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Article 
The management of trees in agroforestry systems includes various practices that are required to get desired 
product from the unit area. The tree management practices should be carried out by farmers to get desirable 
product, properly manage the tree canopy and roots in order to facilitate maximum resource utilization, 
management of organic residues for nutrient cycling, proper method of harvesting tree as well non-timber 
tree products, protection from biotic and abiotic stresses. The main objective of tree management is to 
minimize the negative tree-crop interactions and maximize the positive. The type of tree management 
practices depends mainly on the characteristics of the species and the purpose for which it is grown. Broadly 
these management practices can be categorized as: aboveground and belowground management. 

Aboveground Management 
Pruning: Pruning is the practice of managing perennial tree species by cutting away dead or overgrown 
branches as per the requirement of crop and tree growth (Fig. 1). 

 
Fig.1. Pruning practices to reduce shade by removing lower branches at marked place 

The Purposes of the Pruning are: 
a. To restore the functional balance between above - and below-ground plant organs by reducing 
root respiration, slowing or ceasing root growth or reallocating carbon from storage organs in roots 
and stems to shoot meristems to support tree regrowth. 
b. To reduce the competition between tree and crops for growth factors such as light, water and 
nutrients. 
c. To train trees to a single straight stem and develop more valuable, knot-free trunks. 
d. To increases the growth rate of the branches left after pruning. 
e. Maintain a strong central leader to obtain a longer merchantable log to increase the value of the 
tree. 
f. Suppression or removal of lower limbs, or vigorous branches that are growing upward into the 
canopy.  No more than 25 to 30 per cent of the foliage should be removed in any year, especially if a 
tree is mature. 
g. To create a healthy, structurally sound tree with good branch architecture. 
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Fig. 2. Bad and Good pruning practices 

Thinning: As a plantation matures, trees become crowded and competition among trees causes growth 
rates to decline. A dense stand initially promotes straight growth and small branches, but later the trees 
must be removed; otherwise, they will grow too slender and eventually not reach the desired size. This 
selective process of removing or killing some trees to allow the remaining trees to maintain a steady growth 
rate, is called thinning (Fig. 3). 

The purposes of thinning in agroforestry systems are: 
a. To obtain firewood and wood for construction purpose in earlier years of plantation. 
b. To selectively remove poorly formed trees and species of lower value. 
c. To provide suitable light conditions to the crop and to eliminate the excess root competition 
between the trees and crops. 
d. To get earlier return by selling small poles and fuelwood. 
e. Thinning can be accomplished any time of the year; however, thinning during the dormant season 
offers many advantages. 

 
Unthinned stand 

 
Thinned stand 

Fig.3. Thinning practice 
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Pollarding: Pollarding is a process in which crown of the trees are cut at least 2 m above the ground level 
i.e., beyond the reach of cattle, in order to get flush of new shoots (Fig. 4). 

 
Fig.4. Pollarding practice 

The objectives of pollarding are: 
a. Early harvest of wood, fodder or another biomass. 
b. Production of wood or fodder at heights that is out of the reach of livestock, hence there is no need 
for protection from browsing. 
c. Reduction of shading of nearby crops. 
d. Regeneration of the tree crown to promote growth of the trunk for timber or small poles, withies 
for construction and wicker handicrafts.  

The choice of pollarding height and frequency depends on the desired products. If the main aim is to produce 
timber or poles, the top of the tree should be cut as high up as possible, and the pollarding interval should 
be such that the crown is kept as green and vigorous as possible for the maximum production of trunk 
wood. An interval of 2 to 5 years is appropriate in such cases. Sometimes the main aim is to produce staking 
material, poles   or withies for construction. In such situations a wide stool will allow many stems to grow. 
Lopping: Lopping is the cutting off tree branches e.g., mainly of leafy branches or twigs from a tree (Fig. 
5). The time window for renewal of interspecific competition for light is similar to trees managed by 
pollarding but may be less depending on branch taxonomy for carbon uptake. 

The objectives of lopping are given below: 
a. To meets seasonal needs for food, fodder, fuel wood and other subsistence requirements. 
b. To encourage new flush of growth. 
c. To maintain the hygiene of the trees. 

 
Fig.5. Lopping of branches for cattle feeding 
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Coppicing: Many species of trees and shrubs have the ability to resprout after the whole tree has been 
cut. If this ability is utilized for regeneration of the tree and this practice is known as coppicing (Fig. 6). 
Coppicing can almost be regarded as a method of tree propagation since it can substitute for the task of 
planting a new tree after a mature one is felled. This practