higher air temperatures if the air is dry. Periplaneta dies at 38°C at high humidities, but can 
survive a short exposure of up to 48°C if the air is dry. Thus Grylloblatta (Grylloblattodea), living at high 
altitudes in the Rocky Mountains, dies when its temperature gets as high as 20°C, while Thermobia 
(Thysanura), the fire brat, dies at 51°C, and for chironomid larvae living in hot springs at 49–51°C the 
lethal temperature must be even higher. 

a. Internal heat production: The body temperature of an insect is always a reflection of ambient 
conditions combined with any heat that may be produced by metabolic activity. Muscular activity 
produces heat, but, in insects, because of the small size of the muscles and there is a high rate of 
heat loss. The flight muscles, however, are relatively large and move at high frequencies generating 
the power needed for flight. Insects with high wing loading (beetles), in general, have higher wing-
beat frequencies which results in more heat production.  
b. Heat gain from the environment: In the absence of solar radiation, the body temperature of a 
resting insect is close to ambient, but solar radiation will elevate body temperature above ambient. 
The amount by which body temperature exceeds air temperature, sometimes called the temperature 
excess, is directly proportional to the intensity of radiation. Small insects heat up more rapidly than 
large ones because of their smaller mass, but attain a lower body temperature because they lose 
heat more rapidly.  

2. Survival at low temperature: Evaporation is generally slight at low air temperatures, so that, even 
in the absence of radiation, body temperature slightly exceeds air temperature because of the heat produced 
by the insect’s metabolism. At higher temperatures, evaporation is increased and body temperature falls 
below ambient. Heat is lost more rapidly by smaller insects with a larger surface/volume ratio. Convection 
of heat away from the body is also important if an insect’s body temperature is above ambient and especially 
in moving air. Convection is increased at higher wind speeds and is a major source of heat loss in a flying 
insect.  

a. Flight at low temperature: A number of moths fly habitually when the air temperature is close 
to zero. Some of these, such as Eupsilia, operate by raising the thoracic temperature to 30°C or 
above even at an ambient temperature of 0°C. These moths have a thick insulating hair pile on the 
thorax and a well-developed counter-current heat exchange system for maintaining the thoracic 
temperature (Heinrich, 1987). Some moths are able to fly by virtue of their low wing loading. For 
Operophtera, this is about 3.2 mg, ten times lower than most other moths of similar size.  
b. Survival at cold hardiness: Survival at low temperatures is affected by the duration of 
exposure. Low temperatures above freezing are not immediately lethal for most insects, although 
the insects may ultimately die. For example, Locusta larvae move very sluggishly and do not feed if 
the temperature is below 20°C but remain alive for many days even at temperatures close to 0°C. 
These insects recover and develop normally if returned to a high temperature after a short interval. 
Similarly, last stage larvae of the wax moth, Galleria, grow and pupate at 25°C and above, but at 
20°C most larvae die before pupation although some feeding does occur and a few larvae live as long 
as 160 days. Below 20°C, all the larvae die, living for progressively shorter periods at lower 
temperatures.  

3. Freeze tolerance: The supercooling point for most freeze-tolerant insects is in the range 5 to 10°C, 
although some species supercool to lower temperatures. Intracellular ice formation destroys the cells, and 
if many cells are affected the insect die. Thus, the freezing of a large amount of the extracellular body fluids 
beforehand is beneficial. 
4. Freeze susceptibility: Freezing of the tissues quickly kills insects in this category, but many freeze-
susceptible species have very low supercooling points, often below 20°C. The supercooling point often varies 
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seasonally, being lowest at the coldest times of year and being higher at the warm times. Differences also 
occur between different stages of a species, and eggs generally have lower supercooling points than active 
stages. The overwintering stages of insects from temperate regions that are not normally exposed to very 
low temperatures have supercooling points as low as some arctic species. 

Acclimation 
Responses to temperature are not static, but vary according to the previous experience of the insect. Such 
modification is known as acclimatization or acclimation as has been discussed above in relation to survival 
at extreme temperatures. However, acclimatization also occurs within the normal temperature range of an 
insect and affects both physiology and behavior. For example, the oxygen consumption of Melasoma 
(Coleoptera) adults increases with temperature, but the level of consumption depends on the temperature 
to which the insects were previously exposed. 

Cryptobiosis 
Cryptobiosis is the term used to describe the state of an organism when it shows no visible signs of life and 
metabolic activity is brought reversibly to a standstill. The only insect in which this is known to occur is 
the larva of Polypedilum vanderplanki (Diptera), a chironomid living in pools on unshaded rocks in Nigeria. 
In the dry season these pools dry up and the surface temperatures of the rock probably reach 70°C.Some 
recovery occurs even after exposure for one minute at 102°C or several days in liquid air at 190°C. At room 
temperatures larvae can withstand total dehydration for three years. For example, blood cells in the gills 
of Taphrophila (Diptera) pupae and Sialis larvae can be desiccated for long periods, but when rehydrated 
show some vital activities such as clotting. 

Conclusion 
Thermoregulation in insects is very essential function as to avoid from the extreme temperatures. By 
regulating their body temperature according to ambient they are able to survive in all type of environment 
by acclimatization. Sometimes this temperature regulating mechanism gives them defences against their 
enemies as in social insects. So it is mandatory in all activities of insects mainly in flight. 
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Bio-fertilizers are necessary for the healthy development of crops and for the production of nutritious food. 
In conventional agriculture system, soil management practices are mostly centered on inorganic chemical-
based fertilizers, which pose a severe danger to human and environmental health. In sustainable 
agriculture, bio fertilizers have been found as an alternative for enhancing soil fertility and crop yield. Bio-
fertilizers can be an essential part of a comprehensive nutrient management strategy. Nitrogen fixers, 
phosphate solubilizers bacteria (PSB), endo and ectomycorrhizal fungi, cyanobacteria, and other beneficial 
microscopic organisms are all routinely utilized as biofertilizers. They are eco-friendly and cost-effective 
inputs for farmers, these possible biological fertilizers would play a major role in soil production and 
sustainability, as well as conserve the environment. 

Introduction 
The population of India is rapidly increasing day by day, posing a significant danger to food security. As a 
result, agricultural production must be greatly increased during the next few decades to fulfill the high 
food demand of the rising population. In order to increase agricultural yields, farmers are increasingly 
relying on chemical fertilizers. However, the unregulated use of chemical fertilizers can have serious 
consequences for both the environment and human health. Microbes as biofertilizers are being investigated 
as an alternative to chemical fertilizers in the agricultural industry because of their vast potential for 
improving crop yield and food safety. Bio-fertilizer is a product that contains live microorganisms, when 
applied to seeds, plant surfaces, or soil, quickly colonize the plant's rhizosphere or interior and encourage 
growth by boosting the supply or availability of primary nutrients to the host plant. Bio fertilizers provide 
nutrients through the natural processes of nitrogen fixation, phosphorus solubilization, and the creation of 
growth-promoting chemicals, as well as boosting plant development. 

 

Needs of Biofertilizer 
1. Disturbance of soil reactions 
2. Poor soil health 
3. Nutrient imbalance in soil 
4. Environmental hazards such as water pollution and soil organic matter reduction 
5. Increased susceptibility to pest and disease 
6. Reduced plant microbial association 
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7. Ill effects of chemical fertilizers. 

Biofertilizer Classification 
1. N fixing Biofertilizers: 

a. Free living: Azotobactor, Clostridium, Anabena nostae etc. 
b. Symbiotic: Rhizobium, Anabena azollae  
c. Associative symbiosis - Azospirillium  

2. P solubilizing biofertilizers: 
a. Bacillus subtilis and Pseudomonas striata are examples of bacteria. 
b. Penicillium spp. and Aspergillus awamori are examples of fungi. 

3. Biofertilizers that mobilise P: 
a. Glomus spp., Scutellospora spp. are examples of arbuscular mycorrhiza. 
b. Laccaria spp., Pisolithus spp., Boletus spp., and other ectomycorrhizal fungi. 

 

 

Bio-Fertilizer Application Techniques 
1. Seed treatment: 200 gm of bio fertilizers dispersed in 300-400 ml water are gently combined with 10 
kg seeds using adhesives such as gum or jaggery solution. The seeds are then spread out to dry on clean 
sheet cloths beneath the shed and utilised for sowing right away. 
2. Seedling root dip: For transplanted crops, this approach is utilised. For rice crop, a bed is constructed 
in the field and filled with water. Recommended bio-fertilizers are added in this water, and seedling roots 
are immersed for 8-10 hours before being transplanted. 
3. Soil treatment: Mix 4 kg of each of the prescribed bio-fertilizers with 200 kg of compost overnight. 
Then, at the time of sowing or planting, this combination is mixed. 

Biofertilizers have Several Advantages 
1. They are both eco-friendly and financially effective. 
2. They lead to soil enrichment, and the quality of the soil increases with time. 
3. Although they may not produce quick benefits, the long-term results are amazing. 
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4. They lower the total cost of farming. 
5. They contribute to a 10–15% increase in crop productivity. 
6. They cut down on the use of conventional fertilizers. 
7. They can also be used to make plant hormones. 
8. They assist in increasing the availability of plant nutrients to the plants. 

Biofertilizers should be Used with Caution 
1. Never use fungicides with bio fertilizers. 
2. Never expose bio-fertilizers to direct sunlight. 
3. It should be kept at room temperature between 0 and 350 degrees Celsius. 
4. Do not leave the used solution in the refrigerator overnight. 

Conclusion 
Bio fertilizers play a significant role in increasing the crop production. They boost soil health and provide 
the plants with various growth-promoting hormones and phyto-chromes. They preserve our agricultural 
ecosystem. As a result, bio-fertilizers may be the best alternative for long-term agriculture. 
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Agriculture around the world is confronting a slew of problems that are jeopardising food and nutritional 
security. Intensive agriculture and the overuse of external inputs, for example, are wreaking havoc on soil, 
water and genetic resources as well as significantly impacting agricultural production. To achieve increased 
production, conservation agriculture (CA) strategies include minimal soil disturbance, permanent soil cover 
through crop residues or cover crops, and crop rotations. 

Conservation Agriculture 
Conservation agriculture refers to a method of crop production without tilling the soil and keeping crop 
remains on the surface. 

Principles of Conservation Agriculture 
Surface crop residue retention/permanent organic soil cover - A permanent soil cover is necessary 
to protect the soil from the damaging effects of rain and sun, to provide a constant supply of "food" to the 
micro & macro-organisms in the soil and to change the microclimate in the soil for optimal soil organism 
development and growth, including plant roots. As a result, soil aggregation, microbial activity & richness, 
and carbon sequestration are all improved. 
Minimal soil movement: Soil biological activity results in extremely stable soil aggregates as well as 
holes of varied sizes that enable air and water movement. This is referred to as "biological tillage," and it 
differs from mechanical tillage. The biological soil structuring activities will vanish as a result of 
mechanical soil disturbance. 
Conservation tillage is defined as a tillage and planting combination that leaves a 30 percent or more crop 
residue cover on the soil surface. Conservation tillage enhances soil organic matter and improves physical 
qualities in addition to preventing erosion. They also help to interrupt the cycle of illness, insects and wild 
life, as well as increase nutrient and water efficiency. Minimum soil disturbance maintains optimal 
proportions of respiration gases in the rooting zone, reasonable organic material oxidation, porosity for 
water flow, retention, and release, and restricts weed seed re-exposure and germination. 
Crop rotation is important not just to provide a diversified "diet" for microbial species, but also to explore 
different soil levels for nutrients that have been leached to deeper layers and may be "used again" by crops 
in succession. In addition, a diversified crop rotation results in a diverse soil flora and fauna. Through life 
cycle disruption, biological nitrogen fixation, off-site pollution management, and biodiversity enhancement, 
legume cropping sequences and rotations assist to keep insect population growth to a minimum. 

Impact of Conservation Agriculture 
Reduced Weed Incidence: Most studies show that when zero-tillage is used, the incidence of Phalaris 
minor, a prominent weed in wheat, is reduced, resulting in less pesticide use. 
Saving Moisture and nutrients: Limited experimental data and farmer experience show that zero-till 
planting, particularly in laser levelled and bed planted crops, can save significant amounts of water (up to 
20%–30%) and nutrients. 
Increased Yields: When properly managed zero-till planted wheat was compared to traditionally 
prepared fields at equivalent planting dates, yields were usually higher. CA has been shown to boost crop 
yields by preventing soil degradation, improving soil fertility, improving soil moisture regime (owing to 
enhanced rain water infiltration, water holding capacity, and reduced evaporation loss), and providing crop 
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rotational advantages. In the Indo-Gangetic plains, no-till wheat produces yield gains of 200–500 kg ha-1 
when compared to conventional wheat in a rice-wheat system. 
Environmental Benefits: Conservation agriculture, which uses zero-till and surface-managed crop 
residue systems, is a great way to avoid crop residue burning, which emits huge amounts of greenhouse 
gases including CO2, CH4, and N2O. Burning crop wastes also results in a significant loss of plant nutrients, 
which might be recycled if handled appropriately. Burning crop residues on a global level is also a serious 
health hazard. 
Crop Diversification Possibilities: Crop diversification is possible under conservation agricultural 
systems. Cropping sequences/rotations and agroforestry systems can boost natural ecological processes 
when used in the right spatial and temporal patterns. Limited research suggests that a range of crops, such 
as mustard, chickpea, pigeonpea, sugarcane and others, might adapt well to the new systems. 
Resource improvement: When no tillage is used in conjunction with surface crop residue management, 
the slower breakdown of residues leads to improved soil structure, greater recycling, and higher plant 
nutrient availability. Surface residues function as a mulch, reducing evaporation and increasing biological 
activity. 

Advantages 
1. Reduces the cost of labour, time and fuel. 
2. Reduces total operating costs. 
3. Reduced usage of fossil fuels means less pollution in the environment. 
4. Because there is less traffic, soil compaction is reduced. 
5. In a dry year, there are more yields. 
6. Soil erosion is reduced, and flooding is significantly lowered. 
7. Aquifer recharge owing to improved infiltration. 
8. Crop intensity has increased. 
9. Reduced water contamination. 
10. Less chemical and solid nutrient leakage into ground water. 
11. Carbon sequestration reduces pollutants in the environment (greenhouse effect). 
12. Water conservation. 

Disadvantages 
1. Due to zero tillage, a hard pan forms beneath the soil surface, which requires the use of a sub-soiler to 
break after 5-7 years. 
2. Herbicides are required to manage weeds, which raises the expense. 
3. Not all crop rotations are suitable. 
4. In the transition period, soil-borne pests and diseases may emerge. 
5. Machinery costs a lot of money. 

Conclusion 
Conservation agriculture promotes natural ecological processes by minimising soil disturbance, retaining 
surface crop residue and diversifying crop types. It also improves soil structure, increases nutrient recycling 
and availability and boosts biological activity in the soil, which results in less pollution and carbon 
sequestration. 
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Vermicomposting is a green technology that turns organic waste into nutrient-rich organic fertilizer that 
may be used by plants. It has also been discovered to lower the content of heavy metals in contaminated 
feeding ingredients. When used as fertilizer, vermicompost (VC) improves soil quality, plant development, 
and yield while also increasing the nutritional content of the crops produced. VC increases the 
physiochemical (aggregation, stability, pH, EC, bulk density, water holding capacity (WHC), organic matter 
(OM), micro-and macronutrients and biological qualities of soil (microbial population, enzymes). It also 
improves soil structural stability and minimizes soil vulnerability to disasters such as erosion. The use of 
VC in plant growth improves their development in both the early and late phases of growth, however, the 
right concentration of VC must be used. 

Introduction 
As the population grows, so does the amount and kind of garbage generated in cities and rural areas. Such 
wastes are harmful to the environment and, over time, might pose a health risk. In terms of rural wastes, 
there is production as well as a variety of future applications. Vermicomposting is the technique of using 
earthworms to produce organic fertilizer or vermicompost from biodegradable materials. Composting using 
worms eliminates the need for unnecessary disposal of vegetative food wastes while providing high-quality 
compost. 
One of nature's greatest "soil scientists" is the earthworm. Liberated earthworms provide cost-effective 
agriculture assistance. Worms are responsible for a number of things, including transforming ordinary soil 
into high-quality soil. They devour organic debris and leave castings, which are highly useful fertilizer. The 
notion of vermicomposting was born from the exploitation of waste materials by the earthworm. 
Earthworms are used in the vermicomposting process, which involves waste management. Vermiculture 
has become a common method of improving the soil in organic farming. Vermicompost is used as a humus 
bio-fertilizer, soil fertility enhancer, soil activator, and soil conditioner because it contains essential plant 
nutrients such as storage and structural polysaccharides, vitamins, enzymes, growth regulators, and 
beneficial microorganisms such as nitrogen-fixing, phosphate solubilizing, denitrifying, decomposing, and 
methanogenic bacteria. 
The "Green Revolution," which was advocated in the early twentieth century, boosted food production 
without considering the negative consequences. Farmers and scientists alike are seeking to develop an 
alternative to chemical agriculture in light of current realizations to preserve ecological balance for the 
sustainability of agricultural output. India has a lengthy agricultural legacy and a rich heritage of 
environmentally friendly agricultural methods. 

Vermiculture 
The process of mass multiplication of earthworms is known as vermiculture. It is a wonderful organic 
agricultural product that aids in the long-term maintenance of soil fertility. 

Vermicompost 
The excreta of earthworms, which is rich in humus and nutrients, is known as vermicompost. Worm 
castings, organic matter, humus, living earthworms, cocoons, and other creatures make up vermin-
compost. Vermicompost includes 2.5–3.0 percent nitrogen, 1.0–1.5 percent phosphorus, and 1.5–2.0 percent 
potash, depending on the substrate. Eisenia foetida and Eudrilus eugeniae are the only two species 
regularly utilized in vermiculture in India. 
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Material Required 
1. Cattle dung 
2. Plant products, such as sawdust and pulp, as well as various types of leaf litter  
3. Agricultural wastes, such as vegetable wastes, sugarcane trash, and so on. 
4. Garbage or refuse from the city 
5. Industrial wastes  
6. Biogas slurry 
Vermicompost can be made in a pit, on a heap, or in a concrete tank. A shed is required to keep the worms 
safe from rain and direct sunlight. 

 

Heap Method 
1. Make a heap of organic matter with a length of 2.5–3 meters and a width of 90 cm. 
2. Sprinkle water on the ground first.  
3. Lay down a 3-5 cm thick layer of slowly decomposing organic substances such as coconut coir, grass, rice 
husk, baggage, and so on, and water it thoroughly. 
4. Moisten a 3-5 cm thick layer of partially decomposed FYM or Compost or Garden soil and place it over 
this layer. This layer will provide earthworms with a temporary home. Then set the earthworm loose on it. 
5. Add a layer of partially decomposed crop residue, cow dung, weeds, glyricidia leaves, poultry manure, 
fish meal, and so on. The organic material should be cut into smaller pieces to help with decomposition and 
vermicomposting. Organic material should be cut into smaller pieces to aid in decomposition and 
vermicomposting. The heap's total height should not exceed 60 cm. Pour a sufficient amount of water over 
it. 
6. Cover the heap with a gunny bag and water it daily to keep the moisture content at 40-50 percent. The 
temperature of the heap should be between 25 and 3000 C. 
7. The heap will be ready for harvesting with good quality vermicompost in 2 - 2.5 months. The 
vermicompost should be heaped in an open area after it has been removed. The worms will then make their 
way to the bottom of the heap. The top layer of vermicompost can be removed, dried in the shed, and sieved 
to separate the earthworms, which will be used to make more vermicompost. 
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Concrete Method 
1. Vermicomposting can be performed in a concrete tank. The tank should be 10 feet long or longer, 
depending on the availability of land and raw materials, with a width of 3 feet and a height of 3 feet. It's 
also possible that a suitable plastic tube/basin structure will be required. The tank's floor should be 
interconnected with stones and bricks. 
2. Available bio-waste should be collected and heaped in the sun for 7-10 days before being chopped if 
necessary. 
3. Cow dung slurry can be sprinkled on top of the heap. 
4. At the bottom, lay a thin layer of half-decomposed cow dung (1-2 inches). 
5. Place the chopped bio waste and partially decomposed cow manure in the tank/pot layer by layer (10-20 
cm) up to a depth of 2 12 ft. On a dry weight basis, the biowaste and cow dung ratio should be 60:40. 
6. Release approximately 2-3 kg earthworms per tonne of biomass or 100 earthworms per square foot of 
space. 
7. Cover the tank with a wire or bamboo net to keep birds away from the earthworms. 
8. Water should be sprayed to keep the moisture content between 70 and 80 percent. 
9. A shelter over the compost is required to prevent rains and direct sunlight from entering. 
10. When 90% of the bio-waste has decomposed, water sprinkling should be discontinued. The creation of 
granular structure in the compost at the tank's surface could be used to determine maturity. 
11. Scrape the vermicompost layer by layer from the top of the tank and pile it under the shed. This will 
make it easier to separate earthworms from compost. Separating the earthworms and cocoons can also be 
done by sieving. 

 

Vermicompost has a Number of Advantages 
1. Vermicompost contains all of the necessary plant nutrients. 
2. It is odorless, free-flowing, and simple to apply, handle, and store. 
3. It mminimizessoil erosion by improving soil structure, texture, aeration, and water holding capacity. 
4. Vermicompost is high in useful microflora such as nitrogen fixers, phosphorus solubilizers, and cellulose-
degrading microflora, among others, and it improves the soil environment. 



 

 
Volume 4 - Issue 03 - March 2022       406 | P a g e  
 

5. Earthworm cocoons are found in vermicompost, which enhances the number and activity of earthworms 
in the soil. 
6. It guards against nutritional loss 
7. There are no diseases, poisonous substances, weed seeds, or other contaminants in vermicompost. 
8. The use of vermicompost reduces the occurrence of pests and illnesses. 
9. It promotes organic matter breakdown in the soil. 
10. It contains important vitamins, enzymes, and hormones such as auxins and gibberellins. 

Conclusion 
Vermicomposting can be used as an alternative to organic fertilizers in organics since it enhances soil 
quality and plant development and productivity. It can also be used to bio-remediate soil that has been 
contaminated with HV. It is thus discovered that it improves the physiochemical and biological qualities of 
soil. For cost-effectiveness, it is suggested that VC be administered at a reasonable rate based on the type 
of crops grown and their nutritional requirements. VC is a boon to organic farming in general. 
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A profitable, productive, and ecologically sound agricultural system is built on a foundation of healthy soil. 
It is feasible to develop a crop and soil management system that improves and sustains soil health over 
time by understanding how management methods impact the soil processes that promote plant growth and 
control environmental quality. 
Soil is a valuable resource, and how this is handled has the potential to increase or damage its quality. 
Living microbes and plant roots bind mineral particles and organic matter together to form a dynamic 
framework that controls water, air, and nutrients in the soil. Soil health in agriculture refers to the soil's 
ability to support agricultural output while also protecting natural resources. 
Nutrient cycling, biological control of plant pests, and water and air supply modulation are just a few of 
the activities that a healthy soil performs to promote plant development. The interconnected physical, 
chemical, and biological features of soil, many of which are susceptible to soil management approach, 
impact these functions. 

Soil Health Management Practices 
1. Reduce Inversion Tillage and Soil Traffic: Excessive tillage has a lot of negative effects on soil 
health. Tillage boosts oxygen in the soil, which stimulates microbial biological activity and leads to organic 
matter breakdown. Tillage also breaks soil aggregates, exposing organic matter particles that had 
previously been shielded from microbial consumption by the aggregates to microbial consumption. Organic 
matter levels will drop over time if organic matter inputs are insufficient to offset decomposition losses, 
lowering soil health. Inversion tillage also lowers the amount of soil covering given by crop leftovers, 
exposing the land to erosion. Tillage can also alter mycorrhizal fungi's hyphal network, resulting in its 
reduction over time. 
Most inversion and non-inversion tillage methods compress the subsoil when not properly managed, 
resulting in a hard pan that inhibits root development and access to water and nutrients in the subsoil. 
Excessive wheel and foot activity compacts the soil on the surface, diminishing macro-porosity and limiting 
root development. Inversion tillage, for example, can have a significant impact on the biological 
characteristics of soil. Compaction and surface residue removal may reduce soil moisture and living space 
for soil-dwelling organisms. 
2. Inputs of Organic Matter Should Be Increased: To maintain or enhance soil organic matter levels, 
organic matter inputs must equal or exceed organic matter losses due to decomposition. Crop wastes should 
be returned to the soil as much as possible since healthy crops may be a rich source of organic matter. Cover 
crops or permanent crops, as well as appropriate inputs of animal and green matter and compost to boost 
or maintain soil organic matter. 
3. Cover crops: Cover crops have a number of advantages for soil health. They protect the soil from erosion 
by keeping it covered throughout the winter and other times when crops aren't growing. Cover crop biomass 
is often returned to the soil, increasing organic matter levels. Cover crops with taproots can help to relieve 
compaction by forming macro-pores. Fibrous-rooted cover crops can help the soil aggregate and solidify. 
Cover crop species that host mycorrhizal fungus can help to maintain and grow the population of these 
beneficial fungi. Legume cover crops may fix nitrogen in the soil and contribute it to the soil. Cover crops 
can help to retain nitrate and other nutrients that would otherwise be lost via leaching. 
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4. Reduced pesticide uses: Broad range insecticides have the potential to kill beneficial insects that aid 
in biological control or pest organisms. Farm scaping is an ecological, whole-farm strategy to enhance and 
manage biodiversity in order to improve the presence of beneficial creatures. Insectary plants, hedgerows, 
cover crops, and water reservoirs are among the farm scaping techniques used to attract and maintain 
populations of beneficial species such as insects, spiders, amphibians, reptiles, bats, and birds that 
parasitize or feed on insect pests. Farm scapes planted in contours between fields, steep ditches, or severely 
eroded areas provide soil stability. Farm scaping may also be used as a filter strip to keep water from 
running off and causing soil erosion. 
5. Crop rotation: Crop rotations with a variety of crops can help break up the life cycles of soil-borne pests 
and diseases, increasing crop health. Weed control can also be aided by rotations. Pests that flourish inside 
a certain crop are not given an opportunity to build up their populations over time by producing a variety 
of crops in time and place. Crop rotation can also aid in soil fertility maintenance. 
6. Integrated nutrient management: INM was achieved through the use of a combination of chemical 
fertiliser, organic manure, and biofertilizers, which improved nutrient balance based on soil test results, 
improved physical properties of soils, and increased nutrient use efficiency through the use of biofertilizers, 
and ultimately improved soil biota. 
7. Soil resilience: It measures the degree of resistance to driving soil deterioration and sheds light on the 
mechanisms that give soils with desirable physical, chemical, and biological characteristics. As a result, it 
is critical to recover deteriorated soils by the use of organic and chemical amendments, drainage, soil and 
water conservation methods, and the cultivation of salt-tolerant crops, among other things. 

Conclusion 
Adopting appropriate crops and cropping patterns that trap more carbon can improve soil health. Improved 
nutrient management strategies through integrated nutrient management results in enhanced soil health. 
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Introduction 
The current world population of 7.7 billion is expected to reach 8.5 billion by 2030, 9.7 billion in 2050 and 
11.2 billion in 2100, according to a new UN DESA report. The present scenario thereby demands increased 
food production. If all of these people are to be fed sufficiently, total food consumption will have to be 
increased by 50–70%.  
Fertilizers have an axial role in enhancing the food production in developing countries especially after the 
introduction of high yielding and fertilizer responsive crop varieties. Inorganic fertilizer plays a critical role 
in the world’s food security and without adequate plant nutrition, the world would produce only about half 
as much staple foods. About 35-40% of the crop productivity depends upon fertilizer. In spite of this, it is 
known that yields of many crops have begun to decline as a result of imbalanced fertilization. The applied 
fertilizers are also subjected to various types of losses such as leaching, volatilization, denitrification, 
fixation etc. which reduces their efficiency. The efficiency of fertilizer nitrogen is only 30-40% in rice and 
50-60% in other cereals, while the efficiency of fertilizer phosphorus is 15-20% in most crops. The efficiency 
of K is 60-80%, while that for S is 8-12%. As regards the micronutrients, the efficiency of most of them is 
below 5%. Hence, there is urgent need for sustainable alternative strategies to improve crop production. 
Raising the rate of fertilizer utilization and reducing the contamination caused by illogical fertilization 
were the key steps for the sustainable development of agriculture. However, the progressional aims of the 
fertilizer were slow/controlled release, precision, and eco-environmental health in the world. There has 
been an interest in the use of nanotechnology in agriculture for nearly 15 years.  The various identified 
promising opportunities for applying nanotechnology to improve sustainable agri-food systems. These 
include improved technologies for controlled release and target delivery of agrochemicals (nanofertilizers 
and nanopesticides) to control pathogens and thus, increase food safety and security and sensors for 
assessing specific conditions or analytes of interest in plant systems. Considering the resource use 
efficiency and safety, nanotechnology can precisely detect and deliver accurate quantity of nutrients to crop 
thereby reducing the residual effect in soil. 

Nanotechnology 
The concepts behind nanotechnology started with a talk entitled ― There’s Plenty of Room at the Bottom 
by an American physicist Richard P. Feynman in 1959 and the term 'nanotechnology' was used first by the 
Japanese scientist Norio Taniguchi in 1974. The prefix nano was derived from a Latin word nanus meaning 
dwarf and technology is the application of practical sciences to industry or commerce. Nanotechnology can 
be defined as the design, characterisation, production and application of structures, devices and systems 
by controlling the shape and size at nanometer scale. Nanomaterials are defined as an ingredient 
containing particles with at least one dimension that approximately measures 1 – 100 nm. 
Nanofertilizers: Nanofertilizers are synthesized by fortifying nutrients singly or combination on to the 
adsorbents with nano-dimension. Nano-fertilizer is a product that delivers nutrients to crops encapsulated 
within a nanoparticle. There are three ways of encapsulation: (a) the nutrient can be encapsulated inside 
nanomaterials such as nanotubes or nanoporous materials, (b) coated with a thin protective polymer film 
and (c) delivered as particles or emulsions of nanoscale dimensions.  
Nanoparticles have the potential to deliver nutrients to specific target sites in living systems. The loading 
of nutrients on the nanoparticles is usually done by (a) absorption on nanoparticles (b) attachment on 
nanoparticles mediated by ligands (c) encapsulation in nanoparticulate polymeric shell (d) entrapment of 
polymeric nanoparticles (e) synthesis of nanoparticles composed of the nutrient itself. 
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Need for nanofertilizers:  Agricultural scientists are facing a wide spectrum of challenges in crop 
production system such as crop yield stagnation, declining organic matter, multi-nutrient deficiencies, 
climate change, shrinking arable land and water availability, resistance to GMOs and shortage of labour. 
It has been observed that yields of many crops have begun to stagnate as a consequence of imbalanced 
fertilization and decline in organic matter content of soils. Overall consumption of total nutrients 
(N+P2O5+K2O) increased by 2.9% during 2018-19 over 2017-18 (FAI, 2018). The optimal NPK fertilizer 
ratio of 4: 2: 1 is ideal for crop productivity while the current ratio is being maintained at 10: 2.7: 1 in India. 
Excessive N fertilizer-use affects groundwater and also causes eutrophication in aquatic ecosystems. The 
fertilizer response ratio in the irrigated areas of the country has decreased from 13.4 kg grain kg-1 nutrient 
applied in 1970’s to just 3.7 kg in 2005. The extent of multi-nutrient deficiencies are alarmingly increasing 
year by year which is closely associated with a crop loss of nearly 25–30%. The extent of nutrient 
deficiencies in the country are in the order of 89, 80, 50, 41, 49 and 33% for N, P, K, S, Zn and B, respectively. 
Climate change is yet another serious concern.  
Characteristics of nanoparticles: The nanoparticles have high specific surface area (SA) for their 
volume that a significant proportion of atoms of NP occur at surfaces which leads to higher reactivity of 
nanoparticles. This higher SA to volume ratio provides higher reactivity and better penetration into soil 
and plant.  
Applications of nanotechnology:  Use of controlled release nanofertilizers can improve crop growth, 
yield and productivity. Nano-based target delivery approach (gene transfer) is used for crop improvement. 
Nanopesticides can be used for efficient crop protection. Uses of nanosensors and computerized controls 
greatly contribute to precision farming. Nanomaterials can also be used to promote plant stress tolerance 
and soil enhancement  
Synthesis of nanofertilizers: Nanomaterials or nanoparticles for nanofertilizers can be synthesized by 
different approaches, top-down, bottom-up or using biological approaches.  The top-down approach is based 
on the reduction of size to nanoscale well-organized assemblies from the bulk materials. Top-down is a 
physical method based on milling materials. The limitation in this approach is the low control in the size 
of nanoparticles and a greater quantity of impurities.  
The bottom-up approach begins at the atomic or molecular scale to build up nanoparticles using chemical 
reactions. It is a chemically controlled synthetic process, therefore, this method controls the particle size 
better and reduces impurities. 

Nanofertilizers For Balanced Crop Nutrition 
Slow/controlled release fertilizers: NANOPORUS ZEOLITES: Zeolites are complicated silicate 
minerals with nanostructures that are well renowned for their unique nanoporous properties with high 
specific surface area (≈ 1150.5 m2 g-1) and cation exchange capacity (10 times more than that of soil). These 
minerals are having a honeycomb-like layered crystal structure. Its network of interconnected tunnels and 
cages can be loaded with nitrogen and potassium, combined with other slowly dissolving ingredients 
containing phosphorous, calcium and a complete suite of minor and trace nutrients. Zeolite based 
nanofertilizers are capable to release nutrient slowly to the crop plant which increase availability of 
nutrient to the crop though out the growth period which prevent loss of nutrients.  
The studies on SRFs based on zeolites are limited to nutrients, which can be loaded in cationic forms such 
as NH4+ and K+. However, if the nutrients are in anionic forms such as NO3- or PO43-, the loading is 
negligible on unmodified zeolites. Therefore, it is imperative that the material should have adequate 
affinity for anions so that the anionic nutrients can be efficiently loaded for its use as SRFs. Anionic 
properties can easily be imparted on the zeolitic surface using the concept of surface modification using 
surfactant. The negative surface charges of zeolites can be modified by surfactants like 
hexadecyltrimethylammonium bromide (HDTMABr).  
Nanofertilizers in improving NUE: Attempts are being made to synthesize nano-fertilizers in order to 
regulate the release of nutrients depending on the requirement of crops. Fertilizer particles can be coated 
with nanomembranes that facilitate in slow and steady release of nutrients. This process helps to reduce 
loss of nutrients while improving fertilizer use efficiency of crops. 15N studies were taken using maize as a 
model system have revealed that N-use efficiency from nanofertilizer was 82% and the conventional 
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fertilizer (urea) registered 42% with a net higher nitrogen-use efficiency of 40% which is hardly achievable 
in the conventional system. This suggests that nanofertilizers may be used as a strategy to regulate the 
smart release of nutrients that commensurate with crop requirement.  
Tremendous improvement of NUE was observed in plants after application of nanoparticles. In general, 3-
4 times improvement in use efficiency was noticed for many nutrients including P, Zn, Fe and Mg 
nanoparticles. Application of Nano-P also helps in improving the organic acid concentration in the 
rhizosphere and P uptake by the plants. 
Uptake and movement of nanoparticles: NPs can enter plant tissues through either the root tissues or 
the aboveground organs and tissues (e.g., cuticles, trichomes, stomata, stigma, and hydathodes), including 
through wounds and root junction. The entry of nanoparticles through the cell wall depends on the pore 
diameter of the cell wall (5–20 nm). Hence, nanoparticles or nanoparticle aggregates with diameter less 
than the pore size of plant cell wall could easily enter through the cell wall and reach up to the plasma 
membrane.  
Size seems to be one of the main restrictions for penetration into plant tissues, and there are some reports 
about the maximum dimensions that plants allow for nanoparticles to move and accumulate inside the 
cells, usually with 40–50 nm as a size exclusion limit. 
Nanofertilizers in abiotic stress tolerance: During the crop growth cycle, a plant has to constantly face 
several biotic and abiotic stresses. Drought, heat, salinity, waterlogging, and cold, among others, are major 
abiotic stresses that cause huge losses to agriculture globally by reducing yield and product quality. The 
role of nano-calcium (LITHOVIT ®), glycinebetaine (GB), acetylsalicylic acid (aspirin) and monopotassium 
phosphate fertilizers were evaluated for relieving salt stress in Solanum lycopersicum, and it was found 
that LITHOVIT was the most effective in increasing the fruit number and yield by 76%.  The application 
of nano silicon is more effective and efficient compared to regular silicon application in alleviation of salinity 
stress.  This was done by maintaining the plant water status under saline conditions which resulted in 
higher cell expansion and leaf area compared to Si untreated plants grown under saline conditions. 

Future Prospects 
It must be focused on generating comprehensive knowledge in the following underexplored areas in order 
to introduce this novel frontier in sustainable agriculture. 
1. Nanofertilizer application safety and the study of the toxicity of different nanoparticles used for 
nanofertilizer production must be a research priority. 
2. Evaluation of the effect of nanofertilizers in the soils with different physio-chemical properties is 
necessary in order to recommend a specific nanofertilizer for a specific crop and soil type.  
3. Biosynthesized nanoparticle-based fertilizers and nanobiofertilizers should be explored further as a 
promising technology in order to improve yields while achieving sustainability 
4. Accumulation of NPs in edible parts of crops and bioavailability of the accumulated NPs to the next 
trophic level. In this regard, specific studies of NPs bioavailability in edible parts are urgently needed to 
use nanofertilizers safely. 
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Climate is the average weather condition of an area or a region over a period of time. any change in the 
statistical distribution of weather patterns and that change last for an extended period of time is called as 
climate change. Climate of a region mainly depend on factors such as latitude, tilt of earth’s axis, movement 
of earths wind belt, difference in temperature of land and sea, topography etc. According to Inter-
Governmental Panel on Climate Change (IPCC) report, the average global temperature may rise between 
1.8 to 4˚C by 2090 — 99 compared to that during1980- 90, mainly due to natural variability and injudicious 
human activities. 

Causes of Climate Change 
The natural factors that cause climate change include continental drift, solar radiation, earth tilt, volcanic 
eruption, oceanic current etc. and anthropogenic factors include burning of fossil fuel, deforestation, 
intensive agriculture, burning of crop residues, environmental pollution etc. Anthropogenic activities 
caused an increase in atmospheric concentration of greenhouse gases (GHG) such as carbon dioxide, 
methane and nitrous oxide, which accelerated the rate of climate change. 
Soil health is defined as the continued capacity of a soil to function as a vital system, within ecosystem 
and land use boundaries, to sustain biological productivity, maintain the quality of air and water, 
environment, and promote plant, animal and human health. 

Climate Change Impact on Soil Parameters 
1. Soil structure and aggregate stability: The arrangement and organization of primary and secondary 
particles in a soil mass is known as soil structure. It controls amount of water and air present in soil. 
Aggregate stability, the resistance of soil aggregates to external energy such as high intensity rainfall and 
cultivation is determined by soil structure as well as a range of chemical, biological properties and 
management practices. It is considered as a useful soil health indicator since it is involved in maintaining 
important ecosystem functions in soil including organic carbon accumulation, infiltration capacity, 
movement and storage of water, root and microbial community activity. It can also be used to measure soil 
erosion and management changes. The nature and quality of the structure is strongly influenced by the 
amount and quality of organic matter present, inorganic constituents of the soil matrix, cultivation methods 
and natural physical processes such as shrink-swell and freeze-thaw behaviour. A decline in soil organic 
matter levels lead to a decrease in soil aggregate stability, infiltration rates and increase in susceptibility 
to compaction, run-off furthermore susceptibility to erosion. 
2. Soil porosity: Porosity a measure of the void spaces in a material as fraction (volume of voids to that of 
total volume) and pore size distribution provide the ability of soil to store root zone water and air necessary 
for plant growth. Pore characteristics are strongly linked to soil physical quality, bulk density, micro 
porosity and functions of pore volume. While soil porosity and water release characteristics directly 
influence a range of soil indices including soil aeration capacity, plant available water capacity and relative 
field capacity. Since root development and soil enzyme activities are closely related soil porosity and pore 
size distribution. And because of future climate change scenarios (elevated CO2 and temperature, variable 
and extreme rainfall events) may alter root development and soil biological activities. Soil porosity and 
pore size distribution consequently soil functions are likely to be affected in unexpected directions. This 
aspect needs alteration in future studies on the relationship of soil health and climate change. Decreased 
microbial activity, reduced root growth and exudates, reduce aggregate stability, increased rainfall 
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intensities where rain droplets impact causes surface sealing on sodic soils. It will lead to poor crop 
emergence, growth and increases chances of surface runoff.  
3. Infiltration and plant available water: The water availability for plant growth and important soil 
processes are governed by a range of soil properties including porosity, field capacity, lower limit of plant 
available water (thus excluding osmotic potential), micro pore flow and texture. Plant available water 
capacity has been used as part of integrative soil health tests to assess management impacts. 
Further, more the soil available water and distribution may respond rapidly to climate change, especially 
to variable and high intensity rainfall or drought events and thus management strategies, could be planting 
of cover crops, conservation tillage and incorporation of organic matter, that maintain or even enhance 
water infiltration and available water in soil may help in mitigating the impact of severe rainfall and 
drought events or severe erosion events.  
4. Bulk density: The loss of organic carbon from increased decomposition due to elevated temperature 
may lead to increase in bulk density and hence making soil more prone to compaction viz. land management 
activities and climate change stresses from variable and high intensity rainfall and drought events.  
5. Soil temperature: The soil temperature regime is governed by gains and losses of sun radiation at the 
surface, the process of evaporation, heat conduction through the soil profile and convective transfer via the 
movement of gas and water. As with soil moisture, soil temperature is a prime mover in most soil processes. 
Warmer soil temperature will accelerate soil processes, rapid decomposition of organic matter, increased 
microbiological activity, quicker nutrients release, increase nitrification rate and generally accentuate 
chemical weathering of minerals. 
6. Soil pH: Soil pH is a function of parent material, time of weathering, vegetation and climate. It is 
considered as important indicators of soil health. Soil pH has thus been included in integrative soil health 
tests to assess impacts of land use change and agricultural practices. Most soils would not be subjected to 
rapid pH changes resulting from drivers of climate change such as elevated temperatures, CO2 fertilization, 
variable precipitation and atmospheric N deposition. However, these drivers of climate change will affect 
organic matter status, C and nutrient cycling, plant available water and hence plant productivity, which 
in turn will affect soil pH. 
7. Electrical conductivity: Soil electrical conductivity (EC) is a measure of salt concentration. It can 
inform trends in salinity, crop performance, nutrient cycling and biological activity. Along with pH it can 
act as a surrogate measure of soil structural decline especially in sodic soils. Electrical conductivity has 
been used as a chemical indicator to inform soil biological quality in response to crop management practices. 
Increasing temperatures and decreasing precipitation increase the electrical conductivity under climate 
change scenarios The dynamics of soluble salts concentration in soils from four climatic regions 
(Mediterranean, Semi-arid, mildly arid and Arid) and found a non-linear relationship between the soluble 
salts content and rainfall with sites that received <200 mm rainfall contained significantly high soluble 
contents and vice versa.  
8. Sorption and Cation exchange capacity: Sorption and cation exchange capacity (CEC) are 
considered important properties particularly the retention of major nutrient cations Ca2+, Mg2+, K+ and 
immobilization of potentially toxic cations Al3+ and Mn3+. These properties can thus be useful indicators of 
soil health informing of a soils capacity to absorb nutrients as well as pesticides. Since CEC of course-
textured soils and low-activity clay soils is attributed to that of SOM, the increasing decomposition and loss 
of SOM due to elevated temperatures may lead to the loss of CEC of these soils. It may result in increased 
leaching of base cations in response to high and intense rainfall events, thus transporting alkalinity from 
soil to waterways.  
9. Plant available nutrients: Measurement of extractable nutrients may provide indication of a soils 
capacity to support plant growth; conversely, it may identify critical or threshold values for environmental 
hazard assessment. Nutrient cycling especially N is intimately linked with soil organic carbon cycling and 
hence drivers of climate change such as elevated temperatures, variable precipitation and atmospheric N 
deposition are likely to impact on N cycling and possibly the cycling of other plant available nutrients such 
as phosphorus and sulphur. 
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Conclusion 
It is quite evident that ill judicious activities for satisfying human needs have resulted in much degradation 
of our ecosystem. About 40 per cent increase in CO2 concentration compared to pre-industrial era was 
noticed, leading to extreme variations in weather parameters viz., temperature and rainfall. This climate 
change will have a long-lasting effect on soil health and thus, food security. To mitigate climate change 
effect, soil health has to be maintained to sustain physical, chemical and biological functions and provide 
ecosystem resilience. Soil carbon sequestration is found to be the most suitable method to maintain soil 
health and for mitigating the climate change. Thus, agriculture can as act as solution for climate change 
by sequestration of atmospheric carbon dioxide. There are good agricultural practices (GAP) as well as 
recommended management practices (RMP) which can enhance the health of soil via carbon sequestration. 
It has a huge scope in mitigating climate change in future. 
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Definition 
Agroforestry D & D is a family of procedures for the diagnosis of land management problems and potentials 
and the design of agroforestry solutions. The ICRAF has developed an approach to assist agroforestry 
researchers and development fieldworkers to plan and implement effective research and development 
projects. 

The Genesis of D & D 
1. Agroforestry in itself is described as ‘a new name for an old practice’. 
2. The D&D methodology is an adaptation of old or existing methodologies to the specific needs and 
conditions of agroforestry. 
3. Several methodologies have been developed for holistic evaluation and analysis of land use systems. The 
most significant among these are: 

a. Farming Systems Research /Extension (FSR/E). 
b. Land Evaluation methodology. 

4. Each of these two was developed with specific objectives and conditions. For example, the FSR/E was 
developed in response to the failures or inadequacies of the traditional transfer-of-technology extension 
methods that were initiated to disseminate the researcher-driven green revolution technologies to resource-
poor, small scale farmers. 
5. FSR/E was designed to be interdisciplinary and holistic as well as demanding farmer involvement from 
the outset The D&D arose, in the words of J.B. Raintree, who directed its development at ICRAF, “Out of 
the demands of the agroforestry situation. It gives a special focus on agroforestry related constraints and 
opportunities within existing land use systems and highlights agroforestry potentials that might be 
overlooked by other methodologies. For example, for most FSR/E practitioners, the trees within the farming 
system tend to be invisible”. 

Key Features of D & D 
1. Flexibility: D & D is a flexible discovery of procedure, which can be adopted to fit the needs and 
resources of different users. 
2. Speed: D & D has been designed with the option of a 'rapid appraisal' application at the planning stage 
of a project with In-depth follow-up during project Implementation. 
3. Repetition: D & D is an open-ended learning process. Since initial designs can almost always be 
improved. The D & D process need not end until further Improvements are no longer necessary. 

Basic Logic of AF Diagnosis and Design 
Basic question Key factors to consider 
Prediagnostic stage 
Which land-use system? 

Distinctive combinations of resource technology and 
land-user objectives. 

How does the system work? Production objectives and strategy subsystems and 
components. 

Diagnostic stage 
How well does the system work? 

Problems in meeting objectives, causal factors, 
constraints, and intervention points. 

Design and evaluation stage 
How can the system be improved? 

Specifications for problem-solving or performance-
enhancing interventions. 

Planning stage D&D needs, extension needs. 
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How can the improved technology be 
developed and disseminated? 
Implementation stage 
How can the plan of action be adjusted to 
new information? 

Feedback from research trials, independent farmer 
innovation etc. 

Procedures of AF Diagnosis and Design 
The procedures of AF D & D are usually done of two types: 
1. 'Macro' D & D 
2. 'Micro D & D' 
MACRO D & D: An agroforestry research programme normally begins with a macro D & D exercise 
covering an entire ecological zone within a country. This consists of a rapid appraisal, based primarily on 
secondary information complemented by a few selected surveys in the field. 
Macro D & D includes on assessment of existing land use system constraints, agricultural policies and 
institutional arrangement, current agroforestry practices and the potential for improving productivity and 
sustainability through agroforestry interventions. The study zone is a broad region chosen for its 
importance at the national level. Its selection is usually based on the following factors. 

a. Contribution to food production and the national economy 
b. Population area 
c. Urgency of problem or importance of unexploited potential 
d. Level of agricultural development and land use intensification. 

Typically, the D & D team comprises 5 to 10 specialists from biophysical and socioeconomic fields including 
soil science, agronomy, horticulture, animal science, forestry, agricultural economics and rural sociology or 
anthropology. All team members should have experience in both research and extension work. To ensure 
that the results of the D & D exercise are taken fully into account, the scientists who carry out the D & D 
should participate at least in the design and analysis and, better still, also in the implementation of the 
ensuing research programme. 
Macro D&D is usually completed in about three months. This includes two to three days to plan the study 
and orient the team, two to three weeks to review and synthesis the secondary information, two to three 
weeks to conduct the field work, and four to six weeks to analyse the information and prepare the report. 
Macro D & D includes a detailed review of past and present agroforestry research and development 
programmes. The fieldwork component of a macro-D & D normally consists of a visual appraisal of the 
study zone with the team sometimes traveling many kilometers in a few days in order to identify the extent 
pattern and problems of existing land-use systems. Team members interview researchers and extension 
workers and may conduct a few informal interviews with local land-users. 
Macro D & D is usually followed up by a national or regional workshop to analyse the common problems 
and potentials of land-use systems in the zone to identify agroforestry technologies with potential relevance 
for the zone as a whole, to identify specific land-use systems as the focus for future research and 
development efforts and to establish preliminary research requirements. 
2. MICROD & D: A central aspect of macro D & D is the delineation of land-use systems within the chosen 
ecological zone, leading to the selection of target systems for more detailed analysis by micro D & Ds. A 
land-use system is defined as a distinctive combination of crops, livestock, trees and other production 
components.  
The primary focus of analysis is the management unit that makes decisions and shares resources, 
objectives, labour and products. Analysis of a land-use system comprises all the characteristics that affect 
its management and performance. These characteristics include the following: 

a. Location: Administrative and political divisions 
b. Environmental characteristics: 
c. Socio-economic characteristics 
d. Land-use: 
e. Resources/supporting service 
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f. Development activities and policies. 
An important aspect of micro D & D is an analysis of the needs, objectives, and constraints of land-users. 
This step is based on interviews and field surveys. 
One major aspect of micro D & D is the analysis of existing knowledge and agroforestry practices. What 
trees or shrubs are being used with what management procedures, with what objectives and obtaining 
what yields? Such analysis helps in defining strategies for working with target land-users. 
The main objective during the initial D & D exercise is to assess how well the existing system is performing 
and meeting the needs of the land-users. Any performance gap can be evaluated by comparing present 
resources and outputs (what the farmers are actually producing) with biophysical potentials (for instance 
the yields obtained from on-station or on-farm experiments). This assessment must distinguish between 
problems that can be alleviated and those that cannot. The emphasis is on the problems that can be 
addressed by agroforestry. 
Potential interventions are identified and evaluated in terms of their capacity to relieve the identified 
constraints. In the first instance, all interventions are considered, not just those related to agroforestry. 
For example, low soil fertility could be addressed by applying chemical fertilizers or manure or providing 
mulch from multipurpose trees or other plants. Each alternative is evaluated in terms of its technical 
potential and its feasibility in terms of resources and capabilities of the land users. 
As with macro D & D, the research team for a micro D & D comprises 5 to10 biophysical and social 
scientists. Again, the exercise is usually completed in about three months. However, for the micro D & D, 
the fieldwork component entails more contact with farmers, often including a formal survey of 50 to 100 
individuals with a semi structured questionnaire. In addition, the team may need to allocate considerable 
time to reviewing ongoing research and extension work in the selected land-use system. 
Promising agroforestry technologies may be sketched on the basis of results from micro D & D, but a full 
evaluation requires information about technology performance under the specific conditions of the land-
use system. If a technology is well known and some farmers have already adapted it successfully, then it 
can be recommended for further extension. 
On the other hand, if the technology is new to the area and not well known or if it represents a major 
departure from the farmers' 'current practices, a research programme must be designed to test the 
components and management factors and make sure that the technology is well adapted to the target land-
use system. 

Criteria of Good Agroforestry Design 
A good agroforestry design should fulfill the following criteria: 
1. Productivity: There are many different ways to improve productivity with agroforestry viz., increased 
output of tree products, improved yields of associated crops, reduction of cropping system inputs, increased 
labour efficiency, diversification of production, satisfaction of basic needs and other measures of economic 
efficiency or achievement of biological potential. 
2. Sustainability: By seeking improvements in the sustainability of production systems, agroforestry can 
achieve its conservation goals while appealing directly to the motivation of low-income farmers, who may 
not always be interested in conservation for its own sake 
3. Adoptability: No matter how technically elegant or environmentally sound an agroforestry design may 
be, nothing practical is achieved unless it is adopted by its intended users. This means that the technology 
has to fit the social as well as environmental characteristics of the land-use system for which it is designed. 

References 
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By-Products Processing Using SFE 
Industrial operations produce a wide range of byproducts and wastes, from manure to packing residuals. 
Strong research is being conducted to create new technologies and applications for these materials in order 
to lessen their environmental effect. New techniques are being developed to recover components that will 
result in high-value goods. SFE has been frequently utilised to value food industry by-products; these items 
are formed throughout the production process and typically have little economic value. By-product 
extraction allows for the extraction of valuable/interesting substances that would otherwise go to waste. 
The amount of modifier (ethanol) utilised in conjunction with supercritical carbon dioxide was shown to be 
the most important element in maximising polyphenol extraction. In this article, Soxhlet ethanol extraction 
was compared with SC-CO2+ethanol, and the polyphenols content achieved by Soxhlet ethanol extraction 
was only 43% of that obtained by SFE, despite the fact that SFE requires significantly shorter extraction 
durations. 
The tomato business generates a number of byproducts, such as peels and pomace, that have been found 
to contain carotenoids. These chemicals work as pigments and have been shown to have a variety of 
fascinating functional properties, including antioxidant activity, the capacity to protect cardiovascular 
disease, macular degeneration, and cancer prevention. Carotenoids are clearly highly appealing to the food 
sector as a result of their actions. Tomato pomace, which contains the skin and seeds of ripe tomatoes, was 
extracted using SFE to get not just carotenoids but also tocopherols and phytosterols. The extracts were 
then tested using HPLC and GC to assess their presence of the intriguing chemicals. It was discovered that 
using CO2 at 460 pressure and 80°C provided the maximum carotenoid concentration, with more than 90% 
lycopene. Extracts high in tocopherols and phytosterols, on the other hand, were produced at 300 bar and 
40°C. A central composite rotatable design model was then employed to improve the SFE settings for 
extracting lycopene from tomato peel waste in a later study. The entire statistical analysis of the data 
suggested that 62°C and 450 bar were the best extraction conditions when employing CO2 with a 14 percent 
ethanol content. Under these conditions, all-trans lycopene recovered at a rate of 33%. Recently, a unique 
approach for obtaining lycopene from tomato has been presented. The product was an oversaturated 
lycopene solution in hazelnut oil. Furthermore, following centrifugation, a product that was five times more 
concentrated in lycopene was obtained. 

Natural Products Applications 
For a long time, SFE has been utilised to extract bioactive chemicals from plant materials in order to 
identify molecules responsible for a certain functional activity. The extraction of carotenoids from various 
samples has been investigated. While 450 bar and 80°C were utilised to extract this component from 
rosehip, Eugenia uniflora was tested as a source of these compounds under gentler circumstances. 
However, in both cases, CO2 without any modifiers and HPLC-UV were used to extract, describe, and 
quantify these chemicals at 450 nm. Coumarins, tocopherols, fatty acids, phytosterols, and terpenes were 
among the other chemicals investigated. Coumarins have been linked to blood-thinning, antifungicidal, 
and anticancer properties. An artificial neural network model was used to find the best extraction 
conditions; utilising supercritical CO2 with 2% methanol as a co-solvent at 55°C and 250 bars for 150 
minutes, a coumarin yield of 90.1 mg/g was achieved from the medicinal plant Cuscuta reflexa. Extraction 
and analysis of -sitosterol and stigmasterol is another example. These chemicals are known as phytosterols, 
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and they are thought to have a variety of bioactivities such as cholesterol reduction, anti-inflammatory 
properties, anti-mutagenicity, and cancer prevention. SFE adjusted settings yielded better yields in less 
time than standard Soxhlet procedures, reaching 2.9 and 3.6 percent for b-sitosterol and stigmasterol, 
respectively. 

Applications to Drugs Extraction 
When it comes to discovering new pharmacological actions of extracts from natural matrices, SFE is a 
highly helpful method. Plants and marine life are the primary research subjects in this discipline. Other 
pharmacological actions associated with supercritical extracts' antioxidant properties have been 
investigated. Antioxidant treatment, for example, has been advocated to ameliorate diabetes patients' 
oxidative stress state. On diabetic rats, metabolic fingerprinting and target metabolite analyses of 
Dunaliella salina microalga extracts were performed. D. salina carotenoids have previously been described 
and linked to antioxidant activity using SFE, as seen above. In this situation, SFE was used to generate 
extracts with proven antioxidant and antibacterial activity. Capillary electrophoresis with two distinct 
modes was used to acquire urine fingerprints of control and diabetic rats, both with and without treatment 
(normal polarity and reverse polarity). SFE was also utilised to analyse the target metabolite, glutathione, 
as well as four short chain organic acids (acetoacetate, 3-hydroxybutyrate, lactate, and pyruvate) and urate. 
To gain a more in-depth understanding of the outcomes, chemometric data were treated utilising 
multivariate data analysis (principal components analysis (PCA) and partial least squares discriminant 
analysis (PLS-DA). 
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Introduction 
The concept of rhizosphere was given by Hiltner in 1904 and he describe Rhizosphere is the zone of soil 
surrounding the roots where microbial population are accelerated by root activities. 
PGPR are the bacteria that colonize plant roots and promote plant growth and reduce insect or disease 
damage. The PGPR term was coined by Kloepper J.W. and Schroth M.N. first time in 1981 to describe the 
beneficial Rhizosphere microbial population in which colonizes in roots of plant and shows plant growth 
promotion activities. 
The term rhizobacteria describes the ability of certain bacteria to colonize the rhizosphere very 
aggressively. Some spp. is receiving world-wide attention under the broad general category known as plant 
growth promoting rhizobacteria. 
The siderophore producing bacteria PGPR have a potentially very good alternative disease management 
approach and their capacity to enhance the yield and protect crop simultaneously. 

Role of PGPR in Agriculture 
1. PGPR are the phytohormone which can be stimulating the growth of plant. 
2. Improve stress tolerance of plant under salinity and drought conditions.          
3. Use as Biofertilizer which helps to more uptake of soil nutrient by plants. 
4. Use as Biopesticide, (Some strains produce toxic chemicals). 

Importance of PGPR in Agriculture 
1. Application of PGPR increases health as well as productivity of plants in both normal and stress 
conditions.          
2. Use of PGPR helps to reduce hazardous agrochemicals which stabilize the agro ecosystem  
3. Increase soil fertility through recycling process of nutrient elements.                     
4. To reduce pollution by degradation of pesticides and detoxifying of heavy metals etc.                       
5. Biological control of phytopathogens. 

Classification of PGPR 
1. Extracellular (ePGPR): The ePGPR may exist in the rhizosphere on the rhizoplane or in the spaces 
between the cells of root cortex. Ex. Agrobacterium, Azotobacter, Azospirillum, Bacillus, Pseudomonas, 
Serratia etc. 
2. Intracellular (iPGPR): The iPGPR may exist generally inside the specialized nodular structure of root 
cells.  Ex. Family of rhizobiaceae: Bradyrhizobium, Mesorhizobium, Rhizobium, Frankia etc. 
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Mechanism of PGPR 

 

Importance of PGPR in Primary Plant Nutrients 
Nitrogen Fixation: 

a. Nitrogen fixation: nitrogen is the most vital nutrient for plant growth and productivity. Although 
there is about 78% N2 in the atmosphere, it is not available to growing plants. Atmospheric N2 is 
converted to forms that can be used by plants with biological N2 binding (BNF) representing two 
thirds of the worlds N2. Nitrogen binding organism are generally categorized as N2 BINDING 
symbiotic bacteria, including members of the rhizobiaceae family that coexist with leguminous 
plants (Rhizobia) and non-leguminous trees (Frankia) and non-symbiotic (free living associative and 
endophytic), cyanobacteria (anabaena nostoc), azospirillum, azotobacter etc. Biological nitrogen 
fixation PGPR help in disease management growth promoting activity, maintain nitrogen level in 
agricultural soil.                                                                                     
b. PGPR fix atmospheric nitrogen by Symbiotic (Mutual relationship of plant and microbes) and 
Non symbiotic (Free living microbes). Ex. Rhizobium, Frankia, BGA, Azotobacter etc. 

Phosphate Solubilization:  
a. The group of phosphorus solubilizing bacteria can increase supply of phosphorus to the plants 
from source. Plant absorbs phosphorus only in two soluble forms such as monobasic and dibasic.   
b. Phosphorus is key elements for the plants and particularly their root development. 
c. phosphorus solubilizing PGPR convert unavailable phosphorus to an available for plants 
d. Mechanisms of solubilization are employed by PGPR: 

i. Release of mineral dissolving compounds. 
ii. Liberation of extracellular enzymes. 
iii. Release of phosphate during substrate degradation. 
iv. Phosphorus solubilizing bacteria are Azotobacter, Bacillus, Pseudomonas, Serratia, 
Beijerinckia, etc. 

Potassium Solubilization: 
a. Indian soils are very reach with potassium but more than 90 percent of soil potassium present as 
insoluble rocks and silicate minerals. PGPR occurs through the production and secretion of organic 
acids capable of dissolving potassium rocks. 
b. Potassium is the third major essential macronutrient.        
c. PGPR solubilize potassium rock through production and secretion of organic acids.                     
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d. Potassium solubilizing PGPR are Acidothiobacillus ferrooxidans, Bacillus edaphicus etc. 

Conclusion 
PGPR are play important role in enhance growth and productivity of plant as well as controlling and 
minimize pesticides and pollutants. In future they might be replace chemical fertilizer and pesticides up to 
a level, agrochemical have many bad effects on agriculture we might research for finding more competent 
rhizobzcterial strains which may more efficient in any condition to reduce dependence on harmful 
agrochemials. 
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Introduction 
Plant-parasitic nematodes are the microscopic organisms that causes serious damage to agricultural crops 
all over the world. Chemical nematicides used in traditional nematode management however controls 
nematode to a greater extend, high levels of their application can cause serious environmental problems. 
In this regard, application of biocontrol fungi and bacteria are suitable agents for nematode management 
since they are natural enemies of nematodes (Anastasiadis et al., 2008). 
Even though, biocontrol agents face a number of problems, including their low efficiency and high 
inconsistency in agricultural ecosystems, discoveries of signalling pathways involved in biocontrol microbe–
nematode interactions can help the development of suitable biocontrol technologies for nematode 
management. 

Signalling Cascades Induced in Nematophagous Fungi to Combat Plant Parasitic 
Nematodes 
1. Environmental cues induced signalling cascades: Nematode trapping fungi, Arthrobotrys 
oligospora produce three-dimensional sticky networks to trap nematodes. This nematode-induced network 
formation shifts the saprophytic nature of the fungi to carnivorous. Yang et al. (2011) discovered several 
components of signalling pathways upregulated during trap formation by comparing transcriptomes 
between the network and vegetative mycelia, which suggests that environment cues induced signalling 
cascades initiate the lifestyle switch by altering gene expression patterns.  
'Nemin' was the main active component extracted from the nematode free culture filtrates of predaceous 
fungi (Pramer and Stoll, 1959). It is a low-molecular-weight peptide or single amino acid that partly 
stimulate trap formation in A. oligospora (Yang et al., 2011). Besides nemin, trap formation in this fungus 
has also been induced by nitrate assimilation pathway. It was reported that nitrate and nematodes acted 
synergistically for the induction of trap formation in A. oligospora (Liang et al., 2016) 
AoMad1 is a cell wall surface protein found in A. oligospora. It is an adhesive protein found on the surface 
of the traps, as well as the vegetative hyphae that could prevent trap formation in the absence of nematodes 
and retain the fungus in a saprophytic state (Yang et al., 2001). 
Morphology of nematode-trapping fungi can be regulated by secondary metabolites secreted by themselves. 
Several morphology-regulating arthrosporol metabolites were characterized from A. oligospora. These 
arthrosporol metabolites display significant autoregulatory effects on the formation of conidiophores and 
the transition of hypha to a three-dimensional trapping network in A. oligospora (Zhang et al., 2012).  
2. Signalling cascades induced in endoparasitic fungus to combat plant parasitic nematodes: 
Endo-parasitic fungi are a diverse group of fungi that infect nematodes but are unable to develop trapping 
devices. The nematodes are attacked by spores of these fungi, which adhere to the cuticle of nematodes or 
ingested by them. In general, the infection starts with the adhesion of spores to the nematode cuticle. Under 
appropriate conditions, the spores germinate and invade the cuticle through both mechanical forces and 
cuticle-degrading enzymes, such as serine proteases, chitinases, etc (Liang et al., 2010). 
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Signalling Cascades Induced in Endoparasitic Bacteria to Combat Plant Parasitic 
Nematodes 
Bacillus nematocida, a nematophagous bacterium, uses a Trojan-horse-like mechanism to infect 
nematodes. This bacterium produces a powerful volatile chemical compound like 2-heptanone, which are 
more appealing to nematode juveniles. After being consumed by worms, the bacteria colonise the 
nematode's intestinal tract and secretes virulence factors in the form of proteases, and kills the nematodes 
(Niu et al., 2011). 
Bacillus thuringiensis produce crystal (Cry) toxins that attack the intestinal cells of nematodes due to its 
high and specific toxicity. Cry5B is particularly harmful to root knot nematode, Meloidogyne spp. among 
the crystal poisons (Peng et al., 2018). 

External Inducers of Trap Formation by Nematophagous Fungi 
Urea from the culture medium of Stenotrophomonas maltophilia acts as signal molecule to induce trap 
formation by the fungi. After entering into the fungi, urea is hydrolyzed into ammonia, which then induces 
trap formation in them (Wang et al., 2014).  Study of Li et al. (2016) revealed that fungus associated bacteria 
induced trap formation in the fungi. The bacteria with induction activity viz., 
Stenotrophomonas and Rhizobium species were reported to be associated with A. oligospora. These 
bacteria do not secrete urea. Instead, the biofilms formed by these bacteria on the surface of A. 
oligospora hypha caused trap formation by the fungus. Four diketopiperazines were identified 
from Stenotrophomonas supernatant extract as inducers of trap formation in Arthrobotrys. 

Appealing Compounds as Cues in Nematode Management 
Several nematophagous fungus have also been shown to secrete 2-heptanone that were found to make 
materials appealing. Hsueh et al. (2017) identified several odours mimicking food cues that are attractive 
to nematodes. Interestingly, one compound, methyl 3-methyl-2-butenoate additionally triggered strong sex- 
and stage-specific attraction in several Caenorhabditis species. Furthermore, the mycelia of the endo-
parasitic fungus, Esteya vermicola as well as its infected pine seedling and dead blocks of infected pine 
trees were found to attract the pinewood nematode (PWN), Bursaphelenchus xylophilus . In the pine wilt 
disease system, the ascarosides produced by the nematodes, as well as its vector beetle, play a crucial role 
in mediating the symbiotic interspecific interaction between PWN, its vector beetle Monochamus 
alternatus and their associated fungi. 

Conclusion 
Environmental cues produced from nematodes and other external factors play a major role in the 
production of signalling cascades by the nematophagous fungi, which creates interactions among them. 
Nematophagous fungi use a variety of trapping methods to catch or infect the nematodes directly with 
adhesive spores. Similarly, the bacteria infect nematodes in a number of ways, viz., by simulating food and 
using pore-forming toxins. These clues can be recognized in an effective way to promote effective nematode 
management strategies. 
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As human Desires are unlimited, the more we get, the more we expect and because of that we are exploiting 
the natural resources, including Marine resources, but pollution has become a major concern as it puts an 
extra burden on the Marine resources. Ocean has covered almost two-third portion of our earth and it plays 
a vital role to maintain the ecology. It is a great blessing from nature for humans and we are using it in 
different ways for humankind. But nowadays for a sake of benefits people have made, Ocean a dustbin; 
they are just disposing the waste material into the ocean and these wasteful materials are devastating the 
Marine resources.  Pollutants are getting released from a variety of sources such as industrial waste, 
agricultural waste, Ocean mining, oil spilling, etc. and due to all these pollutants, organisms living in Ocean 
are getting different types of disease, they are becoming unable to survive in that environment and getting 
forced to migrate from that particular area and losing their habitats and eventually becoming extinct. 

Sources of Marine Pollution 
Humans are polluting the oceans by polluting water, polluting air, and polluting Noise, from which water 
pollution is more prominent.  
1. Role of polluted water in marine pollution: Water is getting polluted from different sources such as 
agricultural waste, Industrial waste, surface runoff, Ocean mining, oil spelling, etc. 

a. Role of industries in marine water pollution: Most of the industries are based on detrimental 
externalities; which means that they just want their benefits; they don't care about, to which extent 
they have affected the natural ecology in gaining those benefits. Industries release a huge amount 
of effluent into the rivers, ponds, lakes, etc., which ultimately reach the oceans. Surfactants, dyes, 
minerals, and some other metals come out from the industries as effluent and these effluents impose 
a serious menace on the marine ecosystem. Considering recent data about 50% of total dye produced 
from textile industries gets released into the marine ecosystem (Feng. et.al 2012; Gong et.al.2007). 
The Lion's share of its basic material consists of one or more nitrogen double bonds and they are 
xenobiotic and recalcitrant in nature, consequently, it`s not only manipulating the aesthetic value 
of the ocean but also negatively affects the marine biota; by decreasing the light penetration for 
bacteria and plant, involved in photosynthesis.  
Industries are also releasing a huge quantity of toxins and radioactive compounds which have a 
carcinogenic effect on Marine organisms. If we consider the survey of the United Nations 
environment program then about 310 kg of toxic material are getting released per second into the 
air, land, and water around the globe. It accounts for approximately 10 million tons of toxic material, 
from it over 2 million tons/year are confirmed carcinogens. Toxins released into the air or on the 
land sooner or later enter the ocean; if toxins get released into the air, then in the form of 
precipitation it also enters the Ocean and if it gets released on the land then in the form of surface 
runoff it enters the ocean. 
If we focus on the radioactive compounds which get released by the industries; can directly affect 
the organisms at the genetic level and causes a mutation in the organisms which eventually leads 
to the extinction of the organism. Radioactive compounds such as cesium, iodine, Xenon, etc., if get 
released into the environment, it will increase the rate of spontaneous mutation. According to a 
study on 11 March 2011, on the east coast of Honshu Island, Japan, a great earthquake occurred, 
consequently, it destructed the Fukushima Daiichi nuclear power plant which was on that island, 
because of its breakdown, a huge quantity of radioactive compounds got released into the region of 
abukuma mountains and it contaminated the area. As a consequence of it; a lot of mutations in the 
fishes were found. And for the reason that they became unable to reproduce, even if they are 
spawning their new young ones; they were unable to survive for a long time. 
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Industries have also a big role in thermal pollution; as it takes water from the natural resources 
and after cooling or heating, they discharge that water back to the natural resources. Because of 
this, a sudden change in the temperature can be seen. Fishes, which are poikilothermic, start to die 
in that suddenly changed temperature. If the water is getting warmer then, it will lose the oxygen 
holding capacity; and ultimately declined DO can be noticed. An elevated level of temperature will 
increase the metabolic rate of fish because of that fish will consume extra food, and it will lead to 
the disruption of the food chain and alteration in the equilibrium of spp. composition. 
b. Role of Sewage in marine water pollution: Sewage includes all the wastewater which gets 
produced by a community of people. It includes the waste material from the household bathrooms, 
kitchens, toilets, drains, and laundries, or also from the industries. It consists of approximately 
99.6% water and 0.4% biodegradable pollutants and small solid particles. Sewage contains a huge 
quantity of nutrients which leads to the over-enrichment of nutrients in the water and it promotes 
eutrophication and for the reason that, a huge algal bloom in the water can be seen. Algal blooms 
prevent the penetration of light into the water and it also releases some toxins which get 
accumulated into the aquatic animals, which leads to their death, and if humans consume it, it will 
also have some bad effect on them. Saxitoxins, brevetoxins, microcystin, etc. are some examples of 
toxins produced by algal blooms. 
Pharmaceutical waste, heavy metals, and endocrine disruptors are also some other things that come 
through household sewage; which are very harmful to marine organisms. Endocrine disruptors 
affect the endocrine system of aquatic animals and because of this; disrupted growth and 
development, loss of homeostasis, affected metabolism, affected reproduction, etc. can be seen in 
fishes or other marine animals. 
Contamination from pathogens coming with sewage has also become a major concern. Sewage with 
fecal wastage has the risk of enteric pathogens. According to research, untreated wastewater can 
contain around 103 to 107 virus/litre of water wastewater (Keagan et. al,2010; okoh et. al,2007). 
Hepatitis A, rotavirus, astrovirus, Enterovirus, etc. are some major groups of viruses found in the 
wastewater (Ashbolt,2004, Cai & Zhang, 2013). Cryptosporidium parvum, Giardia duodenalis, etc. 
are some common protozoan parasites that can be detected in sewage; infection can be fatal and 
suppression in the immune system can also be seen. 
c. Role of plastics in marine pollution: Plastic is prominent among other packaging materials 
because of its synthetic origin, lightweight, strong enough to hold any material, and can be produced 
easily at anywhere at a very low price. Because of all these features, industries are producing it in 
a huge quantity. Industries are giving rise to more than 300 million tons of plastic every year all 
over the globe. From that, about 8 million tons of plastic arrive in the ocean every year and it 
contributes around 80% of all marine pollutants.  Sewage, Urban runoff, sea runoff, beach visitors, 
waste dumping from industries, etc. are some main sources of marine plastics. 
Marine plastic has a huge impact worldwide, it is drastically destroying the underwater ecosystem. 
If large-sized plastic is getting entangled with the fish body, then they won't be able to swim 
anymore and if that plastic is getting intertwined in the gills of fish, then they wouldn't be able to 
breathe. As the day progress, under the influence of Sunlight, wind, tides, waves, currents; macro-
sized plastic start to disintegrate and take the form of micro-sized plastics and it has a huge impact 
on the marine environment; if it gets entered into the body of marine animals, it will accumulate in 
their body and because of that they will get trouble in taking food, in breathing and ultimately, they 
will die. If that microplastics get settled down on the bottom then it will make a layer on the bottom 
and further, it will destruct all the creature, which is present on the bottom of the sea. 
d. Role of the Oil spill in marine water pollution: In the marine ecosystem; liquid Petroleum 
hydrocarbon gets released because of human activities called oil spills and it has a very bad impact 
on the Marine ecosystem. According to NOAA around 1000s of oil spills occur in US water each year. 
An oil spill can be a smaller one and a larger one but both have a bad consequence on the marine 
ecosystem. Oil spills can be released at the time of drilling of the sea bottom, in between the 
transportation of oil by large vessel, by ocean dumping, by industrial waste, or at the time of dry 
docking.   
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As oil is less dense than the water, it takes the upper strata of water and spreads all over the surface, 
which leads to the formation of a thin film over the water surface and these layers prevent the 
exchange of gases between the atmosphere and the water; which leads to the decline in dissolved 
oxygen. An oil spill can break the chain of respiration in fishes; if it makes a layer on the Gills. If oil 
gets stuck to the feathers of birds it increases the weight of the feathers and makes the bird unable 
to fly and swim. Same as birds several fur-bearing animals such as seals, sea lions, sea otters, and 
musk rates; also get affected by the oil spills. 
Oil spills have also some poisonous effects. Several aromatics compounds such as benzene and its 
derivatives can penetrate the lipid layer of the body and disturb the permeability of cells; by 
modifying the spacing of protein molecules on each side of the lipid layer. For example, naphthenic 
acid affects the enzymatic system of animals. Several polyaromatic hydrocarbons such as 
benzopyrene, dibenzo pyrene, and benzo anthracene are also capable of causing cancer in many 
marine animals. 
e. Role of Land runoff in marine water pollution: Surface runoff from the agricultural area as 
well as the urban area can bring soil and particles; loaded with carbon, nitrogen, Phosphorus, and 
Minerals; and because of this, water becomes over-enriched with nutrients which Supports the 
eutrophication; subsequently, algal blooms can be seen in the oceans. Algal blooms affect the 
penetration of light and also release some toxins which affect marine life and humans too. Algal 
blooms also use the available Oxygen and create a hypoxic condition, which leads to the death of 
marine organisms. Agricultural and urban runoff releases a huge quantity of heavy metals into the 
oceans, which have several drastic impacts on marine life. 
f. Role of Ocean mining in marine water pollution: It is a process of retrieval of relative new 
minerals from the ocean floor.  Area of polymetallic nodules or active and extinct hydrothermal 
vents are the mining site in the oceans which are 3000- 6500 below the surface. Ocean mining is 
done for the extraction of silver, gold, magnesia, copper, Cobalt, and Zinc and with the help of 
hydraulic pumps and bucket systems ores get brought to the surface of the sea. Ocean mining leaves 
a very deep impact on the sea bottom as it disturbs the seawater while extracting the metal or it 
also leads to the elevation of toxicity of the sea bottom. 
As it scraps the ocean floor so it can alter or destroy habitats of the deep sea, can lead to the 
extinction or loss of a species. If cobalt or other metals get leaked while extraction then it will destroy 
the sea sponges and Coral ecosystem. Plums can be formed when the wastewater containing 
sediments and mining fines is pumped back into the sea and it can travel more than a hundred 
kilometres which can make the water cloudy and can be toxic and most impacting the 
bioluminescent species that use bioluminescence to hunt or find a partner. Oceans mining also 
causes light and noise pollution. 

2. Role of polluted air in Marine pollution: Polluted air has also a huge contribution to polluting the 
ocean. Most of the countries around the globe are just running behind industrialization, but in this race, 
they are not just over-utilizing the natural resources but also polluting the air by releasing different types 
of gases into the atmosphere. Industries are releasing a huge amount of carbon dioxide and other gases 
into the atmosphere, which promotes climate change and acidification of the ocean. The marine ecosystem 
plays a vital role in the global carbon cycle and sucks up about 25% of total CO2 released by anthropogenic 
activities. But because of industrialization, the rate of emission of CO2 is increasing day by day and due to 
this marine environment is becoming more acidic. 
Marine shipping Industries have also a big role in polluting the atmosphere, ultimately the oceans. 
According to a survey; In 2012, the Marine shipping industry contributed 2.2% of total carbon emissions 
all around the globe. Commercial ships burn fuel in a huge quantity which releases different types of 
pollutants such as carbon dioxide, nitrogen oxide, Sulphur oxide, etc. into the atmosphere; which have a 
big role in climate change and acid rain. 
In that, CO2 accounts for 2.2 % per year, nitrogen oxide accounts for 15% per yr. and Sulphur oxides account 
for 13 % per year. World's fisheries are also getting affected by the acidification of oceans. Marine animals 
or plants are getting the disease or becoming unable to survive in that acidified water. Arctic seas are 
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becoming warmer due to the sudden elevation in the CO2 level; leading to the death of Arctic mammals 
such as narwhals, polar bears, whales, etc. 
3. Role of polluted Noise in Marine pollution: A lot of people think that noise cannot pollute the marine 
environment, but it's totally wrong. It has often a Deadly effect on marine life. The impacts of noise in 
oceans are higher because, in water, noise can travel much longer distances than in air. Many marine 
mammals such as whales, narwhals, etc. use sound energy for communication. Their survival relies on 
their ability to hear, for example, Narwhals use echolocation to locate their prey or to protect themselves 
from the predators but because of the use of echo sounder, Sonar, or other acoustic devices; the chain of 
communication of Marine animals is getting disrupted.  
Ocean gets sounds from military Sonar, industrial seeping, Oil exploration, etc. Noise emitted from these 
human activities can travel a long distance in water leading to an increase in the noise level in the ocean 
and this raised noise level can drastically affect marine life. 

Measures to Prevent the Marine Life  
Industries have become a major hazard to marine life because of a lack of policies to control pollution, 
growth of unplanned industries, use of old technology, the existence of a huge number of small-scale 
industries, and inefficient waste disposal. If a government agency focuses on it and does not let them do 
things arbitrarily by making strict rules and enforcing them, then only the pollution from the industries 
can be stopped. Government should always take care of that, not a single industry is releasing untreated 
effluent into the sea and governments should promote the industries to recycle their effluent and use that 
as much possible as they can.  
Sewage released from the urban area must be treated before releasing it into the natural water body. 
Government should ban single-use plastic and promote the use of biodegradable material as packaging 
material so that if it gets released into the natural water body then it can be easily degraded by 
microorganisms. Government should also promote the recycling of plastics. People should always try to 
avoid the use of pesticides, herbicides, insecticides, or fertilizers in their agricultural field and always try 
to use organic manure or herbal material to treat Herbs or insects because these things not only affect 
humans but also affects the marine life.  
We should always avoid spreading the oil spills into the ocean but if it has spread then Several physical 
(floating containment barriers or booms), chemicals (dispersing agents, slick lickers, sinking agents, and 
burning agents), and biological methods(bioremediation) are there to remove or treat the oil spill. Marine 
shipping industries should avoid the use of those fuel materials which emit a huge quantity of CO2 or other 
gases in the atmosphere, which causes acidification of the marine environment. In spite of using fossil fuels, 
shipping industries should use solar energy. 
To reduce the noise pollution in oceans, we have to reduce the noise from shipping vessels by modifying 
propellers and by giving regular maintenance. We can also reduce noise pollution by restricting the speed 
limits of shipping vessels or by reducing the number of small vessels. We should develop new techniques 
that use uniform streams of energy at lower levels than air guns. Movement of vessels and Use of seismic 
air guns, sonar, echosounder, etc. should be restricted in breeding seasons, so that marine animal cannot 
get stressed. 

Conclusion 
As mother hides all the mistakes of her child, In the same way; ocean sucks all the filth created by the 
humans, but for a sake of Desire; humans are not showing any concern to the ocean and discharging a huge 
quantity of waste material into the oceans and because of that ocean is becoming a home of the garage and 
these wasteful materials not only affecting the Marine environment aesthetically but also drastically 
affecting the marine life and ultimately, they are becoming extinct. Oceans are getting polluted through 
the polluted water, air, and noise. 
Among them, water pollution is more prominent and has a hazardous impact on marine life because marine 
organisms are totally dependent on water. Agricultural waste, Industrial waste, surface runoff, oil spilling, 
etc. are the big contributors to water pollution. Polluted air has a big role in the acidification of the oceans 
and climate change. 
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Polluted air coming from the industries or from the households, ultimately affects the oceans. Noise 
pollution is called an invisible hazard, which means that people are thinking that noise cannot affect 
marine life but it is totally wrong, it has even a drastic impact on marine life. Because of the noise pollution; 
Marine animals are becoming unable to communicate with their Groups or with their partner and becoming 
unable to catch their food efficiently and therefore, ultimately, they are becoming extinct. If we want 
sustainability, then we have to take measures to control marine pollution. A number of Government 
organizations have imposed much legislation but it's not going to work if people are not sincere about the 
impact of marine pollution. Oceans are the precious gratuity for humans from nature and it is a wonderful 
creature, which supports huge biodiversity. so, we should explore and utilize it in an appropriate way so, 
that our next generation can also see and enjoy the wonderful creatures. 
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Introduction 
The consumption of edible insects started nearly 7000 years ago. More than 2300 species of 18 orders have 
been reported as edible insects. These insects inhabit in both aquatic and terrestrial environments. The 
majority of them are harvested from nature though some species are farmed in a large scale. 
Many insects have been eaten worldwide. Lepidopterans, Orthopterans, Isopterans and Hymenopterans 
are all regarded as common food sources in many areas. Culturally and religiously, entomophagy is 
particularly popular in tropical and subtropical regions due to the warm and moist climate. Tropical insects 
are generally large in size with stable life history, which can facilitate harvesting. The immature forms of 
insects (pupae and larvae) are preferred for their abundant amino acids and fatty acids, which not only 
ensure the nutritional value, but also provide a unique and splendid flavor. 
The production of animal protein is under huge pressure as the world population is rapidly increasing. 
Consequently, people are facing the enduring protein undernourishment and seeking alternative protein 
resources. Entomophagy is seen as one of the best choices. As it could provide large amounts of multiple 
nutrients rapidly, it might provide a solution to address famine. Great attention has been paid to the 
utilization and production of edible insects. Till date, 2141 insects in the world are known to be edible. Of 
these, very few insects can be reared on a large scale. These include black soldier fly (Hermetia illucens), 
house cricket (Acheta domesticus), mealworms (Tenebrio molitor), red palm weevil (Rhynchophorus 
ferrugineus), lesser mealworms (Alphitobius diaperinus) etc. 

Benefits-Economically and Environmentally  
Insects are an environmentally sustainable food source, with a significantly lower carbon footprint 
compared to meat production. Primarily, insects are taken as foods because of the low cost. For wild 
resource-rich species, harvesting is almost free. For farming species, they usually feed on a wide range of 
cheap fodders with efficient energy transmission. Notably, the efficiency of conversion of ingested food (ECI) 
of T. molitor is 53 to 73% whereas it is at most 40% in other animals. The carbon and water use as well as 
the ammonia emissions of farmed edible insects are all low compared with those of livestock, which can 
benefit both the economy and the environment. The life cycles of insects are usually distinctly shorter than 
other protein sources with less breeding space needed. Contrary to the low cost, they are often sold on high 
prices at market, bringing great opportunities of income globally. 
Starting farming insects does not need high start-up capital. In fact, there are many insect-farms operated 
by families in India and Southeast Asia. The industrial production of most insects is still on their way. 
Farming these species in a large scale means the opening up of new industries, which would bring in 
opportunities of employments. Labour would be needed from production to sales. Regional income would 
conceivably increase in principle. Eating insects would reduce the consumption of pesticides. Many edible 
insects are important pests of economical plants, which are used to be managed by insecticides. However, 
they would be largely caught artificially with extra profits bringing in. Consequently, the amount of next 
generation would be controlled by the limited amount of mating adults. Organic botanic products can be 
supplied in the meantime. Such strategy conforms to the concept Integrated Pest Management (IPM). 

Food for the Future 
There are 2141 varieties of edible insects around the world, but they are not considered a traded commodity 
in many countries, which needs to be addressed on a global scale as this has the potential to turn into a 
multimillion-dollar industry. 

https://en.wikipedia.org/wiki/Alphitobius_diaperinus
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As the human population is estimated to touch 9.8 billion by the 2050s, the current rate of food production 
has to be increased to feed the growing population. For that, an extension of agriculture has to be done. 
However, extending agriculture in order to produce more feed is not a practical solution due to limitations 
in land availability. To meet the protein requirements of the growing population, more livestock has to be 
reared. Feed requirements of livestock are so high that more and more feed sources have to be found out. 
Livestock is the major contributor to the anthropogenic emission of greenhouse gases, so extending 
production might prove costly to the environment. Putting all these together alternative sustainable 
protein sources needs to be urgently found. This is where insects come into play. 
In comparison with livestock, insects have minimal resource requirements in terms of feed, land resources, 
and water. Apart from this, the carbon footprint of insects is negligible compared to conventional livestock. 
Insect meat is rich in micronutrients like iron, calcium, manganese, copper and several essential amino 
acids. It has a low amount of carbohydrates and fat. Insects release minimal greenhouse gases compared 
to livestock. Even though there are many benefits of including insects into our diet, the aversion towards 
them still exists. In many countries, there is now a growing appreciation of insects as food and feed. In 
India too, efforts are being made to create awareness and popularise entomophagy. 
A viable solution to conserve insects and ensure sustainable entomophagy is insect farming. Insects can be 
a better replacement to conventional livestock as mini livestock or six-legged livestock. Insects are well 
suited for commercial rearing considering the ease of rearing, short life cycle, enormous fecundity, and 
minimal resource requirements. Insect farming is not just a solution to reduce the pressure on the wild 
insect population but also a sustainable solution to conserve insects and the environment along with 
catering to the protein requirements of the increasing human population. Also, if given proper training, 
commercial farming of insects can be a livelihood opportunity for the ethnic communities who are the actual 
practitioners of entomophagy. 
  

https://www.un.org/development/desa/en/news/population/world-population-prospects-2019.html
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https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0014445
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0014445
http://affia.org/wp-content/uploads/2016/10/2013-FAO-Six-Legged-Livestock-Thailand.pdf
http://affia.org/wp-content/uploads/2016/10/2013-FAO-Six-Legged-Livestock-Thailand.pdf
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Introduction 
Death is the cessation of all biological functions that sustain a living organism. Phenomena which 
commonly bring about commonly bring about death include aging, predation malnutrition, diseases and 
accidents or major trauma resulting in terminal injury. 
In most cases, bodies of living organisms begin to decompose shortly after death. Death – particularly the 
death of humans – has commonly been considered a sad or unpleasant occasion, due to the affection for the 
being that has died and the termination of social and familial bonds with the deceased. Other concerns 
include fear of death, necrophilia, anxiety, sorrow, grief, emotional pain, depression and sympathy.  
Bereavement, Grief and Mourning: Let’s take an example of Jay. Jay just lost his beloved dog, Chase. 
Chase was a member of Jay's family for ten years, and Jay is taking it pretty hard. Throughout this lesson, 
we will see how Jay deals with Chase's death through the responses of grief. We will also differentiate 
between bereavement, grief and mourning. Finally, we will see how different members of Jay's family 
interpret and deal with the death of their beloved pet dog. 
Jay is currently in bereavement. Bereavement is a state of loss. Jay is also displaying grief, defined as 
an emotional response to a loss, through a period of mourning. Mourning is a culturally prescribed way of 
displaying reaction to death. We will see Jay display the typical emotional responses to his dog's death, 
such as sadness, anger and guilt. We will also see Jay mourning as he buries his pet and leaves flowers on 
the grave. 
Attachment Model of Bereavement: The Parkes/Bowlby attachment model of bereavement describes 
four predominant reactions to the death of a loved one. The researchers point out that these reactions may 
overlap each other and should not be viewed as stages one should (or does) progress through. These 
reactions are:  

a. Numbness. 
b. Yearning. 
c. Disorganization and despair. 
d. Reorganization. 

Four Main Reactions to Death  
Numbness: In the first few hours after Chase died, Jay was numb. He had feelings of disbelief and almost 
emptiness. He was able to tell his family the bad news and think about the logistics of burying his pet, but 
all in a dream-like state. The full weight of Chase's death had not yet registered. 
Yearning: The next few days, as the numbness wore off, Jay was in agony. Grief comes in waves, and the 
yearning typically lasts five to fourteen days after death. Jay had feelings of panic, couldn't sleep and was 
unable to concentrate. He also kept thinking that he saw Chase running around, but it was always another 
dog. During yearning, people may be irritable and experience anger and guilt.  
Disorganization and Despair: As time passed, Jay felt less intense pangs of guilt and yearning. The 
reality sank in that Chase was gone for good. Jay became apathetic and depressed. This response may last 
up to a year for some people grieving the loss of a loved one or pet.  
Reorganization: Eventually, Jay was able to compose himself. He devoted less energy to the attachment 
and loss of Chase and more energy to his friends and other remaining pets. The loss is still hard to deal 
with from time to time, but Jay was able to remember Chase and still move forward with his life. 
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Attitudes to Death and Grieving in Different Faith and Belief Communities 
1. Christians: Beliefs about death and life after death: The traditional teaching of the Christian 
Church is that there will be a second ‘Advent’, when all will experience a physical resurrection of the body, 
and Jesus Christ will return to earth to judge the living and the dead. At this time, Christians believe that 
everyone will stand before the judgement seat of Christ and be judged according to their actions. While 
they seek to live good, obedient lives, Christians also stress the need for God’s forgiveness. They believe 
that the death of Christ on the cross was a sacrifice for sins. Through faith in him, Christians believe that 
all their sins are forgiven and they will go to heaven.  

Attitudes to grieving: Faced with adversity Christians often find compelling support in the hope 
of salvation and of life to come. Many find that prayer helps them through difficult times. In many 
Christian communities ordained persons minister to faith members, and at times of tragedy and 
grief they would strive to support families in the context of the fellowship of the church, providing 
comfort, solace and practical support. 

2. Buddhists: Beliefs about death and life after death: Of all religions, Buddhism is the one that 
concentrates most immediately and directly on suffering. The Buddha’s teaching about suffering, however, 
should not be seen as a pessimistic view of life, rather as a realistic one; all sentient beings experience 
suffering and all are subject to aging, decay and death. Ultimately, for Buddhists, there is a way out of this 
suffering, as taught in the Buddha’s Noble Eightfold path. In principle, Buddhists believe that there is no 
‘soul’ that can be reincarnated, rather, there is a ‘stream of consciousness’ that is reborn time and again 
until the desires that feed it are ‘extinguished’ and a state of enlightenment is achieved.  

Attitudes to grieving: In principle, there is a strong tradition of the importance of the family and 
community in Buddhism and at times of bereavement family members will come together for 
practical and moral support. The Buddha taught that nothing is permanent and that suffering and 
unhappiness are to be expected in earthy life. Death is the natural end to life and should be accepted 
as such. The deceased are believed to be passing on to another life or even nirvana and this provides 
some comfort for the bereaved.  

3. Chinese Religions: Beliefs about death and life after death: The most influential religious 
traditions on Chinese customs are Buddhism, Confucianism and Taoism but it is difficult to generalize 
about Chinese belief and practice. Nevertheless, people of Chinese heritage will often have beliefs about 
the after-life, including Buddhist notions of paradise (the Pure Land) and Taoist heaven as well as hell-
worlds and rebirth on this earth. 

Practices associated with death and grieving: Chinese funerals may involve burial or 
cremation. Depending on the particular community and age of the deceased there will be prescribed 
rites and customs to be followed by the family. These may involve a wake, the offering of food, 
incense and the burning of special funeral money. Scriptural passages may be recited by Buddhist 
monks or other religious officiates. A period of mourning may take place.  
Attitudes to grieving: Although it is traditional for there to be outward expressions of grief at the 
wake and funeral, it is uncommon for people of Chinese heritage to want to discuss their feelings 
about their bereavement beyond the family. 

4. Hindus: Beliefs about death and life after death: The term ‘Hindu’ is widely accepted now as 
referring to an identifiable religious tradition. However, this encompasses such diversity that scholar’s 
debate whether it is really an appropriate label. Thus, anything said below must be viewed as very general 
guidance. Hindus in Britain follow religious traditions rooted in India, and tend to share a common system 
of values known as dharma. Generally, Hindus believe that human beings have a divine soul (atman) and 
that it is the soul rather than the physical body that is ‘real’. 
Every intentional action (karma) that an individual takes is believed to have consequences either in this 
life or the next life. Therefore, when a person dies, their soul continues to exist and, according to the kind 
of life they have led, the soul may be reincarnated in another physical body. The cycle of rebirths only ends 
when the soul discovers its true nature, interpreted by some Hindus as essential unity with or closeness to 
God and by others as liberation from delusion (maya). Thus salvation (moksha) is achieved. 
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Conclusion 
Death as a natural phenomenon is obtainable across human societies and generations making it one of the 
phenomenon human thinking and beliefs at least for now cannot change that. Human being can only think, 
imagine or belief something about death as a phenomenon but cannot change or stop its existence rather, 
human beings can only improve on the chances of longevity by looking at the socio-economic and health 
factors that surround life expectancy in a particular society or among a particular group. In the case of 
African traditional societies with special emphasis on Nigeria, superstitious belief has overtaken the proper 
knowledge about factors surrounding death and life expectancy. This of course has led to the situation of 
many illicit activities leading people to their untimely grave while the individuals and groups are chasing 
after shadow and causing unnecessary problems in the name of avenging the dead. Lack of knowledge 
about the socio-economic and health factors remain the unseen factor among the traditional African people 
such as Nigerians, which continue to threaten the improvement of life expectancy among the population 
and not the spiritual enemies based on culture or religion. 
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The Global Forest Watch (GFW) reported that the number of forest fire alerts in April 2021 (India)has been 
the highest in the last five years. India also lost nearly 38.5 thousand hectares (Kha) of tropical forest 
between 2019 and 2020 making up nearly 14 percent loss of its tree cover. These are some of the examples 
which highlight the vulnerability of the Forest Ecosystems which get compounded due to extreme weather 
events like droughts, floods and heatwaves and anthropogenic activities like forest degradation and 
deforestation. These grave threats to the forest ecosystems directly impact the possibility of life on the 
planet by aggravating climate change, affecting the biological cycles at the macro-level and directly 
affecting the sources of food and livelihood for a large section of the population. Ministry of Environment 
& Forest and Climate Change (MoEF & CC) and international agencies like Intergovernmental Panel on 
Climate Change (IPCC) have acknowledged this reality, and efforts are being made in the form of 
environmental conservation laws, awareness generation campaigns and systemic conservation strategies. 

What is Conservation and why Forest Conservation is Essential in the Larger Scheme 
of Things?  
Conservation is the act of protecting Earth’s natural resources so that they can persist for future 
generations. It includes maintaining diversity of species, genes, and ecosystems, as well as functions of the 
environment, such as nutrient cycling. In this context, forest conservation boils down to protecting the 
forest ecosystem, ensuring sustainable use of forests and at the same time making efforts to expand the 
area under forest cover. Forests are a vital part of human life. The importance of forest conservation gets 
reflected in their linkage with Sustainable Development Goals (SDGs). These linkages and the impact that 
Forest Conservation has on human lives can be illustrated through UNSPF’s six Global Forest Goals 
(GFGs) which directly support the SDGS. 

What are the Threats that India is Facing while Conserving Forests? 
Natural threats: 

a. Forest Fires: Forest fires in India are most destructive in dry season. It can have multiple adverse 
effects on the forest cover, soil, tree growth, vegetation, and the overall flora and fauna. Fires render 
several hectares of forest useless and leave behind ash, making it unfit for any vegetation growth. 
b. Natural disasters and disturbances: Natural disasters such as floods, landslides, snow avalanches 
and tsunamis cause forest loss every year, 
c. Climate Change: While forests can help to combat climate change, they are also highly vulnerable 
to changing climatic conditions. This often results in a loss of forests, their biodiversity, and their 
ability to mitigate the impacts of climate change. Furthermore, increased levels of CO2 can heavily 
affect plant growth. 
d. Also, climate change indirectly aggravates the severity and occurrence of natural disasters which 
also affects the conservation of forests. 
e. Plant disease, insects, and pests: Increasing movement of seeds and plants and international 
trade and travel have increased the risk of accidental introductions of forest pests and insects, Large 
tracts of forest cover suffer from plant diseases, which lead to considerable loss of forest wealth. For 
example, thousands of hectares of Sal forests in Madhya Pradesh and Chhattisgarh are being 
threatened by sal borer for which no remedial measures have been effective so far. 
f. Also, alien invasive species-pests, microorganisms or trees that are non-native to a particular 
ecosystem are likely to cause economic or environmental harm and threaten the native forest 
species. For example, in Kerala, invasive species like the water hyacinth and giant salvinia, present 
in the backwaters of the Kuttanad region, had started colonising paddy fields, cultivated lands and 
other isolated water bodies in nearby areas. 
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Anthropogenic threats: 
a. Threats to the Ecosystem: 

i. Habitat loss, fragmentation, degradation, and deforestation: As populations 
increase, the villages expand further into forest land, converting these habitats into 
agricultural land and grazing spots and causing large scale deforestation. Large areas of the 
forest are also being diverted for developmental projects, displacing wildlife and local 
communities living in the fringes. 
ii. Atmospheric pollution: Air pollutants may damage forests directly via the foliage, 
damaging living tissue, impairs photosynthesis and the ability to respirate directly and 
indirectly via the soil. Air pollutants weaken trees, cause changes in biogeochemical cycling, 
and lower tree resistance to insects and diseases and affect function of diverse forest types. 
iii. Urbanization: Increased waste, sanitation, and pollution, because of urbanization 
indirectly threatens the forest ecosystem. For instance, building roads through forests 
fragments the landscape and endangers wildlife habitat, making it easier for illegal loggers 
to exploit the forest. 

b. Wildlife threats: 
i. Poaching: The over-exploitation of wildlife for both local and commercial purposes is one 
of the most serious threats to wildlife and biodiversity in India. Local populations rely on 
bush meat (meat of wild animals) to survive, while poachers decimate wildlife populations to 
supply an ever-growing international demand. For example, poaching has been the major 
reason for the decline in tiger populations. 
ii. Human-wildlife conflict: In most areas, the cluster of forests are surrounded by heavily 
populated villages that depend on forest resources for their livelihood and energy needs. This 
results in frequent cases of human-wildlife conflict, when animals pose a direct and recurring 
threat to the livelihood or safety of people, leading to the persecution of that species. 

c. Institutional threats: 
i. Lack of good governance and Institutional capacity: This can hinder any progress 
towards policy changes, conservation, or sustainable natural resource management in the 
forests. In addition, poor governance can lead to corruption. 
ii. As a result, the above generally leads to limited government budgets for conservation, 
which in turn leads to insufficient staff numbers, poor training and low morale at forestry 
and wildlife departments rendering them ineffective. 
iii. Lack of awareness of scale of the problem: The people who rely on the forest, and 
its natural resources, believe that the forest is ‘endless and its resources will never run out’. 
This limited awareness gets further accentuated with lack of data, monitoring and 
evaluation, resulting in poor knowledge base regarding need and method of conservation. 
iv. Limited capacity of NGOs and CBOS: Disconnect between decisions made at a 
national level and at the local village or community level along with lack of resources with 
the local NGOs and community-based organisations (CBOS) affects their ability to contribute 
to sustainable and natural resource management. 

What Efforts have been Made by the Government to Overcome the Threats? 
1. Legislative Support: The Indian dispensation has overtime passed several legislations which protect 
the forests in some form or the other. These include the Wildlife (Protection) Act, 1972, the Forest 
Conservation Act, 1980, Environment Protec tion Act, 1986 and the Wildlife (Protection) Amendment Act, 
2006 among others. 
2. Environmental Schemes: The Ministry of Environment, Forest and Climate change has implemented 
the National River Conservation Programme, sub-schemes of Conservation of Natural Resources and 
Ecosystems, Green India Mission, and National Afforestation Programme, National Coastal Management 
Programme. 
3. National Afforestation Programme (NAP): It envisages ecological restoration of degraded forests 
and to develop the forest resources with people’s participation, with focus on improvement in livelihoods of 
the forest-fringe communities, especially the poor. It aims to support and accelerate the on-going process 
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of devolving forest conservation, protection, manage ment, and development functions to the Joint Forest 
Management Committees (JFMCS) at the village level, which are registered societies. 
4. National Mission for a Green India (GIM) aims at improving the quality of forest and increase in 
forest cover besides cross sectoral activities on landscape basis. 
5. Forest Fire Prevention & Management Scheme (FFPM) is the only centrally funded program 
specifically dedicated to assist the states in dealing with forest fires. It helps to minimize forest fires by 
informing, enabling, and * empowering forest fringe communities and incentivizing them to work with the 
State Forest Departments. 
6. International Collaboration: Several steps have been taken as part of the international efforts for 
forest conservation. These include implementation of the United Nations Convention to Combat 
Desertification (UNCCD) targets, Convention on Biological Diversity (CBD) targets, and forest 
conservation as part of India’s Intended Nationally Determined Goals (INDCS) to Paris Climate Deal etc. 
7. Forest Landscape Restoration (FLR): It is the ongoing process of regaining ecological functionality 
and enhancing human well-being across deforested or degraded forest landscapes. FLR focuses not only on 
forests but also on the restoration of the whole area, to create multiple benefits and different land uses. Its 
examples include Wasteland Reclamation Strategies and approaches like Coastal Regulation Zone (CRZ) 
demarcations. 
8. Community Forest management (CFM): It increases the role of local people in governing and 
managing forest resources, many communities in developing countries have found this method effective in 
transforming natural forests from the deteriorating state to the sustainable state. here have been several 
cases of community-based forestry management around the world that successfully integrates forest 
conservation and rural development. Most prominent among them is joint forest management (JFM) in 
India. 
9. Carbon Credits approach: A carbon credit is a permit that allows the company that holds it to emit a 
certain amount of carbon dioxide or other greenhouse gases. One credit permits the emission of a mass 
equal to one ton of carbon dioxide. These carbon credits can be bought, traded, or sold to governments, 
companies or individuals seeking to complement their internal emission reductions and to further decease 
their carbon footprints. 
10. Encouraging investments in forests as a business case: In the face of the interconnected crises of 
nature loss and climate change, investing in forest conservation and restoration can benefit businesses as 
they become leading actors in the transition to a nature-positive, net-zero economy. For instance, investing 
in Forest Conservation would protect value chains from physical effects of climate change and loss of 
natural capital. 
11. Sustainable Forest management (SFM): SFM is the stewardship and use of forests and forest lands 
in a way, and at a Rate, that maintains their biodiversity, productivity, regeneration capacity, vitality, and 
their potential to fulfil, Present as well as future needs. 

Conclusion 
The issue of Forest Conservation is too complex and large to be solved through a single approach or by a 
single stakeholder. The problem must be approached through multiple pathways, considering the local 
issues, engaging with local people, and creating tailor made solutions for respective areas. This local 
approach must be supported through a broad framework which enables cooperation and coordination at 
national and international level. Coming together of all stakeholders, at all possible levels, contributing in 
different ways has the potential to create a truly sustainable forest management framework. 
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Introduction  
Living organisms adopt different strategies to survive in their natural habitat. Some organisms exhibit 
different forms or colours resembling different objects in the environment so that they are not identified 
easily in the environments from their natural enemies. These kinds of resemblances are the kind of mimicry 
developing antipredator adaptation in an organism. 
The resemblances that develop in mimicry can be visual, acoustic, chemical, tactile, or electric, or 
combination of these sensory modalities. Mimicry may be mutualism, parasitic or competitive interaction 
between two species. Mimicry can include non-living model also. Mimicry can result in an evolutionary 
arms race if mimicry negatively affects the model and the model can evolve different appearance from the 
mimic. 

What is Mimicry? 
Mimicry is the close external resemblance of an animal or plant (or part of one) to another animal, plant, 
or inanimate object. In other words, the resemblance of one insect to another in character, form and 
behaviour is known as mimicry. Similar of one species to another which protects one or both. It is the 
situations in which one species called mimic according to colour, form & behaviour and another species 
called model. The term “mimicry” was introduced by Bates. 

Evolution of Mimicry and Colouration 
Mimicry is an evolutionary process in which an organism improves its fitness by modifying its appearance 
towards another organism. Mimicry involves an organism (the mimic) which simulates signal properties of 
a second living organism (the model), which are received as signals of interest by a third living organism 
(the operator), such that the mimic gains in fitness as a result of the operator identifying it as an example 
of the model. 
H. W. Bates (1862) introduced the concept of mimicry, stating that some animal species elude predatory 
attacks by mimicking the appearance of coexisting noxious prey, who signal their unprofitability through 
for example conspicuous colour patterns. Batesian mimicry (named after him) refers specifically to cases 
where an unpalatable model species is mimicked by harmless and edible species. In general, this type of 
relationship benefits only the mimetic species and has an adverse effect on predator avoidance when too 
many edible mimics are attacked. 
In 1879, F. Muller explained another type of mimicry that had puzzled Bates among others – Mullerian 
mimicry, where the mimics also have some degree of protection. This relationship is in general considered 
to benefit all involved parties, i.e., being mutualistic, in the way that two or more species can share the loss 
of individuals to predators that are learning to discriminate between preys. 

Components of a Mimicry System 
1. Aposematic: Model gives the basic warning signal. 
2. Mimic: An organism that parasitizes the signalling system through deluding the observer. 
3. Observer: Selecting agent (predator) which associates the warning signal given by the model with some 
sort of pain that it wishes to avoid. 
4. Mimicry: Chemically defended insects tend to be apparent, or obvious, to their predators. 
5. Aposematism: Warning of unpalatability, particularly using colour, but sound or light can be also used. 
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Importance of Mimicry 
1. Insects have a wide variety of predators including birds, reptiles, amphibians, mammals, carnivorous 
plants, and other arthropods. The great majority (80-99.99%) of individuals born do not survive to 
reproductive age, with phrase 50 % of this mortality rate attributed to predation. In order deal with this 
ongoing problem, insects have evolved a wide range of defense mechanisms. 
2. Mimicry is a unique form of defence and describes when a species resembles another recognized by 
natural enemies, giving it protection against predators. The superficial resemblance among mimics does 
not necessarily denote common ancestry. 
3. Predators often learn to avoid toxically defended insects by their aposematic coloration or patterns. 
Undefended insects can mimic these colours or patterns as a defence mechanism without expending the 
energy to actually make chemicals. 

When the Mimicry Successfully Works in Nature? 
1. Mimicry works if and only if predators are able to learn from eating distasteful species.  
2. It is a three-part system that involves a model species, a mimic of that species, and a predatory observer 
that acts as a selective agent. If learning is to be successful, then all models, mimics, and predators must 
coexist. 
3. One of the best know modern example of role that evolution has played in insect defense is the peppered 
moth (Biston betularia). Peppered moth evolution over the past two centuries in England as taken place, 
with darker morphs becoming more prevalent over lighter morphs so as to reduce the risk of predation. 

 

Types of Mimicry 
1. Batesian mimicry. 
2. Mullerian mimicry. 
Batesian mimicry: If a distinctive visual appearance is sufficient to protect an unpalatable insect from 
predation, then it stands to reason those other insects might also avoid predation by adopting a similar 
appearance.  This ploy, essentially a form of "false advertising", was first recognized and described by 
Henry W. Bates in 1861.  
Today, it is commonly known as Batesian mimicry. E.g. Viceroy butterflies Limenitis archippus 
(Nymphalidae) mostly palatable to birds are largely protected from predation because they resemble 
monarch butterflies Danaus plexippus (Daneidae) very distasteful. However, monarch butterflies show a 
spectrum of palatability over their geographic range, depending on the quality of their milkweed, and other, 
hosts. 
Furthermore, populations of the viceroy and monarch in Florida are equally distasteful. Therefore, this 
mimicry system may be Batesian in some locations and Mullerian in others. Many species of bee flies, 
flower flies, robber flies, and clear-winged moths are similarly protected because they mimic the 
appearance (and often the behaviour) of stinging bees and wasps. 
In some insect Batesian mimicry shows only one sex is distasteful while other is palatable and the best 
example is that of the female Papilio dardanus butterflies. Batesian mimicry is usually a successful 
strategy as long as the model and mimic are found in the same location, the mimic's population size is 
smaller than that of the model, and predators associate the model's appearance with an unpleasant effect. 



 

 
Volume 4 - Issue 03 - March 2022       440 | P a g e  
 

 
Mullerian mimicry: In Mullerian mimicry, a group of species benefit from each other's existence because 
they all are warningly coloured in the same manner and are distasteful. The best examples of this 
phenomenon can be found within the Heliconius butterfly genus. Mullerian mimicry is exemplified by 
sympatric species of Hymenoptera and heliconiid butterflies that sting, or are unpalatable, and resemble 
each other. Mimicry has been carried to extremes in some tropical Lepidoptera where both related and 
unrelated species resemble each other in size, shape, colour, and wing pattern.  Collectively, these 
butterflies (and sometimes moths) form mimicry rings that may include both palatable and unpalatable 
species.  In South America, for example, longwing butterflies (Nymphalidae) form a mimicry ring that 
includes at least twelve different species (including one moth). 

 

Evolution of Life History Strategies 
The analysis of life histories is essentially aiming for an understanding of the evolution of the ‘temporal 
sequence of decisions’ between ‘behavioural alternatives’ during an organism's entire life-time. 
Conspicuous behavioural characteristics of an organism's life history are transitions between activity and 
inactivity, such as between diapauses and development, between sleeping and being awake, and between 
life and death. Certainly, choices between other alternatives are of interest too, the transition from growth 
to reproduction, the number and timing of reproductive events, the number of offspring, or the choice of a 
suitable habitat for foraging or oviposition. These and many other characteristics of life vary both between 
species and between individuals of the same species and their evolution has been addressed in numerable 
life history studies. 

Conclusion 
Mimicry evolves as a positive adaptation to a species. Mimicry would not be stabilized by natural selection. 
Mimicry always involves a mimic and model. Some mimicries are not perfect. Mimicry is one of the life 
history strategies adopted by different insects. For mimicry to be successful, the mimics and models should 
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be from the same area, the models should be unpalatable or harmful, the imitation should be clear and 
visible and the mimics should be lesser in number than the model. 
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Abstract  
With the increased inconsistency in climate behavior and rising population, it has become difficult to 
predict the future conditions of crop performance, and there raise a need for a solution to sustainable 
farming and food security. For these problems, the contemporary solution seems to be to Urban Agriculture 
(UA) and its subtype Zero-acreage farming where crops are grown in vertical environments without using 
soil in the cities. Rooftop gardens, Rooftop Greenhouses, Edible green walls, and Indoor farms or Vertical 
Greenhouses are some types of Z- Farming, and its practices extent from the community-based to 
commercial projects that utilize high-tech green architecture. Even for highly dense urban areas, Z-
Farming is recommended for Crop production. 

Introduction 
According to the UN, the current world population is 7.9 and it will keep on increasing but the land on 
earth remains the same or will decrease as it will sink in water due to the rise in sea level. Because of this, 
the demand for housing areas will increase and urban expansion will occur in cultivated areas, resulting 
in the occupation of the agricultural land in the future. Food security will be the main problem of the future 
generation. In addition to population, climate change and soil degradation will to add to the decrease of 
available agricultural land but the demand for food will continue to rise. The rapid growth of cities will 
contribute to an increase in the import of food from outside and long distances between production centers 
and urban-dwellers will create ecological problems and high carbon emissions. To overcome food security 
and food scarcity new approaches are needed that make agriculture sustainable. One of the solutions to 
these problems is Urban Agriculture where food is grown, process, and distributed in or around the city 
itself. Zero-acreage farming also known as Z-Farming is a type of Urban Farming devoid of soil and crop 
cultivation in vertical conditions in open spaces or closed environments in cities. It doesn't use the land for 
food production but utilized unused urban spaces. 

The Effect of Climate Change on Food Production 
Any changes that occur in the climate over time due to natural variability or as a result of human activity 
is Climate change. As agriculture directly depends on environmental conditions and it is vulnerable to 
climate change. The rise in atmospheric CO2 concentrations will directly affect the growth rate of crop 
plants including unwanted plants. The productivity of plants and animals are affected due to changes in 
temperature, rainfall, and sunlight and with these changes, the distribution and intensity of insect, pests, 
and diseases might be altered. There might be a rise in sea level leading to loss of farmland due to flooding 
or due to no or less rainfall less water will be available for irrigation (Mahato. 2014). Increases in average 
temperatures will affect the duration of the physiological stages of crops and increase water requirements 
to meet the demand for evapotranspiration. 

Zero-Acreage Farming 
Z- Farming is the new subtype of Urban Agriculture that consists of all types of food production in and on 
urban buildings ranging from open roof gardens to integrated agricultural construction without using 
arable land. Farming takes place either outdoor or indoor. For outdoor farming Roof gardens, Rooftop 
greenhouses, Edible green walls are adopted which are soil-based methods, and either the soil is placed 
directly on the rooftop or in raised beds or mobile containers. And for Indoor farming innovative forms such 
as indoor farms or vertical greenhouse, which uses one or more floors within buildings. Hydroponics and 
Aquaponics systems are also adopted. Hydroponics is applied in both indoor and outdoor farming while 
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aquaponics is applied only in indoor farming. Z-Farms produce various vegetables and fruits and most of 
them, are outdoor that grow seasonally which are meant for private. While some farms produced all year-
round using greenhouses or indoor farming for local urban markets, farmers' market, or distribution to 
local restaurants. Other than food production Z - Farm also offers internships or educational programs, on 
food and nutrition for school classes and the community. 

Strategic Orientation of Zero- Acreage Farm (Stevenson et al. 2007) 
1. Sustainable food production (high transformative potential): It helps to create sustainable models of food 
supply, which focus on food production and alternative supply chains. It explores the new solutions for food 
production and investigates the synergies between buildings and farming. 
2. Education and social commitment (medium transformative potential): It helps to impart knowledge 
regarding values associated with local and sustainable food production and healthy nutrition 
3. Urban qualities (low transformative potential): Primarily it focuses on creating a recreational space that 
will improve urban qualities and contributes to the social life of a community along with food production. 

Topology 
There are five types of Z -Farming (Homier 2014): 
1. Commercial Z-Farming: Commercial Z-Farming is categorized into retail-affiliated and independent. 
‘Retail-affiliated’ Z-Farms operate with one specific retailer. E.g., a rooftop greenhouse in a grocery store. 
While the independent is community-oriented and is open to the public. 
2. Image-oriented Z-Farming: It is operated to create a high-quality image for a business, not for the 
main source of revenue. They are incorporated as small-scale rooftop or indoor farms in the building of the 
main business and access to this type of farm are limited to the public 
3. Social and Educational Z-Farming: This type of farm is mostly found in schools, universities, public, 
private, and non-profit educational or social institutions where the main function is to impart social and 
educational values. However, the products are kept for personal use for the people involve or distributed to 
affiliated cafeterias or markets. 
4. Z-Farming for Urban Living Quality: It is operated to enhance urban qualities. E.g. Residential, 
Commercial, or Community buildings are utilized for Z- Farming for growing food and to serve as 
recreational spaces. 
5.  Z-Farming as Innovation Incubator: They are used for promoting new concepts of food production 
and sustainable ways of establishing urban life and consumption. They are often demonstration projects 
operated by non-profit organizations or research institutions 

Role of Zero Acreage Farming for Sustainable Urban Agriculture 
New opportunities for resource efficiency: Z Farming helps to save saving and recycle natural resources 
and make agriculture more sustainable. For Z- farming the water utilized is mainly harvested rainwater, 
thus it helps to save and reuse runoff water. And compare to Conventional farming, Hydroponics saves 
75% more water for the same yields of vegetables. Z-Farms like Vertical rooftop gardens and Rooftop 
greenhouses reduce summer cooling load and reduce rooftop surface temperatures. They generate green-
roof effects and function as cooling, heating, and energy recycling plants by providing insulation. (Specht 
2013) 
New patterns of food supply: For people residing in urban areas, Z farming has provided fresh-grown food 
and improved access to fresh produce. In developing countries, it feeds families and small communities and 
is encouraged for the food security of the poor. While in developed countries, it aids to provide food to 
struggling neighborhoods that lack retail facilities offering fresh and healthy food. But Z Farming can only 
supply food to a small share of demand. To meet the demand Z farming is commercialized in developed 
countries by innovative pioneers and consumers. The main aim of Z Farming is to provide health, 
sustainability, diversity, and equality and these are achieved by integrating farming and food business into 
communities and generating local value-added goods (Lysion 2007). 
Additional spaces in the city: Instead of using additional land for crop cultivation Z Farming exploit vacant 
building and rooftops. Using vacant unused buildings in shrinking areas for farming helps to redevelop the 
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areas. However merging Food production and architecture, offer a wide range of social and ecological 
benefit particularly in dense urban area and it has become a necessity to create green and sustainable cities 
and buildings. This will help to address the issue of land scarcity and food security. 

Conclusion 
Z Farming combines different uses and functions within one structure; thus, it represents a multifunctional 
land use. It is new dimensional agriculture and offers a broad range of food, non-food and non-market 
goods, opportunities to use local resources efficiently, exploit new urban spaces for agricultural purposes, 
and provide recreational and educational activities for urban societies. Moreover, it improves the local 
microclimates condition by increasing vegetative cover, surface permeability, and reducing the urban heat. 
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Introduction  
Before the social media boom, marketers thought social media marketing was just another fad that would 
soon likely pass, something in the vein of pyramid and networking scams. Social media marketing consists 
of the attempt to use social media to persuade consumers that one’s company, products and / or services 
are worthwhile. 

Definition 
Social media marketing/promotion is the use of social media platforms to connect with your audience to 
build your brand, increase sales, and drive website traffic. This involves publishing great content on your 
social media profiles, listening to and engaging your followers, analyzing your results, and running social 
media advertisements. The major social media platforms are Facebook, Instagram, Twitter, LinkedIn, 
Pinterest, YouTube, and Snapchat. 

Importance 
1. Get attention and build awareness. 
2. Communicate authority. 
3. Show authenticity. 
4. Encourage Engagement. 
5. Grow Affordably. 
6. Provide support. 

Types of Social Media Business Promotion 
In 2020, there are 6 different social media channels, these are the best places to invest your ad money right 
now. Facebook. Instagram. Twitter. Pinterest. LinkedIn. Snapchat. 
Facebook: Where Facebook Advertising Shines: 

a. Facebook excels at lead generation in e-commerce. 
b. Expression Fiber Arts does a really great job of this –– offering free products, download-ables 
and predictable discounts and coupons for her audience. Doing so has earned her more than 
$1,000,000 in annual sales in just 2 years. 
c. Instagram Advertising : 
d. Instagram now boasts more than 500 million monthly active users. 

One of the highest audience engagement rates in social media 
a. 58% higher than Facebook  
b. 2000% higher than Twitter. 

Where Instagram Advertising Shines: Instagram is, of course, very image and video heavy. As such, 
sellers of products that are visually appealing or who are able to incorporate visual media into their 
campaigns tend to perform best on this social media channel. 
Twitter Advertising: 
Where Twitter Advertising Shines: Brands don’t need to pay in order to reach their followers, which 
enhances the platform’s value even when running paid ads.E-commerce stores today use Twitter ads 
primarily to drive brand awareness and promote specific products for direct conversions.  

http://expressionfiberarts.com/
https://www.dreamgrow.com/instagram-facebook-advertising/
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Pinterest Advertising: Pinterest is unique. It’s visual, like Instagram, but unlike Instagram, it is highly 
targeted toward women with an 81% female user base. With 175 million monthly users, it’s also an 
incredibly active platform. 
Where Pinterest Advertising Shines: Pinterest is widely regarded as a strong platform for e-commerce 
sales. 

a. Engagement is high. 
b. Images are often built around custom product creation. 
c. Users intentionally use the platform to find and purchase creative products. 

LinkedIn Advertising: 
Where LinkedIn Advertising Shines: LinkedIn is where you tend to find the highest average disposable 
income, with 75% of LinkedIn users earning $50,000 per year or more. It’s also where you tend to find the 
highest quality leads, particularly in certain Industries. Unlike most social platforms, which excel at B2C 
advertising, LinkedIn is uniquely suited for B2B ads and social media marketing campaigns. 
Snapchat Advertising: 
Where Snapchat Advertising Shines: There’s really only one state you need to know to understand the 
value of Snapchat. On any given day, Snapchat reaches 41% of all 18–34-year-olds in the United States. 

Role of Social Media 
1. Interaction with Target Market. 
2. Improve Responsiveness. 
3. Competition. 
4. Effective Marketing. 
5. Find Customers. 
6. Affordability. 
7. Database. 
8. Social Environment. 
9. Informative. 
10. Online Presence. 
11. Importance of Getting Social. 
12. Communication and Branding. 

Steps in Business Promotion by Social Media 
The main steps involved in the process of business promotion by social medias is as follows: 
1. Strategy 
2. Planning and Publishing 
3. Listening and Engagement 
4. Analytics 
5. Advertising 
1. Strategy: The first step is to think about your social media strategy. 
Business Goals 
 

Types of social media platforms Type of content to share 
 

How can social media help you 
achieve your business gals?  
 

The major social media platforms 
are Facebook, Instagram, Twitter, 
LinkedIn, Pinterest, YouTube, and 
Snapchat.  

What type of content will 
attract your target audience 
best? 

Businesses use social media for 
increasing their brand 
awareness and driving website 
traffic and sales 

When starting out, it’s better to 
pick a few platforms that you think 
your target audience is on than to 
be on all platforms. 

Is it images, videos, or links? 
Is it educational or 
entertaining content?  
 

Social media can also help you 
generate  engagement around 
your brand, create a community, 

 A good place to start is to 
create a marketing persona, 

https://www.omnicoreagency.com/pinterest-statistics/
https://www.omnicoreagency.com/pinterest-statistics/
https://business.pinterest.com/en/why-pinterest-ads-work
https://www.datafeedwatch.com/blog/all-about-pinterest-for-ecommerce
https://blog.hootsuite.com/linkedin-demographics-for-business/
https://www.mannixmarketing.com/blog/6-snapchat-advertising-options/
https://blog.bufferapp.com/10-social-media-goals
https://blog.bufferapp.com/social-media-is-for-branding
https://blog.bufferapp.com/social-media-is-for-branding
https://blog.bufferapp.com/social-media-mistakes
https://blog.bufferapp.com/social-media-mistakes
https://blog.bufferapp.com/social-media-engagement
https://blog.bufferapp.com/marketing-personas-beginners-guide
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and serve as a customer support 
channel. 

which will help you answer 
these questions. 

2. Planning and Publishing: Publishing to social media is as simple as sharing a blog post, an image, or 
a video on a social media platform. 
3. Listening and Engagement: As your business and social media following grow, conversations about 
your brand will also increase.  
4 Analytics: It helps to know how your social media marketing is performing. 
5. Advertising: You can create target audiences based on their demographics, interests, behaviors, and 
more. 

Social Media Marketing Resources 
There are a number of different sources in social media for the business promotion and few important 
resources are listed as follows: 
1. Social Media Marketing Blog. 
2. Social Media Marketing Guide. 
3. Social Media Listening and Engagement Guide. 
4. Social Media Analytics Guide. 
5. Social Media Advertising Guide. 

Benefits 
1. Create brand recognition 
2. Generate a conservation around your brand 
3. Learn how to connect with your audience through social listening 
4. Tell your brand’s story 
5. Gather data from audience research to improve 
6. Build customer loyalty 
7. Social media can assist with link building 
8. It’s (mostly) free. 
9. Establish your brand as a topical authority. 
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Introduction  
Organic farming is a system that avoids or largely excludes the use of synthetic inputs (such as fertilizers, 
pesticides, hormones, feed additives etc.) and relies upon crop rotations, crop residues, animal manures, 
off-farm organic waste, mineral grade rock additives and biological system of nutrient mobilization and 
plant protection to the maximum extent feasible. But in today’s situation, farmers all over the world are 
not much motivated to shift towards organic farming. Surprisingly, India has taken the lead in the last few 
years and has shown farmers' engagement in organic farming. In this article, therefore, the status of 
organic farming in India has been discussed. 

Why Organic Farming is Suitable in India? 
1. Organic farming requires 30% less input cost, 10% more price for final produce, 90% productivity of 
conventional agriculture. 
2. Maintaining animals for compost provides additional income from milk. Organic farmer is more involved 
in the farming systems hence easily adopts milk farming like poultry,goatery, piggery etc. 
3. 80% farm holdings are small and marginal and resource poor. For them organic agricultural is attractive 
system. 

Status of Organic Farming in India 
1. India has been the top country which has the highest organic producers since last decade (FIBL 2007). 
2. India has seen the 3rd highest increase in organic cultivable land according to a report by International 
Federation of Organic Agriculture Movements. 
3. Organic farming has grown 25-30% per year since last decade. 

Conventional Farming Vs. Organic Farming 
Factor Conventional Farming Organic Farming 
Yield more yield less yield 
Soil quality hampers do not hamper 
Profitability less profit more profit 
Employment of workers less due to mechanical uses more employment 
Pesticide residue residues found no pesticide residue 
Nutritional quality less due to use of chemicals more quality 
Total cost equal equal 
Water pollution increases minimise water pollution 
Ecosystem service no services many services 

Principles of Organic Farming 
1. Conversion of land from conventional management to organic management. 
2. Management of the entire surrounding system to ensure biodiversity and sustainability of the system. 
3. Crop production with the use of alternative sources of nutrients such as crop rotation, residue 
management, organic manures and biological inputs. 
4. Better plant protection practices by physical, cultural and by biological control system. 
Maintenance of livestock with organic concept and make them an integral part of the entire system. 

 



 

 
Volume 4 - Issue 03 - March 2022       449 | P a g e  
 

Swot Analysis of Organic Farming 
It stands for strength, weakness, opportunities and threats of organic farming. Before transition from 
conventional farming to organic farming we need to understand the SWOT analysis as given below: 
1. Strength: sustainability, quality product, high social value, better animal welfare. 
2. Weakness: inadequate technology, expensive products, less awareness, low yield. 
3. Opportunities: increasing market, breakthrough technological innovations, government subsidiaries, 
environmental factors. 
4. Threats: cheap imports, tantalizing cure from chemical farming, FUD (Fear, Uncertainty, Doubt). 

Some Famous Organic Farming Systems 
Biodynamic Farming: A method of organic farming that emphasizes the holistic development and 
interrelationships of the soil, plants and animals as a selfsustaining system. It is based on systematic and 
synergistic harnessing energies from cosmos, mother earth, plants and cow. 
Panchgavya Farming: It is a special bio enhancer prepared from five products obtained from cow dung, 
urine, milk, curd and ghee. These are suitably mixed, incubated and used. The preparation is rich in 
nutrients, auxins, gibberellins, and microbial fauna and acts as tonic to enrich the soil, induce plant vigour 
with quality production. 
Rishi Krishi: In this system, rhizosphere soils beneath Banyan tree (Ficus bengalensis) is spread over the 
area and Amritpani, special bioinoculants prepared from cow dung, cow ghee, and honey is utilized for seed 
/ seedling treatment, enrichment of soil by overhead sprinkling and through irrigation water. 
Natural Farming: It consists of use of Bijamrut (cow dung, urine, lime, virgin soil) for seed/set/seedling 
treatment, followed by regular use of Jivamrut (cow dung, urine, jaggery, pulse flour, virgin soil) through 
irrigation water, coupled with mulching and proper soil aeration. 

Components of Organic Farming 
The organic farming is done by following all of it components.  
1. Crop rotation: It is a systematic arrangement for the growing of different crops in a more or less regular 
sequence on the same land covering a period of two years or more. It helps in soil fertility management, 
weed, insect and disease control. Legumes are essential in any rotation. 
2. Crop Residue: Incorporation of crop residues e.g. Wheat and Rice straw, as such or inoculated with 
fungal species has beneficial effects on crop yields and improvement in chemical properties of soil. 
3. Organic manure: 

a. Bulky organic manure: 
i. FYM: well-decomposed mixture of dung, urine, farm litter and left over or used up 
materials from roughages or fodder fed to the cattle. 
ii. Compost: waste material like vegetable refuse, farm litter, such as weeds, stubble, bhusa, 
sugarcane trash, sewage sludge and animal waste in houses and in areas like human and 
industrial refuse can be converted into useful compost manure by anaerobic decomposition. 
iii. Green manuring: practice of ploughing and incorporation of under composed green 
plant tissues for the purpose of improving physical structure as well as fertility of the soil. 
Examples: Sun hemp, dhaincha, cluster bean, cowpea, berseem. 

b. Concentrated Organic Manure: Organic matter containing higher percentage of essential 
plant nutrients such as nitrogen, phosphorous and potash, as compared to bulky organic manures. 
It is made from raw materials of animal or plant origin. Examples: oilcakes, blood meal, fishmeal, 
meat meal and horn and hoof meal. 

4. Biofertilizers: A biofertilizer is a substance which contains living microorganisms which, when applied 
to seeds, plant surfaces, or soil, colonize the rhizosphere or the interior of the plant and promotes growth 
by increasing the supply or availability of primary nutrients to the host plant. 
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Conclusion 
By understanding the advantages of organic farming over conventional farming, it can be concluded that 
organic farming is the most suitable solution for the world to restore its fertility and produce nutritious 
crops. Organic farming produces food of high nutritional quality, maintains and enhances soil fertility, 
works with natural systems, avoids pollution, and has broad social and ecological impacts on agricultural 
systems. 
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Introduction  
The Horticulture has become key drivers for economic development in many of the states in the country. 
As the production is increasing, threats posed by biotic and abiotic factors are also increasing every day. 
Among the biotic factors such as pests and diseases, viral diseases are emerging as a major constraint in 
the changing climatic scenario. Among the horticultural crops, viral diseases are most devastating in 
vegetable crops which causes yield penalty of (70-80%) in vegetable production. Major plant pathogenic 
viruses infecting various horticultural crops belong to group Tobamovirus, Cucumovirus, Poty virus, 
Begomo virus, Closterovirus, Tymovirus, Polerovirus, Tospovirus etc. Evolution in virus populations in 
recent years has been the consequence of the occurrence of new viruses or of the introduction of new vectors. 
Changes in cultural practices, in production regions and in planting dates have also contributed to changes 
in the relative incidence of viral diseases. Since there is no cure to virus infected plants, management option 
emphasizes on exclusion of virus, minimizing virus spread and development of host plant resistance. Hence 
adoption of suitable management measures with low residue levels in the final produces becomes needed. 

List of Important Viral Diseases of Vegetable Crops and their Mode of Transmission 
SL No Crops Disease Virus Virus group Transmission/Vector 
1 Tomato i) Leaf curl Tomato leaf curl 

virus 
Begomo virus Whiteflies (Bemicia 

tabaci), grafting 
ii) Spotted 
wilt 

Tomato spotted wilt 
virus 

Tospo virus Thrips 
(Frankliniella schultzii, 
Scirtothrips dorsalis) 

iii) Mosaic Tomato mosaic virus Tobamo virus, 
Cucumo virus 

 Seed, Sap, Grafting 

iv) Bushy 
stunt 

Tomato bushy stunt 
virus 

Tombus virus Soil borne, sap 

2 
 

Chilli i) Leaf curl Chilli leaf curl virus Begomo virus Whitefly 
(Bemicia tabaci) 

ii)Mosaic 
Complex 

Tobacco mosaic 
virus, potato                                                               
virus-Y, Chilli 
mosaic virus 

Cucumo virus, 
Tobamo Virus, 
PotY virus 

 
Sap, Aphids 

3. Okra i) Yellow 
vein 
mosaic 
disease 

Okra Yellow vein 
mosaic 

Begomo virus White fly 
 
 

4  
 
Potato 

i) Leaf roll Potato leaf roll virus Luteovirus virus Aphids 
(Myzus persicae, Aphis 
rhamni) 

  ii) Potato 
mild 
mosaic 

Potato virus X PotX virus Contact 

5. 
 

Bean 
 

i) Yellow 
mosaic 

Bean Yellow Mosaic 
virus 

PotY virus Sap, Aphids 
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  ii) Bean 
common 
mosaic 

Bean common 
mosaic virus 

PotY virus White flies 

7. 
 

Cucurbits Mosaic Cucumber mosaic 
virus 

Cucumo virus Aphids 

  Necrosis Cucumber necrosis 
virus 

Tombus virus Sap 

8. Beet root Curly top Beet curly top virus Curtovirus Plant hoppers 
  Yellows Beet yellows virus Closterovirus Aphids, Mealy bugs, 

white flies 

Symptomatology of Major Viral Diseases in Vegetables 
1. Diseases of Tomato: 

a. Leaf curl of Tomato -Tomato leaf curl virus (TLCV): 
i. Plants are stunted or dwarfed.  
ii. Leaflets are rolled upwards and inwards.  
iii. Leaves are often bent downwards and are stiff, thicker than normal, have a leathery 
texture and often have a purple tinge to the veins on the underside.  
iv. Rolling & crinkling of leaves followed by chlorosis of newly formed leaves. 

  
Chilli leaf curl Chilli mosaic 

   
Tomato mosaic Tomato leaf curl Tomato spotted wilt 

   
Okra Yellow vein mosaic Potato leaf roll Beet yellows 
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Bean golden mosaic Cucumber mosaic 

2. Tomato spotted wilt –Tomato spotted wilt virus (TSWV): 
a. Stunting is a common symptom of TSWV infection.  
b. Chlorotic or necrotic rings form on the leaves of many infected hosts. 
c. The most diagnostic feature is spots of 1-2 cm in diameter consisting of concentric circular 
markings with alternating bands of red & yellow occur on ripe fruits. 
d. Thickening of veins and bronzing of young leaves. Affected plants may have a one-sided growth 
habit or may be entirely stunted and have drooping leaves, suggesting a wilt. 

4.  Mosaic- Tomato Mosaic virus (Tomv), Cucumber mosaic virus: 
a. Generally, infected plants have a light or dark green mottling or mosaic with distortion of younger 
leaves, and stunting to varying degrees.  
b. Severely affected leaves may have a “fernlike” appearance and may show raised dark green areas. 
c. On leaves- Mottling of leaves with raised dark green area followed by stunting of leaves. 
d. On fruits- The fruits are fewer, under sized & often deformed. 

Diseases of Chilli 
1. Leaf Curl- Tobacco leaf curl virus: 

a. Curling of leaves downwards, with pale in colour, small in size, shortened internodes, stunting of 
plant growth giving a withches broom appearance. 
b. The formed fruits are deformed. The flower buds abscise before attaining full size. 

2. Mosaic complex: Tobacco mosaic virus, potato virus-Y, Chilli mosaic virus, 
Cucumber          mosaic virus (CMV), Tomato spotted wilt virus: 

a. Both green and red fruit can be infected. Infected green pods display small, off- colored spots.  
b. Red fruit exhibit patches of yellow that never turns red. Appearance of yellow & dark green 
patches on the entire leaf surface.  
c. The leaves are reduced in size & become filamentous or shoe string like. 

Diseases of Okra 
Yellow vein Mosaic - (Bhendi yellow vein mosaic virus): 

a. Vein clearing & veinal chlorosis of the leaves. 
b. The characteristic symptoms include vein yellowing and thickening of leaves forming a network 
of veins and veinlets in the infected leaves. 
c. Initially the leaves exhibit only yellow-coloured veins but under severe infection, the leaves 
become completely chlorotic and turn yellow. 
d. The chlorophyll content of the leaves is reduced. Infected plants produce very few small sized 
leaves, deformed and give a stunted look. 

Diseases of Beet Root 
Beet yellows- Beet Yellow virus: 

a. This attacks usually the older leaves.  
b. Small yellowish to orange patches that enlarges between the veins, finally turning the leaf into 
yellow. 
c. Leaves are leathery & brittle. 
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d. General stunting & leaf rolling inward & upward with outer leaves getting died & others leaves 
appearing as scorched. Roots remain small & produce little sugar. 

Diseases of Potato 
Potato leaf roll- (Potato leaf roll virus) 

a. Leaves become leathery with tips & margins rolling upwards with midrib in the form of spoon & 
later in the form of tunnel.  
b. No. of tubers per plant & their size is greatly reduced. Necrosis of conducting tissue (phloem) is a 
characteristic feature which results in blocking the movement of food materials from leaves to 
tubers. 

Diseases of Cucumber 
Mosaic - Cucumber mosaic virus 

a. Plants stunted, shortened internodes resulting in rosette of younger leaves. 
b. Younger leaves curl downwards & becomes mottled, distorted & reduced in size 
c. Infected fruit may look like a White Pickle, with very little green colour. 

Integrated Management of Major Viral Diseases in Vegetables  
1. Leaf curl diseases of Tomato and Chilli: 

a. Keep yellow sticky traps @ 12/ha to monitor the white fly.  
b. Raise barrier crops such as cereals around the field.  
c. Removal of weed host.  
d. Avoid overhead irrigation Spray Imidachloprid 0.05 % or Dimethoate 0.05% @ 15, 25, 45 days 
after transplanting to control vector. 

2. Mosaic diseases of Tomato, Chilli, Cucurbits: 
a. Select healthy seed for planting.   
b. Crop rotation with non-hosts. 
c. Control perennial weed hosts.  
d. Rogue out and destroy infected plants in early stages of infection.  
e. Grow disease tolerant varieties like Bhagyalakshmi, Bhaskar and LCA 305, Puri red 
f. Soak the seed in Trisodium orthophosphate (Na3PO4) solution (150g/lt) for 30 min prior to sowing. 
Seed treatment in hot water for 2-3mns @500 C.  
g. Growing barrier crops like sorghum or maize (2-3 rows) around main crops to reduce the disease 
incidence.  
h. Cover the seed bed with nylon net or paddy straw.  
i. Dry heating seed at 70°C for 4 days or at 82-85°C for 24 hr will help to eliminate surface-borne 
virus.  
j. Use a minimum 2-year rotation. Avoid following tomato crops with susceptible crops such as 
tobacco, pepper, eggplant, or cucurbits. 
k. Disinfect tools, stakes, and equipment before moving from diseased areas to healthy areas. This 
can be done by: (1) heating or steaming at 150°C for 30 minutes; (2) soaking 10 minutes in 1% 
formaldehyde or a 1:10 dilution of a 5.25% sodium hypochlorite, do not rinse; or (3) by washing in 
detergent at the concentrations recommended for washing clothes or dishes.  

3. Spotted wilt of Tomato: 
a. Use of diseased free seed. Removal and destruction of infected plants & weed hosts. Crop 
sanitation including destruction of plant debris along with volunteer plants and other weeds. 
b. Barrier cropping with Crotalaria junceae reduces vector migration. In some areas timing of 
planting to avoid major thrips migrations during critical early plant growth periods is feasible to 
reduce disease.  
c. Reflective mulches placed over plant beds prior to planting can disorient thrips or impair thrips 
feeding. 
d.  Plant resistant tomato varieties with the Sw-5 gene.  

http://ipm.ucanr.edu/PMG/r783900511.html
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e. Maintain seedbeds away from cropped areas and from other susceptible plants. Protect 
transplants with mesh netting (40-mesh or higher) to exclude thrips.  
f. Soil can be fumigated with metam-sodium (Vapam) or 1,3- dichloropropene (Telone) to eliminate 
thrips associated with crop debris. 

4. Yellow vein Mosaic of Okra: 
a. Various cultural practices like destruction of wild hosts, avoidance of mixed cropping of pumpkin, 
adjustment of date of sowing to avoid the period of maximum population of the whiteflies and 
regular removal of affected plants upto 55 days help in reducing the incidence of the disease.  
b. Raising two rows of pearl millet as border crop 15 days before okra sowing. 
c. Application of yellow coloured polythene mulch significantly delays the appearance of the disease.  
d. Four sprays of Metasystox (demeton-S-methyl) at 15, 30, 45 and 60 days after sowing. Apply 
thimet 10G @20kg/Ha at the time of planting & again after 4-50 days of first application.  
e. Growing tolerant varieteies- Arka abhay, Parbhani krant. 

5. Bean common mosaic and Bean yellow mosaic: 
a. Use healthy and certified seed helps in checking the spread of the disease.  
b. Early planting when the incidence of aphid vectors is low gives better yields. 
c. Intercropping of maize with bean also reduces the incidence of this disease. Spray   Nuvacran 1 
% to check the vector population. 

6. Potato leaf roll: 
a. Remove all self-sown potatoes and solanaceous weeds. 
b. Plant only certified or virus tested tubers. 
c. Avoid planting new and seed potato crops near old ware or processing crops. 
d. Vector control by spraying metasystox 5 ml /lt water at 10-15 days interval. 

7. Beet Yellows: 
a. Beet should not be planted in the vicinity of spinach. 
b. Seed furrow treatment with Aldicarb 0.5-1kg/Ha reduces the disease. 

Conclusion  
Virus control in crops can only be achieved through integration of a variety of methods all intended to 
prevent, delay or reduce virus spread in the field. However permanent contact between plant pathologists 
and farmers are necessary in order to update these strategies when needed. This might be necessary when 
new resistant cultivars are released or new developments in cultural practices are proposed. 
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Abstract  
Biofortification is one of the solutions so as to fulfil the micronutrient deficiency demand and solve the 
problem of Malnutrition of the rising population in terms of number in the country and across the world.   
There by biofortification will be a promising, cost-effective, and sustainable technique of delivering 
micronutrients to a population that has less access to diverse diets and other micronutrient interventions. 
Unfortunately, major food crops are not major sources of micronutrients required for normal human 
growth. Biofortifiaction can be achieved through various aspects of crop improvement methods which 
includes-breeding, agronomy, and genetic modification. It tries to summarize all the biofortification 
research that has been conducted on different crops. Success stories of biofortification include lysine and 
tryptophan rich quality protein maize (World food prize 2000), Vitamin A rich orange sweet potato (World 
food prize 2016); generated by crop breeding, oleic acid, and stearidonic acid soybean enrichment; through 
genetic transformation and selenium, iodine, and zinc supplementation. The biofortified food crops such as 
cereals, legumes, vegetables, and fruits, are providing sufficient levels of micronutrients to targeted 
populations. Although a greater emphasis is being laid on transgenic research, the success rate and 
acceptability of breeding is much higher. The newly developed biofortified crop varieties besides serving as 
an important source for livelihood to poor people assume great significance in nutritional security. Besides 
the challenges biofortified crops are having a bright future to address the malnutrition challenge. 
Keywords: malnutrition, biofortification, transgenic, agronomic, breeding. 

Introduction 
Biological fortification which is commonly known as the biofortification refers to nutritional enhancement 
of food crops with increased bioavailability to the human population that are developed and grown using 
modern biotechnology techniques, conventional plant breeding, and agronomic practices. The United 
Nations Food and Agriculture Organization has estimated that around 792.5 million people across the 
world are malnourished, out of which 780 million people live in developing countries. Apart from this, 
around two billion people across the world suffer from another type of hunger known as “hidden hunger,” 
which is caused by an inadequate intake of essential micronutrients in the daily diet despite increased food 
crop production. Besides this overnutrition is growing matter of concern. Nutritious diet is vital for proper 
growth and development in humans. It helps preventing diseases, besides maintaining the body 
metabolism for physical- and mental well-being. Food provides energy, protein, essential fats, vitamins, 
antioxidants and minerals to meet our daily metabolic requirement. Most of them cannot be synthesized 
in human body, therefore are to be supplemented through diet. Further, anti-nutritional factors present in 
edible parts of the food exert adverse effects on human health. Consumption of unbalanced foods affects 
billions of people worldwide, and leads to poor health and socio-economic conditions. So far, the focus has 
been on the development of high yielding varieties primarily to feed the ever-increasing populations. Indian 
Council of Agricultural Research (ICAR) has improved the nutritional quality in high yielding varieties of 
cereals, pulses, oilseeds, vegetables and fruits. Till now more than 5600 varieties of different crops have 
been released of which no. of biofortified varieties is negligible, these biofortified varieties assume great 
significance to achieve nutritional security of the country. So far, our agricultural system has not been 
designed in such a way so as to promote human health; rather, it had only focused how to increase grain 
yield and crop productivity. This methodology has resulted in a rapid rise in micronutrient deficiency in 
food grains, thereby increasing micronutrient malnutrition among population across the world. Now 
agriculture is undergoing a shift from producing more quantity of food crops to producing nutrient-rich food 
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crops in sufficient quantities. This will help in fighting “hidden hunger” or “micronutrient malnutrition” 
especially in poor and developing countries, where diets are dominated by micronutrient-poor staple food 
crops. 

Necessity and Socioeconomic Development Lead to Bio-Fortification Research 
Humans require around 40 known nutrients in an adequate amount so as to live healthy and productive 
lives. Collectively Nutrients play crucial roles in humans and dictate our physical, mental development and 
many of the micronutrient’s act as cofactors for the functioning of various enzymes in the human body and 
regulate important functions and metabolic processes in our body. 
In the developing countries the primary source of nutrients are the agricultural products. However, the 
major part of the of population is based on cereals such as rice, wheat, and maize contain insufficient 
amounts of several nutrients such as vitamin A, iron, zinc, calcium, manganese, copper, iodine, or selenium 
with respect to meeting daily requirements. These nutrient deficient agricultural products cannot support 
healthy lives and can result in poor health, sickness, increased morbidity and disability, impaired 
development, stunted mental and physical growth, diminished livelihoods, and reduced national 
socioeconomic development. 
More than 30% of the world’s population has been reported to be anaemic and suffering from hidden 
hunger. Micronutrient deficiencies affect about 38% of pregnant women and 43% of pre-school children 
across the world. Hence, micronutrient malnutrition is the major challenge in many developing countries. 

Approaches 
The ultimate goal of bio-fortification introducing nutritious and safe foods, sufficiently and sustainably. 
Bio-fortification of essential micronutrients into crop plants can be achieved through three main 
approaches, namely transgenic involving the use of biotechnology, conventional involving the use of crop 
breeding, and agronomic, involving the use of fertilization strategies. Most of the crops targeted by 
transgenic, conventional breeding, and agronomical approaches include staple crops like rice, wheat, maize, 
sorghum, lupine, common bean, potato, sweet potato, and tomato. Higher numbers of crops have been 
targeted by transgenic means, while the practical utilization of bio-fortification is higher by breeding 
methods. Cereals being staple crop have been targeted by all three approaches. Same is the case of legumes 
and vegetables. 

 

Bio-fortification through Transgenic Means Maximum Researched and Minimum 
Utilized 
Transgenic approach can be an alternative for the development of bio-fortified crops when there is a limited 
or no genetic variation in nutrient content among plant varieties. Ability to identify and characterize gene 
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function and then utilize these genes to engineer plant metabolism has been a key for the development of 
transgenic crops Furthermore, pathways from bacteria and other organisms can also be introduced into 
crops to exploit alternative pathways for metabolic engineering, when a particular micronutrient does not 
naturally exist in crops, transgenic approaches remain the only feasible option to fortify these crops with 
the particular nutrient. Numerous crops have been genetically modified to enhance their micronutrient 
contents. Among micronutrients, vitamins, minerals, essential amino acids, and essential fatty acids have 
been targeted by the use of various genes from different sources to enhance the food crop nutritional level. 
Successful examples of transgenic method are high lysine maize, high unsaturated fatty acid soybean, high 
provitamin A and iron rich cassava, and high provitamin A Golden rice. 

Tackling Malnutrition 
Among various nutrients, protein, lysine, tryptophan, iron, zinc, vitamin A and vitamin C are essential for 
human nutrition, and their deficiency leads to various symptoms and health disorders. Erucic acid, 
glucosinolates and Kunitz trypsin inhibitor (KTI) are the antinutritional factors as their consumption in 
higher levels leads to adverse effects in humans and livestock. Function and deficiency symptoms of the 
important nutrients are presented below. 

Anti-Nutritional Factors 
Erucic acid: It is a monounsaturated fatty acid found especially in mustard and rapeseed oil. High 
concentration of erucic acid in edible oils impairs myocardial conductance, causes lipidosis in children and 
increases blood cholesterol, <2.0 per cent of erucic acid in oil is desirable for health. Glucosinolates: It is a 
group of thioglucosides mainly found in Brassicaceae family. Glucosinolates produce glucose, sulphate and 
other aglucon products when broken down by myrosinase. Higher consumption is detrimental to animal 
health as these reduce the feed palatability and affect the iodine uptake by the thyroid glands, which in 
turn lowers feed efficiency and weight gains particularly in non-ruminants such as pigs and poultry, <30 
ppm of glucosinolates in seed meal is desirable.  
Kunitz trypsin inhibitor (KTI): It is a non-glycosylated protein that possesses adverse effects on growth 
of humans primarily through inhibition of trypsin in the digestive tract leading to indigestion. KTI 
constituting the major portion of total trypsin inhibitors in soybean, is considered detrimental to human 
health. Although heat treatment is used to get rid of this heat labile protein, the entire amount is not 
removed. 

Transgenic Cereals  
Transgenic Rice (Oryza sativa): Rice has been targeted to address the global challenge of 
undernutrition. Vitamin deficiency is one of the major challenges that affect underprivileged population 
due to poor affordability. Golden Rice was an important breakthrough in this direction as an effective source 
of provitamin A (beta-carotene) with a significant potential to reduce disease burden by expressing genes 
encoding PSY and carotene desaturase. The level of beta-carotene precursor, i.e., phytoene, has been 
enhanced. Folic acid (vitamin B-9) is important for normal pregnancy and anemia. Rice has been genetically 
modified to increase folate content by overexpressing genes encoding Arabidopsis GTP-cyclohydrolase I 
and amino deoxy chorismate synthase. The 100 g of modified rice was found to be sufficient to meet daily 
folate requirements of an adult individual.  
Transgenic Wheat (Triticum aestivum): Wheat is one of the most widely grown staple food crops in the 
world. Researchers have tried to address the challenges of most deficient nutrients like vitamin A, iron, 
and quality proteins through wheat. The provitamin A content of wheat has been enhanced by expressing 
bacterial PSY and carotene desaturase genes. 

Maize Breeding  
Maize is a cash crop grown for animal feed, industrial purposes (source of sugar, oil, starch, and ethanol) 
and for use for human consumption. The vast genetic diversity of maize has been the basis for the breeding 
programs that have generated much of the higher yielding maize used worldwide the provitamin A maize 
is one of the significant achievements in the field of bio-fortification. Another significant achievement in 
the field of maize bio-fortification is quality protein maize (QPM). 
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Biofortified Crop Cultivars  
The National Agricultural Research System (NARS) including Indian Council of Agricultural Research 
(ICAR) institutes and State Agricultural Universities (SAUs) have contributed immensely to make India 
self-sufficient in food production. 
The tremendous gain achieved in yield potential has been possible due to the development and deployment 
of high yielding varieties and heterotic hybrids - the efforts initiated during Green Revolution. So far NARS 
has developed 4723 varieties of various field crops. However, in the process of yield enhancement, 
nutritional quality was not given due importance, and as a result, majority of these varieties do not possess 
the desired level of nutritional quality. 
Realizing the importance of nutritional quality, research efforts of NARS have now led to the development 
and release of a series of biofortified varieties through All Indian Coordinated Research Projects (AICRPs) 
for different crops. The biofortified varieties not only provide enough calories but also deliver essential 
nutrient(s) needed for adequate growth and development. 
The baseline (available in the traditional cultivar) and higher levels achieved in some of the important 
nutrients in selected crops of the country. The details of the some of the recently developed biofortified 
cultivars released through AICRP network are presented below: 
Rice: CR Dhan 310: It is a pure line variety and contains high protein (10.3%) in polished grain. It has 
been released and notified in 2016 for Odisha, Madhya Pradesh and Uttar Pradesh. Its average grain yield 
is 45.0 q/ha (quintal/hectare). It matures in 125 days. This bio-fortified variety has been developed by ICAR-
National Rice Research Institute, Cuttack, and Odisha. 
DRR Dhan 45: It is a pure line variety and possesses high zinc (22.6 ppm) in polished grain. It has been 
released and notified in 2016 for Karnataka, Tamil Nadu, Andhra Pradesh and Telangana. Its average 
grain yield is 50.0 q/ha. It matures in 125-130 days., DRR Dhan 49: It is a pure line variety with high zinc 
(25.2 ppm) in polished grain. It has been released and notified in 2018 for Gujarat, Maharashtra and 
Kerala. Its average grain yield is 50.0 q/ha. It matures in 125-130 days. This bio-fortified variety has been 
both developed by ICAR-Indian Institute of Rice Research, Hyderabad, and Telangana. 
Wheat: HPBW 01: It is a pure line variety and contains high iron (40.0 ppm) and zinc (40.6 ppm). This 
biofortified variety has been developed by Punjab Agricultural University, Ludhiana, Punjab, under ICAR-
All India Coordinated Research Project on Wheat and Barley. 
Pusa Tejas (HI 8759): It is a pure line variety with high protein (12%), iron (42.1 ppm) and zinc (42.8 ppm). 
This bio-fortified variety has been developed by ICAR-Indian Agricultural Research Institute (IARI), 
Regional Station, Indore, Madhya Pradesh. 
Pusa Ujala (HI 1605): It is a pure line variety with high protein (13%), iron (43 ppm) and zinc (35 ppm) and 
having excellent chapatti making quality. This biofortified variety has been developed by ICAR-IARI, 
Regional Station, Indore, and Madhya Pradesh. 
Maize: Pusa Vivek QPM9 improved: It is an early maturing hybrid and possesses high provitamin-A (8.15 
ppm)., Pusa HM4 improved: and Pusa HM8 improved: All this biofortified variety has been developed by 
ICAR-IARI, New Delhi. 
Mustard: Pusa Mustard 30: It is a pure line variety and contains low erucic acid (<2.0%) in oil. This 
biofortified variety has been developed by ICAR-IARI, New Delhi. 
Pusa Double Zero Mustard 31: It is a pure line variety and contains low erucic acid (<2.0%) in oil and 
glucosinolates (<30.0 ppm) in seed meal. This biofortified variety has been developed by ICAR-IARI, New 
Delhi. 
Soybean: NRC-127: It is a KTI-free pure line soybean variety. It has been released in 2018 for Madhya 
Pradesh, Bundelkhand region of Uttar Pradesh, Rajasthan, Gujarat and Marathwada and Vidarbha region 
of Maharashtra. The average yield of NRC-127 is 18.0 q/ha, and it matures in 104 days. It has 18.5-20.0 
per cent oil and 38.0-40.0 per cent protein content. This biofortified variety has been developed by ICAR-
Indian Institute of Soybean Research, Indore, and Madhya Pradesh. 
Cauliflower: Pusa Beta Kesari 1: It is a pure line variety and contains high β-carotene (8.0-10.0 ppm. This 
biofortified variety has been developed by ICAR-IARI, New Delhi. 
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Global Impact of Biofortified Varieties  
The deployment of biofortified cultivars holds great promise for health and wellbeing of the human 
population. Several studies have demonstrated the positive effects of these biofortified crops on humans. A 
study conducted on 246 children of 12-16 yr of age in Maharashtra, by feeding them with ‘bhakri’ made 
from iron-rich and conventional pearl millet grains, demonstrated that feeding iron-rich pearl millet was 
an efficient approach to improve iron status in school-age children. The development and promotion of 
biofortified varieties thus would be helpful in addressing malnutrition and achieving the Sustainable 
Development Goals. 

Future Prospects  
Efforts by public sector institutions and policy for intense promotional campaigns can effectively ensure a 
significant increase in the adoption and acceptance of biofortified crop varieties. One of the important steps 
for the popularizing biofortified varieties is strengthening the seed chain to produce and supply good quality 
seeds, there is a need to identify special seed production areas as maintenance of genetic purity is very 
essential for keeping the quality trait intact.  So as to avoid outcrossing from other conventional 
varieties Seed village programme can also be one option for taking the seed/commercial production. 
Assured premium remunerative price through minimum support price for biofortified grains in the market 
will encourage the farmers to grow more biofortified crops Providing subsidized seeds and other inputs 
would further contribute to the rapid dissemination of nutritionally improved cultivars among the farmers. 
Investment on extension activities would make the farmers, industry and consumers aware of the 
availability and benefits of biofortified crops essential interventions required for research, development 
and popularization of biofortified crop varieties includes like Awareness generation, Policy support and 
Research interventions. 
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Abstract  
Now a days, many people are interested towards the apiculture because of the huge amount of income to 
the beekeepers. The beekeepers are facing many challenges in apiculture for raising a good and perfect 
apiary. The international queen coding assists the beekeepers in several ways to face these challenges. 
1. The international queen marking colour code was created to allow beekeepers to mark their queens using 
a code which all other beekeepers, wherever they were in the world, would understand. 
2. The colours are used to show which year the queen was born in and they also help to enable beekeepers 
to spot the queen when doing a hive inspection. 

International Colour Coding for Queen’s Honeybee 

 
White colour – Indicates that the queen was born in the years ending with 1 or 6. 
Yellow colour - Indicates that the queen was born in the years ending with 2 or 7. 
Red colour - Indicates that the queen was born in the years ending with 3 or 8. 
Green colour - Indicates that the queen was born in the years ending with 4 or 9. 
Blue colour - Indicates that the queen was born in the years ending with 5 or 0. 

Uses of Marking Queen Honeybee 
1. The queen honeybee is often the mother of all bees in a honeybee colony 
2. Queen marking makes the queen easier to find in a colony, particularly in a large population colony, and 
sometimes when a queen honeybee hides.  
3. The color code indicates in which year the queen was born. 
4. When an unmarked queen honeybee appears in the colony, the beekeeper knows queen replacement has 
occurred, which could be one of the “big four”:   

a. Usurpation 
b. Swarming 
c. Supersedure 
d. Sudden death of the former queen. 

Usurpation 
1. It is the lesser known among the four.  
2. With usurpation a summer swarm (not a reproductive swarm in the spring) enters an established colony 
and kills its mother queen honeybee. 



 

 
Volume 4 - Issue 03 - March 2022       462 | P a g e  
 

3. The usurpation queen honeybee of the swarm becomes the colony’s queen. The colony take-over can occur 
quickly, effectively within a day or two days.  
4. That means an unmarked queen honeybee replaces the colony’s marked queen honeybee, without any 
queen cell construction. 

Swarming 
1. Swarming often sees the old queen honeybee leave the beehive.  
2. If swarming occurs and queen bee leaves, we need to seek out the new queen bee and mark her. 

Supersedure 
When the egg laying capacity of the old queen is lost or it suddenly dies, a new and young vigorous queen 
takes the position of the old queen in colony is known as supersedure. 

Sudden Death of the Former Queen 
1. Unknown reasons and malnutrition. 
2. Importance of marking queen bee 
3. Marking queen honeybee is an important part of apiculture. 
4. Breeding and management of a honeybee colony requires the beekeeper to be keen about the queen 
honeybee. 
5. An international code has been developed to guide the marking of queen honeybees. 
6. Both beginner beekeepers and experienced ones can use the code very easily. 
7. The significance of marking queen honeybees, is that it helps beekeepers find the queen honeybees easily 
and quickly.  
8. Even then, we do not have to see the queen honeybee every time on a beehive inspection.  
9. We can deduce queen presence using other signs in the beehive, such as the presence of freshly laid eggs. 
10. Queen honeybee marking also aids with record keeping. 

How to Mark the Queen  
1. Queen honeybee marking is done using one of two methods. 

a. Harmless dye to mark her in color. 
b. Small convex discs using color. 

3. Worldwide a code has been developed for use these colours. 
4. It is internationally used by all beekeepers to mark their queen honeybees.  
5. Tiny discs with identification numbers or code can be used to mark queen honeybees. They are also 
called opalithplattchen (bee tags). 
Sidenote: 

a. The use of the tiny convex discs is not popular. They often slip off the queen honeybee and undo 
all the work we had done identifying and marking the queen bee. 
b. The discs are however great for when we have many queen honeybees born and used on honeybee 
colonies in the same year. They can be used alongside color code marking of queen honeybees. 

Hardware we Used to Mark a Queen  
1. Many experienced beekeepers mark a queen honeybee by holding onto her legs with one hand and quickly 
dabbing the paint with the other hand. 
2. It looks easy method and takes only a moment. But unfortunately, that method does not work for all 
times.  
3. We like to have lots of hardware not to protect us from the honeybees, but to protect the honeybees from 
us. 
4. We are absolutely paranoid about injuring a queen honeybee and so we take lots of precautions to prevent 
that. Below is the hardware we use. 

Queen Catcher  
1. It is plastic, extremely light weight, and it has slots just wide enough for worker bees to pass through. 

https://beekeepclub.com/how-to-conduct-a-bee-hive-inspection/
https://www.jstor.org/stable/25083040?seq=1
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2. We just squeeze the handle, put the catcher over the queen honeybee and surrounding workers, then 
allow it to close.  
3. The bottom is cut away so we won’t injure the queen’s legs, and as we lift the catcher away from the 
frame, the worker bees flow through the slots like water.  
4. We are left with just the queen honeybee. 

 

Queen Marking Tool  
1. Once we are captured the queen honeybee, we drop her into the plastic tube and insert the sponge-
covered plunger part way.  
2. Then we hold the tube so the mesh end is up and the stick end is down—the way we would hold a popsicle.  
3. Once the queen honeybee is sitting on the sponge with her back toward the mesh cover, we slowly push 
the plunger until the queen is captured between mesh and sponge.  
4. Squeeze just enough to hold queen still—and no more.  
5. The sponge will give and keep queen from getting squished.  
6. Now we are ready for paint the queen. 

 

Queen Marking Pen  
1. Queen marking pen is made with quick-drying enamel paint in an easy-to-use pen-like dispenser.  
2. Dab the proper color on the queen honeybee and let it dry for a minute or so.  
3. It is very important that paint be applied only to the top center of the thorax of queen.  
4. Paint in any other area could injure the queen honeybee.  
5. If the exact spot is not lined up in the mesh, just lower the plunger, let queen take a few steps, then try 
again. 

 

https://www.honeybeesuite.com/?p=3518
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Queen Muff  
1. This mesh muff has elastic holes and plenty of workspace inside.  
2. To use it, put everything we will need inside the muff—queen honeybee in her cage or queen catcher, 
marking tool, enamel pen—then slide the ends over the arms until it is tight.  
3. Once inside, if the queen honeybee should get away, she can’t go far.  
4. This is much better than having her fly into a nearby tree otherwise get loose in our house. 

 

Identifying the Queen for Marking  
1. From among thousands of honeybees, locating that one bee is not easy. So, to find the queen honeybee, 
some behavioral and physical characteristics are used to the advantage of the beekeeper.  
2. It is very likely that the queen honeybee of our colony is in the brood area.  
3. In Langstroth beehives, this is usually the lower sections of the honeybee hive.  
4. The abdomen of Queen is longer than the abdomen of worker bees and male drone bees.  
5. The wings on queen back cover a very small section of her distended abdomen.  
6. Queen may also have darker coloration than other bees in the colony. 

 

Safety During Honeybee Queen Marking  
Honeybees are defensive insects by nature.  
Worker bee sting: It is barbed and not usually used to sting repeatedly.  
Queen bee sting:  Queen bee carries a stinger with no barbs, so she can therefore sting you repeatedly.  

a. Handling the queen honeybee without sting protection is therefore not advisable. 
b. During marking of the queen honeybee, we need to open up the hive.  
c. Finding the queen honeybee may take some time too. 
d. Honeybees within a hive that is being disturbed can turn aggressive towards us.  
e. Beekeepers should wear a beekeeping suit for our safety to avoid from the stinging of bees. 
f. A means of calming the bees down should be brought to the queen honeybee marking exercise.  
g. A smoker is the standard equipment which reduce the aggressiveness of honeybees. 
h. It releases a smoke into the beehive. 

 

https://beekeepclub.com/best-beekeeping-suits/
https://beekeepclub.com/best-bee-smokers/
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i. Smoke triggers honeybees to gorge on honey.  
j. While they are doing that, we have fewer of them paying attention to our intrusion into the 
beehive. 
k. If we were using a smoker, make sure it is ready to go if needed. 

Other Methods of Calming Bees  
1. Spraying them with some sugar water is used by some beekeepers. This method makes them get 
grooming themselves and each other.  

Limitation: The sugar water has the potential to attract bacteria and fungi into the beehive. 
2. Cautiously use the water in a fine spray or mist. 

Limitation: Overusing water in the beehive can leave the beehive too humid and unsuitable for 
use by honeybees. 

Conclusion  
The international queen coding useful for the in which year the queen was born and whether the queen 
replacement occur or not and also help to enable beekeepers to spot the queen when doing a hive inspection. 
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Abstract  
Contract farming can be understood as a firm lending "inputs" Such as seed, fertilizer, credit or extension- 
to a farmer in exchange for exclusive purchasing rights over the specified crop. It is a form of vertical 
integration within agricultural commodity chains so that the firm has greater control over the production 
process and final product. It refers to varied formal and informal agreements between producers and 
processors or buyers. It may include loose buying arrangements, simple purchase agreements and 
supervised production with input provision, with tied loans and risk coverage. In this system for the 
production and supply of agricultural/horticultural produce are under forward contracts between 
producers/suppliers and buyers. The essence of such an arrangement is the commitment of the producer/ 
seller to provide an agricultural commodity of certain type, at a time and a price, and in the quantity 
required by a known and committed buyer. Contract farming diversity and variations are rooted in specific 
political and economic structures, they are linked to specific agricultural commodities and production 
processes. Hence, contract farming can give the market security to the farm produce. This paper is 
explained detailed information about contract farming, its features and importance. To highlight the 
problems of contract farming to the farmers. 

Introduction 
India’s agriculture sector makes a significant contribution to its Gross Domestic Product and provides 
livelihood for many millions of people. Agriculture is not only a means of trade and a source of livelihood, 
but is fundamentally associated with our culture. Today though, farmers are distancing themselves from 
farming activities because of decreasing incomes and are looking at alternative opportunities. These new 
developments will set into motion an exodus from villages to cities. Alternatively, in the hope of making 
quick money from their farmlands, farmers will be keen on giving their land on a contract basis. Contract 
farming will prove to be disastrous for the lives of millions of people in India who are associated with the 
agriculture sector. Contract farming Contract farming is defined as an agreement between firms and 
producers to supply the produce to firms at a pre-determined price. This will help the farmers to get higher 
stable prices avoiding the violent price fluctuations in the market. Firms are benefitted by getting the 
desirable quality produce at a reasonable price from the farmer directly avoiding the competition in the 
market. The farmers are given technical support, inputs and credit by the firms which help them to produce 
quality product thus helping them to get higher prices. Pepsi Co. in tomato, Appachi Cotton Company 
(ACC) in cotton are the successful models of this. Contract farming should be promoted among the farmers 
to protect them from the violent fluctuations of prices which is the main reason of the poor financial 
condition of our farmers. The problem of contract farming is that there is no efficient legal framework for 
this in India. There should be an efficient legal framework to protect the rights of both farmers and firms 
so that this model gets widely accepted in all parts of the country. Contract farming—a preharvest 
agreement between farmers and buyers—is commonly understood as a useful tool to mitigate prevalent 
market failures and to reduce the risks facing smallholder farmers (Bellemare & Bloem, 2018, Grosh, 1994). 
Contract farming is therefore promoted by policy makers and development agencies (Ragasa et al 2019, Ba 
et al., 2018). Contract farming is not a new phenomenon ( Key and Runsten, 2009); the globalization of 
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agricultural trade and the rapid modernization of agricultural value chains in developing countries 
(Reardon et al, 2009), however, has generated renewed interest in the topic. 

Features 
1. Creating New Markets, efficiency and economics of Scale.  
2. Ensuring Quality Standards and Facilitating Diffusion of Moderm Technologies.  
3. Minimizing Transaction Costs and Coping with Information Asymmetries. 
4. Price Volatility. 

Why Contract Farming? 
1. To reduce the load on the central & state level procurement system  
2. To increase private sector investment in agriculture  
3. To bring about a market focus in terms of crop selection by Indian farmers  
4. To generate a steady source of income at the individual farmer level  
5. To promote processing & value addition.  
6. To generate gainful employment in rural communities, particularly for landless agricultural labor  
7. To reduce migration from rural to urban areas  
8. To promote rural self-reliance in general by pooling locally available resources & expertise to meet new 
challenges. 

Objectives 
1. To study the conceptual aspect of Contract farming models. 
2. To highlight the advantages and problems of Contract Farming to the farmers. 

Contract Farming Model 
There in a wide range of organizational structures that are embraced by the term contract farming. The 
choice of the most appropriate one to use depends on the product, the resources of the company, the social 
and physical environments, the needs of the farmers and the local farming system (Eaton and Shepherd, 
2001). Some of the contract farming models practiced in India are presented below.  
1. Private Farmer Model: Poultry sector is an impressive mark in promoting contract farming as an 
effective institutional alternative for promotion of broiler production. Suguna Poultry Farm Ltd, has 
emerged as one of the leading integrated broiler producers in the country, with contract farming. Contract 
poultry farming managed to free the small farmer from the worries of production and market planning of 
the poultry products. At present, nearly 90 per cent of the poultry faming comes under the contract farming 
concept. 
2. Public Private Farmer model: State Department of Agriculture under tripartite public-private 
partnership proposed contractual cotton cultivation programme in many parts of the country. The farming 
focus will be on cluster villages in different districts and the contract farming facilitation will be through 
supply of credit-linked quality inputs to the farmers enrolled under the project which will be organized 
through the agricultural extension centers. The model to be followed will involve banking and insurance 
companies for credit input and loss guarantee and the choice of the cotton and their quality parameters 
would be decided in consultation with the Agricultural Universities and the textile mills in the Southern 
Sate India Mills' Association, the farming model would also receive incentive support from various State 
and Central Government schemes (Reardon and Gulati,2008). 
3. Private Community Grower Group-Farmer Model: Now a day's contact farming with Community 
Grower Groups (CGG) having large acreage, on a profit-sharing basis. Farmers are trained in-house in 
scientific organic farm management and certification. Community Grower Groups are promoted through 
non-governmental-organization or sell-help group registered association, they follow fair trade practices 
wherein middlemen are eliminated, child labour is banned, men and women are given equal status, and 
transparency in trade is maintained. In the process, they bring to rural areas the best of organic processes 
and water management techniques, thereby educating and empowering farmers. Production in executed 
in accordance with protocol requirements as per EEC 2092/91 standards. Written and documentary 
accounts are recorded trace the origin, nature and quantities of raw materials procured and their usage 
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(lon exchange Enviro farms, 200s) The crops cultivated include Banana, Wheat, Cotton, Papaya, Pineapple, 
Basmati, Mango, Soybean, Tur, Black Gram, Green Grim Turmeric, Grapes, Bengal Gram, Groundnut, 
Sesame and Cashew. 
4. Private Consortium Farmer model: Hindustan Lever Lid (HLL), Rallis and ICICI jointly promote 
contract farming n wheat in Madhya Pradesh. Under the system, Rallis supplies agri-inputs and know-
how, ICICI provide farm credit to the farmers and HLL buysback the farm output. In this model, farmers 
benefit through the assured marker for their produce in addition to timely, adequate and quality input 
supply including free technical know-bow, HLL benefits through supply-chain efficiency; while Rallis and 
ICICI benefit through assured clientele for their products and services. The model can he extended by 
including insurance firms, warehouses and manufacturers of equipment and machinery. 
5. Grading House - SHG - Farmer model: Appachi Cotton Company (ACC), the ginning and trading 
house Pollachi under the name Integrated Cotton Cultivation (ICC), established backward and forward 
integration between the ‘grower’ (farmer) and the 'consumer' (textile units). The contract assured the 
farmers easy availability of quality seeds, farm finance at an interest rate of 12% per annum, door delivery 
of unadulterated fertilizers and pesticides at discounted rates, expert advice and field supervision every 
alternate week, and a unique selling option through a MoU with ACC. The core principle of formula lies in 
the formation of farmers' Self Help Groups (SHGS). 
The cases discussed here are a few among several such successful ventures by corporates involved in food 
processing. Agro-commodity and food products exports. The demonstrated successes of gherkin exporters 
of Southern India, which is over 90% based on contract larrning, and that of Marico's safflower procurement 
through a successful backward linkage model, are also worth mentioning. Contract categories are as follows  

a. Marketing Contract  
b. Production Contract  
c. Basis Contract. 
d. Technology License Agreements. 

Market Security though Contract Farming 
Market security is the broader term and it is very much essential during action or business of promoting 
and selling products or services, including market research and advertising. Now a day's contract farming 
became more important in the agricultural and food industries in both developed and developing countries. 
Spurred by changes in (international) competition, consumer demand, technology and governmental 
policies, agricultural systems are increasingly organized into tightly aligned chains and networks, where 
coordination among production, processing and distribution activities are closely managed (Zylbersztajn 
and Farina, 1999). Contracting between producers on the one hand and processing or marketing 
agribusinesses on the other are viable methods to strengthen vertical coordination in the agrifood chain 
(Swinnen et al, 2007). The trends towards more contract farming and the reasons behind it have been 
extensively described for the agrifood industry in developed countries (Martinez and Reed, 1996; Royer and 
Rogers, 1998). Developing countries are impacted by the same trends in the agerifood system and also 
experience increase in contract farming. Moreover, there are several developments that could lead to an 
even more rapid expansion of contract farming One of these is the rise of supermarkets in food retailing. 
Over the last two decades, supermarkets have increased rapidly in the urban areas of developing countries, 
particularly in Asia and Latin America (Reardon and Berdegue, 2002), More recently, similar trend has 
been observed in Africa (Reardon and Gulati, 2008). Supermarkets have procurement practices that favour 
centralized purchasing, specialized and dedicated wholesalers, preferred supplier systems and private 
quality standards (Shepherd, 2015). These characteristics require more vertical coordination among 
producers, wholesalers and retailers, thus favoring the introduction of contract farming A further 
development relevant for CF in developing countries is the reduced state role in agricultural production 
and marketing. As part of market liberalization policies, governments have often cut their budgets for and 
direct involvement in providing inputs and technical assistance and in marketing farm products. As 
markets for the private provisions of inputs and services continue to fail, contract farming could solve the 
problems of farmer access to inputs (Key and Runsten, 2009). 
In order to economize on production and transaction costs, transaction parties (bilaterally or unilaterally) 
choose the most efficient institutional and organizational structure (Williamson, 1985). These so-called 
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governance structures can be classified on a continuum ranging from spot market to hierarchy (or vertical 
integration) In between these extremes, various hybrid arrangements can be found, combining price (as 
the dominant governance mechanism in markets) with authority (as the dominant governance mechanism 
in a hierarchy). 
Thus, contracts are a typical hybrid governance structure Hybrid governance structures are characterized 
by three elements: pooling, competition and contracting (Menard, 2004). Pooling of resources refers to 
aligning the deployment of individually owned assets as well as to joint investments. Pooling results in 
interdependencies that require bilateral coordination for efficient resource use. Competition refers to the 
continuation of some form of rivalry between individual partners in the hybrid governance structure 
(Xiangping Jia and Jos Bijman, 2016). 
This competition can be both among different farmers participating in the contract farming scheme hand 
and their customers on the other (so-called vertical competition) As opposed to vertical integration, where 
the function of markets is replaced by that of managerial discretion. a hybrid arrangement continues to 
make use of the motivation and coordination impact of prices (Recardon and Gulati, 2008). 
While hybrid arrangements are distinctly different from market and hierarchy, there is still a broad range 
of different organizational structures that fall within this category, such as short- or long-term contracts, 
bilateral or multilateral contracts, consortia and strategic alliances, and all kinds of joint ventures. It is 
the combination of (risk of) opportunism and hold-up that eventually determines the specific governance 
characteristics of the hybrid (Xiangping Jia and Jos Bijman. 2016). By considering these, one can say the 
contract farming acts as a security and it has many advantages and few disadvantages. 

Advantages: - (To the Farmer)  
1. Exposure to world class mechanized agro technology.  
2. Obtains an assured up-front price & market outlet for his produce.  
3. No requirement to grade fruit, as mandatory for fresh market sale,  
4. Bulk supplies versus small lots as again required by the fresh market.  
5. Crop monitoring on a regular basis, technical advice, free of cost at his doorstep. 
6. Supplies of healthy disease-free nursery, agricultural implements, technical bulletins etc., and 
remunerative returns. 

To the trader  
1. Uninterrupted & regular flow of raw material.  
2. Protection from fluctuation in market pricing.  
3. Long term planning made possible.  
4. Concept can be extended to other crops, builds long term commitment  
5. Dedicated supplier base  
6. Generates goodwill for the organization. 
Contract Framing by the Government resulted in, assured food security, increased farm incomes, 
Safeguarded our public distribution system and increased employment opportunities for rural landless. 

Problems in Contract Farming  
1. Small size of farmer landholdings.  
2. Need to contract with a larger number. 
3. No mechanism to discourage default.  
4. No legal recourse when faced with large scale contravention of contracts  
5. Lack of a comprehensive crop insurance scheme to protect against natural calamities. 

State Wise Contract Farming Initiatives by Private Companies in India  
India, given the diverse agro climatic zones, can a competitive producer of a large number of crops. Need 
to convert our factor price advantage into sustainable competitive advantage. Contract farming offers one 
possible solution. Contract farming provides farmers with access to markets that would not otherwise have 
been available to them. Without the quality control and tight coordination offered by contract farming, it 
is frequently unlikely that smallholders would be able to sell perishable goods overseas through open 
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market sales. The most significant income increases have been generated from contract farming. Contract 
farming could reduce food production if a new contract cash crop displaced a previously grown food crop. 
Evidence suggests that such displacement does not frequently occur when farmers are allowed to make 
their own decisions. In such cases, the contract crop tends to displace a less profitable cash crop rather than 
a food crop. Local governments often favour contract farming in the belief that it will produce greater 
spillover or linkage effects with the local economy than would plantation production.  
In the context of technological progress and market liberalization, the domain and boundaries of the study 
of the organization of agricultural production, distribution and marketing have been changing. An 
increasing need for vertical coordination leads to more use of contracts as opposed to spot markets for 
mediating exchange between producers and their processing/retail customers. 
The increasing need for vertical coordination is not limited to transactions between farmers and traders, 
processors or retailers, but results from overall integration of (smallholder) farmers into agricultural value 
chains. Farmers all over the world are experiencing that their production choices are being affected by the 
marketing strategies of their customers (or those of their customers' customers). Retailers or processors 
with a business strategy to sell high-quality products need to have guaranteed quality in their supplies.  
The need to reduce food safety risks, prove compliance with corporate social responsibility criteria, and 
comply with statutory requirements of tracking and tracing lead to more strictly coordinated value chains. 
Contract farming arrangements are extremely effective tools for implementing strict value chain 
coordination. 
Contract farming diversity and variations are rooted in specific political and economic structures; they are 
linked to specific agricultural commodities and production processes Food travels aver long physical and 
social distances and the production, processing and trade of this commodity continue to be a highly 
distinctive economic sector. Hence, contract farming can give the market security to the farm produce. 

Conclusion  
Poverty is prevalent in the small-farm sector of many developing countries. A large literature suggests that 
contract farming—a pre harvest agreement between farmers and buyers—can facilitate smallholder 
market participation, improve household welfare, and promote rural development. These findings have 
influenced the development policy debate, but the external validity of the extant evidence is limited.  
Contract farming refers to varied formal and informal agreements between producers and processors or 
buyers. It may include loose buying arrangements, simple purchase agreements and supervised production 
with input provision, with tied loans and risk coverage. In this system for the production and supply of 
agricultural/horticultural produce are under forward contracts between producers/suppliers and buyers.  
The essence of such an arrangement is the commitment of the producer/ seller to provide an agricultural 
commodity of a certain type, at a time and a price, and in the quantity required by a known and committed 
buyer. Contract farming can be proving successful in mitigating the problem of access the market in a 
farming structure. It could be evaluated as a way of providing earlier access to credit, input, information 
and technology and product markets for the small-scale farming structure. 
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Introduction  
Hypoglycaemic effect: The hypoglycaemic effect is measured as a glycaemic index (GI), which is the area 
under the curve of the glucose responses to a carbohydrate-containing food compared to either a specific 
glucose dose or a specific intake of white bread. 

 
Glycaemic index: 

a. The glycaemic index is a ranking of foods based on the postprandial blood glucose response 
compared with a reference food.  
b. The index integrates multiple influences on glucose availability and is proposed as a means for 
prescribing diabetic and energy-controlled diets. 
c. Consumption of a diet low on glycaemic index influences multiple parameters of glucose and lipid 
metabolism. 
d. The reduced rate of glucose absorption after the consumption of low-glycaemic index carbohydrate 
foods will reduce the postprandial blood glucose rise in gut hormones (incretin) and insulin.  
e. The prolonged absorption of carbohydrate seen over a time will maintain suppression of free fatty 
acids and the counter regulatory response while at the same time achieving lower blood glucose 
concentration. 
f. Over a time with the reduction in free fatty acid concentrations and the rise in respiratory quotient 
with tissue insuinisation, glucose is withdrawn from the circulation at a faster rate. 

High glycaemic index forms of carbohydrate are foods that produce high concentrations of blood glucose 
and increased insulin demand, contribute to type 2 diabetes. 
Adverse effects of high glycaemic index diet appeared to be due to an increased production of free fatty 
acids in the late postprandial state, possibly mediated by increase in counter regulatory hormones, 
increased depression of serum antioxidants. 

Factors which Influence the Glycaemic Index 
1. The presence of non-absorbable oligosaccharides and viscose dietary fiber such as pectin, beta glucons 
and gums fruits, vegetables and cereals reduce the efficiency of enzyme hydrolysis and slows the rate at 
which glucose enters the blood stream. 
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2. Starch granules subjected to moist heat and subsequent cooling become dense and less available to 
enzymes action. Retrograded starch has low glycaemic index. 
3. Rice bran, which is rich in fiber has low glycaemic index. 
4. High amylose rich varieties which are slowly digested are potentially useful in low glycaemic diets. 
5. Raw food has lower glycaemic index than cooked food.  
6. Phytic acid present in whole grains decrease GI 
7. High fiber foods with low GI are the preferred forms of carbohydrate in a defensive nutritional plan. 
Glycaemic load is the amount of carbohydrate derived from the food. 
Glycaemic load of 10 or less is considered as low, 11 to 10 is medium and 20 or more is high. 
Glycaemic load of food is calculated as carbohydrate content measured in grams multiplied by food’s 
glycaemic index and divided by 100. 

Hypoglycaemic Action of Barley 
1. Barley (Hordeum vulgare L.)  is a functional food and one of the ancient cultivated cereal grains in the 
world? Many potential benefits have been linked to intake of barley as it contains pharmaceutical 
properties.   
2. Barley aids in lowering blood sugar, blood pressure, cholesterol and for the promotion of weight loss. 
Barley contains fiber in significantly high quantity (about 15.6 g/100g). 

 
3. Barley is famous for its high dietary fiber content that provides 11-34% of the total dietary fiber, and 
the soluble fiber comprises of 3-20% of the total dietary fiber. Additionally, barley also provides 65-68% 
starch, 10-17% protein, 4-9% beta glucan, 2-3% free lipids and 1.5-2.5% minerals along with bioactive 
compounds like proanthocyanidins, catechins and phenolic acids.  
4. The major nutritional component of barley is Beta-glucan which helps to lower the blood glucose level 
and cholesterol. The varying responses of beta glucan containing foods depend on its cooking or 
processing techniques.  
5. There are two types of starch in barley: amylose and amylopectin. It has been confirmed by studies 
that barley foods prepared with high-amylose starch reduces the PPGR as compared with high-
amylopectin starch. 

 

Hypoglycaemic Action of Rice Bran 
1. Rice bran (RB) is one of the nutrient-rich agricultural byproducts. It is a composite of carbohydrates, 
lipids, proteins, fibers, minerals, and trace elements such as phosphorus, potassium, magnesium, calcium 
and manganese. 
2. The extraction and purification process influence the quality and quantity of rice bran oil, which is rich 
in tocopherols, tocotrienols, oryzanol, and unsaturated fatty acids. The bioactive components of RB have 
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been reported for exhibiting antioxidant, anti-inflammatory, hypocholesterolemic, anti-cancer, anti-colitis, 
and antidiabetic properties. 

Composition of Rice Bran (Budhwar et al., 2020) 

 
The rice bran which has extracted protein, it contains bioactive peptides contains aspartate protease which 
is get digested in pepsin at pH less than 2, it get cleaved and produces Oryzacystatins, it releases the 
bioactive sequence which helps to manage hypertension, oxidative stress, type 2 diabetes mellitus and other 
cellular processes. 

Hypoglycaemic Action of Oats 
1. Oats are predominantly a European and North American crop, as they have cool moist climate. 
2. Russia, Canada, the United States, Finland, and Poland are leading oat producing countries. Oats have 
been used as livestock and human foods since ancient times. 

Variety of Oats and GI Values 
Oats Glycaemic index  
Steel-cut oats  55 
Large-flake oats  53  
Muesli  56 
Granola  56 
Quick-cooking oats  71 
Instant oatmeal  75 

Hypoglycaemic Action of Legumes  
1. Leguminous plants, for example, pulses (dry beans, chickpeas, lentils, and peas) and oil seed (soybeans), 
are a key factor in the diabetic diet. These plants are nutritious products valued highly in nutrition.  
2. This specific group provides wholesome products of vegetable protein whose volume ranges from 20% in 
beans and peas up to 38–40% in soya beans.  
3. These proteins contain a large amount of lysine, especially in beans, which is the reason they are 
regarded as wholesome. Protein nutritive value is reduced by subdued sensitivity to proteolysis, low 
contents of sulphur amino acids, and the presence of nonprotein substances such as phytic acid and tannic 
acid and nonphysiological proteins (lactinine, protease inhibitors). 
The most crucial bioactive compounds displaying antidiabetic activity in leguminous plants are as follows: 

a. Genistein and daidzein 
b. Alpha-amylase inhibitors 

Nutrients Composition 
Carbohydrates 34%-62% 
Lipids 15%-20% 
Proteins 11%-15% 
Fibers 7%-11% 
Oleic acid 38.4% 
Linoleic acid 34.4% 
Palmitic acid 21.5% 
Stearic acid 2.9% 
Linolenic acid 2.2% 
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c. Alpha-glucosidase inhibitors 
d. The legumes are known to contain large amount of soluble alimentary fiber fractions (4–6%), 
polyunsaturated fatty acids (18% in soya bean), B group vitamins, and minerals (phosphorus, 
potassium, calcium, magnesium, iron, zinc, and copper). 

They are described as possessing a low glycaemia index (<50) and they are alkalogenic products, which is 
especially vital in acid-alkaline balance maintenance in organisms. Leguminous plants are notable for their 
high levels of bioactive compounds, which can influence glucose metabolism by the following: 

a. Carbohydrate digestion inhibition and the suppression of glucose absorption in the intestine. 
b. Stimulation of insulin secretion from pancreatic β cell liver glucose release modulation. 
c. Insulin receptor activation. 

Conclusion  
Hypoglycemic action of food which helps to reduce the blood glucose level in the diabetes patients. The low 
glycemic foods which mainly include fiber which helps to slow down the digestion and reduces the blood 
glucose level. Barley, oats and rice bran which has bioactive compounds and legumes too has its good 
protein content and reduced carbohydrate content helps to reduce blood glucose level in the body and act 
as a hypoglycemic food. 
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Introduction  
Nature is incredibly diverse, allowing us to witness a wide range of fascinating things, from visible 
organisms to unseen molecules. To achieve diversity, nature combines several equations to create variation, 
which is a formidable weapon that serves as a foundation for evolution. This diversification is referred to 
as polymorphism at the DNA level or in an organism. "Morph" refers to multiple forms or phases in an 
organism's life span. "Poly" means "multi" or "more than one." In a species, the combined word refers to the 
presence of many forms of features. If more than one allele resides at the locus of a gene in a population, 
the gene is said to be polymorphic. Polymorphism is a type of discontinuous genetic diversity that occurs 
among members of a single species, resulting in the development of numerous different forms or types of 
individuals. This variation is responsible for the wide range of phenotypes and their susceptibility to 
environmental influences. A polymorphism locus is one in which the most common allele has a frequency 
of less than 0.99, or each allele must appear in the population at a rate of at least 1% to be termed 
polymorphic. Because no one form has an overall advantage or disadvantage over the others in terms of 
natural selection, polymorphism is frequently maintained over many generations. Some polymorphisms 
have no obvious symptoms, necessitating the use of scientific tools to detect variations in chromosomes, 
proteins, or DNA between distinct forms. As a result, the following essay will take a look at different types 
of polymorphism and how to identify them. 

Types of DNA Polymorphisms 
1. Single Nucleotide Polymorphism (SNPs): A single nucleotide polymorphism, or SNP, is a variation 
in a DNA sequence that occurs at a single base pair. At a certain nucleotide location, a single nucleotide 
polymorphism exists. The identity of the nucleotide pair that occupies the location varies widely among 
DNA molecules in a population. Keep in mind that the DNA sequence is made up of four nucleotide bases: 
A, C, G, and T. Some DNA molecules in the same population, for example, may have a T–A base pair at a 
certain nucleotide position, while others in the same population may have a C–G base pair at the same 
place. This difference is referred to as a single nucleotide polymorphism (SNP). A SNP is defined as a 
variant in which more than 1% of a population does not carry the same nucleotide at a certain place in the 
DNA sequence. SNPs can cause changes in the amino acid sequence in several circumstances. SNPs, on 
the other hand, are not just found in genes; they can also be found in noncoding DNA areas. 
2. Copy-number Variation (CNV): A copy number variation (CNV) is a variant in which a segment of 
DNA can be found in distinct copies in the genomes of different people. CNVs can be a few hundred 
nucleotides long or several million base pairs long, with the number of repeats varying between individuals 
in a community. It is currently being used instead of single nucleotide polymorphisms (SNPs) as a source 
of genetic diversity in individuals since it spans a larger portion of the genome and occurs more frequently. 
Because of gene deletion and duplication in the copy number variation areas, CNVs modify gene expression 
and influence an individual's phenotype. CNV studies are also being conducted to better understand the 
evolutionary mechanisms involved in animal domestication and adaption to various environmental 
situations. As a result, CNVs play an important role in evolution, genetic diversity, and the expansion of 
phenotypic characteristics. 
3. Tandem Repeat Polymorphism: 

a. Variable umber tandem repeat (VNTR) also known as a minisatellite, is a region of the 
genome where a nucleotide sequence is arranged as a tandem repeat. These can be present on a 
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variety of chromosomes and can vary in length (number of repetitions) between people. It features 
a repetitive sequence of 10 to 100 base pairs in length. Each variant, functions as an inherited allele, 
allowing them to be used to identify individuals. The repeats are in tandem it means they are 
clustered together and oriented in the same direction. Flanking regions are segments of non-
repetitive sequence allowing the VNTR blocks to be extracted with restriction enzymes and analysed 
by RFLP, or amplified by the polymerase chain reaction (PCR) technique and their size determined 
by gel electrophoresis. 
b. Short tandem repeats (STRs) are very short stretches of DNA that are repeated back-to-back 
at various locations throughout the genome. Microsatellites are often referred to as short tandem 
repeats (STRs) by forensic geneticists, or as simple sequence repeats (SSRs) by plant geneticists. 
Typically, the repeating sequence extents between 1bp to 9bp in length and the number of copies 
found variable across a wide range. Because of their polymorphisms and high mutation rates, STRs 
are widely used in biological research. STR mutation rates can be influenced by many factors the 
chance of two individuals matching for the exact number of repeats on both inherited copies of the 
STR is fairly small.  

4. Insertion/Deletion Polymorphism: A form of genetic variation in which a certain nucleotide sequence 
is present (insertion) or lacking (deletion) is known as "indel”. Indels, while not as prevalent as SNPs, are 
found throughout the genome. An indel with a net alteration of 1 to 50 nucleotides is referred to as a 
microindel. A frame shift mutation occurs when an indel in a gene's coding sequence is not a multiple of 
three nucleotides. Shifting the reading frame and the DNA transcript sequence may now code for a whole 
different set of amino acids or result in a premature stop codon, changing the structure and function of the 
protein. Indels are genetic markers that can be employed in natural populations, notably in phylogenetic 
investigations. Multiple indels in genomic areas have been demonstrated to be useful for species 
identification techniques. 

Molecular Techniques to Identify Polymorphisms 
1. Polymerase Chain Reaction: The polymerase chain reaction (PCR) is a technique for amplifying DNA 
sequences in the lab. The process includes selecting the part of the genome to be amplified using short DNA 
sequences called primers. To aid a DNA replication enzyme in copying the target DNA sequence, the 
temperature of the sample is increased and dropped repeatedly. In just a few hours, the process can 
manufacture a billion duplicates of the target sequence. Gel electrophoresis is used to separate the 
amplified fragments, and different staining procedures are used to detect them. To identify the 
polymorphism in a given sample, various procedures such as PCR-RFLP, PCR-SSCP, PCR-RAPD, and 
PCR-AFLP are utilised. Polymorphisms can be detected using real-time PCR chemistries such as the 
TaqMan assay. 
2. Genomic Array Technology: Genomic array technology is a sort of hybridization analysis that allows 
researchers to examine a high number of targets or samples in a small space at the same time. Thousands 
of spots can be placed on a glass substrate the size of a microscope slide by automated deposition techniques. 
By comparing the differential of hybridization of the target DNA with each redundant probe, the approach 
aids in the process of identifying specific homozygous and heterozygous alleles. Microarray is also utilised 
to identify genetic diversity and medication response characteristics.  
3. Sequencing:  In recent years, quick DNA sequencing tools have been widely available. Single nucleotide 
variants have been detected with great success using direct sequencing, but intermediate-sized structural 
variants remain a challenge. Because such mutations are too small to identify using cytogenetic techniques, 
short-read DNA sequencing cannot reliably find them. New long-read sequencing approaches are needed 
to solve this problem. Pyro sequencing and other next-generation sequencing technologies can only 
sequence up to 250 bases each read, restricting their ability to sequence complete genomes. On the other 
hand, their ability to generate data that can be scaled up makes them a potential option for sequencing 
tiny areas for SNP genotyping. However, in the future, various new and dependable sequencing techniques 
and software will make the procedure simple and capable of handling large amounts of data. 

Applications 
1. Genome Mapping. 
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2. Marker Assisted Selection. 
3. Quantitative trait loci mapping. 
4. Biodiversity Studies. 
5. Study the disease pattern. 
6. Parentage determination. 
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Diagnosis and Design (D&D) is a systematic and objective methodology developed by ICRAF to initiate, 
monitor, and evaluate agroforestry programs. D&D is based on the philosophy that knowledge of the 
existing situation (diagnosis) is essential to plan and evaluate (design) meaningful and effective programs 
in agroforestry research for development. The methodology plays a strategic role in all the phases of the 
agroforestry research process. It borrows from other methodologies used by research or development 
agencies, such as baseline surveys and feasibility studies. However, D&D is unique in that it has been 
specially developed for the following purposes (Raintree, 1987): 

1. To describe and analyze existing land use systems. 
2. To design appropriate agroforestry technologies to alleviate those constraints; to design 
appropriate research work, such as trials and funkier surveying. 

D&D can be Done at Two Level's 
1. Macro D&D is a large-scale analysis of an ecozone within a country or a group of countries. Macro D&D 
is important for deciding on national agroforestry research-and extension agenda at-the national level.  
2. Micro D&D, in contrast, focuses on one land use system (LUS) within the larger ecozone that has special 
priority for agroforestry intervention. Micro D&D involves a detailed analysis of households and production 
systems in the LUS. It leads to guidelines for research that will address the constraints of the prioritized 
LUS. 

The Basic Unit of D&D Analysis is the Land Use System (LUS) 
Description of Land Use Systems under Macro D and D survey: All delineated LUSs are described 
by specifying the characteristics that are known to affect their current management and performance, and 
would be expected to affect the introduction of potential agroforestry technologies. These characteristics 
are outlined below: 
1. Title of system 
2. Location: administrative and political divisions, with map if available. 
3. Ecological characteristics: 

a. Agroecological zone, 
b. Altitude range (m), 
c. Topography: slope (gradient), 
d. Rainfall: total annual, monthly levels, range, 
e. Number of growing seasons: with months and growing days, 
f. Soil: type, texture, pH, fertility, etc., 
e. Hydrology: river network, water table level, etc. 
g. Vegetation: natural and Plantation. 

4. Socioeconomic characteristics: 
a. Total land area in the LUS (km2 or ha) 
b. Total population in the LUS, 
c. Population density: persons/km2, 
d. Ethnic groups: religion, culture, etc., 
e. Tenure system: ownership or user rights for crops pastures, land, trees, 
f. Farm income: levels and sources, and 
g. Infrastructure: roads, electricity, commercial centers, etc. 
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5. Land use characteristics: 
a. Farm size: average, range, distribution, 
b. Spatial arrangement: location of homestead, crop, livestock, trees, 
c. Major and minor agricultural production activities: food and cash crops, large and small livestock, 
trees, etc., 
d. Area covered by various components: ha or 90 of total farm; activities, 
e. Crop production: main crops - land preparation, planting methods/timing, use of manure/ 
fertilizer/pesticides, weeding, soil conservation, harvesting, level of production, storage, etc., 
f. Livestock production: type, herd size, breeds, feed sources and management (tree/zero grazing, 
etc), type/use of output., 
g. Tree production: species, main uses, land use niche, management, and arrangement, etc; 
traditional and new agroforestry systems (Note arrangement, management, or any data on 
performance., and 
h. Production systems interactions: relationship between crops, livestock, trees. 

6. Resources/supporting services: 
a. Labor availability and utilization: family owned, hired, communal, etc., 
b. Farm power and equipment used, 
c. Marketing: markets, marketing charnels, prices, etc. 
d. Credit facilities: type available and for what farm activities, 
e. Extension services: nature and organization of extension services, and 
f. Local organization: cooperatives, farm organizations, churches. 

7. Development activities and policies: 
a. Review of relevant government policies and strategies. 
b. Review of research and development projects, e.g., in agroforestry. 

Micro D and D Survey 
1. Family member  
2. Land holding 
3. Irrigation facility 
4. Animals /Livestock units  
5. Resource available 
6. Requirement of family 

References  
1. Raintree, J.B. (ed.). 1987. D&D User's Manual. Nairobi: ICRAF. 
2. M. Avila and S. Minae, Technical Paper 4: Diagnosis and Design Methodology. Food and Agriculture Organization of the 

United Nation. 
  



 

 
Volume 4 - Issue 03 - March 2022       481 | P a g e  
 

Women Empowerment: Deendayal Antoyodaya Yojana 
National Rural Livelihoods Mission (DAY NRLM) 

Article ID: 36402 
Golla Ravi1, Apoorva Veldandi2 

1Ph.D. Scholar, School of Social Sciences- College of post graduate studies in agricultural sciences, 
umaim, CAU (Impal). 

2Ph.D. Scholar, Division of Dairy Extension – National dairy research institute, karnal, Harayana. 
 

 
 

Abstract 
India's economic policies have long prioritised the development of impoverished, marginalised, and 
disadvantaged people, notably women. For policymakers and planners in India, the role of women in 
economic and social development has remained critical. Deendayal Antoyodaya Yojana National Rural 
Livelihoods Mission (DAY NRLM) is one of the initiatives of women empowerment with the objectives 
oforganising rural poor women into SHG, constantly nurturing and assisting them to take up economic 
activities. Increased access to rights, entitlements, and public services for the poor, as well as risk 
diversification and improved social indicators of empowerment, would be made possible. 
Key words: Self-help groups, Women empowerment, DAY NRLM. 

Introduction 
Women are a fundamental component of every economy. Empowerment of women is needed for the 
economic development that covers social, economic, and wellbeing. One of such measure is the promotion 
and economic activation of Self-Help groups (SHG).SHGs are voluntary associations of the economically 
poor, usually drawn from the same socio-economic background and who resolve to come together for a 
common purpose of solving their problems.In 1984, for the first time, the concept of mobilisation and 
business development through the organising of SHGs was introduced based on Prof. Yunus’s ‘Grameen 
Bank’ model.Prof R. Radhakrishna (2009) Committee reviewed the performance of SGSY and suggested 
changes in its design from a ‘top-down poverty alleviation approach to a community-managed livelihood’ 
approach.Based on the Prof. Radhakrishna Committee recommendation, SGSY was restructured into the 
National Rural Livelihood Mission (NRLM) by the Ministry of Rural Development to provide a sharper and 
greater focus as well as momentum for poverty elimination. 
1. NRLM Mission was launched on 3rd June 2011. 
2. The complete transition of SGSY into NRLM was effective from 1st April 2013. 
3. The NRLM has been renamed as Deendayal Antoyodaya Yojana National Rural Livelihoods Mission 
(DAY NRLM) in 2015. 

DAY-NRLM & Women Empowerment 
1. DAY-NRLM has twin objectives of (a) organising rural poor women into SHGs and (b) constantly 
nurturing and assisting them to take up economic activities. 
2. DAY-NRLM set out with an agenda to cover 7 Crore rural poor households, across 600 districts, 6000 
blocks, 2.5 lakh Gram Panchayats and 6 lakh villages in the country through self-managed Self Help 
Groups (SHGs) and federated institutions and support them for livelihoods collectives in a period of 8-10 
years. 
3. The objective is to reduce poverty by enabling poor households to access gainful self-employment and 
skilled wage employment opportunities resulting in an appreciable improvement in their livelihoods on a 
sustainable basis, through building strong grassroots institutions for the poor. 
4. State livelihood support towards establishment of institutional platforms of the rural poor for improved 
access to financial, livelihood and public services.  
5. The key emphasis is on universal social mobilisation for including all target household’s institution-
building i.e. a 3-tier structure, ‘SHG’ at the ward level, ‘Village organisations (VOs)’ at the village level, 
and ‘Cluster Level Federations (CLFs)’ at the cluster/ block level.  

https://byjus.com/free-ias-prep/nrlm/
https://byjus.com/free-ias-prep/self-help-group/
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6. The SHG movement follows five principles viz. Regular Meetings; Regular Savings; Regular Inter-
Loaning; Timely Repayment of Loans; and Up-to-date books of Accounts. 
7. In addition, five additional principles now followed by SHGs are Health, Nutrition, and Sanitation; 
Education; Active involvement in Panchayati Raj Institutions (PRIs); Access to Entitlements and Schemes; 
and Creating Opportunities for Sustainable Livelihoods. 
8. These taken together are called – ‘Dashasutras’ under DAY-NRLM. 

Issues and Challenges 
1. Most SHGs remain crowded in low-productivity, primary sector activities, mainly agriculture and bogged 
down by low absorption of technology.  
2. The programme has not led to diversify into high -productive activities. 
3. Most SHGs remain confined to being microfinance units rather than vibrant business entities Often 
women themselves are unwilling or inhibited to scale up businesses or do not find support within their 
families  
4. The members of SHGs remain mere beneficiaries of the programmes and have little control over the 
decision-making process 
5. The COVID-19 pandemic has disrupted the functioning of SHGs- the backbone of NRLM There has been 
a massive impact on the savings and income-generating activities of these SHGs  
6. Compared to MGNRES, the NRLM has received minuscule allocations. 

Ways Forward 
The DAY-NRLM village entrepreneurship development programme aims to create a catalytic local 
entrepreneurial environment and encourage rural unemployed youth to start their own small businesses. 
More SHGs should be mobilised, and their support services should be used to build and operate rural farm 
and non-farm infrastructure. This will assist enhance rural livelihoods and income. The new and innovative 
rural enterprises scheduled to be established under DAY-NRLM have the potential to: 
1. Ensure financial inclusion of SHGs & farmers 
2. Increase household income 
3. Assure training, placements to the millions of rural youths; and 
4. Facilitate farm and non-farm logistics at the community level. 

Conclusion 
Through social mobilisation, promotion of poor institutions, training, capacity building, and skill up-
grading, financial inclusion, sensitive support structure, and schematic convergence, DAY-NRLM had the 
potential to transform into reality, addressing several critical issues and constraints faced by women. 
Women's voices and societal upliftment have benefited greatly as a result of their independence. 
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Abstract 
Agriculture's life cycle includes soil preparation, seed sowing, irrigation, fertiliser application, weeding, 
bug and pest control, harvesting, and storage, among other things. Drastic weather variations, a lack of 
nutrition, insufficient irrigation infrastructure, and erroneous production and protection decisions are 
among the challenges that Indian farmers confront. Artificial intelligence played a significant role in the 
successful decision-making and implementation of agricultural activities in this situation. Artificial 
intelligence refers to a machine's ability to do cognitive functions such as thinking, perceiving, learning, 
problem solving, and making decisions. 
Keywords: Artificial intelligence, Unmanned aerial vehicle. 

Introduction 
Artificial intelligence is founded on the idea that human intelligence may be described in such a way that 
a computer can simply imitate it and carry out tasks ranging from simple to sophisticated. Artificial 
intelligence is assisting several agricultural sectors in increasing output and efficiency. In every industry, 
AI technologies are assisting in overcoming traditional hurdles. AI intervention in agriculture is assisting 
farmers in increasing their farming efficiency while reducing harmful environmental impacts. The 
agriculture business has embraced AI with open arms in order to improve overall results. The way food is 
produced is changing as a result of artificial intelligence. Incorporating AI technology into agriculture aids 
in the control and management of any unwelcome natural occurrence. 

Application of AI in Agriculture 
1. Monitoring of farmland information with UAV:Unmanned aerial vehicles (UAVs) are remote 
sensing autonomous vehicles that assist in the capture of photos and data about a specific location. The use 
of unmanned aerial vehicles (UAVs) results in cheap operational costs in large-scale environmental 
monitoring. Drone technology is increasingly gaining traction among farmers because it offers new ways to 
boost crop yields through in-depth analysis, long-distance crop spraying, and high-efficiency crop analysis. 
2. Soil health monitoring and sowing of seeds: With the use of sensors, cameras, and infrared rays 
that scan the soil for nutritional qualities, AI can be used to monitor soil health. This also aids in 
determining how individual seeds react to different soils, the impact of weather changes on the soil, and 
the likelihood of disease and insect dissemination. 
3. Irrigation and fertiliser management: Real-time estimating can be done during the cultivation phase 
by producing a field map and identifying regions where crops require water, fertiliser, or pesticides using 
high-definition photographs from airborne devices (drones or copters). To a significant extent, this aids in 
resource optimization. 
4. Weed management: Computer vision, robotics, and machine learning may all be used to successfully 
manage weeds. Data is collected using AI to check the weed infestation region, allowing farmers to spray 
chemicals only where the weeds are present. Pesticide and herbicide losses are reduced as a result of this 
method. 
5. Predicts advisories for pest attack:A computer-aided system can effectively diagnose diseases and 
implement control measures. Pre-processing of a leaf picture segment into areas such as background, sick 
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part, and non-diseased part. The sick area was then cropped and sent to distant labs for additional analysis. 
Image processing can also be used for pest identification and nutrient deficit detection. 
6. Precision FarmingPrecision farming is a type of farming that requires a high level of accuracy and 
control. High precision positioning system, geological mapping, remote sensing, integrated electronic 
communication, variable rate technology, optimum planting and harvesting time estimator, water resource 
management, plant and soil nutrient management, and pest and rodent attacks are some of the advanced 
technologies that enable precision farming. It entails applying farm inputs at the correct time, in the right 
place, and in the right amounts. 
7. Predict harvesting stages: Images of several crops taken in a white/UV-free environment. The 
ripening stage of the crop/fruits is determined by capturing light. Depending on the crop/fruit category, 
farmers can identify different levels of readiness. 
8. Agricultural Product Monitoring and Storage Control In agriculture storage, drying, grading of 
harvested crops are also very important aspects. Monitoring and quality control mechanisms of agricultural 
products are employed by the concept of artificial intelligence. 
9. AI tools for accurate supply and demand information:AI has made significant progress in 
agricultural demand and supply management. Its effective use in supply chain planning and optimization, 
including demand forecasting and logistics, can save farmers a lot of money and help stakeholders tackle 
the information asymmetry problem. 
10. Automation of Green House There are many factors that influence plant growth and the ripening of 
produce in green house. It is impossible for humans to analyse all these factors and know exactly how 
plants will grow. AI makes analysis of all these growth factors possible and provides highly accurate 
assessments of plant growth. 
11. Driverless Tractors: Driverless tractors are self-contained tractors that conduct all farm tasks 
independently and precisely. They're outfitted with sensors that can carry out the necessary tasks, such as 
monitoring barriers and deciding where farm inputs should be applied. Agriculture is already merging off-
the-shelf technologies like GPS systems, radars, and sensors to open up new farming opportunities. 
12. Weather Forecasting A variety of sensors, satellites and computer models are utilized by 
meteorologists to predict future weather patterns. Reinforcement learning is applied by artificial 
intelligence (AI) techniques considering past predictions and actual outcomes. Therefore, AI is efficiently 
working prediction to minimize the potential chances of crop losses and improve the productivity. 

Ways to Improve Adoption of AI at Farmer Level 
1. Conducting awareness programs and demonstrations on artificial intelligence applications and its 
utilization in agricultural activities.  
2. Capacity building programmes for imparting knowledge and skills of farmers 
3. AI based communities need to be developed at ground level for the adoption and dissemination of AI 
practices.  
4. Identification and development of master trainee at the village level for more horizontal diffusion of 
technologies related to AI. 
5. Farmers, researchers, and extension personals in SAUs, as well as officers from agriculture departments, 
receive regular training in the use of AI applications. 
6. Follow up mechanism should be included after the introduction of AI technologies at farmer level.  
7. Updating the Knowledge and skills regarding the use of platforms at scientist, extensionist and farmer 
level. 
8. Provisions should be made for subsidies in purchase of AI technologies to increase affordability for 
farmers.  
9. Network fluctuations and erratic power supplies should be decreased through the development of 
necessary infrastructure to better serve rural farmers. 
10. Developing Artificial intelligence-basedpolicies for agriculture and rural development. 
Allocation of funding for AI research and development for the benefit of farmers at national, state and 
research station level. 
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Conclusion 
Artificial intelligence can be appropriate and efficient in agriculture sector as it optimises the resources 
use efficiency. It solves the scarcity of resources and labour to the larger extent. Adoption of ai quite useful 
in agriculture. AI will complement and challenge to make right decisions by the farmers. AI can be 
technological revolution and boom in agriculture to feed the increasing human population of the world. 
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Introduction 
According to Inter-governmental Panel on Climate Change (IPCC, 2001), Climate change is defined as 
“Change in climate over time, either due to natural variability or as a result of human activity.” In recent 
decades, global warming resultant of climate change has become matter of serious concern worldwide for 
survival of life on the earth. Current estimates of changes in climate indicate an increase in global mean 
annual temperatures of 10C by 2025 and 30C by the end of the 21st century and CO2 concentration in the 
atmosphere has increased drastically from 280 ppm to 370 ppm and is likely to be doubled by 2100 (IPCC, 
2007). 
M.S. Swaminathan showed that the number of diseases on the same crops were much higher in tropics 
than under temperate conditions to show how increasing temperatures could impact incidence of plant 
diseases on agricultural crops. Changes in the existing agro‐ecosystem climate have the potential to cause 
considerable destabilization of existing farming practices. Therefore, care should be taken by altering IPM 
practices to reduce the impact of climate in implementation of IPM strategies. 

Impacts of Climate Change on Insect Pest Scenario 
Following are the notable effects of climate change on insect pest scenario and pest population dynamics. 
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(Skendžić et al., 2021) 

Other Effects 
1. Risk of introducing invasive alien species. 
2. Impact on pest population dynamics and outbreaks. 
3. Breakdown of host plant resistance. 

Climate Change and Impact on IPM Strategies 
1. Cultural practices:  

a. Crop Rotation and Diversification can assist in suppressing diseases, which are predicted to 
increase in prevalence under a changing climate.  
b. For example, planting oilseed, pulse and forage crops within a cereal cropping system disrupts 
disease cycles.  
c. Having a polyculture can assist with climate change buffering. 

2. Biological control: 
a. Insect biology of both pests and natural enemies in agro‐ecosystems are all affected by 
temperature extremes and fluctuations.  
b. There may also be spatial and temporal mismatches between pests and their natural enemies 
which will reduce the efficacy of biocontrol agents and failure of IPM programmes. 

3. Expression of Host Plant Resistance to Insect Pests: 
a. Climate change may alter the interactions between insect pests and their host plants. 
b. There will be increased impact on insect pests that benefit from weakened host defenses as a 
result of the stress caused by the lack of adaptation to suboptimal climatic conditions (or) the 
chemical composition of some plant species changes in direct response to biotic and abiotic stresses, 
which renders the host plant less suitable for the growth and survival of insect pests. Eg: 
Populations of Aphis fabae have lower rates of reproduction on water-stressed plants. 

4. Expression of Resistance to Insects in Transgenic Crops: 
a. Environmental factors such as soil moisture, soil fertility, and temperature have a great effect on 
the expression of Bacillus thuringiensis (Bt) toxin proteins in development of transgenic plants. 
b. Cotton bollworm, Heliothis virescens destroyed Bt-transgenic cottons because of high 
temperatures in Texas. 
c. A decrease in relative humidity from 90% to 70%, and increases in minimum and maximum 
temperatures from 9◦C to 18◦C and 25◦C to 35◦C, respectively, increases the efficacy of Bt cotton 
against H. armigera. 
d. It is therefore vital to understand the effects of climate change on the efficacy of transgenic plants 
in pest management. 



 

 
Volume 4 - Issue 03 - March 2022       488 | P a g e  
 

5. Pesticides: 
a. Temperature has shown a positive effect on organochlorines, organophosphates, and carbamates 
but has shown a negative effect on synthetic pyrethroids.  
Ex: High temperatures and low humidity reduces the fumigation period of phosphine against 
Liposcelis bostrychophila.  
b. Soil texture, moisture, organic matter content, and organic acids influence toxicity and, in turn, 
affect the efficacy of insecticides for pest management.  
c. Rainfall reduces insecticide toxicity; however, the effects vary with the intensity and amount of 
rainfall, formulation, and the adjuvants used. 

6. Semiochemicals: 
a. They are used in monitoring, mass trapping, mating disruption, push‐pull strategies and 
biological controls that makes them ideal for a range of IPM techniques. 
b. Temperature, humidity and air speed can have critical impacts on the effectiveness of these 
semiochemicals. 
c. For example, Cork et al. (2008) used PVC resin-controlled release formulations to deliver sex 
pheromones to the yellow rice stem borer at a range of temperatures (22°C to 34°C).  
d. The change in temperature highly influences pheromone rates, with half‐lives of the pheromones 
decreasing with an increase in temperature. 

7. Effectiveness of Biopesticides: 
a. An increase in temperature and UV radiation and a decrease in humidity may render many of 
the biopesticides less effective. 
b. An increase in the concentration of CO2, it reduces spore germination and growth rates of 
microbial pesticides but increases insect mortality because of disruptions in C/N balance and 
increases in food consumption. 

8. Long‐term Monitoring: 
a. One of the key requirements to determine if climate change is changing the population dynamics 
of pest species is having access to long‐term data. 
b. Without this key baseline data, it is extremely difficult to fully assess changes in pest and 
beneficial populations with changing climate regimes and predict future population dynamics. 

9. Activity and Abundance of Natural Enemies: 
a. Tritrophic interactions between plants, herbivores, and parasitoids are the result of a long 
coevolutionary process, which is specific to a particular environment. 
b. The higher trophic levels are more likely to be affected by climate change because they depend on 
the capacity of the lower trophic levels for development and survival. 
c. Changes in temperature will alter the pattern and timing of diurnal activity of different groups 
of insects and changes in interspecific interactions could also alter the effectiveness of natural 
enemies for pest management. 
d. Oriental armyworm, M. separata, populations increase during extended periods of drought, which 
is detrimental to its natural enemies, followed by heavy rainfall (which is favorable to the 
armyworm).  
e. Increasing climatic variability has resulted in a reduced level of parasitism of caterpillars, which 
in turn may increase the frequency and intensity of herbivore outbreaks. So, alteration of IPM 
strategies accordingly is essential. 

Conclusion 
1. Global warming and climate change will trigger major changes in arthropod diversity, geographical 
distribution of insect pests, insect population dynamics, herbivore-plant interactions, activity and 
abundance of natural enemies, and efficacy of crop protection technologies for pest management.  
2. Therefore, there is a need to generate information on the likely effects of climate change on insect pests 
to develop robust technologies that will be effective and economical in the future under global warming and 
climate change. 
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Introduction 
Mammals are milk producing vertebrate animals. Other animals generally do not share the ability to feed 
their young ones with a substance secreted from their own bodies, with few exceptions like pacific 
cockroach. This is milk like substance produced from cockroach to feed their young ones and it is not a milk 
substitute like almond milk. Any how this milk is not exactly milk and is not by the standards of dairy 
industry. 

Cockroach Milk 
Like mammalian, cockroaches do not have mammary glands and also, they do not nurse their nymph after 
birth. But these insects do produce a special food for their young one. These insects are viviparous in nature, 
which means that female give birth to live babies. They have a uterus of sorts called brood sac. With help 
of brood sac, the female incubating their nymphs within it. In this sac, the female produces the milk like 
substance for her embryo to ingest. This milk is complete source of nutrition for the nymphs. 

Nutrition Content in Roach Milk 
It contains 46% of protein including all essential amino acids and 25% of carbohydrate. It also contains 16 
to 22% fat which includes omega-3s, besides it also contains vitamins and minerals. This makes cockroach 
milk as new super food. Cockroach milk has three times as many calories per gram as buffalo milk. Such a 
nutritious food triggers the idea of mass producing of cockroach for use of its milk for human consumption. 

Milking a Cockroach 
The roaches are very small and the fluid is excreted only into the brood sac not outside of cockroach body, 
so we can’t attach the milking machine for extraction of milk. To get milk from these roaches, researchers 
inserted filter paper into the brood sac. That soaks up the milk, then they extract from this paper. They 
also cut open the young roaches to get the milk. Another way of collecting milk is when milk enter into the 
embryo’s digestive tracts, it gets crystallized. And these crystals can be collected by cutting their stomachs. 
In this process roaches do not survive and also only a tiny amount of milk is obtained from each cockroach. 

 
Fig.1 Brood sac of cockroach contain milk crystals 
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Conclusion 
Expert estimate that, it takes 1000 cockroach to get 100 grams of milk. This probably kills countless 
cockroaches to produce actual bottle of milk, as more bottle needed for current population. Also, we actually 
do not know it is safe to consume in any quantity. Researchers may one day able to synthesis cockroach 
milk, if it happens this milk is more likely to have medical applications to end up as a substitute of coffee 
creamer. 
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Introduction 
As the name suggests, the watershed is a region of land where runoff from several sources, such as lakes, 
rivers, reservoirs, and coastal bays, is gathered and distributed to other nearby water bodies via a common 
outlet, such as the outlet of a reservoir or the mouth of an estuary. A watershed is just an area where runoff 
water has been gathered. Watersheds are the most appropriate planning unit for integrated water and 
land resource management because soils and vegetation are intricately linked to the water cycle. 

Watershed Management 
Watershed management is critical in dryland settings, and rainwater harvesting is invaluable. Among the 
many uses for collected water are supplemental irrigation and crop life-saving irrigation. It is important to 
develop the principles of soil and water conservation methods since they can be utilized to plan and build 
structures in dryland locations. Agricultural lands are used for water and vegetation via watershed 
management programs in dryland locations. This reduces the impact of droughts, reduces soil erosion, and 
increases food production. 
A dryland watershed management program's main goal is to maximize and collaboratively utilize 
agricultural lands, water, and vegetation to reduce drought impacts, moderate flooding, reduce soil erosion, 
increase water availability, and increase food, fuel, fodder, and fiber production. 

Principle and Functions 
Among other things, watersheds provide: 
1. Topsoil protection 
2. Maintaining a year-round vegetative cover 
3. Preserving and collecting rainwater 
4. Having a suitable drainage system to handle any excess water 
5. Using soil conservation measures 
6. Building check dams 
7. Increased usage of underground storage 
8. Adaptable inter-and sequential cropping patterns 
9. Long-term ecosystem sustainability 
10. Using an integrated agriculture system can boost farm income. 
11. Improved agricultural and transportation infrastructure 
12. New ideas for land conservation and recreation are being tested 
13. Local flood and landslide protection; protection against natural disasters 
14. Controlling water flow and preserving hydrology 
15. Protecting the environment's long-term viability. 
The Sundarbans are vital to India's economy. Protected areas like the Sundarbans assist people in many 
ways, including ecological, social, and economic. Local communities’ benefit from the conservation of 
natural resources in protected areas, which helps reduce poverty. Around 1.1 billion people rely on 
protected areas for a substantial part of their income. 
The Sundarbans Forest is concerned about the health of mangrove ecosystems and the economy of the 
region and country. The Sundarbans export fish and other non-timber forest products, among other direct 
ecosystem commodities. 
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Why Watershed Management is Needed for the Conservation of Natural Resources in 
Sunderban 
1. Sundarbans Forest locals' social position and land ownership: Families in the Sundarbans Forest 
might earn a living through fishing, harvesting nipa palm, or collecting honey. Most families only had one 
principal breadwinner working outside the home. Despite this, they have simultaneously exported a large 
range of non-timber forest products worldwide. 
2. Cash income from non-timber products: Locals used to catch fish, crabs, honey, and nipa palm, 
depending on forest laws. Sold on the open market, they can make money. Households are linked to 
ecosystem services, product consumption, and non-timber ecosystem products. People in the Sundarbans 
Forest also harvest timber (wood for fuel) and other forest resources for their use and sale. 

Value of Own Consumption of Non-Timber Products and Timber 

 
Problems of securing subsistence and livelihood in Sundarbans Forest reserve 

Management 
In addition to reducing food production, salinization of coastal areas reduces agricultural profitability. Low-
lying agricultural and aquifer areas are flooded by high tides, causing soil and rivers to become salt. A low 
water table also adds to salt build-up on the soil. Rural areas with low crop yields and coastal salty zones 
rely primarily on rainfed agriculture. Marginal and small farmers face a high risk of income limitation due 
to extra reasons (described above). Crop production and intensity must be increased to improve farmer 
livelihoods in these poor and undeveloped areas. 
1. Soil reclamation: Seawater intrusion can be prevented by protecting rivers and creeks with 
embankments (with a 1.0-m freeboard above the high-tide level and a side slope of 3:1 on the riverside and 
2:1 on the inland; CSSRI 1985). Low tides drain excess field water, whereas high tides prevent ocean 
intrusion. To do this, embankments have sluice gates installed. Planting trees, bushes, and grass atop 
earthen embankments help prevent erosion and tidal effects. 
2. Mitigation option: Salt-tolerant crops are the most practical and cost-effective mitigation method in 
most salt-affected coastal areas. Salt-tolerant rice breeding lines have proved successful in producing 
coastal rice cultivars (Salam et al 2007). Compost, inorganic fertilizers, and ameliorants including calcium-
rich oyster shell powder, sand, rice husks, and straw (CSSRI 2006) can all assist alleviate salt stress in 
acid sulfate/lateritic soils. 
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3. Water management: Regardless of its conservation status, the GBM basin's diverse land use and water 
management practices are harming Sundarban mangroves. The interaction of hydrology, salinity, and 
sedimentation causes this. Affected by the Farakka barrage's hydrology are salinity gradients, sediment 
and nutrient transfer, and accretion-erode dynamics. These changes have an impact on the natural world 
and people's life. Global warming threatens the Sundarbans by rising sea levels. To ensure the continuation 
of the Sundarban mangrove forests, a basin-wide integrated land, and water resource management 
strategy backed by political will is required. Intact ecosystems are substantially influenced by terrestrial 
techniques. 
4. Freshwater management: CSSRI advocates irrigating rabi during the dry season by digging 
agricultural ponds. Such ponds should not occupy more than 20% of farmland. With this size pond, the 
remaining 80% of farmland may be double-cropped. Among the ponds' other advantages are: 2.- Raising 
the level of the adjacent cultivated area with excavated soil from the pond alleviates water-logging and 
facilitates the cultivation of high-yielding Kharif rice varieties; it also facilitates early sowing of rabi crops, 
increasing their productivity. 3. - Pisciculture in coastal ponds can provide revenue. 
5. Changing livelihood option: The amount of arable land has already decreased as the continent lowers. 
The majority of the area's citizens work in agriculture, posing a major issue. They have no choice because 
they have lost their land. Many people have lost farmland due to rising sea levels. Many farmers are unable 
to plow due to excessive salt. Flooding occurs when seawater overflows the embankment into fields. As a 
result, the Sunderban region's land productivity has declined, jeopardizing the region's paddy harvest. The 
surge in marginal laborers illustrates that landless people can find jobs elsewhere. In short, the main 
workforce of Indian Sunderban has become marginal workers. 
6. Rainwater harvesting in a farm pond: This approach provides a reliable water source for irrigation 
of Kharif crops. Drainage requirements are considerably decreased by diverting excess rainfall from 
surrounding fields to the pond. With less waterlogging and improved management tactics, adjoining fields 
can be elevated with dirt from the nearby water pond. As a result, the land can grow numerous crops, 
encouraging a diverse farming system. Pisciculture can be employed in agricultural ponds to create extra 
revenue. 
7. Reclaimation of salinity issue: Heavy rains during the rainy season (June-September) raise soil 
salinity, causing salt dilution and washing. Rainfall patterns influence both the depth and salinity of the 
groundwater table. During the dry season, the depth and salinity of the groundwater table rise due to 
increased evaporative demands. In most coastal places, shallow groundwater is found 1–2 meters below 
ground level during the dry season but rises higher during the wet season. From the monsoon until the 
summer, groundwater salinity fluctuates between 2 and 20 dS m-1. High tides and cyclones force farmers 
to switch to shrimp farming when seawater infiltrates fields directly or through river/creek embankments, 
increasing salinity. 

Conclusion 
We might draw the following conclusion: the studies about these areas are found a substantial connection 
between integrated agriculture and forestry administration and the emancipation of women. Management 
can play a crucial role in alleviating poverty among those who have earned the opportunity to work at 
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specific money-earning occupations in a region like Sunderban, which is prone to climate extremes; 
Increasing the income of fishermen and their families through small-scale indigenous fish farming will help 
the inhabitants of the Sunderbans have better access to health care, food security, and other necessities of 
life. 
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Introduction 
Plant defence: Plants cannot flee from invading insects, but they can defend themselves by creating 
secondary metabolites or a variety of volatile compounds. Secondary metabolites-which are toxic or 
repellent to the attacking organisms, thus acting as defence chemicals. Volatile organic compounds-which 
serve as a chemical signal and may attract natural enemies of the herbivore towards the damaged plant as 
an induced defence. 

Types of Plant Defence 
1. Static (constitutive) defences: Physical and chemical barriers that exist prior to insect attack are 
included in the static defences. In plants, this form of defence is always present. 
2. Inducible (developed) defences: Insect damage or stress causes the production of this substance. 
Defensive mechanisms that are activated in response to insect attack are known as inducible defenses. 
Secondary metabolites, as well as morphological and physiological alterations, are examples of induced 
defences. This includes both induced direct and indirect defenses. 
Morphological characters (physical): Plant structures are the initial line of defence against herbivory, 
and they play a key role in insect HPR. Spines, thorns, prickles, and trichomes, for example. 
Trichomes: -Increase in trichome density in response to damage can only be observed in leaves developing 
during or subsequent to insect attack, since the density of trichomes of existing leaves does not change.Eg: 
In black mustard, trichome density levels were elevated after feeding by Pieris rapae. 
Secondary metabolites (chemical): Secondary metabolites are substances that do not interfere with a 
plant's regular growth and development but diminish the palatability of the plant tissues in which they are 
produced. The defensive (secondary) metabolites can be either constitutive stored as inactive forms or 
induced in response to the insect or microbe attack.Eg. Plant phenolics- lignin;Flavonoids- 5-
hydroxyisoderricin, 7-methoxy-8- (3-methylbutadienyl)-flavanone and 5 
methoxyisoronchocarpin;Isoflavonoids - judaicin, judaicin-7-O-glucoside, 2-methoxyjudaicin, and 
maackiain; Tannins- catechin, gallocatechin and vanillin. 
Inducible (developed) defences mechanisms: Inducible defences lower metabolic costs (defences are 
commonly regarded to be expensive). Induced defence allows the plant to tailor its response to a specific 
type of herbivore attack. They are synthesized or mobilized to the site where a plant is injured.Agrawal 
(1998) reported that inducible defences may be more durable than constitutive defence mechanisms. 
Induced direct defence: Induced direct defence refers to bitrophic systems, in which herbivore attack 
leads to a defence response from plants that directly affect the attacker (Kessler and Baldwin, 2002).They 
may kill the insects or reduce digestive efficiency and thereby slow down their development. If the growth 
rate decreases, the time during which the herbivore is vulnerable to potential predators and parasites 
increases. 

The Glucosinolate-Myrosinase System 
The basic components of this binary system are the secondary metabolites glucosinolates and the enzyme 
myrosinase. The glucosinolates are stored in certain giant cells, “S-cells”, which are adjacent to the phloem 
and release their contents upon tissue damage or “wounding” (Wittstock and Burow 2010). Myrosinase is 
stored in idioblast cells (myrosin cells) close to the phloem and is released when the tissue is wounded. This 
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“mustard bomb” system (glucosinolates were earlier referred to as mustard oils) is activated when an 
aggressor has damaged both the S-cells and the myrosin cells while under normal conditions the separation 
makes this system inactive. 

Jasmonic Acid Induced Defensive System 
When the plant is attacked by an aggressor, JA synthesis is initiated in plastids of the attacked tissue 
(cells). The JA is released and transported through the plant and acts as a hormone to activate several 
defensive mechanisms (Karban and Baldwin 1997). These mechanisms include defensive proteins (lectins 
and protease inhibitors), defensive chemicals and compounds which will reduce the damage caused by the 
aggressor. JA and degradation products like certain glucosinolate products may contribute to indirect 
Défense by attracting natural enemies to the Pest. Furthermore, plants use methylated JA (MJ) to alert 
nearby plants that they are under attack (released as volatile in air). This will activate the JA systems in 
the neighbouring plants so they are prepared for potential coming attacks. 

The Ethylene System 
The ET system is induced by tissue wounding when the plant is under attack and ET is produced and 
transported systemically through the plant acting like a hormone.ET can act like a volatile signal molecule, 
which attracts natural enemies to the aggressor, adjusts the levels of glucosinolates and induces defensive 
proteins. ET can also change the priority for energy distribution in the plant. For example, if the plant is 
under attack by many insects, it is better to save energy rather than produce flowers, which results in 
abortion of flowering buds (Dahl and Baldwin 2007,). Induced Plant Defense Responses against Chewing 
Insects. Ethylene Signaling Resistance of Arabidopsis against Egyptian cotton Worm and Diamondback 
Moth. 

Enzymes 
Peroxidases (POD) -PODs are monomeric hemoproteins distributed as soluble, membrane-bound, and 
cell wall-bound within the cells, and are widely spread in plants. A number of processes are regulated by 
PODs that have direct or indirect role in plant defence, including lignification, suberization, somatic 
embryogenesis, auxin metabolism, and wound. Production of phenoxy and other oxidative radicals by the 
PODs in association with phenols directly deter the feeding by insects and/or produces toxins that reduce 
the plant digestibility, which in turn leads to nutrient deficiency in insects with drastic effects on their 
growth and development.  
Induced indirect defence -Plant volatile compounds are produced on herbivores infestation and these 
do not affect the herbivore directly but instead serve to signal to the higher trophic level (third trophic 
level) that the plant is infested with herbivores. This type of defence may include the provision of shelter, 
food and chemical information, either alone or in combinations (Sabelis et al., 1999). This type of defence 
is called induced indirect defence, because the plant volatile compounds are produced on herbivores 
infestation and these do not affect the herbivore directly but instead serve to signal to the higher trophic 
level that the plant is infested with herbivores. A. Plant volatiles B. Volatile compounds produced 
by plants after pest feeding. 

Plant Volatiles 
Organic substances with a high vapour pressure and that easily generate vapours at room temperature 
(25°C) and pressure are known as volatile organic compounds (103 hPa). Hydrocarbons, oxygenated 
hydrocarbons, and organic molecules containing nitrogen or sulphur are all examples of volatile organic 
compounds. 

Volatile Compounds Produced by Plants After Pest Feeding 
Volatile chemicals are the language of plants. It is reported that after several hours or on the next day of 
herbivore damage, the plants start to release these compounds for at least three days, if damage continued. 
The major volatiles emitted by plants viz., fatty acid derivatives, terpenoids and phenols are produced 
through lipoxygenase, isoprenoid and shikimic acid pathways. 
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The induced indirect defense mechanism in the tritrophic interactions consisting of maize plants, beet 
armyworm, Spodopteraexigua (Hubner) and parasitic wasps, Cotesiamarginiventris (Cresson). The 
chemical that induces the production of beet armyworm induced volatiles in artificially damaged leaves 
was identified as N-(17 hydroxylinolenoyl)-L-glutamine (volicitin) in the oral secretion (saliva) of the larvae.  
As a result, the regurgitate-treated plants become very attractive for parasitoids. This elicitor, called 
volicitin, consists of a lipid moiety linked by an amide bond to glutamine. 

Conclusion 
Understanding plant defensive systems and learning how to utilise that information is of course of great 
interest from a biotechnological, food-developmental, and breeding standpoint. Modifications to the 
jasmonic acid pathway, for example, have been proposed. Due to substantial interaction with other 
hormone signalling pathways, however, enhanced resistance to one insect herbivore may result in 
vulnerability to another. Furthermore, some defence responses, which involve toxic bioactive natural 
compounds and proteins that reduce the digestion of plant material, may have detrimental consequences 
for the environment and humans. Still, eliminating the need for synthetic insecticides by creating insect 
herbivore-resistant crop plants would be a significant economic and environmental benefit to the food and 
manufacturing industries. 
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At present the world faces an invisible health crisis in the form of hidden hunger and micronutrient 
deficiency, and the concomitant global demand for food is rising continuously. The burgeoning population 
needs crops engineered to produce more and tolerate climate change. Genetic engineering has 
revolutionized the entire crop improvement programs by providing crops with improved nutritional value, 
biotic and abiotic stress tolerance, therapeutic and industrial proteins, and superior agronomic traits. In 
the last decade, genome editing with designer nucleases has had a great impact on crop breeding as well 
as on human lives. In this chapter, we attempt to summarize the transgenic technologies and their potential 
applications in the improvement of vegetable crops. The future challenges and opportunities for the 
deployment of genetic engineering and genome editing technologies in vegetable crop improvements are 
also discussed. 

Introduction 
Genetic engineering is a process where the gene for a particular character is introduced inside the 
chromosome of a cell. When the gene for a particular character is introduced in a plant cell a transgenic 
plant is produced. These transgenic plants exhibit characters governed by the newly introduced gene. It 
helps in improving crop variety and ensure food security and insect resistant crops. Genetic engineering 
also helps to improve quality and yield of various vegetable crops.  
Genetic engineering is the direct manipulation of an organism genome using biotechnology. It is a set of 
technology used to change the genetic make-up of cells, including the transfer of genes within and across 
species boundaries to produce improved or novel organisms. 
Biologist created the first transgene plants less than 10 years ago. Since then, researcher have applied 
genetic engineering to more than 50 plant species. The technique has helped investigators gain critical 
insights into the fundamental processes that govern the development of plants, and the first commercial 
introductions of such genetically modified plants are now only a few years away. 
Although genetic engineering is more complex than traditional plant-breeding practices, it is just as safe. 
In both methods, new DNA enters the plants genome and it stably maintained and expressed. A recent 
national academy of science report concluded that “crops modified by molecular and cellular methods 
should pose risks no different from those modified by classical genetic methods for similar traits”. In past 
days the White House stated that genetically engineered products should not be subject to additional 
federal regulations, because they do not pose any unreasonable risk. 

Quality Improvement 
The goal of genetic engineering is not confined to improvements of crop plants for agronomic traits and 
significant efforts are also being made to improve the nutritional content and organoleptic qualities such 
as taste and aroma in fruits and vegetables. 
1. Nutritional improvement: Plants produce various compounds such as storage proteins, vitamins, and 
flavonoid, carotenoids that perform vital functions for plants and also have nutritional importance for 
human beings. Vegetables are a source of minerals, proteins, micronutrients, vitamins, antioxidants, 
phytosterols and dietary fiber. However, some of the vegetables are deficient in essential amino acids such 
as methionine and lysine. The amino acid content can be modified or enhanced by expression of synthetic 
protein, over expression of homologous or heterologus proteins, modifying the amino acid sequence of the 
protein, or through metabolic engineering. Potato is an important food crop. The nutritive value of potato 
protein is diminished due to deficiency in essential amino acids lysine, tyrosine, and the sulphur containing 
amino acids methionine and cysteine. To improve the nutritive value of potato an Amaranthus seed 
albumin gene AmA1 has been expressed in transgenic potato tubers. This protein is non-allergenic and rich 
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in all essential amino acids corresponding with WHO standards for human diet requirement (Chakraborty 
et al., 2000). 
Carotenoids, such as b-carotene and lycopene, give the fruit its characteristic color. Carotenoids are good 
antioxidants and are precursors of vitamin A. These are synthesized through the isoprenoid biosynthetic 
pathway. Hence genetic manipulation of this pathway may contribute to the organoleptic and nutritional 
qualities of vegetables. An effort to increase the provitamin A content in tomato was made by engineering 
a bacterial gene encoding for the phytoene-desaturase enzyme that converts phytoene to lycopene into 
transgenic tomato. These transgenic plants produced three-fold more b-carotene content than that of 
control plants (Roemer et al., 2000). 
2. Improvement of aroma: Flavor and aroma have an important influence on people’s choice of foods. 
The aromas of fruits, vegetables, and flowers are mixtures of volatile metabolites such as alcohols, phenols, 
ethers, aldehydes, ketones, etc. Some of the short-chain aldehydes and alcohols, which contribute to flavor, 
are derived from lipid components by the action of lipases, hydroperoxide lyases, and alcohol 
dehydrogenases. Wang et al. (1996) expressed yeast D-9 desaturase gene in tomato. These transgenic 
tomato plants showed changes in certain flavor compounds such as cis-3-hexenol, 1-hexanol, hexanal, and 
cis3-hexenal. In another study, overexpressing a nonspecific tomato alcohol dehydrogenase gene in tomato 
fruits altered the levels of aroma-determining short chain aldehydes and alcohols. This change in aroma 
volatiles resulted in intense ‘ripe fruit’ flavor in tomato fruit (Speirs et al., 1998). 
Browing and loss of the flavor compound methional during processing, are two problems associated with 
quality of potato. Transgenic potatoes have been generated in which browning is overcome by antisense 
inhibition of polyphenol oxidase. 
3. Seedless vegetables: The development of the fruit in the absence of pollination and/or fertilization is 
known as parthenocarpy. Since pollination and fertilization are adversely affected by environmental 
stresses such as low or high temperature, parthenocarpy gives advantage for stability in productivity under 
these stress conditions. Moreover, the seedless nature of parthenocarpic fruits increases consumer 
acceptance makes processing of vegetables easier and also improves the quality of the vegetables like 
brinjal (eggplant), where seeds are associated with bitter substances. The absence of pollen will also 
alleviate environmental concerns regarding the transfer of transgenes to non-transgenics by cross-
pollination. Parthenocarpy has been shown to be regulated by auxins. Hence, efforts have been made to 
engineer parthenocary either by increasing the auxin production or sensitivity of the ovary to auxins. 
Expression of iaaM gene driven by the ovule specific promoter DefH9 has been shown to confer 
parthenocarpy to transgenic tomato (Ficcadenti et al., 1999) and eggplant (Fig.) (Rotino et al., 1997), and 
also resulted in high yield and fruit quality in eggplant (Donzella et al., 2000). 

 
Fig. Normal (C10) and genetically engineered eggplant fruit (P10) for parthenocarpy 
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Future Prospects 
Significant progress has been made in engineering crop plants for introduction of novel traits of 
agricultural, pharmaceutical and industrial value. The rate of increase in the area of cultivation of 
transgenic crops clearly indicates that agriculture in future will be dominated by transgenic crop varieties. 
Although transgenic tomato ‘‘Flavr Savr’’ was the first transgenic crop to be commercialized, presently 
soybean, maize, cotton and canola are the four major transgenic crops in cultivation. Progress in 
commercialization of transgenic vegetable crops is still slow although a variety of transgenic vegetables 
have been field-tested. Among vegetable crops, the commercialization has been limited to insect- and virus 
resistant potato, and tomato with improved shelf life. One major limitation is that the public acceptance of 
genetically modified food is not wide spread even in developed countries. It is very important to spread the 
information about the safety and importance of transgenic crops. Transgenic crops are more relevant for 
developing countries already burdened with enormous population. 
Some of the limitations in transgenic applications need to be resolved for wider application and acceptance 
of transgenic technology. Environmental risks such as cross-pollination with closely related wild relatives 
of the crop plants and effect of transgene products on human health need to be assessed carefully on a case-
by-case basis. Moreover, there are wide spread concerns about the use of antibiotic and herbicide resistance 
genes as selectable markers from the point of view of ecological and human safety. 
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Introduction 
In general, coastal soils are sandy in texture with less than 50% of fine sand. In India, coastal soils are 
distributed along west and east coastal line occupying about 1.08 sq. km (Velayutham et al., 1998). As we 
all know, sandy soils are coarse single grained, have macroscopic pores, high percolation rate with low 
water and nutrient retention. As the soils are low in fine particle sizes (clay and silt), organic carbon and 
microbial load also found to be low. Due to these reasons, coastal soils stay behind the inland soils in terms 
of crop productivity. Analogously, coastal soils encountered with salinity problem due to sea water 
intrusion, so that the major emphasis was given in many researches on salinity management in coastal 
soils, whereas, soil textural management also has significant impact on boosting soil productive capacity. 

Textural Management of Coastal Sandy Soils 
Soil texture is the relative proportion of soil particles which is not dynamic and difficult to alter. Sandy 
soils, on the other hand, could be made more appropriate for crop cultivation by adding bulky organic 
manures, tank silts, and soil conditioners. Field experiments conducted in Coastal Saline Research Centre 
(Tamil Nadu) with pressmud @ 12.5 t ha-1in coastal soils found that application of organic manures 
enhanced the soil quality by increasing soil organic carbon, nutrient availability and substantial reduction 
in the electrical conductivity. Similarly, tank silt application is the common traditional practice for 
improving both clay and sand rich soils as they have nutrient rich finer soil particles, conjointly, de-silting 
is one of the strategies for watershed management which also encourages the farmers to apply tank silt in 
the cultivable crop fields. Cost involved in transportation of tank silt is the big barrier to farmers' livelihood. 
Amendment of soils conditioners such as polyacrylamide @ 100-120 mg kg-1in coastal sandy soils helps in 
soil aggregation, thereby increases water holding capacity which is critically beneficial during summer 
(Ray et al., 2014). In addition to these practices, incorporation of clay in sandy soils also can be considered 
as a viable option that is described below. 

Clay Incorporation in Sandy Soils 
Addition of soil materials which has high water and nutrient holding capacity in sandy soils could enhance 
the retention of nutrients and moisture on their higher surface area. Such incorporation of clay in sandy 
soils is the common practice followed in Australia since from 90’s to manage water repellent, low moisture 
and nutrient retention of sandy soils (Betti et al., 2015). Addition of clay encourages soil physical and 
chemical properties and also enables carbon sequestration without negative impact on environment. Many 
researchers have proven that the clay incorporation of sandy soils had increased crop production and 
organic carbon content by reducing nutrient leaching and rapid hydraulic conductivity.  Additions of clay 
in sandy soils are practiced through three different strategies viz., clay spreading, clay delving and spading 
(Schapel et al., 2017). Coastal sandy soils have clay rich subsoils beneath the depth range of ≥15 cm (Fig.1).  
Spreading of clay clods on sandy soil surface by excavating clay from subsoils is considered as clay 
spreading which is being practised where the clay rich subsoils are deeper than 70 cm. Contradict to that, 
clay delving is practiced that is mixing of clay subsoils of the insitu soils by using implements with varying 
tine intervals and depths. Spading is mixing of sand and subsurface clay using spades that is practicable 
where the clay subsoils are within 30 cm depth. Added clay clods in sandy soils can get intimate contact 
with sandy soils through alternate wetting and drying processes. The efficacy of clay mixing depends on 
depth of incorporation, quantity of clay applied and the duration after addition (Singh et al., 2018). 
Incorporation of clay or tank silt in coastal sandy soils are practiced in Ramnad district of Tamil Nadu in 
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the name of soil breeding (Coastal Saline Research Centre). Addition of clay in coastal sandy soils may be 
advocated in India for betterment of sandy soils for sustainable crop production in addition to cultivating 
suitable crops (salinity resistant) and organic manure and tank silt application. 

 
Fig.1. Coastal sandy soil profiles with clay subsoil in varying depths (Tamil Nadu) 
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Introduction 
Of the three hundred odd edible plant species found in the northeast region, some of them are worth 
consuming by various ethnic groups of the region (Deka et al., 2012). Meghalaya is a small north-eastern 
state in India and is blessed with sub-temperate, sub-tropical and tropical climates distributed among the 
different districts. The geo-climatic condition in this region offers a favorable scope for the growth of various 
fruits and some underutilized fruits such as Prunus napalensis (Sohiong), Myrica esculenta (Sohphie), 
Eleagnus latifolia (Soh-shang), Passiflora edulis (Passion fruit), Docynia indica (Sohphoh), Baccaurea 
sapida (Sohramdieng), Elaeocarpus sp. (Jalpai), Haematocarpus validus (Blood fruit), etc. These fruits are 
known for their excellent fruit quality, unique colour and flavour. Besides eating them as fresh fruit, they 
can be commercially used for the production of different value-added products viz., squash, jam, ready-to-
serve (RTS) and wine (Patel et al., 2013).  
Table 1: Details of the crops utilized for different commercial products: 
Products Name of species 
Pickle Artocapus heterophyllus, Atlantia monophylla, Ehretia accuminata, Eleagnus umbellate, 

Elaeocarpus floribundus, Mangiferea sylvatica, Averrhoea carambola, Emblica officinalis, 
Citrus medica 

Jam Emblica officinalis, Averrhoea carambola, Prunus nepalensis, Roselle 
Jelly Ficus auriculata, F. hispida, F. semicordata, Flacourtia jangomas, Garcinia lanceifolia 
Preserve Citrus medica, Cornus capitata, Corlaria nepaulensis, Docynia hookeriana 
Beverages Aegle marmelos, Dillenia indica, Diospyros lotus, Grewia sapida, Feronia limmonia, 

Myrica esculenta, Garcinia lancaefolia, Prunus nepalensis 
Fibre Artocarpus chaplasa, A. lakoocha, Grewia sapida, Ananas sativus, Musa paradisiaca 
Essential 
oil 

Gaultheria fragrantissima, Juglans regia, Litsea cubeba, Madhuca longifolia, Messua 
ferrea, Assam lemon, Kachai lemon, Alpinia, Cinnamomum, Cymbopogon, Ocimum, 
Pogostemon 

Dye Aporusca dioica, Baccaurea sapida, Garcinia lanceafolia, Myrica nagi 
(Deka et al., 2012) 

Prunus napalensis 
Sohiong fruits have short post-harvest life and value addition to the fruits can help preserve them for a 
longer period. The fruits are rich in nutrients with reddish purple colour, allowing for a high prospective 
future of value-added products to meet the demands of food industry. Hence, attempts were made to develop 
the value-added products, to ensure year-round availability of the fruit and also can fetch more finance to 
the farmers and entrepreneurs. Different proportions of the processed pulp and powder can be used to 
develop a variety of products such as ready to serve beverage (RTS), squash, crush, osmotic dehydrated 
flakes, health mix, weaning mix, fruit rolls and mixed fruit roll. RTS was prepared with the pulp (27.27%) 
by combining with sugar and water. Squash was prepared with pulp (32.2%) in combination with sugar, 
water and sodium benzoate preservative (600ppm). Crush was prepared using pulp (28.27%) in 
combination with sugar. The crush can also be used as a topping on ice cream, smoothies, etc. At a ratio of 
1:3, a mixture of the squash/crush and chilled water, respectively, can be served as cold beverage. All 
standardized products can be stored for a year under refrigerated temperatures. Processing of Sohiong to 
develop value added products can result in various attractive, colored and flavorsome products with 
excellent potential for marketing (Kuna et al., 2020). Thermal, mechanical and chemical characteristics are 
significant for the processing of Prunus napalensis (Sohiong) fruit into different value-added products. 
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Developing machines design and processing techniques must be considered to increase work efficiency, 
adequate applications and reduce product losses (Vivek et al., 2017a). 
Table 2: Sensory evaluation of value-added Prunus napalensis products: 
S. No  Name of the 

products  
Colour Flavour Texture  Taste  Overall 

Acceptability  
1  PS  8.35 ± 

0.16ab 
7.30 ± 0.25bcd 7.50 ± 0.25c 7.80 ±0.20bc 7.95 ± 0.11bc 

2  PRTSB  7.95 ± 
0.17bcd 

8.05 ± 0.17a 6.85 ± 0.27d 8.15 ±0.16abc 7.95 ± 0.21bc 

3  PC  8.45 ± 
0.17ab  

7.70 ± 0.37abc 7.85 ± 0.31abc 8.35 ±0.24ab 8.45 ± 0.17abc 

4  PWM  7.80 ± 
0.21cd 

7.25 ± 0.25cd 7.70 ± 0.16abc 7.80±0.24bc 8.05 ± 0.11ab 

5  PHM  7.45 ± 
0.26d 

7.15a ± 0.31dc 7.40 ± 0.22cd 7.55 ± 0.28ab 7.30 ± 0.29c 

6 POSDF  7.75 ± 
0.23cd  

6.85 ± 0.33d 7.66 ± 0.26bc 7.90 ±0.24bc 7.85 ±0.24c 

7  PAFR  8.50 ± 0.13a 8.30 ± 0.14a 8.25 ± 0.19a 8.60±0.13a 8.50 ± 0.13a  
8  PFR  8.25 ± 

0.12abc 
8.25 ± 0.09a 8.20 ± 0.17ab 8.05 ± 0.17abc 8.20 ± 0.11abc 

CD value  0.51384  0.70179  0.64900 0.60039 0.51787  
Std.E Value  0.18409  0.25140  0.23249  0.21508  0.26236  

All the values are expressed as Mean ± SD. Prunus Squash (PS), Prunus Ready to Serve Beverage (PRTSB), 
Prunus Crush (PC), Prunus osmotic dehydrated flakes (PODF), Prunus Health mix (PHM), Prunus 
weaning mix (PWM), Prunus fruit rolls (PFR) and Prunus-Apple fruit Rolls (PAFR) (Kuna et al., 2020). 
Table 3: Radical scavenging activity (RSA) of some Prunus napalensis products: 
S. 
No  

Product FRAP (mg 
equi Fe/g FW)  

Reducing 
Power (mg/g 
FW)  

DPPH (% 
activity)  

ABTS (% 
activity)  

Hydroxyl 
Radical (% 
activity)  

1  PP  0.13±0.01  3.82±0.10  88.98±1.11  96.72±0.08  32.09±4.08  
2  PC  0.12±0.02  1.13±0.02  57.25±3.75  89.55±0.47  60.76±1.30  
3  PAFR  0.15±0.03  2.58±0.012  28.64±0.30  60.83±0.27  65.38±0.70  

All the values are expressed as mean ± SD. Prunus pulp (PP), Prunus Crush (PC) and Prunus-Apple fruit 
rolls (PAFR) (Kuna et al., 2020). 

Passiflora edulis 
The Passiflora edulis (passion fruit) has rich aroma and nutrients, which contains more than 135 aromatic 
compounds, also contains citric acid, L-malic acid, L-lactic acid, L-ascorbic acid and seven other kinds of 
organic acids. Pulp of passion fruit (after removal of seeds) was often processed into fruit juice, fruit wine, 
jam, fruit vinegar, etc. because of its unique aroma. Zhu et al. (2017) reported that the optimum conditions 
of the passion fruit juice beverage processing was 8% sucrose, the ratio of material to liquid (RML) was 1:3 
and the pH was 4.0 and under theses process conditions, the color of juice beverage was red, the flavor was 
rich, smelled coordination, and tasted pleasant. Passion fruit and Sohiong are among the important 
underutilized fruit crops of the region and good quality jam could also be prepared with 80 and 90% juice 
of passion fruit and Sohiong, respectively (Table 4). 
Table 4: Sensory quality of jam with variable juice content 
Juice/pulp (%) Sensory Score 

Passion fruit jam Sohiong Jam 
50 6.7 5.4 
60 6.7 6.3 
70 7.4 7.4 
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80 8.1 7.7 
90 5.5 8.2 
100 5.0 7.4 

(Deka et al., 2012) 

Eleagnus latifolia 
Eleagnus latifolia (Sohshang) is one of the underutilized fruit crops widely distributed in Northeast India. 
The fruits are rich in bioactive compounds and relatively rich in essential fatty acids and also many 
variables are observed in this fruit. The different genotypes of Sohshang are analyzed for their chemical 
properties (Table 5) and recorded the fruit weight of 16.38 g, fruit length and diameter 39.23 mm and 25.91 
mm, TSS 11.9%, acidity 2.69-2.82%, ascorbic acid 16-19.2 mg/100 ml, total sugar 6.06%, carotene 1.04 
mg/100g, anthocyanin 16.21 mg/100 g, fibre 5.48%, ash 0.58%, antioxidants 10.06 m mol trolox/g, total 
nitrogen 1022 mg/100 g, total phosphorus 95 mg/100 g, total potassium 487 mg/100 g, total sulphur 712.5 
mg/100 g, iron 16.82 mg/100 g, copper 1.90 mg/100 g, zinc 4.90 mg/100 g and manganese 4.50 mg/100 g 
(Patel et al., 2013). Fruits are commonly eaten raw with salt and used for making pickle (Patel et al., 2013). 
Sherpa et al. (2020) reported that thermal processing of the fruit products (chutney and ketchup) leads to 
significant changes in the phytochemical parameters. However, the fruits still showed great potential in 
ensuring food and nutritional security. 
Table 5: Chemical fruit properties of Sohshang genotypes of Meghalaya: 
Genotype Fruit wt. 

(g) 
TSS (°B) Acidity (%) pH Ascorbic acid 

(mg/100g) 
TSS: acidity 
ratio 

RCE-1 15.17 8.9 3.74 3.1 4.8 2.38 
RCE-2 22.94 9.0 4.03 3.1 4.8 2.23 
RCE-3 15.29 8.8 3.23 3.2 9.6 2.72 
RCE-4 6.73 11.2 1.96 3.7 9.4 5.71 
RCE-5 13.51 9.2 3.37 3.2 7.2 2.73 
RCE-6 10.74 10.0 3.07 3.3 7.2 3.26 
Mean 14.06 9.52 3.23 3.27 7.17 3.17 

(Deka et al., 2012) 

Myrica esculenta and Rubus ellipticus 
Both Sohphie and yellow Himalayan raspberry are being developed as health benefit beverages as reported 
by Krishna et al. (2016) wherein high contents of antioxidant was reported in the RTS beverages (Table 6). 
The high antioxidant activity of M. esculenta could be due to the presence of high phenolics and anthocyanin 
content. Results from trained sensory panels, Sohphie RTS was most preferable and least for Sohphie and 
yellow Himalayan raspberry blended RTS on all sensory attributes. However, by the end of 10 weeks of 
storage time, all RTS exhibits a significant decline in phenolics and antioxidant capacity. In the Himalaya 
region, Myrica esculenta (Sohphie) and Rubus ellipticus (yellow Himalayan raspberry) are two most highly 
valued fruits and the assessing of their antioxidant capacities would be advantageous to the food industry 
as natural antioxidant sources.  
Table 6: Quality characterization of different ready-to-serve (RTS) beverages. 
Quality attributes Sohphie RTS Yellow Himalayan 

raspberry RTS 
Blended RTS 

Soluble solid content, SSC (°Brix) 10.0 ± 0.7 10.0 ± 0.4 10.0 ± 0.6 
Reducing sugars (%) 4.2 ± 0.4 4.7 ± 0.5 4.5 ± 0.2 
Total sugars (%) 9.7 ± 0.6 9.3 ± 0.3 9.6 ± 0.2 
Acidity (%) 0.3 ± 0.01 0.29 ± 0.01 0.3 ± 0.01 
SSC: acid ratio 33.3 ± 0.3 34.5 ± 0.4 33.3 ± 0.4 
Ascorbic acid (mg/100ml) 0.2 ± 0.0 2.1 ± 0.3 0.98 ± 0.1 
Flavanol (mg/100ml) 29.7 ± 0.7 516.9 ± 8.2 297.5 ± 4.3 
Total carotenoids (µg/100ml) 8.6 ± 0.4 5.3 ± 0.3 6.2 ± 0.1 
Total flavonoids (mg/100ml) 25.4 ± 1.3 16.2 ± 1.7 20.6 ± 0.4 
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Total anthocyanins (mg/L) 1.58 ± 0.4 - 0.77 ± 0.1 
Total phenols (mg/ml) 45.2 ± 1.0 14.5 ± 0.6 27.9 ± 0.3 
Total antioxidant capacity 
(mM trolox Equivalent (TE) /L) 

4.95 ± 0.2 1.47 ± 0.1 3.19 ± 0.3 

(Krishna et al., 2016) 

Haematocarpus validus 
Haematocarpus validus (blood fruit) have high content of anthocyanins giving it the true blood red colour. 
The red colour can be used as a natural dye for food colouring and also as natural colourant in soft drinks 
and desserts. In Tripura, the fruits are used for dyeing handicrafts and preparation of squash. They are 
also used for the preparation of wine and dehydrated for future consumption. The different parts of plant 
are used as medicine for different disorders (Momin et al., 2018).  
Table 7: Uses of Haematocarpus validus. 
Purpose of uses Mode of Uses Parts used Consumer 
Economic uses: As a 
fruits, food colour and 
organic fertilizer 

Fruits of are slightly acidic sweet taste and 
are eaten raw. The fruit can be used as 
natural and organic source of food colour. 
The fruits extracts can be used in colouring 
of soft drinks and desserts. Leaves are used 
as organic matter. 

Pulp, fruit 
extract and 
leaves 

All ethnic 
community of 
CHT* 

Medicinal uses: For 
jaundice, anemia and 
itching 

Tender shoot extract is used as curative 
measure for Jaundice. Fruits and seeds are 
used as curative measures of anemia and 
root mash is used to get relief from itching 

Fruits, seeds, 
tender shoot 
and root 

Tribal people 
like Chakma 
and Marma 
Tribe in 
CHTs* 

*CHT- Chittagong Hill Tracts, in Bangladesh (Rahim et al., 2015). 

Docynia indica 
Docynia indica (Sohphoh) a wild edible fruit is used as a treatment for digestive problems, infectious 
diseases and has anti-diabetic effect. The fruit has a sour taste and high nutritional values. The present of 
the various alkaloid and functional phytochemicals in the fruits renders its high antioxidant activity. 
Accessibility of these bioactive compounds can contribute significantly for health benefits in the developing 
world. However, the fruit has short shelf life and spoiled rapidly during harvesting, storage and 
transportation. Ultra-sonication has significantly increased the shelf life of freshly harvested fruits to 21 
days at 7-8oC (Vivek et al., 2017b). The actual juice in the consumable form, not the crude extract, of 
Sohphoh and Gooseberry shows antibacterial activity. This shows their potential supplement against 
broad-spectrum bacterial infections without any inherent side effects (Punjabi et al., 2017). 

Elaeocarpus floribundus 
Elaeocarpus floribundus (Jalpai) was studied for its antibacterial activity by Sircar and Mandal (2017). An 
ethanolic extract of the fruit and the aqueous extract of mesocarp-endocarp have shown excellent inhibitory 
activity against various food borne bacteria in terms of zone diameter of inhibition (ZDI). This report can 
be taken into consideration for the important use of the fruit as a non-antibiotic antibacterial agent. It can 
also be exploited for use in the storage of food products. 

Conclusion 
Majority of the underutilized fruits are grown all over the state in the backyard garden for livelihood 
improvement, which have immense potential to contribute location specific food production, as they are 
well adapted to the adverse existing environmental conditions and are generally resistant to pests and 
diseases. Therefore, increased in production of these fruits will not only improved the livelihood on few 
fruit species but also help in diversification of agriculture besides catering multifarious human needs. 
There is great scope for processing of underutilized fruits in Northeast India as these fruits are rich in 
vitamins and minerals, having medicinal properties too wherein the previous works has reported that after 
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processing also there is retentions of these health benefits. They can be effectively exploited to supply 
balanced diet to the tribal communities of this region as well as popularization of processed products to 
other parts of the country. 
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Giloy (Tinospora cordifolia) is one of the important medicinal plants belong to family Menispermaceae. It 
is commonly known as Giloy, Guduchi, Amrita, Gurach, Tinospora, and many other vernacular names. It 
is a large, glabrous deciduous climbing shrubdistributed throughout subtropical and tropical Indian sub-
continent. In Ayurveda, it is known as Rasayana drug and widely used in traditional ayurvedic medicine 
in India for its, anti-inflammatory, immuno-modulatory, anti-pyretic activity, antioxidant, anti-diabetic, 
anti-allergic and anti-arthritic activities and various other medicinal properties. Almost all the parts of the 
plant are used in ayurvedic formulation. 
Medicinal plants (including herbs and spices) are natural, safe and having no side effects, offer wide range 
of cost effective, preventive and curative therapies, which is useful in achieving goal of health for all (WHO, 
2002). To cope with increasing demands for healthy food and medicines steps are being taken to discover 
and populate important economic plants with proven food and medicinal effects. Therefore, giloy is very 
useful for the proper upkeep and maintenance of health.  
Table: Vernacular names and taxonomic status of giloy (Tinospora cordifolia): 
Vernacular Names Classification 
Hindi Giloy, guruch, gurucha Kingdom Plantae 
Sanskrit Amritavalli,amrta, cinnodbhava Subkingdom Tracheobionta 

Marathi Guduchi, gulvel Division Magnoliophyta 
Telugu Tippa-teega Class Magnoliopsida 
Tamil Shindilakodi Subclass Ranunculidae 
Malayalam Amruthu, Chittamruthu Order Ranunculales 
Gujarati Galac, Garo Family Menispermaceae 
Oriya Guluchi Genus Tinospora 
Kannada Amruthaballi,Sinhala: 

Rasakinda, guruc 
Species Cordifolia 

Distribution 
Tinospora cordifolia plant is found mainly in the tropical areas of India, Bangladesh, Myanmar, Malaysia 
and Sri Lanka. Giloy can be seen growing widely on the big trees sometimes thickly covering the entire 
canopy and hanging from all over the tree Figure (1). 

 
Fig.1 Habitat of Giloy covering neem tree 
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Chemical Constituents 
The plant mainly contains alkaloids, glycosides, steroids, sesquiterpenoid, aliphatic compound, essential 
oils, mixture of fatty acids and polysaccharides.  The alkaloids include berberine, bitter gilonin, non-
glycoside giloningilosterol. The major phytoconstituent in Tinospora cordifolia include tinosporine, 
tinosporide, tinosporaside, cordifolide, cordifol, heptacosanol, clerodane furano diterpene, diterpenoid 
furanolactonetinosporidine, columbin and b-sitosterol. Berberine, palmatine, tembertarine, magniflorine, 
choline, and tinosporin are reported from its stem. It contains protein (4.5%-11.2%), high fibre(15.9%), 
carbohydrate(61.66%) and low fat(3.1%). It has high potassium (0.845%), high chromium (0.006%), iron 
(0.28%) and calcium (0.131%) and important in various regulatory function (Choudhary et al. 2013). 
Tinospora requires some support and neem and mango trees are best where such plants are supposed to 
possess better medicinal values. 

Medicinal Uses 
1. Giloy juice is taken with neem and amla is very effective in any kind of skin diseases.   
2. In pile, its juice with butter milk is very useful.  
3. Its juice is considered very effective in removing both exogenous and endogenous toxins.It also cleans 
out the brain toxins that disturb mental function. 
4. Popularly effective in respiratory troubles particularly in asthma. 
5. The fresh juice of stem (one-foot-long stem crushed and juiced) taken daily in the morning is useful in 
controlling blood sugar. 
6. The stem of giloy is one of the constituents of several ayurvedic preparations used in general debility, 
dyspepsia, fever and urinary diseases (Singh et al., 2003). 
7. Modern use of Tinospora cordifolia is as an immune-modulator has drawn the interest of researchers in 
the last few decades. 
8. Used in malaria and other fever too which is taken with honey.  
9. It is a best remedy for children suffering from upper respiratory tract infections (Vedavathy and Rao 
1991). The crude extract of dry stem of giloy enhanced immune responses (Manjrekar et al. 2000). The 
extract of cordifolia has an anti-hyperglycemic property (Rajalakshmi et al. 2009). It might increase the 
leucocytes and phagocytic cells (Dikshit et al. 2000). 

Propagation of Giloy 
Giloy can be propagated by seeds and as well as through vegetative cuttings. Vegetative means of 
propagation is more suitable as it grows faster. The cuttings of around 1 cm thickness with 6-8inch length 
long stem having two nodes are mostly preferred. This may be planted in polythene bags of 4×6 inch size. 
The bags are filled with soil, sand and dry cow dung in the ratio of 1:1:1. The rooting of the cuttings takes 
almost 30-35 days for planting into the main field. Rooting in the cuttings can be promoted by the exogenous 
application certain hormones like auxin or indole butyric acid, etc.Giloy can also be propagated by the 
seeds; however, viability of seeds is very less and have the problems of poor seed set and germination. It 
can be mass-multiplied by the intervention of tissue culture techniques to increase the transplants for the 
masses.  
In general, flowering takes place during the summer and fruits appear during the winter. Organic manures 
like, farm yard manure (FYM), vermicompost, green manure etc. may be used as per requirement of the 
species. To prevent diseases, bio-pesticides could be prepared (either single or mixture) from Neem (kernel, 
seeds & leaves), dhatura, cow's urine etc. Irrigation is required periodically as per the needs of the plants. 
Mature plants are collected, cut into small pieces and dried in shad. Stem yield of Tinospora cordifolia is 
approximately 8-10 q/ha.  

Future Prospects of Giloy as Health Food 
‘Giloe’ is one such plant which is a valuable source of medicine and food which exhibits unique immune 
stimulating, anti-inflammatory, anti-oxidant and stimulator of bile secretion property (Badar et al.2005; 
Bafna and Balaram 2005; Nair et al. 2004; Singh et al. 2006). The bark of T. cordifolia has anti-spasmodic, 
anti-pyretic, anti-allergic, anti-inflammatory and anti-leprotic properties. Tinospora cordifolia is popular 
as medicinal plant but lesser known about its utility in food and nutrition. Based on the type of food in 
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classified into different groups the texts of ayurveda, Tinospora cordifolia leaves mention as vegetable in 
ayurveda. Nutritive aspects of giloy are great important in health and diareses. In some parts of the country 
special vegetables are prepared from giloe leaves. It is used by various tribal community of India and also 
forms a part of traditional Indian cuisine. Giloe being bitter in taste is not liked by all sections of population 
and inhibits its use in the diet on regular basis. Being rich in carbohydrate and protein, a value added RTS 
(ready-to-serve) beverages can be made as health perspective. Malnourishment is very serious problem of 
our country, hence being rich in trace elements like potassium, chromium, iron and calcium it makes giloe 
a good dietary supplement. There are some published reports on making health beverages and value-added 
product to Tinospora cordifolia. Sensory acceptability of value-added cookies incorporated with Tinospora 
cordifolia stem powder has been done (Tyagi et al. 2020). Incorporation of giloe in cookies resulted in 
increase in protein, moisture, total ash, iron, copper, zinc and antioxidant potential, whereas the fat content 
decreased. Developed cookies proved to be better than standard control cookies with respect to functional 
properties.  

Conclusion 
Tinospora cordifolia is well known for its medicinal properties accepted globally. Traditionally, this plant 
is used to treat a large variety of health problems. In the present scenario, where importance is given on 
the consumption of healthy food, development of value-added food products might help the consumers to 
harness the nutritional and medicinal properties of such abundant locally available magical plant. 
Therefore, more studies and researches needed with respect to harnessing the potential benefits of giloy so 
that it can be used as a potential dietary component in future. 
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Introduction 
The Indian lac insect, Kerria lacca (Hemiptera: Coccoidea: Tachardiidae) belongs to a distinct group of 
phytophagous insects specialized to feed on phloem sap through a piercing sucking mouthpart (Ahmad et 
al., 2012). It is extensively distributed in the country and is generally used for lac culture in the country; it 
is also most intensely studied lac insect. The lac insects yielding useful products such as lac (natural resin), 
dye and wax. This species is represented by two distinct forms, kusmi and rangeeni, differing for their host 
species preference, life cycle pattern, quality and volume of the resin produced, settlement behaviour, etc. 
The two forms of the Indian lac insect generally known as ‘strains’. India is the global leader in lac 
production followed by Thailand. In India, rangeeni and kusmi forms of K. lacca are generally exploited for 
lac production. Other minor species include K. chinensis and  
K. sharda. For the Rangeeni strain Palas (Butea monosperma) and Kat-ber  
(Ziziphus xylopyra) and for Kusmi strain Kusum (Schleichera oleosa), Ber  
(Ziziphus mauritiana) and Khair (Acacia catechu) were generally recognized host plants in India. Each 
strain completed its life cycle in six months, but the seasons of maturity differ considerably. Thus in the 
case of Rangeeni strain, Katki crop (B. monosperma, inoculated in June-July) is harvested in October-
November and Baisakhi crop (B. monosperma, inoculated in October-November) is harvested in June-July. 
Normally as a general practice, Baisakhi crop is harvested earlier in April or May as Ari crop i.e., in 
immature state of development. Also, in the case of Kusmi strain, Aghani crop (S. oleosa, inoculated in 
June-July) is harvested in January-February and Jethwi crop (S. oleosa, inoculated in January-February) 
is harvested in June-July. 

Microbial Flora Associated with Lac Insect 
The lac insect exhibits rich diversity of microbial flora and its presence is considered beneficial for the good 
production of lac but the members of this micro flora are poorly identified. Two types of micro flora, viz. 
bacteria and fungi, are substantially associated with the lac insects. Bacteria impact the lac insect 
indirectly though the host and may be symbiotic or pathogenic. Fungi, which affect the lac insects, are 
pathogenic, symbiotic and inoffensive. Microbial studies at different stages of lac insects reveal the presence 
of four bacteria viz., Micrococcus varience, M. conglomerates, Clostridium species and Bacillus subtilis 
(Sharma and Jaiswal, 2011). Srinivasaya (1924) found that the yeast like symbiotic microorganisms 
present in the haemolymph of the lac insect give enhanced vigor for the growth and development of the 
insect. The insects on which the yeast likes microorganisms are reported to produce more resin than those 
which doesn’t possess these microorganisms. Presence of various symbiotic micro floras is considered 
beneficial for good yield of lac, particularly during rainy season crop. Fungi association with lac insect is 
not always beneficial. Fungal infection in lac culture causes severe reduction in lac yield by: (1) Inhibiting 
respiration process of lac insect, (2) Hindering mating process of lac insect, (3) Block the larval emergence 
and (4) Affect the lac host efficiency. 
Lac culture during monsoon season is prone to fungal attack particularly when grown on Kusum and Ber 
trees due to their steady and spreading growth. Two species of fungi namely Conidiocarpus (syn. 
Podoxyphium conidoxyphium) and Polychaeton sp., are found to cause heavy mortality (30-40%) to lac 
culture and is a serious threat to commercial cultivation of lac especially during monsoon season as the 
moisture is high in these seasons give a suitable environment for the growth and multiplication of these 
fungal pathogens. Sharma and Jaiswal (2002) reported three species of fungi belonging to family 
Eurotiaceae, Aspergillaceae viz., Aspergillus awamori Nakazawa, Aspergillus terricola Marchal and 
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Penicilium citrinum Thom. A. awamori and P. citrinum are black and green in color respectively, and make 
a continuous cover on lac insect cells and thereby blocking their breathing pores which eventually lead to 
death of lac insects. A pathogenic fungus, Pythium sp. in female cell, causes a massive mortality of the 
larvae which fail to enclose satisfactorily and lie dead in clusters within the female resinous cells. Total 
crop damage due to heavy fungal attack is reported from grower field during rainy season; especially the 
kusmi lac cultivated on Kusum trees are more prone to crop damage due to poor aeration and continuity of 
moisture because of thick branching and leafy networks. The intensity of crop damage is similar that 
occasionally growers report 100 per cent crop damage from different lac growing areas. Lac insect mortality 
due to fungi is a serious trouble to lac cultivation especially in humid areas where moisture persists for a 
longer duration. 
Being phytosuccivorus in habit, lac insects produce large volume of honey dew which is a major cause of 
contamination by fungi. Honey dew which drips from colonies of lac insects on the twigs of host tress 
inviting black sooty mold species of Capnodium and Fumago. Species of Capnodium grow profusely on 
these secretions making a thick fungal mat that covers the lac encrustation. These blocks and choke the 
brachial pores and result in suffocation to the lac insects in its cell. This eventually results in insect’s death 
and complete or partial failure of the lac crop. Due to rainy season relative humidity is high throughout 
the cropping season of the winter kusmi lac. This provides favorable climate to the sooty mold fungi. 

Prevention and Control of Microbial Flora Associated with Lac Insects 
Brood lac, free from fungal infection should be used for inoculation. Periodically pruning is required to 
avoid extreme humid condition. Application of fungicides such as Bavistin (Carbendazim 0.05%) and 
Dithane M-45 (Mancozeb, 0.18%) by dipping the brood lac before inoculation and spraying on standing crop 
gives significantly better yield. Significant reduction (75% to 84%) in mortality of lac nymphs/ larvae was 
reported by the application of different concentration of Carbendazim and Aureofungin on Kusmi strain of 
lac insect. Kavach (chlorothalonil) (1g/lit) and Cantaf (hexaconazole) (0.5 ml/lit) was found very effective in 
reducing sooty mold and increasing lac yield. 

Conclusion 
Lac is a unique gift on nature to the humanity, especially to the people of India. It is the only natural resin 
which is produced from animal origin; it is secreted by a tiny lac insect on some trees. The presences of 
micro flora affect the survival of the lac insect. Fungal infection in lac culture causes severe losses in lac 
yield. So, effective control measures should be applied for the preventing losses caused by microbial 
pathogens.  
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Introduction 
The insecticide resistant development in insects is a serious problem for managing many crop pests, house-
hold pests and vectors. Despite of the other reasons, insecticide resistance is the important, noticeable 
problem by which insects may escape the insecticide toxicity. An important factor contributing for rise of 
resistant in insect populations is the misuse and overuse of insecticides. In recent studies the common 
mecahisms of insecticide resistance are mutations, enhanced insecticide detoxifications, target site 
insensitivity etc. But one of the less noticed mechanisms is the role of microbes for insecticide resistance in 
insects. Many arthropods have evolved symbiotic relationships with microbes in which some are casual, 
but in some insects, they play a role to tolerate or detoxify the xenobiotic compounds. 

Physiological Trade-Offs between Insecticide Resistance and Symbiotic Infection 
The insecticide resistance and microbial community relation differs more among the insect species. In some, 
changes in microbial load in insect species favour resistance to insecticides. In other situation, insecticide 
resistance relates to some specific microbe’s presence or absence. Several researchers have experimented 
these kinds of associations through PCR-based sequencing studies without evidence of microbes, directly 
involving resistance in phenotypes. Wolbachia positively correlated with the insecticide resistance alleles 
in both laboratory and natural populations of Culex pipiens L.  mosquitoes. But, the same kind of effect 
was not present in Aedes aegypti (L.), indicating a variable interaction between the symbiont and insecticide 
resistance, even in closely related insects. The resistant population of cotton bollworm, Helicoverpa 
armigera (Hubner), contain a greater diversity of culturable microbes in its gut than that of susceptible 
populations. 
Trade-off is an alteration of one physiological trait which results from an opposing change in a second trait 
of the same organism. Different biological mechanisms may cause this situation. However, trade-offs result 
from energy constraints that re-allocates resources from one physiological process to other. A regular 
example for physiological trade-off is the reverse relationship of reproduction with immunity that is 
conserved in many taxa. In insects, copulation and oviposition results decrease in immunity, while forced 
reproduction inhibits the immune response. In same way it’s plausible that the selection pressure and 
mutations that results in insecticide resistance and also may alter the insect microbiota. In resistant 
populations of Culex pipiens L., Wolbachia infection density decreased substantially, but remained 
relatively stable in susceptible insects. Further, the experimental selection with the insecticide 
spirotetramat brought significant changes in the relative abundance of several bacterial taxa in laboratory 
strains of the aphid Aphis gossypii Glover.  
Other trade-offs, includes alterations in insect metabolism that regulate nutrient availability for microbes, 
may lead to the same case. For example, insecticide resistant Culex pipiens L. contain 30% less energy 
reserves like lipids, glucose, and glycogen stores than susceptible counterparts. This varied nutritional 
status favour certain microbes to proliferate while suppress others. The ability of microbes to change some 
of the host fitness costs associated with insecticide resistance is a second factor that may also play a role 
in the establishment of non-causal associations. Certain microbes can potentiate or nullify these effects, 
potentially providing fitness benefits to their hosts in the face of reproductive disadvantage. For example, 
in strains of Culex pipiens L. bearing the ace-1R resistance allele, infection with the microsporidian parasite 
Vavraia culicis increases the probability of survival to adulthood relative to infected susceptible strains. In 
such scenarios, resistant insect populations may become enriched with fitness-enhancing symbionts 
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through natural selection despite the symbionts not directly affecting resistance proper. The mechanisms 
proposed above may explain how such close associations between symbionts and resistance can arise by 
indirect causation. 

Symbiont Mediated Resistance Against Insecticides 
A alternative explanation for the relation between symbionts and insecticide resistance is that some 
microbes can directly confer this advantage to their insect host. Indeed, there are several possible ways 
through which the presence of a microorganism may alter the effects of an insecticide on its host, and a 
limited number of studies have established a causal connection between symbionts and insecticide 
resistance in important pest species. The bacteria of the genus Burkholderia impart resistance against the 
organophosphate pesticide fenitrothion in the bean bug, Riptortus pedestris (F.). This study was not only 
the first to directly document the phenomenon of symbiont-mediated insecticide resistance, but it also 
uncovered a uniquely intricate mechanism. Also, the gut symbiont, Citrobacter freundii is reason for 
trichlorphon resistance in oriental fruit fly, Bactrocera dorsalis (Hendel), through same mechanism. This 
bacterium is not only transmitted between the larvae through the oral route, but also transovarial 
transmission also happens resulting in vertical transmission to the surface of eggs. 
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Introduction 
Milk from dairy cows has been regarded as nature’s perfect food, providing an important source of nutrients 
including high quality proteins, carbohydrates and selected micronutrients. Milk consists of about 87 
percent water and 13 percent of milk solids constituting fat, lactose, minerals and protein. Casein is the 
chief component of the milk proteins of which about 30-35 percent is beta-casein. Beta- casein may be of 
different types based on genetic background of the animals but the major types are A1 and A2. Beta-casein 
consist a chain of 229 amino acids. Milk having proline at 67th position of beta- casein amino acid chain is 
regarded as A2 milk and with histidine amino acid at this position is A1 milk. Cows producing A2 milk are 
known as A2 cows while those producing A1 milk are called A1 cows. Cows like Jerseys, Guernsey, Asian 
and African cows produce A2 milk while Holstein and Ayrshire cattle breeds predominantly produce A1 
milk. Sheep, goat, yaks, buffalo, camels, donkeys and Asian cows naturally contain more A2 beta casein 
protein. 

History 
In 1970 operation flood was started by National dairy developmental board. The main aim of this 
programme is to increase milk production, boost rural production and offer fair prices to milk consumers. 
For that increasing milk production they started cross breeding technique i.e cross breeding of Desi Indian 
cows with European ones and also import of foreign hybrid breeds. So that proportion of crossbred cows 
increased while that of indigenous cows are declined due to continuous practicing of all these cross-breeding 
techniques mutation in beta casein protein was occurred. 

Genetics Related to A1 and A2 Milk 
Production of A1 or A2 milk by cows is governed by beta casein gene which is located on chromosome 
number 6. Since long back, cows have been producing A2 milk which is regarded as safe and nutritious. 
Around five thousand years back beta-casein gene was mutated and 67th amino acid was changed from 
proline (A2 allele) to histidine (A1 allele). A cow carries only two copies of the beta-casein gene. Hence, 
possibly she can be of A2A2 homozygous genotype or A1A2 heterozygous genotype or A1A1 homozygous 
genotype. The alleles do not have dominant - recessive relationship i.e., both the alleles are co-dominant in 
nature. 
Thus, an A1A2 cow will produce both A1 and A2 beta casein alleles in equal proportion. An A2A2 genotype 
cow will only produce A2 beta-casein and an A1A1 cow will only produce A1 beta-casein. A cow of A2A2 
genotype will transmit the A2 allele to her progeny while an A1A1 cow will pass on the A1 allele and for 
A1A2 cow there is an equal chance of transmitting either allele. Breeding for A2A2 cows can be done by 
using semen from bulls of A2A2 genotype with the continuous use of the European breeds in selective 
breeding to increase milk production, improve reproduction gradually A1 allele have propagated through 
the breeding programme. 
It has been shown by several surveys that A1 / A2 frequency is area-specific rather than breed-specific. 
Example, A1 gene frequency in Holstein Friesen of North America and North Europe cow is very high 
(above 90%) but in German Holstein Frisian A2 gene frequency is very high (around 97 %). In other 
countries, frequency of A1 in Holstein Friesian is in the range of 40 – 65%. Guernsey breed from USA or 
Europe has high A2 frequency in cows and breeding bulls even more than 98 % which is almost equal to 
Indian breeds. A2 gene frequency is usually higher in Jersey (60-80%) globally (Vet Helpline India, 2015, 
www.downtoearth.org.in, snowvillecreamery.com). Genotyping of bulls for A1 and A2 allele is a good 
method for lowering the risk of A1 allele in human health and increase milk and protein yield. 
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A1 Milk 
A natural mutation in European herd thousands of years ago led to formation of A1 protein. Digestive 
enzymes act differently upon A1 and A2 beta-casein proteins during digestion process. Beta-casomorphin-
7 (BCM-7) is a bioactive seven-amino peptide is released by digestive enzymes from the A1-beta-casein 
protein but these enzymes cannot split the A2 protein due to presence of proline at that location. So BCM-
7 is not released from A2 proteins digestion. Milk from black and white cows such as Holstein usually 
produce mostly the A1 protein variant BCM-7 from A1 beta casein interacts with the human 
gastrointestinal tract, internal organs cause several health disturbances. 

BCM-7 
It is a peptide released during digestion of proteins in A1 milk but not in A2. It passes from mother to 
babies during lactation leading to delayed psychomotor development It is associated as a risk factor for 
type-1 diabetes and coronary heart disease. 

A2 Milk 
In India, most of the native cows produce A2 milk which is very much safe for consumption. A2 milk is free 
from the BCM-7 and hence is safe for consumption. The populations consuming milk having more beta-
casein A2 exhibit a lower occurrence of cardiovascular disease and Type-1 diabetes. People consuming A2 
milk had better stool consistency, less incidence of bloating and less abdominal pain. 

Health Effects 
A1 beta casein: A1 Beta casein maybe associated with serious health conditions such as heart disease, 
diabetes type 1, Parkinsons, Autism, irritable bowel syndrome. 
A2 beta casein: A2 is found to be protective against allergies (such as gut, skin rashes, cough). It contains 
more omega 3 fatty acids and vitamin D. 

Conclusion 
India is fortunate to have a large number of dairy cattle and buffaloes producing the healthy A2 milk, but 
more research should be conducted to draw conclusion on the hypothesis. Time has come to pay attention 
for improvement and conservation of our indigenous germplasm. 
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Article 
Today, intensive agricultural practices emit several greenhouse gases into the atmosphere and developing 
countries contributes about three-quarters of direct emissions of GHGs of the total world’s emission. Some 
practices like flooded rice cultivation and enteric fermentation release methane (CH4) in the atmosphere, 
microbial transformation on nitrogenous fertilizers and manures releases nitrous oxide (N2O) whereas 
change in biogeochemical cycles, biomass burning and organic residue decomposition affects our 
environment through emission of carbon dioxides (CO2). Similarly, the process of deforestation has been 
intensifying the level of GHGs and promotes the burning issue of global warming leads to changing our 
climate. In this context, there is a need to adopt and modified natural ecosystems to more friendly and 
sustainable agricultural system, which can fulfill the human needs as direct and indirect services along 
with environmental health through minimizing the continuous emission of GHGs. Therefore, climate-
resilient agro ecosystem practices like conservation farming and agroforestry systems (AFs) are very good 
option for both enhancing the soil and plant productivity in the parallel of carbon sequestration (CS) 
capacity in the vegetation and soil. 

Agroforestry 
Agro forestry is a collective name for land use system in which woody perennials are grown with herbaceous 
crops and or animals on the same land by spatial arrangement (or) temporal sequence. Climate change 
(CC) event can be adapted through the scientific practices of various location specific agroforestry models 
which is good strategy fir minimizing the deleterious impact changing climate through diversifying the 
structure and productivity which helps in atmospheric carbon fixation in the vegetation parts, promotes 
close and efficient nutrient cycling along with enhancement of SOC pools and enhance the production of 
goods and services in the sustainable ways along with carbon offset credits through better practices and 
management of AFs. Agroforestry gains wider recognition due to its wider adaptability and applicability in 
the tropics and multifunctional role in resource conservation, production potential as timber, fuelwood, 
biofuel and non- timber forest products (NTFPs) including storing of atmospheric carbon into the vegetation 
and soils. Thus, the intimate mixture of agroforestry elements (trees, crops, and animals) is the basis of 
sustainable land use system, which is socioeconomically viable and ecologically acceptable. Therefore, 
agroforestry has wider recognition in the biomass production enhancement, soil fertility improvement, 
storage and sequestration of carbon and biofuel. Carbon sequestration and storage are gaining wide 
recognition due to its properties of reducing greenhouse gases (GHGs) in the atmosphere and mitigating 
climate change and global warming phenomenon by fixation of atmospheric carbon into vegetation and 
soils. This carbon fixation has two benefits, i.e., first represent lowering the excessive heat in our 
environment whereas, second represents stored carbon which represents biomass production in terms of 
timber, fuelwood, biofuel and NTFPs which helps in livelihood security. 

Agroforestry as New Weapon in Climate Change Fight 
Agroforestry could play an important role in mitigating climate change because it sequesters more 
atmospheric carbon in plant parts and soil than conventional farming. It is involved in carbon capture and 
the long-term storage of atmospheric carbon dioxide and this process is critical in mitigating or deferring 
global warming. The conversion from forest to agroforestry led to losses in soil organic carbon stocks in the 
top layers, while no significant differences were detected when deeper layers were included. The conversion 
from agriculture to agroforestry increased soil organic carbon stocks at all levels, in most cases. Significant 
increases were also observed in the transition from pasture/grassland to agroforestry in the top layers, 
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especially with the inclusion of perennial plants in the systems, such as in silvopasture and 
agrosilvopastoral systems. Through agroforestry climate change either can be mitigated or adapted to it. 

Mitigation and Adaptation 
The mitigation addresses the cause of climate change and is an intervention to reduce the emission sources 
or enhance the sinks of the GHGs. Although, adaptation addresses the impact of climate change and is an 
adjustment in the natural or human system in response to actual or expected climatic stimuli or their 
effects. 

Agroforestry for Mitigating Climate Change 
Agroforestry has potential to limit carbon emissions, sequester atmospheric carbon, microclimate 
amelioration, protection and stabilization of ecosystem, soil and water conservation, sustainable 
diversification of agricultural systems, improvement in rain water efficiency and interventions for drought 
mitigation. 

Carbon Sequestration through Agroforestry is One of Best Options for Climate Change 
Mitigation 
Agroforestry system recognized as a carbon sequestration strategy because of its applicability in 
agricultural lands as well as in reforestation programs and offers the highest potential for carbon 
sequestration as carbon sequestration rates ranges from 1.5 to 3.5 Mg C per ha per yr in agroforestry 
systems and also have some indirect effects on C sequestration since it helps to reduce pressure on natural 
forests. Agroforestry accumulate C in woody biomass, Soil and thus reduces GHG emission. 

 

Carbon Sequestration Potential of Different Land Use Management System 
Agroforestry systems recognized as having the highest potential for the carbon sequestration by year 2040 
among all the land uses analyzed in the Land-use, Land-use Change and Forestry (LULUCF) report of the 
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Carbon Sequestration Potential (CSP) 
CSP of existing AFS at farmers field at Country level is 0.21 tons of C /ha/year while carbon dioxide 
mitigation potential of AFS at country level is 0.77 tons of CO2 /ha/year. At national level, AFS are 
estimated to mitigate 109.34 million tons CO2 annually. Considering the reported GHG emissions from 
agriculture sector as 334.41 million tons of CO2 equivalent in India (Indian-Network-for-Climate-Change-
Assessment, Report-2010, Govt. of India), AFS are estimated to offset one-third (33%) of the total GHG 
emissions from agriculture sector annually at country level. 
AFS has the potential to mitigate more than 6% of total GHG emissions in India. AGF can regain 35% of 
carbon stock & store soil carbon at rate of 80 – 100% that of forest, compared to 12% and 50 % respectively 
on crop or pasture land. 
AGF have a technical mitigation potential of 1.1-2.2 PgC in terrestrial ecosystems over the next 50 years. 
Unproductive lands (630 million ha) can be converted to AGF, can have additional carbon sequestration 
potential of 586,000 Mg C yr-1 by 2040. 

Rate change in CS, CH4 & N2O Emissions Mitigation by Converting Agriculture to AGF 

 

The Carbon Absorption Capacity of Different Agroforestry Models 
Agroforestry model  Carbon storage capacity Region 
Agrisilviculture system (aged 11 years) 26.0 tC/ha Semiarid region 
Block plantation (aged 6 years)  24.1–31.1 tC/ha Central India 
Populus deltoides ‘G-48’ + wheat 18.53 tC/ha 
Silvopasture  31.71 tC/ha Himachal Pradesh 
Agrisilviculture  13.37 tC/ha 
Agri-horticulture  12.28 tC/ha 
Silvopastoralism (aged 5 years)  6.55 Mg ha–1 y–1 Kerala, India 
Indonesian homegardens (aged 13.4 years)  8.00 Mg ha–1 y–1 Sumatra 
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Conclusion 
It can further be concluded that rise in level of CO2   since 1960 has tremendously affected the global 
temperature regimes which results in global warming. To mitigate unavoidable climate change effect, 
Agroforestry provides win-win situation as it helps to increase the natural forest base which helps to 
supplement carbon sequestration potential of our forests. AGF readily bundle both mitigation and 
adaptation strategies (synergies) and provide several pathways to securing food security for poor farmers, 
while contributing to climate change mitigation. Windbreak and shelterbelts provide a strong protection 
against the fast moving dry and hot winds in arid and semi-arid regions hence, help to maintain and modify 
the microclimate and maintain the biodiversity which help to overcome the ill effects of changing climate. 
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Introduction 
What is Forensic Entomology: According to Catts and Goff, 1992 the use of the insects and their 
arthropod relatives that inhabit decomposing remains to aid legal investigations and can give some clue to 
the “time since death” 
Medico Legal Forensic Entomology: According to Sukontason et al., 2007 evidence acquired by 
arthropod study at the scenes of murder, suicide, rape, physical abuse, and contraband trafficking is 
referred to as medicolegal forensic entomology. It concerns with which insects’ eggs occur, where they 
appear on the body, and in what order they appear in a murder inquiry. This can assist in estimating a 
post mortem interval (PMI) and the location of a death. Because many insects are endemism (only found 
in specific locales) or have a well-defined phenology (active only during a specific season or time of day), 
their existence in combination with other data might reveal probable ties to times and places where other 
events may have occurred. This uses entomological specimens collected at a crime scene to test for various 
medications that may have played a role in the victim's death. 

What can Insects Tell? 
PMI; Whether the body was disturbed; If the victim used drug or was poisoned; Length of time of abuse or 
neglect in living victim; Presence and position of wounds on the body; Whether the body was moved after 
death. 

Examples of Arthropods which are Indicators of Forensic Entomology 
Coleoptera -Cleridae (Necrobia), Dermestidae (Dermestes), Geotrupidae (Geotrupes), Histeridae (Hister), 
Silphidae (Necrodes, Silpha), Staphilinidae (Aleochara) 
Diptera- Calliphoridae (Luclia, Calliphora, Drosophilidae (Drosophilla), Fannidae (Fannia), Muscidae 
(Musca, Muscina), Phoridae (Conicera, Megaselia), Piophilidae (Piophila), Sarcophagidae (Sarcophaga), 
Stratiomyidae (Hermetia) 
Hymenoptera -Ichneumonidae (Alysia), Pteromalidae (Nasonia) 
Examples of Diptera (Flies)-  

Early-Stage Decomposers-Blow & Greenbottle Flies (Calliphoridae) Metallic thorax and 
abdomen; Flesh Fly (Sarcophagidae) Striped thorax; 
Late-Stage Decomposers-House Fly (Muscidae), Cheese Skipper (Piophilidae). 
Examples of Coleoptera (Beetles)- 
Early-Stage Decomposers-Carrion Beetles (Silphidae) Adults & larvae feed on fly maggots; Early 
to Late-Stage Decomposers-Rove Beetles (Staphylinidae) Predator of fly eggs, Clown Beetles 
(Histeridae) Predator of fly eggs. 
Late-Stage Decomposers -Ham & Checkered Beetles (Cleridae) Predator of flies & beetles also 
feed on dead tissue, Skin Beetles (Dermestidae) feed on dried skin & tissues, Hide Beetles 
(Scarabidae) usually the last to arrive. 

Process of Death 
Algor mortis (Body cooling rate), Livor mortis (Skin reddening due to pooling of blood), Rigor mortis 
(Rigidity of skeletal muscle). 
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Decomposition Process 
Fresh/ Initial (Day 1-2) →Bloating/ Putrefication (Day 2-7)→Decay/ Black putrefication (Day 5-13)→ Post 
decay/ Butyric fermentation(Day 10-23)→ Remains/Dry(Day 10-90+). 

Steps of Forensic Entomology 
Scene observation and weather data → Collection of insects from the body at the scene→Collection of 
insects after body removal→Shipment of collected insects to a forensic entomologist. 

Observation of Scene should note the General Habitat and Location of the Body in 
Reference to 
Vegetation, Sun or shade condition, its proximity to any open doors or window, Location of insect infestation 
on the body, Stage of insect. 
Collection of Meterological data at scene: Ambient air temp, Maggot mass temp, Ground surface temp, 
Temp. at interface of the body and ground, Temp. of soil directly under the body, Weather data etc. are 
collected. 
Collection of insects from the body at the scene: Both preserved and living samples should be taken, 
Labeling on the following point generally done 1. Geographical location 2. Date & hour of collection 3. Case 
number 4. Location on the body where removed. 5. Name of the collector. 
Collection of insects from scene after body removal: Soil and litter samples also be taken both 
immediately under where the body was positioned, and from the immediate surroundings. 

Entomological Collection Equipment 
Aerial nets, Collecting jars and Vials, Forceps, Thermometers, Killing jars, Body bags Labels, Pencils, 
notebooks, Hand towel, Camera, measuring devices, Disposable gloves and paper towels etc. are needed. 

Limitations of Forensic Entomology 
1. Time of death estimates depend on accurate temp.2. Forensic entomology relies on insect abundance.3. 
Since it takes time to rear insects, forensic entomology can’t produce immediate result. 4. Treatments that 
exclude insects can affect estimates.5. Presence of chemicals in dead body.6. Poverty and illeteracy among 
common people. 

Future Prospects 
Set up of well facilitated laboratory at state and district level, Incorporation of new technologies for 
investigation, more emphasis on future research, Awareness in people. 

Conclusion 
Forensic entomology is a new field in forensic science that studies the insects that feed on corpses. In 
criminal investigations, it has become a significant tool. In today's world, forensic odontologists' work isn't 
limited to hard tissue examination alone. Increased use of forensic odontologists as part of forensic teams 
in criminal investigations has needed a greater understanding of developing sciences such as forensic 
entomology and its applications in forensics. 
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Temperature of the body Stiffness of the body Times since death 
Warm Not stiff Not dead more than 3hours 
Warm  Stiff Dead between 3 and 8 hours 
Cold Stiff Dead between 8 and 36 hours 
Cold Not stiff Dead for more than 36 hours 
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Introduction 
Nitrogen is one of the major plant nutrients required for plant growth. It is essential for the synthesis of 
protein, which is the constituent of protoplasm, and chloroplast reported that nitrogen has a positive 
influence on yield and yield components of rice. The important role of nitrogen fertilizers in increasing rice 
yield has been widely recognized particularly after the development of modern varieties. The efficiency of 
applied nitrogen use by the rice plant is also low. Farmers of the country usually do not apply nitrogen in 
their fields properly and timely. It is estimated that only about 25% of the added nitrogen is recovered by 
the crops and the rest 75% is lost due to leaching, surface runoff, NH3 volatilization, denitrification, and 
other processes. 
The Nano Urea Liquid has been found effective and efficient for plant nutrition which increases the 
production with improved nutritional quality. It will also have a huge positive impact on the quality of 
underground water, a very significant reduction in global warming with an impact on climate change and 
sustainable development. The Nano Urea Liquid has been developed to replace conventional Urea and it 
can curtail its requirement by at least 50 percent. It contains 40,000 ppm of Nitrogen in a 500 ml bottle 
which is equivalent to the impact of nitrogen nutrients provided by one bag of conventional Urea. The Nano 
Urea has been priced at ₹240 per 500 ml bottle for the farmers which are 10 percent cheaper than the cost 
of a bag of conventional Urea. However, while conventional urea is effective just for 30-50 percent in 
delivering nitrogen to plants, the effectiveness of the nano urea liquid is over 80 percent. A major reason 
for this increase in efficiency is the fact that nanotechnology, which is the base of this new form of urea, 
enables designing ultra-small particles that offer higher surface-mass ratios, and help in the controlled 
delivery of plant nutrients. The size of one nano urea liquid particle is 30 nanometers and compared to the 
conventional granular urea it has about 10,000 times more surface area to volume size. Due to the ultra-
small size and surface properties, the nano urea liquid gets absorbed by plants more effectively when 
sprayed on their leaves. Furthermore, aside from improving yield, soil health, and nutritional quality of 
the crop, nano urea has also been tested for biosafety and toxicity according to norms followed in India and 
the international guidelines developed by OECD, which are adopted and accepted globally. 

Characteristics of Nano Urea 
1. It contains 4.0 % total nitrogen (w/v) evenly dispersed in water. 
2. Nano nitrogen particles size varies from 20-50 nm. 

Benefits 
1. It effectively fulfills crop nitrogen requirement, increases leaf photosynthesis, root biomass, effective 
tillers and branches, 
2. Enhances Farmer's income by an increase in crop productivity and reduction in input cost. 
3. Because of higher efficiency, it can reduce the requirement of conventional Urea by 50 % or more. 
4. Farmers can easily store or handle one bottle (500 ml) of Nano Urea 
5. It helps conserve soil, air, and water quality. 

Application Rate, Time, and Methods 
1. Mix 2-4 ml of Nano urea in one liter of water and spray on crop leaves at active growth stages. 
2. For best results apply two foliar sprays: - 

a. 1st spray at active tillering / branching stage (30-35 Days after Germination or 20-25 Days after 
Transplanting) 
b. 2nd spray 20-25 days after 1st spray or before flowering in the crop. 
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Application Instructions 
1. Shake well the bottle before use 
2. Use a flat fan or cut nozzles for spraying on the leaves. 
3. Spray during morning or evening hours avoiding dew. 
4. If rain occurs within 12 hours of the spray of Nano urea, it is advised to repeat the spray. 
5. Nano Urea can easily be mixed with bio-stimulants, 100 % water-soluble fertilizers, and agrochemicals. 
6. It is always advised to go for a jar test before mixing and spraying for compatibility.  
7. For better results, Nano urea should be used within 2 years from the date of its manufacturing. 

 
Fig: spraying of nano urea 

Safety & Precautions 
1. Nano urea is safe for the user; safe for flora and fauna and is non-toxic, however, it is recommended to 
use a face mask and gloves while spraying on the crop. 
2. Store in a dry place avoiding high temperature and keeping away from the reach of children and pets. 
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Azospirilla are a genus of bacteria which live and can colonize the roots of forage and grain grasses and 
exert beneficial effects on their growth. This grass-bacteria symbiosis differs from the legume-rhizobium 
symbiosis in that the former does not have root nodulation as a manifestation of the association. These 
organisms reside mainly at the zone of root elongation, bases of root hairs and root interior. 
Some work has been done in rice particularly in India and now in the Philippines. One recent test in India 
yielded 6.5 T/ha with Azospirilla vs. 4.4 T/ha without it. In experiments in Cavite and Negros provinces, 
the use of Azospirilla in combination with 40 kg N increased rice yields by 24% and 55%, respectively, while 
Cavite experiments using only Azospirilla increased rice yields by 18%. 
The exact cause for the yield increases is not yet clear. However, it is known that a higher percentage 
increase in yield occurs under conditions where lower amounts of fertilizer N is used. 
Aside from the nitrogen fixation, several benefits can be derived from azospirillum inoculation: it promotes 
root hair development and branching -- increasing the uptake of NPK and microelements; improves water 
status of plants; and increases dry matter accumulation and grain yield. Inoculating plants with 
azospirillum can reduce the required nitrogen fertilizer from 1/3 up to 213. 

How to Inoculate Rice Seedlings? 
1. Mix the inoculant with water. About 750-1000 9 inoculant is required to treat seedlings needed to plant 
1 hectare. 
2. Put the mixed inoculant in a container for dipping the seedlings. If a big container is not available, 
prepare a bunded piece of land and line this with plastic 
3. Soak the seedlings into the mixture for at least 3 hours. If possible, inoculate/soak the seedlings overnight 
before transplanting. 

 
Mix the inoculant with water 

 
Put the mixed inoculant in a container 
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Dapog Method 
This method of raising nurseries has been introduced in India from Philippines. It has been adopted by 
some farmers in Andhra Pradesh for raising seedlings. It saves almost half of the time in seedling raising. 
The main merit of this method is that less area is needed to raise seedlings. Twenty-five to 30 square meters 
of area is enough to raise seedlings sufficient for planting one hectare. The seedlings are raised faster in 
this method. The seedlings raised by this method are, however, very delicate and survive only for about 
two weeks. Besides, the seedlings are thin, slender and short in height. The seedlings when allowed to 
remain in the bed, may dry after two weeks. 
In this method, beds could be prepared on an even but slightly raised (4 to 5 centimetres) surface in an 
open field or on even cement floor. About one square meter of seed bed should be required for every three 
kilograms of seed. A width of 1.5 meter has been found easily manageable. Cover the soil surface of the 
seed bed evenly and completely with banana leaves with the protruding midribs removed or preferably 
with plastic sheets. Carefully lay strips of banana bracts along the edge of the seed bed. Push thin bamboo 
pegs through the bracts into the soil to keep bracts upright and firm. 
About 36 to 48 hours pre germinated seeds should be broadcast uniformly over plastic or banana leaves at 
the rate of three kilograms per square meter. Pack the seeds to make a uniform layer of three seeds thick. 
Do not press too hard on seeds. Follow this by sprinkling water gently. Sprinkle water three to four times 
a day up to four days to keep the seed bed wet. Thereafter cover it with one to two centimeters of water till 
end. Also press the seeds lightly once a day till fourth day and protect them from birds. Dapog seedlings 
would be ready for transplanting within 11 to 14 days of sowing. The seedlings thus raised can be rolled 
like a carpet with roots facing outside and carried to the transplanting site. Loosen the interlocked roots 
carefully before transplanting. Three to four seedlings should be transplanted per hill instead of two. 

Advantages 
1. Requires less space for raising seedlings 
2. Seedlings can be planted early (9-14 days) 
3. Labor required for removing seedlings from seedbed is less than 1/4 compared to the wetbed method. 
4. Easy to transport seedlings from seed bed to the rice paddy. 

Disadvantages 
1. Uses more seeds than the wet bed method. 
2. Produces smaller, younger seedlings which 
3. Can only be used on farms where good water management is possible 
4. Have a greater chance of being smothered by Azolla. 
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Seed deterioration is loss of seed quality, viability and vigor due to effect of adverse environmental factors.  
This process is a separate event from seed development and germination. Losses in seed quality occur 
during field weathering, harvesting and storage. Deteriorative changes enhance when seed exposure to 
external challenges increases and decrease the ability of the seed to survive. 

1. Types of deterioration. 
2. Field Weathering. 
3. Harvest and post- harvest deterioration. 
4. Storage. 

Field Weathering 
The deterioration of seed quality, vigor and viability, due to high relative humidity and high temperature 
during the post-maturation and pre-harvest period is referred to as field weathering. Deterioration caused 
by weathering is directly related to seed exposure to adverse conditions. Exposure to hot and humid 
conditions, rainfall, photoperiod after ripening are pre- harvest factors, cause seed quality loss. 

Harvest and Post- Harvest Deterioration 
Seed quality is highly affected by harvesting and handling methods.  Harvest and post-harvest 
deterioration comprises threshing, processing machinery, seed collection, handling, transporting and 
drying. Mechanical damage is one of the major causes of seed deterioration during harvest. 

Storage 
Storability of seeds is mainly a genetically regulated character and is influenced by quality of the seed at 
the time of storage. These environmental conditions are very difficult to maintain during storage. 

Mechanisms 
Once seed deterioration has happened, this catabolic process cannot be reversed It is a sequence of events 
beginning with a chain of biochemical events. Mechanisms of deterioration   Mechanisms of deterioration 
are: 
1. Biochemical Manifestation: Seed deterioration is associated with various cellular, metabolic and 
chemical alterations including chromosome aberrations and damage to the DNA.  
2. Membrane Degradation It is extensively consented that loss in cellular membrane is one of the primary 
causes for loss of viability. 
3. Enzymes Alterations: Enzyme alterations, such as reduced activity of lipase, ribonuclease, acid 
phosphatase, protease, diastase, peroxidase. 

Factor Affecting Deterioration 
The rate of seed deterioration is highly influenced by environmental and biological factors. 
Environmental Factors  
Temperature  
Relative humidity and seed moisture content 
Temperature is important because it influences the amount of moisture and also enhances the rate of 
deteriorative reactions occurring in seeds. High temperature hastened the rate of biochemical processes 
triggering more rapid deterioration that resulted in rapid losses. 
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Relative humidity and seed moisture content. Deteriorative reactions occur more readily in seeds at higher 
moisture content.  Seeds stored at high moisture content demonstrate increased respiration, heating, and 
fungal invasion resulting in reduced seed vigor and viability.  
Biological factors  
Bacteria and fungi  
Insect and Mites 
Bacteria and fungi. There are several factors which favor infection fungi and promote their infestation such 
as Temperature, moisture content of seed, relative humidity, pre- storage infection and storage pest. 
Researches show that all storage fungi are completely inactive below 62% relative humidity and show very 
little activity below about 75% relative humidity. 
Insect and Mites. There is no insect activity at seed moisture contents below 8%. The optimum temperature 
for insect activity of storage insects ranges from 28 to 38 C.  The temperatures below 17 to 22 C are 
considered unsafe for insect activity. 
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Organic farming can be defined as an agricultural process that uses biological fertilisers and pest control 
acquired from animal or plant waste. Organic farming was actually initiated as an answer to the 
environmental sufferings caused by the use of chemical pesticides and synthetic fertilisers. In other words, 
organic farming is a new system of farming or agriculture that repairs, maintains, and improves the 
ecological balance. 

Advantages of Organic Farming 
Economical: In organic farming, no expensive fertilisers, pesticides, or HYV seeds are required for the 
plantation of crops. Therefore, there is no extra expense. 
Good return on Investment: With the usage of cheaper and local inputs, a farmer can make a good 
return on investment. 
High demand: There is a huge demand for organic products in India and across the globe, which generates 
more income through export. 
Nutritional: As compared to chemical and fertiliser-utilised products, organic products are more 
nutritional, tasty, and good for health. 
Environment-friendly: The farming of organic products is free of chemicals and fertilisers, so it does not 
harm the environment. 

Disadvantages of Organic Farming 
Incompetent: The major issue of organic farming is the lack of inadequate infrastructure and marketing 
of the product. 
Less production: The products obtained through organic farming are less in the initial years as compared 
to that in chemical products. So, farmers find it difficult to accommodate large-scale production. 
Shorter shelf life: Organic products have more flaws and a shorter shelf life than that of chemical 
products. 
Limited production: Off-season crops are limited and have fewer options in organic farming. 

Types of Organic Farming 
Organic farming is divided into two types, namely: 

1. Integrated organic farming. 
2. Pure organic farming. 

Pure organic farming means avoiding all unnatural chemicals. In this process of farming, all the fertilisers 
and pesticides are obtained from natural sources such as bone meal or blood meal. Integrated organic 
farming includes the integration of pest management and nutrients management to achieve ecological 
requirements and demands. 

Meaning and Importance of Organic Farming 
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Meaning of Organic Farming 
System of farming that uses organic inputs like green manures, cow dung, etc., for cultivation. 

Need of Organic Farming 
1. Excessive use of chemical fertilisers reduces the fertility of soil. 
2. Excessive use of chemicals has led to soil, water, and air pollution. 
3. To conserve ecosystem. 
4. To promote sustainable development. 
5. Inexpensive farming. 
6. Increased demand of organic products due to safety of food. 

Benefits of Organic Farming 

 

Benefits of Organic Farming 
1. Environment-friendly. 
2. Promotes sustainable development. 
3. Healthy and tasty food. 
4. Inexpensive process. 
5. It uses organic inputs. 
6. Generates income. 
7. Generates income through exports. 
8. Source of employment. 
9. Organic farming is more labour intensive. Hence, it generates more employment. 

Limitations of Organic Farming 

 

Limitations of Organic Farming 
1. Less output. 
2. Higher price. 
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3. The lack of awareness. 
4. Organic products generally demand a higher price due to a higher demand. 
5. Shorter shelf life. 
6. Organic products have a shorter shelf life due to the absence of artificial preservatives. 

The Relevance of Organic Farming 

 

Relevance of Organic Farming in India 
1. High nutritional value. 
2. Maximum profit. 
3. Employment opportunity. 

Reference 
Paull, John (2019). "Organic Agriculture in Australia: Attaining the Global Majority (51%)". Journal of Environment Protection 
and Sustainable Development – via Academia.edu. 
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Panchagavya, an organic product has the potential to play the role of promoting growth and providing 
immunity in plant system. Panchagavya consists of nine products viz. cow dung, cow urine, milk, curd, 
jaggery, ghee, banana, Tender coconut and water. When suitably mixed and used, these have miraculous 
effects. 

a. Cow dung - 7 kg 
b. Cow ghee - 1 kg 

Mix the above two ingredients thoroughly both in morning and evening hours and keep it for 3 days 
a. Cow Urine - 10 litres 
b. Water - 10 litres 

After 3 days mix cow urine and water and keep it for 15 days with regular mixing both in morning and 
evening hours. After 15 days mix the following and panchagavya will be ready after 30 days. 

a. Cow milk - 3 litres 
b. Cow curd - 2 litres 
c. Tender coconut water - 3 litres 
d. Jaggery - 3 kg 
e. Well ripened poovan banana – 12 nos. 

Preparation 
All the above items can be added to a wide mouthed mud pot, concrete tank or plastic can as per the above 
order. The container should be kept open under shade. The content is to be stirred twice a day both in 
morning and evening. The Panchagavya stock solution will be ready after 30 days. (Care should be taken 
not to mix buffalo products. The products of local breeds of cow is said to have potency than exotic breeds). 
It should be kept in the shade and covered with a wire mesh or plastic mosquito net to prevent houseflies 
from laying eggs and the formation of maggots in the solution. If sugarcane juice is not available add 500g 
of jaggery dissolved in 3 litres of water. 

 

Physico-Chemical and Biological Properties of Panchagavya 
Chemical composition 
pH : 5.45 
EC dSm2 : 10.22 
Total N (ppm) : 229 
Total P (ppm) : 209 
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Total K (ppm) : 232 
Sodium : 90 
Calcium : 25 
IAA (ppm) : 8.5 
GA (ppm) : 3.5 

 
Microbial Load 
Fungi : 38800/ml 
Bacteria : 1880000/ml 
Lactobacillus : 2260000/ml 
Total anaerobes : 10000/ml 
Acid formers : 360/ml 
Methanogen     : 250/ml 

Physico-chemical properties of Panchagavya revealed that they possess almost all the major nutrients, 
micro nutrients and growth harmones (IAA & GA) required for crop growth. Predominance of fermentative 
microorganisms like yeast and lactobacillus might be due to the combined effect of low pH, milk products 
and addition of jaggery/sugarcane juice as substrate for their growth. 
The low pH of the medium was due to the production of organic acids by the fermentative microbes as 
evidenced by the population dynamics and organic detection in GC analysis. Lactobacillus produces various 
beneficial metabolites such as organic acids, hydrogen peroxide and antibiotics, which are effective against 
other pathogenic microorganisms besides its growth. GC-MS analysis resulted in following compounds of 
fatty acids, alkanes, alconol and alcohols. 

 

Beneficial Effects of Panchagavya on Commercial Crops 
Mango: 

a. Induces dense flowering with more female flowers. 
b. Irregular or alternate bearing habit is not experienced and continues to fruit regularly. 
c. Enhances keeping quality by 12 days in room temperature. 
d. Flavour and aroma are extraordinary. 

 
Guava: 

a. Higher TSS. 
b. Shelf life is extended by 5 days. 
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Acid lime: 
a. Continuous flowering is ensured round the year. 
b. Fruits are plumpy with strong aroma. 
c. Shelf life is extended by 10 days. 

 
Banana: In addition to adding with irrigation water and spraying, 3% solution (100 ml) was tied up at the 
naval end of the bunch after the male bud is removed. The bunch size becomes uniform. One-month earlier 
harvest was witnessed. The size of the top and bottom hands was uniformly big. 

 
Turmeric: 

a. Enhances the yield by 22% 
b. Extra-long fingers 
c. Ensure low drainage loss 
d. Narrows the ratio of mother and finger rhizomes 
e. Helps survival of dragon fly, spider etc which in turn reduce pest and disease load 
f. Sold for premium price as mother/seed rhizome. 
g. Enriches the curcumin content. 

Vegetables: 
a. Yield enhancement by 18% and in few cases like Cucumber, the yield is doubled 
b. Wholesome vegetables with shiny and appealing skin 
c. Extended shelf life 
d. Very tasty with strong flavour. 

Generally, panchagavya is recommended for all the crops as foliar spray at 30 % level (3 litre panchagavya 
in 100 litres of water). 

Recommended Dosage 
Spray system: 3% solution was found to be most effective compared to the higher and lower concentrations 
investigated. Three litres of Panchagavya to every 100 litres of water is ideal for all crops. The power 
sprayers of 10 litres capacity may need 300 ml/tank. When sprayed with power sprayer, sediments are to 
be filtered and when sprayed with hand operated sprayers, the nozzle with higher pore size has to be used. 
Flow system: The solution of Panchagavya can be mixed with irrigation water at 50 litres per hectare 
either through drip irrigation or flow irrigation. 

Seed/ Seedling Treatment 
3% solution of Panchagavya can be used to soak the seeds or dip the seedlings before planting. Soaking for 
20 minutes is sufficient. Rhizomes of Turmeric, Ginger and sets of Sugarcane can be soaked for 30 minutes 
before planting. 
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Seed Storage 
3% of Panchagavya solution can be used to dip the seeds before drying and storing them. 

Periodicity 
Pre flowering phase : Once in 15 days, two sprays depending upon duration of crops 
Flowering and pod setting 
stage 

: Once in 10 days, two sprays 

Fruit/Pod maturation 
stage 

: Once during pod maturation 

Reference 
Selvaraj, N., B. Anitha, B. Anusha and M. Guru Saraswathi. 2007. 
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1. Group of highly variable six small–seeded crops.  
2. They are tiny in size, round / oval in shape. 
3. Also known as nutri-cereals. 

 

Benefits 
1. Can grow in adverse condition  
2. Requires very less inputs 
3. Drought tolerant, insect and disease tolerant 
4. High nutritional value 
5. Millets are gluten free and non- allergenic 
6. Millet consumption decreases triglycerides thereby prevent cardiovascular disease. 
7. Acts as detoxifying agent in the body. 
8. Effective in reducing blood pressure 
9. Staple food for millions of poor peoples. 

Benefits of Small Millets in our Diet 
1. Millets don’t contain gluten, hence easy to digest. 
2. Millets reduces risk of Type-II diabetes, as releases lesser quantity of glucose in blood. 
3. Reduces risk of cardiovascular diseases. 
4. Millets do not produce gases in stomach. 
5. They are good sources of dietary fibre. 
6. Controls cholesterol. 
7. Millets are rich in Mg which protect us from Migraine and Heart attacks. 
8. Phosphorus is rich in millets that improves energy. 
9. Protects childhood asthma. 
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10. Detoxify the body and improve immune system. 
11. Improve our Muscle and Nerve health. 

Reference 
Shobana S, Krishnaswamy K, Sudha V, Malleshi N G, Anjana R M, Palaniappan L, Mohan V. 2013. Finger Millet (Ragi, 
Eleusine coracana L.): A Review of Its Nutritional Properties, Processing and Plausible Health Benefits. Advances in Food and 
Nutrition Research, Elsevier Inc., USA, 69: 1-39. http://dx.doi.org/10.1016. 
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The emergence and development of seedling to a stage where the aspect of its essential structures indicates 
whether or not it is able to develop further into a satisfactory plant under favorable conditions in the field 
Name of species, substrate, temperature, first and final counts, chemical recommendation for breaking do
rmancy, and method are the working sample, double test, parallel test, and procedure. The substrate and
 growth media are on top of the paper, between the paper and the Pleated paper, and various media, such
 as sand, organic growing mdium, and soil, are also utilised. The medium's pH should be 67.5, and its ele
ctrical conductivity should be less than 40 mS/m. 
We can use a variety of methods to encourage germination. For the purpose of waking up from a state of 
physiological slumber Pre-chilling: 5 to 10 degrees Celsius for 7 days, KNO3: 0.2 percent GA3 in light 
tropical grass species, Cereals For 7 days, pre-heat rice to 50°C and cereals to 30-35°C. Every seedling must 
be appraised in accordance with the ISTA's general principles. The important structures in the Root, Shoot, 
Coleoptile, and Cotyledons must be properly developed to allow detection of any abnormalities during 
examination. When the samples tested on paper generate seedlings that are difficult to evaluate, a retest 
should be performed in good quality sand or soil at the prescribed temperature and under favourable 
moisture and light circumstances. After germination, there are different classifications of seedlings: normal 
seedlings with intact seedlings, somewhat defected seedlings with secondary infections, and hard seeds. 
Fresh ungerminated seeds imbibed seeds when the germination process is inhibited and dead seed absorb 
water, are typically mushy and discoloured, and show no signs of seedling growth A normal seedling will 
have all of the necessary structures for normal growth; however, some structures may be sluggish to 
develop or even absent, and an expert analyst will know how much of a disadvantage is acceptable before 
the seedling is labelled as abnormal. Seeds that are neither hard nor have germinated at the end of the 
test period, but are firm and appear to be viable. Seeds at the end of the test period are neither hard or nor 
fresh or have produced any part of a seedling. Fresh Ungerminated Seeds, other than hards seeds, which 
remain firm and apparently viable after the appropriate pretreatment för dormancy are classified as fresh 
ungerminated seeds and must be reported separately from the percentage germination. A seedling 
depending on the species being tested, consists of a specific combination of some of the following structures 
which are essential for its further development. 

Reference 
International Rules for Seed Testing, Introduction, i–I-6 (14) https://doi.org/10.15258/istarules.2022.I 
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Abstract 
The Functional genomics method has proven to be a feasible, cost-effective and versatile tool allowing 
precise and efficient editing of plant genomes in recent years, showing great potential in crop improvement. 
Until now, various genome-edited crops with enhanced commercial value have been developed by not only 
global companies but also small laboratories in universities, suggesting low entry barriers with respect to 
man power and capital. In this study, we review the current applications of genome editing technologies to 
improve the nutritional and functional quality and preferred traits of various crops. Combining this rapidly 
advancing genome-editing technology and conventional breeding will greatly extend the potential of 
genome-edited crops and their commercialization the past 10 years, including a summary of functional 
genomics platforms, genes and molecular regulatory networks that regulate important agronomic traits, 
and newly developed tools for gene identification. These achievements made in functional genomics 
research will greatly facilitate the development of green super rice. We also discuss future challenges and 
prospects of rice functional genomics research. 
Keywords: Functional Genomics. 

Introduction 
With the world population expected to reach 9 billion by the middle of the 21st century, one of the biggest 
challenges facing humanity will be the production of sustainable food supplies. To accommodate world food 
demands it is estimated that crop production will need to double without increasing current agricultural 
land use. Seed play an integral role in global food supply and accounts for more than 70 per cent of calories 
that we consume on a daily basis. In recent discussions on food security have turned to enhance crop 
production through seed genomics to meet the demands of raising population, scientist is turning to seed 
genomics research to fine new and innovative ways to increase food production. Classical breeding 
strategies have proven to be effective in producing more robust and productive plan cultivars. They can be 
complimented and greatly improved through the utilization of genomics-based knowledge 

Functional Genomics 
1. Study of function of all the genes 
2. Helps to understand the function of genes and how they determine phenotypes 
3. Use of Biochip to measure the specific expression of thousands of genes simultaneously 
What is Functional Genomics: Functional genomics is a field of molecular biology that attempts to 
describe gene (and protein) functions and interactions. Functional genomics make use of the vast data 
generated by genomic and transcriptomic projects (such as genome sequencing projects and RNA 
sequencing). Functional genomics focuses on the dynamic aspects such as 
gene transcription, translation, regulation of gene expression and protein–protein interactions, as opposed 
to the static aspects of the genomic information such as DNA sequence or structures. 
A key characteristic of functional genomics studies is their genome-wide approach to these questions, 
generally involving high-throughput methods rather than a more traditional “gene-by-gene” approach. It 
is largely experiment based with a focus on gene functions at the whole genome level using high throughput 
approaches. The high throughput analysis of all expressed genes is also termed transcriptome analysis • 
Transcriptome analysis can be conducted by two approaches:  

a. Sequence based approaches. 
b. Microarray based approaches. 

https://en.wikipedia.org/wiki/Molecular_biology
https://en.wikipedia.org/wiki/Gene
https://en.wikipedia.org/wiki/Protein
https://en.wikipedia.org/wiki/Genomics
https://en.wikipedia.org/wiki/Transcriptomics
https://en.wikipedia.org/wiki/Genome_project
https://en.wikipedia.org/wiki/RNA-Seq
https://en.wikipedia.org/wiki/RNA-Seq
https://en.wikipedia.org/wiki/Transcription_(genetics)
https://en.wikipedia.org/wiki/Translation_(biology)
https://en.wikipedia.org/wiki/Regulation_of_gene_expression
https://en.wikipedia.org/wiki/Protein%E2%80%93protein_interaction
https://en.wikipedia.org/wiki/DNA_sequence
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Sequence based approaches: 
a. Expressed sequence tags: ESTs are short sequences of cDNA typically 200-400 nucleotides in 
length.  
b. Obtained from either 5’ end or 3’ end of cDNA inserts of cDNA library. 

Advantages of E. S. T 
1. Provide a rough estimate of genes that are actively expressed in a genome under a particular 
physiological condition. 
2. Help in discovering new genes, due to random sequencing of cDNA clones. EST libraries can be easily 
generated. 

Drawbacks of Using E. S. Ts 
1. Automatically generated without verification thus contain high error rates. 
2. There is often contamination by vector sequence, introns, ribosomal RNA, mitochondrial RNA  
3. Weakly expressed genes are hardly found in EST sequencing survey. ESTs represent only partial 
sequences of genes. 

SAGE (Serial Analysis of Gene Expression) 
1. More quantitative in determining mRNA expression in cell.  
2. Short fragments (taqs) of DNA, excised from cDNA sequences, act as unique markers of gene transcript. 
3. SAGE invented at Johns Hopkins University in USA (Oncology Center) by Dr. Victor in 1995. 

Microarray-Based Approaches 
1. A microarray is a pattern of ssDNA probes which are immobilized on a surface called a chip or a slide.  
2. Microarrays use hybridization to detect a specific DNA or RNA in a sample. 
3. DNA microarray uses a million different probes, fixed on a solid surface.  
4. Microarray technology evolved from Southern blotting. 

Goal of Functional Genomics 
1. To understand the function of genes or proteins, eventually all components of a genome. 
2. To study an organism's genes and proteins, including the "biochemical, cellular, and/or physiological 
properties of each and every gene product. 
3. Include studies of natural genetic variation over time (such as an organism's development) 
or space (such as its body regions), as well as functional disruptions such as mutations. 
4. To generate and synthesize genomic and proteomic knowledge into an understanding of the dynamic 
properties of an organism. 

Techniques of Functional Genomics 
1. At the DNA level: 

Genetic interaction mapping: Systematic pairwise deletion of genes or inhibition of gene 
expression can be used to identify genes with related function, even if they do not interact physically. 
DNA/Protein interactions: Proteins formed by the translation of the mRNA (messenger RNA, a 
coded information from DNA for protein synthesis) play a major role in regulating gene expression. 
To understand how they regulate gene expression it is necessary to identify DNA sequences that 
they interact with. Techniques have been developed to identify sites of DNA-protein interactions. 
These include ChIP-sequencing, CUT&RUN sequencing and Calling Cards. 
DNA accessibility assays: Assays have been developed to identify regions of the genome that are 
accessible. These regions of open chromatin are candidate regulatory regions. These assays 
include ATAC-seq, DNase-Seq and FAIRE-Seq. 

2. At RNA level: 
Microarrays: Microarrays measure the amount of mRNA in a sample that corresponds to a given 
gene or probe DNA sequence. Probe sequences are immobilized on a solid surface and allowed 
to hybridize with fluorescently labeled “target” mRNA. 

https://en.wikipedia.org/wiki/ChIP-sequencing
https://en.wikipedia.org/wiki/ChIP-sequencing
https://en.wikipedia.org/wiki/CUT%26RUN_sequencing
https://en.wikipedia.org/wiki/ATAC-seq
https://en.wikipedia.org/wiki/ATAC-seq
https://en.wikipedia.org/wiki/DNase-Seq
https://en.wikipedia.org/wiki/DNase-Seq
https://en.wikipedia.org/wiki/FAIRE-Seq
https://en.wikipedia.org/wiki/Nucleic_acid_hybridization
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SAGE: Serial analysis of gene expression (SAGE) is an alternate method of analysis based on RNA 
sequencing rather than hybridization. SAGE relies on the sequencing of 10–17 base pair tags which 
are unique to each gene. These tags are produced from poly-A mRNA and ligated end-to-end before 
sequencing.  
RNA sequencing: 

i. RNA sequencing has taken over microarray and SAGE technology in recent years, as noted 
in 2016, and has become the most efficient way to study transcription and gene expression. 
This is typically done by next-generation sequencing. 
ii. A subset of sequenced RNAs are small RNAs, a class of non-coding RNA molecules that 
are key regulators of transcriptional and post-transcriptional gene silencing, or RNA 
silencing. 

3. At the protein level: 
AP/MS: Affinity purification and mass spectrometry (AP/MS) is able to identify proteins that 
interact with one another in complexes. 
Deep mutational scanning: In deep mutational scanning every possible amino acid change in a 
given protein is first synthesized. The activity of each of these protein variants is assayed in parallel 
using barcodes for each variant. By comparing the activity to the wild-type protein, the effect of each 
mutation is identified. 

Reference 
1. Huibin Xu , Yidong Wei et al., (2015) Antisense suppression of LOX3 gene expression in rice endosperm enhances seed 
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Antioxidants are the substances that are present in plants or in seeds at lower concentration compared to 
that of oxidizable substrates, significantly delays or prevent oxidation of substrates. 
Antioxidants are compounds that inhibit oxidation, a chemical reaction that can produce free radicals and 
chain reactions that may damage the cells of organisms. Antioxidant defence is universal and also known 
as Free Radicle Scavanger. The role of antioxidant is a molecule capable of inhibiting the oxidation of other 
molecules oxidation is a chemical reaction that transfers electrons or hydrogen from a substance to an 
oxidizing agent oxidation reaction can produce free radicals. In turn, these radicals can start chain 
reactions an antioxidant defence differ from species to species. The mode of action of antioxidant is 
antioxidants    reaction and resulting radical is less reactive. Secondary or Preventive antioxidants: They 
may act either by, chelators/Deactivate metals, Scavenge singlet oxygen (highly toxic) and Remove ROS. 
There is line of defenses according that only antioxidant works. some of example of First line defence: SOD-
quenching superoxide radical, CAT - catalysing decomposition of hydrogen peroxide to water, GPX- Se 
containing enzyme, catalyse reduction of H2O2, GR- efficient scavenging of peroxides from cytosol and cell 
membrane. Second line defence: Glutathione (GSH) good scavenger of free radicals like O2-, hydroxyl, and 
various lipid hyper peroxides. Vitamin E (α-tocopherol) - interacts directly with free radicals like O2-, 
hydroxyl, scavenge peroxyl radical intermediates in lipid peroxidation, also protects LDL. Carotenoid (β- 
carotene) excellent scavenger of singlet oxygen. Third line defence: Complex group of enzymes repair 
damaged DNA, damaged proteins, oxidized lipids and peroxides and also stop chain propagation of peroxyl 
lipid radical, Enzymes repair the damage to biomolecules and reconstitute the damaged cell membrane, 
DNA repair enzymes, transferase, methionine sulphoxide reductase. Fourth line defense: The action of 
these ‘antioxidants’ basically involves an adaptation mechanism in which they utilize the signals required 
for free radicals’ production and reaction to prevent the formation or reaction of such free radical. The 
classification of antioxidant is Antioxidants are classified into 2 categories. Enzymatic antioxidant - Super 
oxide dismutase SOD, Catalase, Glutathione peroxidase, Glutathion Reductase and Non-enzymatic 
antioxidant are of two types a. Nutritional or Exogenous - beta-tocopherol, alpha-tocopherol, ascorbic acid 
b. Metabolic or Endogenous - Bilirubin, uric acid, ceruloplasmi, ferritin, transferrin, albumin, glutathion. 
Function of antioxidant Enzymatic antioxidants work by breaking down and removing free radicals. Non-
enzymatic antioxidants work by interrupting free radical chain reactions, It fill electron needs of free 
radicals that are ferociously searching for their missing electrons, without becoming free radicals 
themselves. Non-enzymatic antioxidants work by interrupting free radical chain reactions thus protecting 
cells from damage. Antioxidant occur in tissues and cells and can damage DNA, proteins, carbohydrates 
and lipids. The ROS comprises both free radical (O2, superoxide radicals; OH-, hydroxyl radical; HO2-, 
perhydroxy radical and RO-, alkoxy radicals) and non-radical (molecular) forms (H2O2, hydrogen peroxide 
and 1O2, singlet oxygen). These deleterious reactions are controlled in part by antioxidants that eliminate 
ROS and scavenge free radicals. Various abiotic stresses lead to the overproduction of reactive oxygen 
species (ROS) in plants which are highly reactive and toxic and cause damage to proteins, lipids, 
carbohydrates and DNA which ultimately results in oxidative stress. Seed priming methods have been used 
to increase germination characteristics under stress conditions. The beneficial effects of seed priming are 
associated with different physiological and biochemical changes. 
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Manajri Medika 
Grape Variety Manjari Medika variety is evolved after crossing between Pusa Navrang X Flame Seedless. 
The work on this variety was initiated by ICAR-National Research Centre for Grapes during 2007. The 
variety is belonging to teinturier category of grape varieties. The juice content in berries is found between 
68-74% with average recovery of 71%. This variety is found suitable for juice making. TSS content in juice 
is recorded 19 to 22 °Brix with acidity of 0.5-0.6 per cent. Due to its teinturier nature, juice of this variety 
is very dark in colour and contains anthocyanins. One kg grapes contain 4-6 mg anthocyanins which shows 
richness of anthocyanins in berries of Manjari Medika. It requires 130 days from pruning and belongs to 
mid maturity period. Manjari Medika variety is released during 2018 by ICAR-National Research Centre 
for Grapes, Pune (India). 

 

Zero Waste Concept 
The conservation of all resources by means of responsible production, consumption, reuse, and recovery of 
all products, packaging, and materials, without burning them, and without discharges to land, water, or 
air that threaten the environment or human health is known as Zero Waste Concept. This Zero Waste 
concept-based technologies have been developed for juicing, utilization of pomace in making high quality 
bakery products (cookies and breads) and remaining seeds for extraction of high-quality grape seed oil. 

Juice 
A juice recovery of more than 70% is recorded in this variety. TSS content in the juice is achieved more 
than 20 °B easily. The juice is very dark in colour and found with higher anthocyanins and polyphenolic 
content. Due to higher anthocyanins and phenolic content, higher antioxidant activities were recorded in 
the juice of Manjari Medika. Generally, grape juice is white/colourless and skin contains colouring agents 
i.e., anthocyannins. During juicing skin is not damaged so coloured grape varieties give white juice only. 
But in case of Manjari Medika, grape flesh/juice has higher content of anthocyanins and juice is registered 
with dark red colour. Beside the nutritional and functional properties, the juice has higher level of level of 
acceptance based on sensory properties. Dark red colour of juice has quality of attracting consumers with 
good appeal. Tag of higher medicinal values is capable to popularize among health-conscious consumers 
who can pay high price also. 
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For Blending 
The colour of juice attracts consumers and gives more acceptability. As Manjari Medika juice is very rich 
in colour it can use for enriching and giving the colour to juice of other grape varieties also. The blending 
with Manjari Medika will not only give attractiveness to other varietal juices, it will enrich these grape 
juices due to loading of functional properties. 

Uses of Pomace Powder 
Pomace which is left over after juicing Manjari Medika grapes is dried and skin and seeds separated. The 
dried skin is converted into powdery form. The skin is not damaged during juice preparation so whole 
anthocyanins remain with skin only. Pomace powder of Manjari Medika is recorded with higher 
anthocyanins, phenols, tannins, proteins and fibers and technologies have been developed to utilize in 
producing cookies and breads. An oil recovery of 8-10% is noted in seeds of this variety. The technologies 
developed based on Manjari Medika pomace powder and seeds are mentioned here. 

Enriched Cookies 
The Cookies can be enriched by replacement of fine wheat flour by addition of grape pomace powder. Grape 
pomace powder is added to dry ingredients. The addition of grape pomace powder increases antioxidant 
properties comprising ferric reducing antioxidant power, total phenol content, flavonoid and anthocyanin. 
Grape pomace powder imparts brown colour to cookies as compared to control. A total of 15% maida has 
been replaced in these cookies. The cookies are found colorful appearance with higher nutritional, 
functional and sensory properties. 

 

Breads 
A technology on enrichment of breads by adding pomace powder has been developed. Breads prepared after 
replacing maida by pomace powder of Manjari Medika are very attractive in colour. Beside improved colour, 
these breads having higher nutritional and functional properties also. The pomace powder contains fibers 
so beads having fibers also. These beads contain fibers. Prepared breads are well accepted in sensory 
evaluation. Enriched breads are found equally good for toasting and sandwich making. 
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Rich Source of Phenolic Compounds 
Phenolic compounds are group of phytochemicals that play a crucial role in the nutritional and sensory 
properties of grape and wine. Phenolic compounds can be classified into two major groups: non-flavonoid 
viz. hydroxybenzoic acids, hydroxycinnamic acids and stilbenes and flavonoid compound viz. anthocyanins, 
flavan-3-ols and flavonols. The reported literature suggests the involvement of phenolic compounds in 
many positive health benefits such as protective effects against certain diseases like cancer and 
cardiovascular diseases, diabetes mellitus, atherosclerosis and dermal disorders or inflammation etc. The 
Manjari Medika grapes found to be rich in phenolic compounds, especially anthocyanins. ICAR-NRCG 
developed a technology for the extraction, isolation and purification of anthocyanins from Manjari Medika. 
Our in-house study estimation revealed a comparatively higher anthocyanins yield of 5-6 g (dry, purified) 
anthocyanins/Kg of grapes. 

 
These anthocyanins composition was characterized by High Resolution–LC/MS. Further, extracted 
anthocyanins was formulated to microencapsulated capsules (20%) through spray drying technology. Our 
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collaborative study with CSIR-Indian Institute of Chemical Biology, Kolkata established the invitro and 
in-vivo anticancer activities of these anthocyanins against colon cancer. Combination of IC30 dosage of IR 
radiation and anthocyanin treatment resulted more than 50% cell death in human colorectal carcinoma 
cell suggesting radio sensitizing effect of anthocyanin indicating relevant for the treatment of cancer radio 
therapy. 

High Value Grape Seed Oil (GSO) from Manjari Medika 
Manjari Medika is being developed as a juice variety. Juice industry produces huge quantity of pomace 
having considerable number of grape seeds. ICAR-NRCG optimized a technology for extraction of phenolic 
compound and Vitamin-E enriched grape seed oil from Manjari Medika seeds through super critical fluid 
extraction. Based on our initial investigation of the phytochemical profile of Manjari Medika grape seeds 
by GC-MS and LC-MS, we shortlisted the bioactive compounds with high antioxidant and health-benefit 
potential. The conditions are further optimised for extraction of oil from seeds by supercritical fluid 
extraction (SFE) so as to maximise the extraction of such beneficial bioactive compounds in oil. Significantly 
higher levels of total vitamin E, gamma tocotrienol and phenolic compounds especially resveratrol were 
found in SFE extracted GSO as compared to cold-pressed oil. The anticipated bioactive potential was 
estimated through in-vivo animal studies to evaluate the radioprotective effect of GSO on the modulation 
of IR-induced intestinal injury. 
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Introduction 
The modern farming revolution across the globe ignited through the introduction of latest tools and 
strategies that uses cutting-edge technology to optimize production and enhance productivity. Since ancient 
ages, India has been largely an agrarian nation where more than 52% of the populations are still actively 
involved in agricultural and allied activities. 
Traditional farming practices are generally based on trial-and-error methods and on past experiences 
which are passed down from generations to generations. They are mostly area-centric in nature which 
manages entire fields on the basis of Conventional manual practices in different ecological regions for a 
longer period of time. 
Since farmer’s lacks in knowledge, awareness and information of their farm lands it results in decrease in 
production, inefficient resource utilization, improper waste management and significant crop loss which 
there by disrupting the natural ecological balance of the cultivation environment making farmers more 
venerable towards losses and debt. Agricultural sector during recent era has shown tremendous growth 
with the introduction of increasingly advanced and scientific technologies through precision farming. 
Precision farming is a farm management system which helps in identification, analyses and managing 
variability in crop production practices by using advanced tools such as agri-smart sensors, high-precision 
GPS systems along with wide range of IT applications combined with advanced techniques which is based 
on Information and Communication Technologies (ICTs). 
Precision farming is modern generation of farming where inputs are utilized in precise amounts in a right 
way at the right time and at required place to enhance optimum crop production and productivity as 
compared to traditional cultivation techniques. It is more about managing various aspects of the 
environment precisely which determines the crop growth and development along with successful farming 
techniques which   improves food production by reducing production costs through optimum resource 
utilization. 
Precision farming is the most recent innovation technology which is based on the approach of quality food 
production and agriculture sustainability along with high profitability, increasing production, economic 
efficiency and minimal side effects on the surrounding environment. Recently farming is becoming more 
scientific and technology driven where thousands of farmers around the world are adopting the new 
technical intervention to make their farming more precise and efficient. Thus, precision farming can help 
farmers in achieving a significant difference to food production which could challenge the concern of hunger 
and poverty due to the rising population of the world. 

Components of Precision Farming 
Precision farming is the most valuable innovation in technical farm management which uses latest 
technical knowhow to revolutionize the large and complex Agriculture sector. Modern technical equipments 
are utilized to collect data and information on real time line which is analyzed efficiently to make 
decisions and adopt corrective actions to optimize production and productivity. The various components 
that are used includes: 
Sensing technologies: Precision farming utilizes Information and Communication Technologies (ICTs) 
which helps farmers to create awareness about the health status of their farms. Various advanced smart 
sensors and cameras equipped with drones are used to get real-time data of the crops.  
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Software applications: Precision farming utilizes analytical software tools which are used in agriculture 
technology for providing modern farming solutions to the farmers for making smart decisions based on the 
data analysis using software as a service (SaaS). 
Communication systems: Precision farming create linkages among the various tools like sensors, drones 
and robots to record data through digital communication technology which is necessary to bridge the 
technology gap for efficient communication. 
Positioning technologies: Precision farming includes remote sensing with data collection on many 
variables like soil nutrient status, soil moisture content etc. It uses various remote sensing technologies 
such as GPS, GPRS making farming smarter with the use of satellite imagery, weather analysis, AI and 
Machine Learning. The remote sensing technologies are used for detection, analysis, prediction and 
monitoring of farmers field in order to measure, map and manage these variations precisely.   
Hardware and software systems: Precision farming uses various hardware tools, technical equipments 
and software packages in an interlinked network for promoting seamless functioning and data 
transparency.   
Data analytics solutions: Advancements in data analytics solutions, internet of things (IoTs) and 
satellite imagery created a wide scope for the development of agricultural sector. The data gathered on 
different parameters such as soil moisture levels, temperature fluctuations, soil nutrient status etc can be 
analyzed by using big data analytics and machine learning algorithms. The collected data is calibrated to 
derive conclusions for actionable insights based on the accuracy to make smart decisions and providing 
agri-smart solutions. 

Advantages of Precision Farming 
1. Cost efficiency: Precision farming decreases dependency on higher inputs of fertilizers, pesticides and 
herbicides through precise application in the farmer’s field.   
2. Quality Production: Precision farming helps in efficient management of farmer’s field improving 
quality of produce. 
3. Proper waste management: Precision farming uses streamlined crop production processes using 
advanced technical interventions in order to reduce crop loss and spoilage.  
4. Optimum resource management: Precision farming helps in efficient and optimum use of available 
resources to increase production and productivity of the farmer’s field.  
5. Higher yield and profitability: Precision farming helps in attaining higher growth potential through 
improved growing practices by filling the gap of technological knowhow thereby increasing profitability. 
6. Informed decisions: Precision farming helps farmers to gather knowledge and information of their 
fields based on which now they can make more smart decisions. 
7. Enhanced crop management: Precision farming helps in improved crop management of the farmer’s 
field by utilizing advanced technical interventions and accurate data analysis. 
8. Real-time data analysis: Precision farming provides real time data of the farmer’s field and also 
analyses it with higher accuracy to get valuable insights. 
9. Enhanced Sustainability and eco-friendly: Precision farming prevents excessive use of 
agrochemicals which affects our environment significantly. 
10. Improved socio-economic livelihood: Precision farming provides efficient farm management 
strategies, improving production and productivity and optimum resource use within available resources 
thereby improving socio-economic conditions of the farmers enhancing their living standards. 

Disadvantages of Precision Farming 
1. Precision farming requires high Initial capital cost for investment 
2. Precision farming cannot be used efficiently for small land holdings 
3. Heterogeneity of cropping systems prevents the use of Precision farming 
4. Precision farming requires historical data of farmers field for its implementation 
5. Precision farming lacks in various technical expertise and knowledge for its application 
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Conclusion 
In recent years there is increasing concern about Agriculture 4.0 which is the evolution of the concept of 
precision farming. It refers to the use of Information and Communication Technologies (ICTs) to obtain 
accurate data and their analysis which makes it possible to produce more with scare resources along with 
higher profitability, quality, sustainability and environmental protection. It is important to remember that 
precision farming is an efficient farming practice which can satisfy the increased food demands worldwide. 
Thus, precision farming is proving to be one of the best farm management tools to be used in the production 
system for achieving multiple economic, environmental and social benefits. 
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Loganberries are usually planted about 3.75 m apart and are cut back as for raspberries.  The main training 
systems are the open fan, the ‘modified open fan’ and the ‘rope’ or ‘arch’ method.  The two latter systems 
make use of practically all cane growth whereas half of this may have to be sacrificed with the open fan 
resulting in much crop loss. But the open fan method is more convenient where space is limited, as the 
plants can be put in much nearer together only 2.5- 3 cm apart. 

 

Open Fan 
Fix wires at about 60cm, 1m, 1.5 m and 2m from ground level to stout end and middle post 2.5 m long, 
which have been sunk 60 cm into the ground.  Arrange the fruiting canes fan- wise on the first wires, with 
a gap in the centre, lead the new   canes up through this gap and tie temporarily to the top wire. After 
harvesting cut the fruited canes right out at the base and tie the new one’s n to replace them. 

Modified Open Pan 
Fix wires at 60 cm, 90cm, 1.25m, 1.5 m and 2m from ground level. Train the fruiting canes to more or less 
their full length, left and right of centre along the first four wires while the top wire again takes the new 
ones. 

 

Rope or Arch 
Train all fruiting canes in one direction, and all new ones in the opposite direction. When more than one 
stool is planted, arrange the training so that the fruiting canes of one stool always meet the fruiting canes 
of its neighbors. 
Separation of fruiting from non-fruiting wood makes picking and pruning much easier and reduces the risk 
of cane spot fungus, the spores of which are washed from old to new canes. (All methods of training provide 
for this separation). Other pests and virus diseases are covered opposite. 
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Modern loganberry plants can produce a dozen or more canes each season, all of which you can tie in 
practically full length with the rope and modified open fan systems, thereby ensuring the maximum crop- 
which may be 4.5- 5 kg per plant when the plants are fully established. In all cases you need to sink stout 
posts 2.5 m long, to a depth of 60cm.  
The best loganberry is the thornless; it arose as a mutant or bud ‘sport’ of the thorned type which means it 
is identical to the original loganberry in all respects except for having no thorns. Any natural plant 
variation is called a ‘sport’. 
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Introduction 
Mango (Mangifera indica L.), known as ‘National fruit of India’, belongs to the family Anacardiaceae, is 
one of the most important fruits in the world. It is also referred to as the 'King of Fruits’ for its delicious 
flavour, luscious aroma, attractive colour and nutritional property (Lai et al., 2019). Fruit pulp is rich source 
of vitamin A (0.135–1.872 mg/100g), vitamin C (7.8–172.0 mg/100g), carbohydrates (16.20–17.18 g/100g), 
Protein (0.36–0.40 g/100g), fiber (0.85–1.06 g/100g) and minerals (Kole, 2020). The antimicrobial properties 
of mango latex are very important in the mango industry. Latex is a milky fluid in which tiny droplets of 
organic matter are dispersed in an aqueous medium. It has been found to contain a broad range of 
specialized metabolites such as terpenoids, cardenolides, alkaloids, and phenolics, which show 
antibacterial, antifungal, anthelmintic, cytotoxic, and insect-repellent activities. Moreover, latexes contain 
unique plant-specific compounds (Abarca et al., 2019). 

Figure 1. Mango fruit 
Biologically active chemicals can be found in latex from a variety of plants. Plants belong to Asclepiadaceae, 
Sapotaceae, Anacardiaceae, Apocynaceae, and Euphorbiaceae families are mostly studied for latex. The 
latex of the papaya (Carica papaya) contains papain, multiple forms of chymopapain A, peroxidase (POD) 
and peptidase A. The rubber tree (Hevea brasiliensis) latex contains proteins, resins, sugars, glucosides, 
tannins, alkaloids and mineral salts. In the mature mango, the sap maybe under considerable pressure 
and sap spurts out during harvest and it is frequently deposited on the surface of the same or other fruits, 
causes serious skin damages symptomizing as brownish-black streaks or blotches over the skin (Loveys et 
al., 1992). Mango de-sapping is one of the techniques used to prevent sap-injury, although the sap collected 
is currently wasted out. The sap of mango is collected by keeping the fruit in inverted position using special 
desapping trays. 

Localisation 
Latex canals can be found in the exocarp and the outer part of the mesocarp of mature mango fruits. These 
canals make a network throughout the fruit, including its base. The transition zone, which is located at the 
top of the stalk, as well as the abscission zone, contains the fruit ducts and stalk ducts. When mango latex 
is drained and allowed to sit, it separates into two phases: an upper non-aqueous (oily) phase and a lower 
aqueous phase. 
Loveys et al. (1992) investigated the components of mango sap in the Kensington Pride and Irwin mango 
varieties. They found that mango sap could be separated into two phases by centrifugation: an upper oily 
phase that was yellow-brown in colour and accounted for 10% of the total sap volume; and a lower milky 
and viscous phase. The majority of the peaks in the underivatized samples in both cultivars were terpene-
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like compounds, as per their analyses of the upper phase of mango sap. Terpinolene was identified as the 
major component in the Kensington variety, while car-3-ene was identified in the Irwin variety. 

The Aqueous Phase of Mango Sap 
John et al. (2003) reported that aqueous phase of sap (latex) contained small amount of protein (2.0–3.5 
mg/ml) but showed high polyphenol oxidase (147–214 U/mg protein) and peroxidase (401–561 U/mg 
protein) activities. It has little amounts of polyphenols, protease, lipoxygenase, amylase and 
polygalacturonase activities while, catalase and pectin methyl esterase activities were absent. The pH of 
the aqueous phase is around 4.0 in all varieties and it contained a large proportion of non-dialyzable and 
non-starchy carbohydrate (260–343 mg/ml sap), which may be responsible for maintaining a considerable 
pressure of fluid in the ducts.  The aqueous phase of mango latex contains chitinase enzyme which play a 
defensive role against postharvest pathogens (Karunanayake et al., 2015). 

The Non-Aqueous Phase of Mango Sap 
John et al. (1999) found that 100 kg of mango fruit yield 100–250 ml of sap (latex) depending on the variety 
and they also reported that non-aqueous phase of saps from Indian mango varieties contain mainly 
terpenoids like ocimene, or b-myrcene or limonene. The non-aqueous phase of mango latex contains 
antifungal resorcinols and antimicrobial substance (Negi et al., 2002; Hassan et al., 2007). The 
concentration of resorcinols in mango latex and the (w/w) percentage of the non-aqueous phase of mango 
latex have a high correlation (Hassan et al., 2007). The retention of latex in fruits has been found to reduce 
the development of postharvest disease (Karunanayake et al., 2015) 

 
Figure 2. Biochemical composition of Aqueous and Non-aqueous phase of Mango Latex 

Factor Affecting Latex Production 
The amount of latex production decreases as the fruit mature. Protein and carbohydrate concentration of 
mango latex also decreases with the fruit maturity (Saby et al., 2003). Rains or intensive irrigation 
dramatically increased latex quantities (Holmes et al., 1999). 

Antimicrobial Activity of Mango Sap 
Saby (2001) experiment on the minimum inhibitory concentration (MIC) values of nonaqueous phase of 
saps of four mango varieties, viz., Seedling, Raspuri, Totapuri and Mallika against different bacteria. He 
found that the non-aqueous phases of sap from all 4 varieties of saps inhibited the growth of different 
bacteria, however, the MIC for different bacteria varied. Bacillus cereus and Pseudomonas aenlginosa were 
inhibited between 0.10 to 0.15% level whereas Staphylococcus aureus required a higher concentration of 
non-aqueous phase to inhibit its growth (0.175- 0.250%). The most resistant strain was E. coli, which 
required a higher concentration of non-aqueous phase to completely inhibit its growth (0.25 to 0.325 
percent). The antibacterial activities of the sap's aqueous phase revealed that even at high concentrations 
(>7.5%), the saps were unable to inhibit the growth of any bacteria. As a result, no further antimicrobial 
studies with the aqueous phase were conducted. 
In general, non-aqueous phases derived from the saps of various mango varieties inhibit the growth of 
various fungi to different levels. This variation may be due to the variation in terpenoid composition of 
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saps. The non-aqueous phase of Mallika sap was found to be the most effective for spore germination 
regulation. Mallika sap has a unique terpenoid composition, with limonene as the most prominent 
terpenoid (61 percent). It is concluded that the non-aqueous phase of mango sap has potent antifungal and 
significant antibacterial properties, substantiating the concept that mango sap plays a protective 
physiological role (Saby, 2001). 
The concentration of resorcinols (in the oil phase of latex) latex is highly correlated with resistance to 
anthracnose disease (Karunanayake, 2019). In addition to antimicrobial properties, mango latex has been 
reported to have insecticidal properties (Joel, 1980). 

Conclusion 
Biochemical composition of mango latex clearly explains the functional significance of it. It plays role in 
the aroma of mango. Mango latex when collected from fruit and allowed to stand, separates to an upper 
oily (non-aqueous) layer, which has less volume and a lower aqueous layer which makes up the greater 
volume of latex. The aqueous phase of mango latex contributes towards fruit resistance, by having 
Chitinase enzyme (Karunanayake, 2019).  
The non-aqueous phase of sap has raw mango aroma. It also has good antimicrobial activity. As a result, 
the non-aqueous phase of sap, a by-product from mango, can be used as a preservative and flavouring 
agent. There are several scopes of research in some unexplored area which could bring some new insights. 
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Introduction 
During courtship, humans, birds, snails, squid, crickets, ladybird beetles, bedbugs, butterflies, and fireflies 
are known to exchange gifts. These nuptial gifts include food, body parts, salivary gland secretions, love 
darts and spermatophores (Boggs and Hardie, 1995). 
They relate sexual selection to nutritional ecology, and gift economics has long been known to affect 
courtship roles, mating rates, and sexual size dimorphism (Leimar et al., 1994). Nuptial gifts are materials 
(apart from the obligatory gametes) offered by a donor to a receiver during copulation in order to improve 
donor fitness. 
Gift donors are usually males and receivers are females in organisms with separate sexes, while in some 
instances it is reversed (Arnqvist et al., 2003), in many simultaneous hermaphrodites copulating pairs 
engage in bidirectional gift transfer (Koene and Schulenburg, 2005). Although the nuptial gifts are mostly 
nutritive gifts, some of them may not be of this function such as sequestered defensive alkaloids offered by 
males that reduce predation on females, eggs and larvae (Eisner and Meinwald, 1995). 

Classification of Nuptial Gifts 
Nuptial gifts are highly diverse and are classified in two dimensions (Lewis and South, 2012). 
1. Based on source:  

a. Endogenous gifts: Donor’s manufacture or sequester these gifts, which may incur significant 
manufacturing costs, the affordability of which is determined by the donor's physiological condition. 
Usually released by donor glands (salivary, reproductive, or other) and may deliver macro- and 
micronutrients, as well as water and defence chemicals, that are otherwise lacking in recipient diets. 
b. Exogenous gifts: These are food items that donors capture or collect comprising of seeds or prey 
that are considered to be nutritious and deliver net fitness benefits to recipients. As recipients 
assess gifts before to mating and feed on them during copulation, these can improve the donor's 
mating success, copulation duration, and sperm transfer. 

2. Based on method of intake:  
a. Oral gifts: these gifts include the exogenous seeds or prey and the endogenous glandular 
secretions of the donor which are absorbed through the digestive system of the recipient. 
b. Genital gifts: this includes non-sperm ejaculate components that are transferred within seminal 
fluid that are absorbed through the reproductive tract of the recipient. 
c. Transdermal gifts: includes ejaculate and accessory gland products consisting of 
micronutrients, antibacterial compounds and numerous accessory gland products that are 
hypodermically injected into the recipient's body. This results in alteration in the recipient’s 
physiology (Reinhardt et al., 2009). 

Some Remarkable Examples of Nuptial Gifts 
1. Food captured or collected by the male: 

a. Nuptial prey: Nuptial feeding ensures ejaculate transfer in the hangingflies Hylobittacus 
apicalis and Harpobittacus similis (Bittacidae), where the duration of copulation is positively 
correlated with the size of the nuptial prey. Female hangingflies appear to be less prone than males 
to fall prey to spiders because males provide nuptial gifts (Thornhill, 1980a).  
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b. Nuptial food other than prey: Males of the lygaeid bug Stilbocoris natalensis (Heteroptera) 
offer their mates with a predigested fig seed, which they consume throughout the 3–4 h copulation 
period (Carayon, 1964).  

2. The male’s body: sexual cannibalism: 
a. Parts of the male’s body: Females of Orthopterans such as Hapithus agitator consume the 
male's tegmina during mating, which helps the female maintain proper orientation during 
insemination and prevents the female from swallowing the spermatophore before it is emptied of 
sperm (Alexander and Otte, 1967a). 
b. The whole of the male’s body: Sexual cannibalism is present in a variety of arthropods, 
including spiders and scorpions (Johns & Maxwell, 1997). Praying mantids (Prete & Wolfe, 1992), 
predaceous ceratopogonid midges (Downes, 1978), and other insects have been observed 
with cannibalism of the whole male by the female during or immediately after copulation. 

3. Waste products of the male: Uric acid feeding in cockroaches: Female cockroaches have been 
observed feeding on uric acid released by male cockroaches during mating. This waste product is stored in 
the accessory glands of males and is either secreted into the male's genital chamber and directly consumed 
by the female after copulation, or it is released onto spermatophores, which are then eaten by the female. 
In Blattella germanica, the urates ingested by females are passed to the next ootheca, showing a paternal 
investment of a nitrogen resource (Mullins and Keil, 1980). 
4. Glandular products of the male:  

a. External glandular secretions: During pre-copulatory courting in some Malachiidae, 
Pyrochroidae, and Anthicidae beetles, the female nibbles at glands located on the male's frons (in 
pyrochroids and certain malachiids) or elytral tips (in certain malachiids and anthicids).  
b. Salivary secretions: Dipterans produce saliva secretions that the female feeds on during 
copulation. Drosophila subobscura males regurgitate a drop of food that the female feeds on prior to 
copulation in order to keep the female in position while the male initiates copulation (Steele, 1986a, 
b).  
c. Spermatophores and substances in the ejaculate: When two males’ mate with the same 
female in Orthopterans like Gryllus bimaculatus, the fertilisation success of one male rises in 
proportion to the number of times he mates with the female relative to the rival male (Simmons, 
1987). 

Conclusion 
Although studies have been concentrated to understand the nuptial gifts, there is still a long way to assess 
the diversity and its correlation to the evolutionary aspects in insects. 
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Introduction 
Integrated pest management (IPM) is the use and determination of pest control actions that will make sure 
favourable ecological condition, economic and social consequences and is relevant to most agricultural, and 
pest management situations. The IPM system starts with monitoring, which consists of inspection and 
identification, followed by the establishment of economic injury levels. The EILs (Economic Injury Level) 
set the ETL (Economic Threshold Level). That is the point when pest damage (and the benefits of treating 
the pest) exceed the cost of treatment. 
If you rely solely on pesticides, pests may become resistant to pesticides, leading to other pest outbreaks, 
and can damage surfaces or non-target organisms. A pesticide alone won't be sufficient in controlling some 
pests. To solve the pest problems, we must: Identify the pest or pests and determine whether control is 
warranted for each, determine pest control goals, you should know what options you have to control tactis, 
make sure you choose an effective strategy, follow the strategy correctly with each tactic, observe nearby, 
state, and federal policies that observe to the situation. The approach selected will depend on the pest 
which you have identified and the type and amount of control is required.  
Okra (Abelmoschus esculentus), is an important vegetable crop in India. Throughout India, one of the 
predominant vegetables cultivated is the Okra commonly referred to as Lady's finger. There are many 
nutrients found in okra, including vitamins A, B, and C, and it also contains proteins, fats, carbohydrates, 
iron, and iodine, which are important nutrients for human diet. Linoleic acid, an essential polyunsaturated 
fatty acid for humans, is also present in okra seed oil. With its nutritional value, okra is a great vegetable 
to double the farmer’s income and combat malnutrition. Like other crops, Okra is also attacked by a number 
of biotic and abiotic factors, including insect pests and diseases. However, insect pests and diseases are 
major constraints to the reduction of fruit yield of okra. It is ravaged by numerous insect pests.  
The crop is attacked by more than 72 insect pests which infest the crop from seedling to harvest. Amongst 
them, Melon Thrips (Thrips palmi), Leafhopper (Amrasca biguttula), Aphids (Aphis gossypii), Whitefly 
(Bemisia tabaci), Shoot and fruit borer (Earias vittela & Earias insulana), Okra fruit borer (Helicoverpa 
armigera) and Aphids (Aphis gossypii) are most serious pests from quarantine point of view as these pests 
may find a place in the pathway of okra fruits export to other countries. Pest Surveillance include weekly 
monitoring through pest scouting and with the help of monitoring device like pheromone traps, colored 
sticky traps should be practiced from germination to harvesting stage. 

Management Practices 
The following agricultural Practices you can adopt in your field for the control of various okra pests:  
1. Destruction of debris, crop residues, weeds & other alternate hosts to suppress the pests. 
2. Deep ploughing during summer, also called summer ploughing. Such off seasonal ploughing would 
expose the various stages of soil inhabiting pest that live in top 20cm of soil. 
3. Avoid growing of malvaceae crops in sequence and adopt for proper crop rotation. 
4. Use tolerant and resistant varieties which are recommended by the State Agricultural Universities of 
your region. 
5. For the seed / nursery treatment and soil application, Use well decomposed FYM @ 8-10 tones/acre or 
vermin-compost @ 5 tons/acre treated with Trichoderma sp. and Pseudomonas sp. @ 2 kg/acre. 
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6. For reducing nematode population and borer damage, apply neem cake @ 100 kg/acre. 
7. Keep your field free from weeds. After 20-25days of sowing, go for first weeding and after 40-45days of 
sowing, go for second weeding.  
8. Plant tall crops like maize, sorghum and pearl millet on border of the field to reduce white fly population. 
9. Biofertilizers: Seed treatment with Azotobacter and phosphorous solubilizing bacteria (PSB) cultures @ 
10 g/kg seed each. 
10. Pheromone traps for two insects’ viz. Helicoverpa armigera and Earias sp. should be installed @ 4-5 
traps per acre.  
11. Set up yellow/blue traps/ sticky traps 15 cm. for monitoring and mass trapping of thrips, white fly, 
aphids, Jassids @ 10-20 traps/ acre. 
12. Set up light traps @ one trap/ha.15 cm. for monitoring and mass trapping of insects between 6 pm to 11 
pm. 
13. Collect and destroy the infested fruits with Fruit and shoot borer infestation and larvae of Heliothis, 
Spodoptera and adults of blister beetle. 
14. Conserve the existing bio-control agents like Spiders, Coccinellids, Syrphid flies etc. in the field by 
avoiding, delaying and reducing the use of chemical pesticides and promoting the use of bio-pesticides 
including botanicals and microbial. 
15. Augment the bio-control agents like egg parasitoids, Trichogramma chilonis, Trichogramma achaea, 
Trichogrammatoidea sp., Telenomus sp., Encarsia spp.; larval parasitoid Bracon sp., Campoletis chlorideae, 
Chelonus blackburni; predators like Chrysopa sp., Coccinella sp. 
16. Install bird perches @ 40/acre for encouraging predatory birds such as king crow, mynah, drongo etc. 

Chemical Control 
For aphids and leafhoppers: Seed treatment with imidacloprid 48% FS @ 500-900 ml/100 kg seed or 
imidacloprid 70% WS @ 500-1000 ml/100 kg seed. Spray imidacloprid 17.8% SL @ 40 ml in 200 lit. of 
water/acre or imidacloprid 70% WG @ 12-14 g in 150-200 lit. of water/acre or thiamethoxam 25% WG @ 40 
g in 200-400 lit. of water/acre or permethrin 25% EC @ 160-200 ml in 300-400 lit. of water/acre or 
Dimethoate 30% EC @ 0.8 lit. in 200-400 lit. of water/acre  
For whitefly: Spray oxydemeton-methyl 25% EC @ 400 ml in 200-400 lit. of water/acre or fenpropathrin 
30% EC @ 100-136 ml in 300-400 lit. of warer/acre or thiamethoxam 25% WG @ 40 g in 200-400 lit. of 
water/acre.  
For mites: Spray dicofol 18.5% EC @ 540-1080 ml in 200-400 lit. of water/acre or fenazaquin 10% EC @ 
500 ml in 200 lit. of water/acre or fenpropathrin 30% EC @ 100-136 ml in 300-400 lit. of water/acre or 
spiromesifen 22.9% SC @ 160-200 ml in 200 lit. of water/acre  
For shoot & fruit borer and Gram Pod borer: Foliar spray with chloranthraniliprole 18.5% SC @ 50 
ml in 200 lit. of water/acre or fenpropathrin 30% EC @ 100-136 ml in 300-400 lit. of water/acre or 
deltamethrin 2.8% EC @ 160-240 ml in 160-240 lit. of water/acre or emamectin benzoate 5% SG @ 54-68 g 
in 200 lit. of water/acre or fenvalerate 20% EC @ 120-150 ml in 240-300 lit. of water/acre or permethrin 
25% EC @ 160-200 ml in 300-400 lit. of water/acre or pyridalyl 10% EC @ 200-300 ml in 200-300 lit. of 
water/acre or lambda-cyhalothrin 5% EC @ 120 ml in 120-160 lit. of water/acre or phosalone 35% EC @ 500 
ml in 200-400 lit. of water/acre. 
Spray NPV @ 250LE per hectare to control Helicoverpa armigera and Spodoptera litura. Spray Beauveria 
bassiana 1% WP @1500-2000 g in 160-200lit of water/acre. 
Spray Azadirachtin 0.03% (300ppm) neem oil based WSP @1000-2000ml in 200-400 lit. of water/ acre or 
Azadirachtin 5% W/W neem extract concentrate @80 ml in 160 lit of water/acre. 

Conclusion 
Now-a-days, Farmers are becoming experts in crop management. Decisions about crop management must 
be made by farmers in a timely manner. Using observations and analysis, viz. abiotic and biotic factors of 
the crop ecosystem, farmers can make better decisions. Making decisions should also take into account the 
past experience of farmers. In addition, new technologies are becoming available as field conditions change, 
the skills and knowledge of farmers should continue to be improved. 
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Introduction 

Climate change has been considered the most significant environmental threat confronting humanity in 

recent times, according to global shared concerns. Following the Kyoto Protocol, the project Reducing 

Emissions from Deforestation and Degradation (REDD) aimed to reduce greenhouse gas emissions in poor 

nations through improving forest management. The Intergovernmental Panel on Climate Change (IPCC, 

1996) recommended increasing the size of the carbon pool by large afforestation and reforestation, as well 

as maintaining the existing C pools in the terrestrial ecosystem to offset the effects of climate change. 

Forests are essential in reducing the consequences of environmental degradation and functioning as a 

carbon sink in the terrestrial ecosystem. Trees are the primary structural feature in natural and artificial 

forests such as plantations, agroforests, woods, and botanical gardens, absorbing much of the radiant 

sunlight, dominating photosynthetic activities and carbon flows and accounting for a considerable amount 

of the biomass (Kasischke, 2000; Liu et. al., 2012). Trees and forests play a critical role in limiting 

atmospheric carbon increases and slowing climate change by sequestering and storing carbon in the 

atmosphere. Carbon may be sequestered in large proportions by mature, young, and planted trees. Fast-

growing planted forests also sequester a significant quantity of carbon. As a result, the forest carbon sink 

is seen as a viable tool for addressing climate change (Eggleston et. al., 2006). 

In 2013, the United Nations Framework Convention on Climate Change (UNFCCC) adopted seven 

decisions on forests, reaffirming the importance of forests in reducing greenhouse gas emissions from 

industry. Carbon sequestration in terrestrial ecosystems can slow the buildup of greenhouse gases in the 

atmosphere, allowing humans to better adapt to current and future environmental changes. Throughout 

their lives, trees store carbon and release it through decomposition. Forest carbon budgets have garnered 

a lot of attention in recent years because forests are key carbon sinks and sources (IPCC, 2001, 2007). The 

potential function of planted forests as a vehicle for carbon sequestration has taken on new relevance with 

the advent of the Kyoto Protocol, which recognizes the use of forestry activities and carbon sinks as 

legitimate strategies for tackling the issue of atmospheric carbon buildup. Furthermore, the introduction 

of tradable emission permits and, more recently, tradable carbon offsets has provided a mechanism for 

reaping the financial advantages of carbon emission reductions and carbon offsetting operations. 

Investments in planted forests can be done with an eye to revenue from joint outputs such as timber and 

carbon sequestration services in a world where carbon sequestration has monetary value (Sedjo et. al., 

1995; Stavins, 1999). 

Global and India Planted Forest Scenario 

Global planted forest area increased from 1990 to 2015 from 167.5 million ha to 277.9 million ha with the 

increase varying by region and climate domain (Payn et. al., 2015). Of the 277.9 million ha of planted forests 

in 2015, 56% are in the temperate zone, 15% boreal, 20% tropical, and 9% subtropical. The reduction in 

natural forest area is compensated to an increasing degree by the increase in planted forest area, according 

to an analysis of total global area and the link between natural and planted forest area. When looking at 

the distribution regionally, South America, Oceania, and East and Southern Africa are the locations where 

introduced species are most common, accounting for 88 percent, 75 percent, and 65 percent of all plantings, 

respectively. North America, West and Central Asia, and Europe are on the opposite end of the spectrum, 

with 1%, 3%, and 8% of their land planted in introduced plants, respectively. Since the 1970s India has 

undertaken a massive plantation programme. Among states of India the highest plantation/TOF (Tree 

Outside Forest) has been recorded in Kerala while Lakshadweep recorded highest plantation/TOF among 

the union territories which is given by FSI, 2015. Plantation forests in India have, generally, had a 
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markedly different focus with more than two-thirds of plantations designated "non-industrial", although 

many have actually been harvested as sources of construction timber. 

Carbon Sequestration Potential of Planted Forests 

Diverse species have different carbon sequestration potentials, notably in terms of growth and biomass. 

However, silvicultural methods, species-site selection, tree modification, and biotechnology approaches can 

all help to improve tree species' growth, biomass, and carbon sequestration potential. According to the 

review, there are several studies on tree species in planted forests that are aimed at calculating carbon 

fixation under various situations and understanding the role of trees in climate change mitigation. The 

estimated rate of C flux in selected Indian planted forests reveals that short rotation tree species with 

regular leaf shedding patterns have more capacity for C sequestration in litter that decomposes more 

quickly than those with annual or bimodal leaf shedding patterns, and that mixed planted forests of exotic 

and native species may be more efficient in sequestering C than monocultures. Many researchers looked 

into the carbon sequestration potential of trees in a variety of land use systems, including mixed 

plantations, block plantations, clonal plantations, horticultural plantation and spice trees, orchards, 

agroforests, and a biofuel park of Tree Borne Oilseeds (TBOs), among others. 

Conclusion 

Terrestrial ecosystems, which consist of vegetation and soils with microbial and invertebrate populations, 

sequester CO2 from the atmosphere directly. The terrestrial ecosystem functions as a massive natural 

biological scrubber for CO2 emissions from all fossil fuel sources, including automobiles, power stations, 

and industrial sites. Plantation forests, have a tremendous capacity to store carbon in their biomass, and 

it may be argued that increasing their number and maintaining them for a long time will reduce 

atmospheric CO2 concentrations, apart from conservation. Thus, when new plantations are planted and 

harvested on degraded lands on a regular basis and used as a long-term source of timber, they are a better 

alternative for carbon storage. Plantation forests, on the other hand, are said to have a higher carbon stock 

and sequestration potential than natural forests due to scientific management practices, uniform age, and 

stand structure. According to the scientific findings, fast-growing species store more carbon in a shorter 

period of time; also, the rate of carbon sequestration increases as the age of the plantation increases. 
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Steps of Hybrid Seed Production in Cucurbitaceous Vegetables 

1. Production of inbred lines by inbreeding for 3 to 5 generations. 

2. Selection of inbred parents through combining ability tests and potential hybrid production ability. 

3. Production of hybrid seeds (preferably single cross hybrids and pistilate parent preparation is relatively 

easy, and single fruit produces quite a large number of seeds). 

4. Maintenance of inbred parents. 

Techniques of Hybrid Seed Production - Watermelon 

Hybrid seeds of watermelon can be produced by two ways: 

1. Through artificial pollination. 

2. Removal of male flower and use of insect pollination. 

Artificial Pollination 

1. Field lay-out 

2. Selection of female flowers 

3. Bagging of female & male flowers 

4. Collection of male flowers 

5. Period of pollination 

6. Seed fruit management 

7. Harvesting 

8. Extraction, washing and drying of seeds 

9. Seed yield 150-300kg/ha based on varieties, extent of pollination & field condition. 

Removal of Male Flowers & Use of Insect Pollination 

1. In this technique, male flowers of female plant completely removed before opening 

2. Fruits from female parent harvested as crossed fruits and other variety as self-fruit of male variety 

3. Used in commercial hybrid seed production. 

4. Also referred as crossing block method. 

Techniques of Hybrid Seed Production - Pumpkin 

Production of Hybrid Seeds: 

a. Planting of female and male inbred parents in 4:1 ratio 

b. Spray 50-100 ml of ethephon per litre of water on pistilate parent to increase female flowers 

c. Bagging of flowers before anthesis. Rebag the female flowers after pollination for another two 

days 

d. Harvest fruits after 60 days of pollination 

e. Remove seeds from the fruits, wash and dry for 3-4 days and sundry for another 3-4 days. 

f. Preserve the seeds in sealed polyethylene bags at low temperature (4-5°C) 

Techniques of hybrid seed production- Bottle gourd 

a. Production of Inbred Lines of Diverse Genetic Background 

b. Bagging of male & female flowers 

c. Inbreeding at anthesis through following morning and rebagging of the female flowers for another 

2 to 3 days. 

d. Inbreeding done for 4-5 generations and select better types by discarding the poor performers. 
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Production of Hybrid Seeds: 

a. Planting of female and pollinator inbred in 4:1 ratio. 

b. Bagging of female and male flowers before anthesis 

c. Harvesting of mature fruits after senescence of the plant, remove seeds, wash and dry. Store in 

sealed 

d. polyethylene bags at low temperature 

e. Maintenance of Inbred Parents 

f. Inbreeding of parents to produce seeds should be done when the parental stock is depleted. 

Produce large quantity of seeds to maintain genotypic & phenotypic integrity of the hybrid. 
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What is PPV & FR? 

In order to provide for the establishment of an effective system for the protection of plant varieties, the 

rights of farmers and plant breeders and to encourage the development of new varieties of plants it has 

been considered necessary to recognize and to protect the rights of the farmers in respect of their 

contributions made at any time in conserving, improving and making available plant genetic resources for 

the development of new plant varieties. 

The Govt. of India enacted “The Protection of Plant Varieties and Farmers' Rights (PPV&FR) Act, 2001” 

adopting sui generis system. Indian legislation is not only in conformity with International Union for the 

Protection of New Varieties of Plants (UPOV), 1978, but also have sufficient provisions to protect the 

interests of public sector breeding institutions and the farmers. 

The legislation recognizes the contributions of both commercial plant breeders and farmers in plant 

breeding activity and also provides to implement TRIPs in a way that supports the specific socio-economic 

interests of all the stakeholders including private, public sectors and research institutions, as well as 

resource-constrained farmers. 

Objectives of the PPV & FR Act, 2001 

1. To establish an effective system for the protection of plant varieties, the rights of farmers and plant 

breeders and to encourage the development of new varieties of plants. 

2. To recognize and protect the rights of farmers in respect of their contributions made at any time in 

conserving, improving and making available plant genetic resources for the development of new plant 

varieties. 

3. To accelerate agricultural development in the country, protect plant breeders’ rights; stimulate 

investment for research and development both in public & private sector for the development new of plant 

varieties. 

4. Facilitate the growth of seed industry in the country which will ensure the availability of high-quality 

seeds and planting material to the farmers. 

Rights Under the Act 

1. Breeders’ Rights: Breeders will have exclusive rights to produce, sell, market, distribute, import or 

export the protected variety. Breeder can appoint agent/ licensee and may exercise for civil remedy in case 

of infringement of rights. 

2. Researchers’ Rights: Researcher can use any of the registered variety under the Act for conducting 

experiment or research. This includes the use of a variety as an initial source of variety for the purpose of 

developing another variety but repeated use needs prior permission of the registered breeder. 

3. Farmers' Rights: 

a. A farmer who has evolved or developed a new variety is entitled for registration and protection 

in like manner as a breeder of a variety; 

b. Farmers variety can also be registered as an extant variety; 

c. A farmer can save, use, sow, re-sow, exchange, share or sell his farm produce including seed of a 

variety protected under the PPV&FR Act, 2001 in the same manner as he was entitled before the 

coming into force of this Act provided farmer shall not be entitled to sell branded seed of a variety 

protected under the PPV&FR Act, 2001; 
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d. Farmers are eligible for recognition and rewards for the conservation of Plant Genetic Resources 

of land races and wild relatives of economic plants. 

e. There is also a provision for compensation to the farmers for non-performance of variety under 

Section 39 (2) of the Act, 2001. 

f. Farmer shall not be liable to pay any fee in any proceeding before the Authority or Registrar or 

the Tribunal or the High Court under the Act. 

Implementation of the Act 

To implement the provisions of the Act the Department of Agriculture, Cooperation and Farmers Welfare, 

Ministry of Agriculture and Farmers Welfare established the Protection of Plant Varieties and Farmers' 

Rights Authority on 11" November, 2005. The Chairperson is the Chief Executive of the Authority. Besides 

the Chairperson, the Authority has 15 members, as notified by the Government of India (GOI). 

Eight of them are ex-officio members representing various Departments/ Ministries, three from SAUs and 

the State Governments, one representative each for farmers, tribal organization, seed industry and women 

organization associated with agricultural activities are nominated by the Central Government. The 

Registrar General is the ex-officio Member Secretary of the Authority. 

General Functions of the Authority 

1. Registration of new plant varieties, essentially derived varieties (EDV), extant varieties. 

2. Developing DUS (Distinctiveness, Uniformity and Stability) test guidelines for new plant species. 

3. Developing characterization and documentation of varieties registered. 

4. Compulsory cataloging facilities for all variety of plants. 

5. Documentation, indexing and cataloguing of farmers' varieties. 

6. Recognizing and rewarding farmers, community of farmers, particularly tribal and rural community 

engaged in conservation and improvement. 

7. Preservation of plant genetic resources of economic plants and their wild relatives. 

8. Maintenance of the National Register of Plant Varieties. 

9. Maintenance of National Gene Bank. 

Registration of Varieties 

A variety is eligible for registration under the Act if it essentially fulfills the criteria of Distinctiveness, 

Uniformity and Stability (DUS). The Central Government issues notification in official Gazettes specifying 

the genera and species for the purpose of registration of varieties. 

So far, the Central Government has notified 157 crop species for the purpose of registration. The PPV&FR 

Authority has developed "Guidelines for the Conduct of Species Specific Distinctiveness, Uniformity and 

Stability" tests or "Specific Guidelines" for individual crop species. 

Certificate of Registration 

The certificate of registration issued will be valid for nine years in case of trees and vines and six years in 

case of other crops. 

It may be reviewed and renewed for the remaining period on payment of renewal fees subject to the 

condition that total period of validity shall not exceed eighteen years in case of trees and vines from the 

date of registration of the variety, fifteen years from the date of notification of variety under the Seeds Act, 

1966 and in other cases fifteen years from the date of registration of the variety. 

Benefit Sharing 

The benefit sharing is one of the most important ingredients of the farmers' rights. Section 26 provides 

benefits sharing and the claims can be submitted by the citizens of India or firms or non-governmental 

organization (NGOs) formed or established in India. 

Depending upon the extent and nature of the use of genetic material of the claimant in the development of 

the variety along with commercial utility and demand in the market of the variety breeder will deposit the 

amount in the Gene Fund. 

http://www.plantauthority.gov.in/crop-guidelines.htm
http://www.plantauthority.gov.in/crop-guidelines.htm
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The amount deposited will be paid to the claimant from National Gene Fund. The Authority also publishes 

the contents of the certificate in the PVJI for the purpose of inviting claims for benefits sharing. 

Rights of Community 

1. It is compensation to village or local communities for their significant contribution in the evolution of 

variety which has been registered under the Act. 

2. Any person/group of persons/governmental or non- governmental organization, on behalf of any 

village/local community in India, can file in any notified centre, claim for contribution in the evolution of 

any variety. 
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Agricultural Credit 

What to Do? 

a. To save themselves from the clutches of money lenders, farmers can avail loan facility from banks. 

b. Loan facility is available through a large network of Commercial Banks, Regional Rural Banks 

and Cooperative Credit Institutions in the country to fulfill the crop loan and term loan needs of the 

farmers. 

c. Ensure timely repayment of bank loan. 

d. Proper record of loan should be maintained by farmer. 

e. Utilize the bank loan for actual purpose for which bank loan is taken. 

Whom to Contact? 

a. Joint Secretary (Cooperation), Department of Agriculture & Cooperation, Krishi Bhawan, New 

Delhi. 

b. Regional Offices of NAFED & SFAC located in State Capitals. 

c. District Level Offices of Cooperative Marketing/Commodities Federations. 

d. Marketing Cooperative Societies at Tehsil Level and FPOs /FPCs at Block Level. 

Agricultural Insurance 

What to Do? 

a. Safeguard yourself financially against non-preventable natural risks like natural 

disasters/calamities, insect, pests & diseases and adverse weather conditions. 

b. Take benefit of appropriate crop insurance scheme applicable in your area. 

c. Four insurance schemes are being implemented namely  Pradhan Mantri Fasal Bima 

Yojana (PMFBY),Weather based Crop Insurance Scheme (WBCIS), Coconut Palm insurance 

scheme (CPIS) and Pilot Unified Package insurance scheme UPIS) (45 districts). 

d. Coverage under PMFBY/WBCIS/CPIS/UPIS is compulsory, if you avail crop loan for notified 

crops. 

e. Coverage is voluntary for non-loanee farmers. 

f. Contact District Agriculture officers of State Govt./nearest branch of bank/PACS or crop insurance 

company operating in your area for availing the benefits under the Crop Insurance Scheme. 

Whom to Contact? 

Nearest branches of Bank/ PACS/Cooperative Banks/ Empanelled General Insurance Companies 

notified for the area and District Agriculture Officer/Block Development Officer may be contacted 

or visit web portal Crop Insurance porta. 

Horticulture 

What to Do? 

a. Grow Horticultural Crops for higher income from lesser area. 

b. For healthy crop uses high quality planting material. 

c. To keep fruits and vegetables fresh for longer period, use cold storage facility/cool houses. 

d. Earn maximum profit by adopting correct method of harvesting, cleaning, grading, processing 

and packaging. 

e. Produce off-season vegetables and flowers in poly-houses, low tunnels 

Whom to Contact? 

District Horticulture Officer/Dy. Director (Horticulture) and Director, Horticulture at State level. 

https://www.vikaspedia.in/agriculture/agri-insurance/pradhan-mantri-fasal-bima-yojana
https://www.vikaspedia.in/agriculture/agri-insurance/pradhan-mantri-fasal-bima-yojana
https://www.vikaspedia.in/agriculture/agri-insurance/crop-insurance
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PM-Kisan Scheme 

The first agriculture scheme on the list is the PM-Kisan Scheme. The scheme is popularly known as 

Pradhan Mantri Kisan Samman Nidhi Yojana. It is a new scheme for farmers which launched on 1 

February 2019 (effective from December 2018) under the Ministry of Agriculture and Farmers Welfare. 

Also, the scheme provides support to India’s small and marginal farmers who have less than 2 hectares of 

landholding. 

Privileges of PM-Kisan Scheme: In this scheme, small and marginal farmers with less than 2 hectares 

of landholdings get Rs. 6,000 per year as minimum income support. Under this scheme, cultivators also get 

Rs. 6000 in three instalments. 

Pradhan Mantri Kisan Maandhan Yojana 

The second scheme on the list is Pradhan Mantri Kisan Maandhan yojana. PM Narendra Modi launched 

the scheme on 11 September 2019 for small and marginal farmers. Also, farmers falling in the age group 

of 18-40 years can apply for this scheme. 

Privileges of Pradhan Mantri Kisan Maandhan Yojana: Under this scheme, the 5-crore marginal and 

small farmers get a minimum pension of Rs 30-0 per month on attaining 60 years of age. According to this 

scheme, farmers have to contribute Rs 55 to 200 every month until their retirement, i.e., until the age of 

60. Also, the Government makes an equal contribution to the pension fund for the same number of tenants. 

Pradhan Mantri Fasal Bima Yojana (PMFBY) 

The third scheme listed on the list is Pradhan Mantri Fasal Bima Yojana (PMFBY). 18 February 2016 was 

the day when Prime Minister Shri Narendra Modi launched this profitable scheme. It is an actuarial 

premium based scheme for farmers. 21-states implemented this scheme in Kharif 2016, while 23 states 

and 2-union territories implemented this scheme in Rabi 2016-17.  

Privileges Of Pradhan Mantri Fasal Bima Yojana (PMFBY): Under this scheme, farmers must pay 

a maximum premium of 2% for Kharif, 1.5% for Rabi food & oilseed crops and 5% for annual commercial 

or horticultural crops. The remaining part of the actuarial premium is equally shared by the Central & 

State Government. 

Kisan Credit Card (KCC) Scheme 

The fourth scheme on the list is the Kisan Credit Card (KCC) Scheme. The scheme was launched in 1998 

to provide short-term formal credit to the farmers. Many banks are available that offer KCC such as SBI, 

HDFC, ICICI, Axis.  

Privileges Of Kisan Credit Card (KCC) Scheme: Under this scheme, short-term loans are given to 

farmers to purchase equipment and their other expenses. 

Pradhan Mantri Krishi Sinchai Yojana (PMKSY) 

The fifth scheme on the list is Pradhan Mantri Krishi Sinchai Yojana (PMKSY). Pradhan Mantri Krishi 

Sinchai Yojana was launched on 1 July 2015 with the motto of “Har Khet Ko Paani”. This scheme offers an 

end-to-end solution in the irrigation supply chain like water sources, distribution networks & farm level 

applications. Thus, the Government of India resolves the high agreement required for water conservation 

and its administration. 

Privileges of Pradhan Mantri Krishi Sinchai Yojana (PMKSY): Under this scheme, the country’s 

farmers get subsidies for the equipment for irrigation of their fields. Also, with this scheme, farmers can 

earn good money. 

Rajiv Gandhi Kisan Nyay Yojna 

The sixth scheme on the list of schemes for agriculture in India is Rajiv Gandhi Kisan Nyay Yojna. The 

scheme was launched on 21 May 2020 on the former prime minister’s death anniversary by the 

Chhattisgarh government. 
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Privileges Of Rajiv Gandhi Kisan Nyay Yojna: Under this scheme, Rs 1,500 crore was transferred to 

the accounts of more than 18,000 farmers. It was the first instalment of the Rs 5,750-crore scheme, aimed 

at benefiting farmers sown in 14 types of crops. 

National Mission for Sustainable Agriculture (NMSA) 
The seventh scheme on the list is National Mission for Sustainable Agriculture (NMSA). This agriculture 

Yojana started from 2014-15 to make agriculture more productive, sustainable, remunerative and climate-

resilient.  

Privileges Of National Mission for Sustainable Agriculture (NMSA): This Government scheme for 

farmers is to empower farmers for sustainable agriculture, resulting in high production. 

Paramparagat Krishi Vikas Yojana (PKVY) 

The eighth scheme on the list is Paramparagat Krishi Vikas Yojana (PKVY). The scheme was started in 

2015, which is an extended element of Soil Health Management (SHM) under the Centrally Sponsored 

Scheme (CSS) and National Mission on Sustainable Agriculture (NMSA). The Yojana was started to 

empower organic cultivation in India.  

Privileges Of Paramparagat Krishi Vikas Yojana (PKVY): Under Paramparagat Krishi Vikas Yojana, 

a target of covering 10,000 clusters of 50 acres has been set to cover an area of 5 lakh acres from 2015-16 

to 2017-18. This scheme helps the farmers of Rs 50,000 per hectare every three years for organic process, 

certification, labelling, packaging and transportation in organic production. 

E-NAM (National Agriculture Market) 
The ninth scheme on the list is E-NAM (National Agriculture Market). With time agriculture is now 

electric, and this scheme is an excellent example of it. The scheme launched on 14 April 2016 as a pan-

India electronic trading portal. Also, the scheme is fully funded by the central Government and 

implemented by the Small Farmers Agribusiness Association (SFAC). 

Privileges Of E-NAM (National Agriculture Market): The main task of the scheme is to connect all 

the Agri product marketing committees across India into one single network. Also, this new market process 

is revolutionizing the agricultural markets by guaranteeing better price discovery. 

Pashu Kisan Credit Card Scheme 

The last and tenth scheme on the list is the Micro Irrigation Fund scheme. Let’s focus on livestock farming. 

It is the latest scheme which launched on 21 September 2020 by the Indian Government. Haryana is the 

first Indian state to provide a Pashu Kisan Credit Card to the farmers.  

Privileges of Pashu Kisan Credit Card Scheme: Under this scheme, farmers are given loans to buy 

cows, buffaloes, goats etc. To apply for a Pashu Kisan Credit Card, you have to go to your nearest bank. 
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Agricultural Credit 

1. Hybrid varieties have been evolved in those high valued vegetable crops that exhibit marked heterosis 

2. Solanaceous vegetables (tomato, eggplant, sweet pepper) 

3. Cucurbits (melons, cucumber, pumpkin and gourds) 

4. Root and bulb crops (onion, radish, carrot). 

Techniques of Hybrid Seed Production - Solanaceous Crops (Tomato) 

Hybridization techniques: 

a. Indeterminate tomato varieties staked and trained with either single stem or double stem, while 

determinate varieties are trained with 3 stems 

b. Usually1st to 4th cluster on each branch selected 

c. The emasculation involves in holding the corolla at the base and with a single upward pull pick 

off the corolla along with all the stamens 

d. Usually the anthers are picked off a day before anthesis with the help of forceps leaving the petals 

intact 

e. Fresh pollen collection on the day of anthesis by a vibrator are shed by vibrating the flowers. 

Physiological Parameters Affecting Tomato Seed Yield and Vigor: 

a. Prolonged high temperature affects pollen fertility and physiology of fertilization leading to poor 

seed set 

b. Age of pollen and stigma, abundant or scarce pollination, height of inflorescence and fertilizer 

application exert an influence on vigor of plant. 

Seed extraction and Drying: 

a. By fermentation method 

b. By acid or alkali treatment: 10cc or 36% NaOH added in 4kg tomato pulp for 15 minutes. 

Seed Yield: 1kg tomato produce 3-4g of seed yield. Av. Seed yield: 60-70kg/ha. 

Techniques of Hybrid Seed Production-Eggplant and Pepper 

Manifestation of Heterosis: 

a. Heterosis in sweet pepper ranged 35-40% and in Eggplant 50-150%. 

b. In eggplant it is manifested by earliness, fruit number per plant & fruit weight. 

c. Sweet pepper: plant height, days to flower, fruit weight, early and total yield. 

Hybridization techniques: 

a. Stigma is receptive a day prior to anthesis in eggplant. 

b. Bud pollination possible giving good fruit set and seed yield. 

c. In sweet pepper, emasculation done a day prior to anthesis, whereas, pollination done in the 

morning on the day of anthesis. 

d. Natural cross pollination ranged from 0.2-46.8% in eggplant flowers. 

e. Pepper flowers are visited by honey bees occasionally. Fresh pollen grains are collected on the day 

of anthesis by a vibrator and can be stored for a period of 1 to 2 months at O°C using silica gel for 

proper drying. 

Use of Male Sterility in Hybrid Seed Production in Eggplant and Sweet Pepper: 

a. Male sterile lines available in eggplant (genic male sterility) & sweet pepper (genic and ems) but 

not. 



 

 
Volume 4 - Issue 03 - March 2022       574 | P a g e  
 

b. Successful at commercial seed production. 

c. Seed set on male sterile lines ranged from 46-67% in capsicum 

d. Cytoplasmic male sterility used now in chili pepper to produce F1 hybrid commercially by several 

seed companies. 

Seed Extraction: 

a. Eggplant harvested 50-55 days after anthesis and stored for 10 days for post-harvest ripening 

b. Sweet pepper: 60-65 days after anthesis 

c. Ripe fruits crushed and seeds separated by washing. Dry air at 28-30ºC 

Seed Yield: 

a. Eggplant: 150-200kg/ha. 

b. Peppers: 100-200kg/ha. 1kg yields 5-7g of seed. 
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The Capegooseberry (Physalis peruviana L.) is a new and endearer herbaceous crop which comes under 

minor fruit. Genus Physalis contains around more than 100 species of annual and perennial herbs. Several 

species of Physalis are grown for their edible fruits like, P. peruviana L. (Cape gooseberry), P. pruinosa L. 

(strawberry tomato), or P. ixocarpa Brot. (Husk tomato). 

This crop can be grown successfully in kitchen garden. The commercial importance of Physalis was started 

in Colombia in 1985. In India, Capegooseberry is grown throughout plains and hills. In temperate region 

it grows as a annul while in tropical and subtropical as perennial due to absence of frost. It is also called 

golden berry, teparee, tiparee, makowi, poha, uchuba etc. It is a native to Peru and Chile. 

 

The Cape gooseberry produce cherry size, golden-yellow, like a small globe fruit and is deliciously sweet. 

The fruit type is berry with the diameter about 12.5 to 25.0 mm and the weight ranges from 4-10 g, which 

contain about 100-300 seeds per fruit. 

Landscape Value 

It Grows well in a pot and give good look. It may be used as border plant and border filler. Some species 

like P. alkekengi (winter cherry or Chinese lantern). 

Nutritive Value 

Nutritional value per 100 g edible portion energy 222 KJ (53kcal), carbohydrates 11.2g, fat 0.7g, protein A 

5%, thiamine 0.11mg, riboflavin 0.04mg, vitamin C 11mg and calcium 9mg. 

Food Uses 

The fruits can be eaten fresh and dried. The fruits are excellent in crumbles or raw with ice cream. It is 

ideal for snacks, pies and jam making because it rich in pectin with mildly tart flavour is also used in 

puddings, chutneys and ice cream. It is relished in salads and fruit salads. In Colombia, the fruits are 

stewed with honey and eaten as dessert. The British use the husk as a handle for dipping the fruit in icing. 

In Europe it is dipped in chocolate or used to decorate pastries. 
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Medicinal Properties 

The leaf decoction is used as diuretic and antiasthmatic. It is popular as a folk medicine in Taiwan and 

used for treating cancer, leukemia, hepatitis and rheumatism diseases. It also has anti-bacterial and anti-

inflammatory properties. It is used medicinally as a diuretic and anthelmintic, and in abdominal disorders. 

Cape gooseberry juice regulates cholesterol levels and protects the liver from oxidative stress. 

Climate 

The plant needs full sun. The average relative humidity from 70 to 80% is ideal during the growing season. 

It is very susceptible to strong winds, so, its cultivation should be protected by windbreaks. It requires frost 

free conditions because frost can burn the plants. It can set fruit successfully without problems if the 

minimum temperature is above 50°C.  It shows better growth and development with 13 to 18°C annual 

temperatures. 

Soil 
The ideal soil for cropping is well drained sandy-clayey and should be rich in organic matter (greater than 

4%) with 5.5 6.8pH. It best thrives on well drained sandy to gravelly loams soil. Under highly fertile alluvial 

soil, there is much vegetative growth but fruits fail to colour properly. 

Propagation of Cape Gooseberry 

It is commercially propagated by seed but may be propagated by stem cuttings treated with rooting 

hormone. The cutting plants are grown flower early and yield well but are less vigorous than seedlings. 

(Morton, 1987) reported the propagation by ‘air-layering’. But air-layering is not often practiced. 

Sowing of Cape Gooseberry 

Seeds are sown in seedbeds. In India, sowing time vary with the agro climatic conditions and growing 

regions. Generally, seed can be sown during April to August. 

Field Preparation 

The field is prepared to a fine tilth by giving 2 to 3 ploughings and mixed with 20 tonnes FYM per hectare. 

The field should be divided in to small plots for convenience of transplanting and irrigation. 

Planting 

The seedling should be transplanted when they attain 15-20 cm height. Planting in early spring is good for 

an early fruiting. Where drainage is a problem, the plantings should be on gentle slopes or the rows should 

be mounded. The plants are planted at 0.50 to 1.50 meters. The field should be irrigated immediately after 

planting. 

Irrigation 

It is very susceptible to drought and requires regular watering during the growing. The plant becomes 

dormant in drought. In dry seasons, irrigation is necessary to keep the plant in production. 

Nutrient Management 

The application of 100 kg nitrogen, 60 kg P2O5 and 60 kg K2O /ha produced highest yield with highly juicy 

fruits. Foliar spraying of 1% potassium chloride before and just after blooming enhances fruit quality. 

Potassium promotes the flowering and fruits fixation. Calcium plays an important role in tissues and calyx 

formation. Boron is the most required micronutrient because its deficiency reduces the TSS content of the 

fruit. 

Cultural Practices 

Some cultural practices like training, pruning and weeding, it is possible to improve the plant canopy as 

well to contribute on quality and appearance of the fruit. 

Flowering and Fruiting 

Flowering and fruiting vary with cultivar, locality and agro climatic conditions. 
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Fruit buds are produced after 12 to 13 stem internodes are formed. The flowers are hermaphrodite which 

have both male and female organs. It is a self-pollinated crop but pollination can be enhanced by a gentle 

shaking of the flowering stems or giving the plants a light spraying with water. After the flower falls, the 

calyx expands, forming a straw-colored husk much larger than the fruit enclosed, which take 70 to 80 days 

to mature. 

Picking 

The fruit become ready to harvest about 55 days after harvest anthesis and it should be picked at fully ripe 

stage when the husk stars drying and berry becomes ripe and sweet. When the colour of fruit changes to 

yellow-orange indicate the ripening. The fruit may also be picked partially green and allow to ripe, but 

harvesting at decoding stage has great important to get sweet as on plant ripened fruits. The fruit are 

picked every 2-3 weeks. 

Yield 

The Yield depends upon agro climatic condition, locality and orchard management practices. Nutrient 

management being one of the prime considerations for higher yield. A single plant may yield up to 300 

fruits under ideal conditions. Average yield varies with 4.5-6 tonnes per hectare. But it has potential 

production up to 10 tonnes per ha under proper management. 

Marketing 

The fruit may be sent to local market directly after harvesting and properly packed fruits can be can be set 

to distant market. The plastic packing boxes with 7-7.5 kg fruits and maximum height of 250 mm. The 

fruits are usually dehusked before delivery to markets. 
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Mango malformation: Fusarium moniliforme var. subglutinans 

Symptoms 

Two distinct types of malformations are vegetative and floral/blossom: 

a. Vegetative malformation is loss of apical dominance and swelling of vegetative buds in the leaf 

axil or at the tip. 

b. The seedlings produce small shootlets bearing small, scaly leaves giving a bunch like appearance. 

c. Seedlings frequently sprout vegetative buds all over the internodes making withes broom like 

symptoms prominent. 

d. Vegetative buds or shoots also sprout in grown up trees where small bunches are produced at the 

terminals. 

e. Reduces number of flowers or no flowers. 

f. The terminals which change into bunch ultimately dry leading to death of the shoots. 

g. Floral malformation appears with the emergence of inflorescences where the flowers are much 

enlarged. 

h. In some cases, the flower buds never open and remain dull green. 

i. Branches with diseased inflorescence can produce both malformed panicles give leafy appearance 

unlike normal panicles. 

j. Malformed panicles normally do not bear and if there is fruit set in the season, it does not grow 

more than pea size. 

k. Flower buds are transformed into vegetative buds and large number of small leaves and stems, 

reduced internodes compacted together giving a witches broom like appearance. 

  
Vegetative Malformations Floral/Blossom Malformations 

Management Plan 

Cultural: 

a. Scion sticks from infected trees should not be used. 

b. As soon as the disease appears, the affected terminals along with the basal 15-20 cm healthy 

portion should be removed or prunned and burnt. 

http://www.krishisewa.com/images/articles/2014/april/mango5.jpg
http://www.krishisewa.com/images/articles/2014/april/mango6.jpg
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c. If more than 25 per cent affected plants, de-blossoming at bud burst stage should be done to delay 

the flowering. 

d. If the incidence is 5-25 per cent, the branches should be pruned thoroughly and when flowers 

emerge, malformed panicles should be removed. 

Chemical: 

Spray: Carbendazim 0.1 per cent to give maximum disease reduction (95 %) in Dashehari and 91.30 

per cent in Chausa. 
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Introduction 

Strawberry (Fragaria x ananassa Duch.) is one of the best natural sources of antioxidant, vitamin 'C', 

proteins and minerals like P, K, Ca and Fe. It is also anticarcinogenic and anti-diabetic. The introduction 

of day neutral cultivars, fertigation, green house, standardization of agro-techniques and improved storage 

techniques has revolutionized the strawberry industry. 

Soil and Climate to Grow Strawberry 

Strawberry prefers soil reasonably rich in humus because of 70-90 % of its roots found in the top 15 cm soil. 

It grows well on soil with pH 5.0-7.5. However, the plant thrives best in slightly acidic soil (pH 5.5-6.5). Soil 

with pH value of 4.5-5.5 needs liming. 

The strawberry plants are strongly affected by the environmental parameters like temperature, 

photoperiod and light intensity. In cold climate, frost as well as winter injury seriously reduce yield of 

strawberry. Photoperiod has a marked effect on strawberry vegetative growth, plant morphology and yield. 

Suitable Varieties of Strawberry 

Most suitable varieties are Camarosa, Festival, Ofra, Sweet Charlie, Chandler, Elista, Fair Fox and 

Seascape. 

 

Propagation of Strawberry 

Strawberry is propagated through runners, which is considered as natural vegetative propagation. 
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The stolon, a creeping stalk is produced in the leaf axils and grows out from the parent plant during 

summer. At the second node of stolon a runner plants are formed and a new stolon arises on the runner 

plants. Initially runner plants produce fewer roots but thereafter put forth excessive fibrous roots. When 

acquired sufficient growth and roots, runners are separated from the mother splant and can be planted 

elsewhere. 

A separate bed should be used for runner production. The planting should be done at 1.2 x 1.2m or 1.8 x1.8 

m distance. Usually, 30-40 runners per plant are considered satisfactory rate of production. Rate of runner 

production can be enhanced by GA3 (50-100 ppm) spray. For greater survival and fast growth, the runners 

should be lifted in September and planted in poly bags using the potting media of 1 soil: 1 Sand: 2 FYM for 

one month. 

Planting of Strawberry and Mulching 

Healthy runners with a medium to large crown and well-developed root system are planted in Hill row 

system either in single or double rows on 15-20 cm raised beds with plant to plant and row to row 

distance of 30x30-45 cm and 90-120 cm is kept between twin rows. The outer leaves should be stripped 

off and soils of the roots of the runner should be washed. Planting during mid-September to mid-October 

is best time. 

 

Mulching in Strawberry minimizes the freezing injury, suppresses weed growth and more importantly 

reduces the chances of softening of fruits. The commonly used mulching materials include clean straw, 

black and double coloured polythene. Mulching with black or double colour polythene material gives 

good weed control, advances early cropping and increases total yield. 

Irrigation in Strawberry Crop 

Frequent irrigation rather than a few heavy ones favors the crop. Excess irrigation is detrimental in 

encouraging the growth of leaves and stolon at the expense of fruit and flower and increases the incidence 

of Botrytis rot and makes the fruit soft. To minimize the water requirement, sprinkler and trickle or drip 

irrigation may be resorted. Following points should be kept in mind while irrigating strawberry. 

Nutrient Management 

A dressing of bulky organic manure is most wanted aspects in strawberry cultivation. Organic manures 

applied in sufficient quantity (70-80 t/ha) may fulfill the nutritional requirement, if planted for annual 

cropping. The pre-planting application of 20tonnes of FYM and 20-40-40 NPK kg/ha and annual application 

of 40kg P/ha and 80kg K/ha is recommended to ensure a good crop of strawberry. In addition to 

recommended dose of manures and fertilizers, foliar application of urea (2%), zinc sulphate (0.5%), calcium 

sulphate (0.5%) and boric acid (0.2%) is beneficial for quality and higher yield. 

Pollination and Fruit Set in Strawberry 

Most of the cultivars produce hermaphrodite flowers and are self-fertile. However, some also produce male 

or staminate, imperfect and pistilate flower, which requires cross-pollination. Honeybees are the chief 

insect pollinators. Four strong honey- bees’ colonies should be placed in the field/ha for effective pollination. 
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Harvesting of Strawberry and Yield 

Berries are harvested when 50 to 75 % skin of the berry develops colors. For long distance market, berries 

are harvested immediately after reaching full color. fruits are picked along with the caps or calyx and the 

stalk, one to two inches from the calyx. During peak period, fruits should be picked daily or in alternate 

day. On an average, the recommended varieties yield about 200-500 g/plant. 

Packaging of Strawberry 

Storage of fresh strawberry, even for short periods is not recommended because of their high perishability. 

Due to its climacteric nature, it ripens very fast and get spoiled easily. The strawberries are packed in 

plastic punnets and are placed in the corrugated fibre trays or ventilated cardboard boxes. 
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Why Organic Farming is Important in Peas and Beans? 

Peas and beans are very susceptible to insects, pests, and diseases infestations and hence require a lot of 

Pesticides, Insecticides, Fungicides, etc  but due to the reason that it is a short duration crop i.e. it takes 

over 60 to 90 days from sowing to harvesting and in about 45 to 60 days, the pods are ready for picking; 

within this short period of time using a lot of chemical fertilizers and other synthetic inputs will prove 

harmful for consumption as there may still be certain levels of chemical residue present within the crop. 

Synthetic fertilizers take longer time to be metabolised and could take several months for the process to be 

completed. So, for the chemicals to completely wear off from the crop the time frame will be longer. These 

chemical fertilizers cause degradation to the soil and the organism living in the soil bringing an ecological 

imbalance in the ecosystem. The people consuming the crop experience number of health impacts. For all 

these reasons Organic farming is important in peas and beans cultivation. 

What is Organic Farming? 

Organic farming system in India is not new and is being followed since ancient time. As per the definition 

of the United States Department of Agriculture (USDA) “organic farming is a system which avoids or 

largely excludes the use of synthetic inputs (such as Fertilizers, pesticides, hormones, Feed additives etc) 

and to the maximum extend feasible rely upon crop rotations, Crop residues, animal manures, off-farm 

organic wastes, mineral grade rock additives and biological system of nutrient mobilization and plant 

protection”. This same definition was given by Lampkin in 1990. 

 

FAO suggested that “Organic agriculture is a unique production management system which promotes and 

enhances agro- ecosystem health, including biodiversity, biological cycles and soil biological activity, and 

this is accomplished by using on- farm agronomics, biological and mechanical methods in exclusions of all 

synthetic off- farm inputs”. 

Organic beans are produced and processed without the use of synthetic fertilizers and pesticides. To sell 

peas and beans as organic, producers must meet the requirement of the United States Department of 

Agriculture (USDA), National Organic Program (NPOP) under the Organic Food Production Act of 1990. 

Land Preparation 

Selection of land: Select land area that is a little away from fields where Chemical fertilizers are being 

used and if it is not possible to identify separate field for organic farming some buffer area is created for 

practicing organic farming. 
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Field preparation: Through preparation of the land provides a number of benefits for the plants. Plough 

the field thoroughly to bring about a fine tilth followed by planking, remove all the weeds and debris from 

the field. Maintain the moisture content in the soil. 

Addition of organic matter: Place a layer of organic compost over the entire area to prepare organic soil. 

Add neem cake @250 kg/ha and also ground cake @80-100 kg/ha. 

 
Solid Organic manure Rate of application (t/ha) 

Farm yard manure 20-30 

Vermicompost 4-10 

Nadep compost 25-30 

Compost 25-30 

 

Liquid Organic manure Rate of application (ml/lit) 

Fish amino acid 2 

Cow urine 20 

Panchagavya 30 

Vermiwash 1-10 

 

Crop Plant Growth 

Promoting 

Rhizobacteria (PGPR) 

Rate of 

application (ha) 

Seed     Soil 

Vascular 

Arboscular 

Mycorrhiza (VAM) 

Rate of soil 

application 

(acre) 

Pea Rhizobium 

Phosphate solubilizing 

bacteria 

10 kg     1-2 kg 

500g 

VAM 1-2 kg 

Cowpea Rhizobium 

Phosphate solubilizing 

bacteria 

600g      1-2 kg 

75g 

VAM 1-2 kg 

Cluster 

beans 

Rhizobium 

Phosphate solubilizing 

bacteria 

2.5 kg    1-2 kg 

125g 

VAM 1-2 kg 

French 

beans 

Rhizobium 

Phosphate solubilizing 

bacteria 

2kg        1-2 kg 

100g 

VAM 1-2 kg 

Crop Geometry 

Pea: Spacing of 30 cm between rows and 5-10cm for plant is maintained for early planting. F or main 

season planting, spacing maintained at 45x 10cm. Seeds are placed about 2-5cm deep. The seed rate varies 

from 100-120kg per hectare for early crop and 80-90kg per hectare for main and late season crop. 
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Cowpea: Narrow spacing of35-45 cm between rows and 20cm between plants with the rows is required for 

bush type varieties where as a wider spacing of 2.0x 2.0cm is required for training types. In training types, 

2-3 plants are raised per hill. A higher seed rate of 15- 20.0 kg per hectare is required for bush type where 

as a seed rate of 4.0-5.0 kg per hectare is sufficient for trailing type. 

French beans: Spacing in French beans varies depending upon the growth habit of the variety. Rows – 

rows spacing is more in pole type than in bush type. Spacing for bush varieties is maintained at 45-60cm 

between rows and 10-15cm between plants. In poles types, rows x plants spacing is maintained at 1m x 10-

15cm. In pole types 5-6 seeds are dibbles per hill and later on, 3-5 seedling are retained and trained on 

stakes. 

Cluster beans: 20 -25 kg of seeds is sufficient for planting one hectare. Spacing is maintained at 45-60cm 

between rows and 15-20cm between plants. Sowing is done at a depth of 3-5cm. 

Intercultural Practices 

Staking: Staking is an important operation especially in tall growing or the tailing varieties during the 

time of tendril development. The vines are trained by erecting poles on either side of row and connecting 

them by rope wires. 

 

Weed management: 

a. Crop rotations, cover crops, stale seed bed preparation, soil solarisation, proper sanitation and 

proper composting can prevent weeds from emerging and spreading. 

b. Choosing the right cultivar, using transplants, seeding correctly, ensuring crop health, and 

applying mulches can give crops a competitive advantage.  

c. Using the right cultivation tools at critical times can contribute to a cropping system that limits 

both emerged and future weeds. 

d. Animals and approved herbicides can supplement cultural practices for weed control on organic 

farms. 

e. Organic practices can create conditions that naturally limit weeds. This is one of the advantages 

of organic farming. 

Irrigation 

Keep soil moisture: Soil organic matter acts as storage of water, just like a sponge. Therefore, crop residue 

or a cover crop protects the soil, prevents crusting on the surface, and slows runoff. Roots, earthworms and 

other soil life maintain cracks and pores in the soil. Less water runs off, and more sinks into the soil. 

 

Reduce evaporation: A thin layer of mulch can considerably reduce the evaporation of water from the 

soil. digging of the dry top soil can help to reduce the drying up of the soil layers beneath. 
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Abstract 

The most promising underused fruits with a multitude of nutrients are Aonla (Emblica officinalis), Bael 

(Aegle marmelos), Ber (Ziziphus mauritiana), Chironji (Buchanania lanzan), Jamun (Syzygium cumini), 

Karonda (Carissa carandas), Lasora (Cordia myxa L.), Phalsa (Grewia subina. These fruits have potential 

as a food source, as well as nutritional and therapeutic benefits. As a result, exploitation of underused 

horticulture crops might be a solution to the socioeconomic problems of food in security, poverty, and 

unemployment. If properly focused under nutritional care of inputs and plant protection methods, the 

value-added products of these fruits will rise to capture national and worldwide markets. These fruit crops 

place a strong emphasis on the nutritional, food, and medicinal value of these minor fruits, as well as their 

impact on human health wellness through the consumption of vitamins, minerals, total sugars, and 

ascorbic acid content found in various components of these fruits by people living in arid and semi-arid 

climates. 

Keywords: Nutritional, Medicinal, Uses, Vitamins, Health benefits, processed products, Underutilized 

fruit crops. 

Introduction 

In the world literature, the term "underutilized crop" has been defined in a variety of ways, with the 

majority of them emphasizing characteristics such as links to the locality's cultural heritage, multiple uses, 

traditional crops in localized areas, and being overlooked by agricultural research and development 

agencies. Edible wild fruits have always played an important part in augmenting the nutrition of the 

inhabitants of the Indian Subcontinent. Wild edible fruits are edible in addition to their traditional usage 

as food. In the world literature, the term "underutilized crop" has been defined in a variety of ways, with 

the majority of them emphasizing characteristics such as links to the locality's cultural heritage, multiple 

uses, traditional crops in localized areas, and being overlooked by agricultural research and development 

agencies. Edible wild fruits have always played an important part in augmenting the nutrition of the 

inhabitants of the Indian Subcontinent. 

Jamun juice: Blood sugar tonic is a pure herbal and ayurvedic product. 

Litchi extract juice: Is a dietary supplement. It also promotes energy and mental alertness.  

Amla Juice: Rich in Vitamin C and Strengthens the body defense system.  

Chironji seed: Is beneficial in treating various health conditions such as mouth ulcers, headache, 

respiratory disorders, cough, infertility, skin rashes, and constipation.  All parts of this plant, be it nuts or 

seeds, fruits, oil, roots, kernels, or gum, are a host of many medicinal values and offer several health 

benefits. Most traditional medicine formulations have this chironji plant part.  

Mahua Seeds: May help in curing acute and chronic tonsillitis and bronchitis. The oil from seeds can be 

used in case of Rheumatism, to treat piles and to increase lactation.  

Jackfruit Powder: Has a neutral flavor and helps to minimize carbohydrate intake while increasing 

vegetable intake. Jackfruit flour has a low GI and is abundant in fiber, protein, and antioxidants, all of 

which can help with blood sugar management. Sugar sufferers and others may use jackfruit flour to make 

a variety of nutritious recipes. This Flour is the easiest approach to regulate blood sugar levels through 

food without having to change your eating habits.  
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Bael powder: Made from the dried bael fruit or leaves, has antibacterial, carminative, and anti-

inflammatory qualities, making it useful for treating diarrhoea and dysentery, as well as aiding digestion 

and preventing constipation. 

Karonda fruits: It is claimed that eating karonda fruit on a regular basis is advantageous to one's mental 

health. The inclusion of magnesium, as well as vitamins and tryptophan, helps to boost the creation of 

serotonin, a neurotransmitter that helps to improve general mental well-being. 

Dragon fruit powder: The immune system is bolstered by dragon fruit powder. The pitaya is one of the 

best fruits for vitamin C since it is high in flavonoids and vitamin C. It's possible that it'll help you have a 

healthier stomach. It's possible that it'll help you have a healthier heart. Aids in the control of blood sugar 

levels. may aid in the development of attractive skin Kids-friendly.  

Fig powder: Prebiotics, which boost general gut health, are abundant in fig powder. Both calcium and 

potassium are abundant in figs. These minerals can help to increase bone density, which can help to prevent 

diseases like osteoporosis.  

The fruits of rambutans: Are high in vitamin C, a powerful antioxidant. Antioxidants aid in the battle 

against free radicals, which are waste products in the body that can cause cell damage. In many people, 

antioxidants have been demonstrated to prevent cellular damage and maybe lessen the risk of cancer.  

Rose apple: Juice contains Vitamin A and C along with other active compounds that may protect the 

person against cancer. There are various studies and research proving the effectiveness of rose apples for 

breast and prostate cancer.  

Dry ber is high in fibre: It may aid in weight loss. It assists in the simple transit of stools and helps to 

build fiscal bulk. It also helps to remove fat from the body through faeces, lowering triglyceride levels. Ber 

boosts the body's metabolism, which helps in weight loss.  

Lasora pickle: Regular consumption of Glueberry is known to relieve joint pain in people suffering from 

arthritis. fruits and leaves contain analgesic properties that can relieve joint pain.  

Falsa juice: Sunburned people and people who have had a heat stroke should drink Falsa juice. It is 

abundant in vitamin C, which aids in the treatment of asthma, bronchitis, and shortness of breath. Falsa 

aids in the increase of energy levels, the improvement of skin and vision, and the promotion of natural 

weight loss.  

Kair juice: It is a proprietary natural formulation that has anti- bacterial and antifungal properties that 

helps the scalp to be free from any infections. It is formulated with all the potent herbs that strengthen the 

hair and scalp. It prevents premature greying of hair and also aids to treat dandruff 
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Abstract 

Organic mulches can help to control annual weeds while also providing other significant advantages such 

organic matter, nutrients, moisture conservation, soil protection, and temperature regulation. Costs and 

effort associated with application, limited efficiency against perennial weeds, delayed soil warming, and 

the ability to transmit weed seeds and host pests are all disadvantages. 

Organic mulches such as hay, straw, and fresh-cut forage or cover crops are among the most adaptable and 

commonly employed. When sprayed at moderate rates, they can control weed germination and emergence, 

are relatively easy to apply, minimise evaporative soil moisture losses while enabling rainfall to reach the 

soil, and provide additional advantages. 

To avoid bringing in weed seeds or pesticide residues with hay from off-farm sources, extreme caution is 

required. 

Introduction 

Khirni (Manilkara hexandra Roxb.) is one of the important underutilized fruit crops of tropical and sub-

tropical region of India. Belongs to the family Sapotaceae or mahua family.  It is also known as Rayan. 

Khirni is a native of tropical south-east Asia. It occurs naturally in forests and common lands particularly 

in Central and Deccan peninsular India. 

Chanderi in Ashok Nagar (previously known as Guna) district of Madhya Pradesh is famous for availability 

of large number of naturally occurring khirni trees and production of its best quality fruits. The major 

Khirni growing states in the country are Madhya Pradesh, Gujarat, Rajasthan, Karnataka, Maharashtra, 

and Tamil Nadu. 

The genus Manilkara contains about 70 genera and 800 species. However, Manilkara achras (sapota) is 

grown commercially as a fruit crop. Khirni is a hardy plant and performs well in wide range of soil. 

Mulching 

Mulching is an essential cultural technique which, helps to produce healthier plants. Mulch is often defined 

as any material applied to the soil surface as cover. It can be divided into two general groups-organic and 

inorganic. Organic mulches such as dry grass are usually a bi-product of farm waste and decompose readily 

over time. Inorganic mulches such as plastic sheet does not decompose quickly and may actually remain in 

the environment for an identify period of time. 

Both types have found use for various types in horticulture. However; the benefits provided by organic 

mulch may outweigh the use of inorganic types. Organic mulch has a number of positive attributes. It 

conserves soil moisture by reducing water loss thorough evaporation, minimizing soil erosion, moderating 

soil temperature, inhibiting weed growth, encouraging the growth of beneficial soil microorganism, and 

reducing the spread of soil-borne pathogen by preventing soil form splashing onto plants during rainstorms 

and watering. Mulch can also eliminate mowing around tree and shrubs, and mechanical injury to trunk. 

When used as winter protection, mulch prevents heaving (plant root pushed upward out of soil) during 

periods of freeze and thaw. It can also be used as winter and summer protection, improving soil structure 

and quality, and returning nutrients to the soil. 

Advantage Organic Mulches 

1. Any organic mulch is preferable than inorganic mulch for plants. 

2. Organic mulches decay slowly over time, releasing nutrients into the soil and improving soil structure. 
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3. Compared to inorganic mulches, organic mulches keep the soil colder and preserve moisture levels better. 
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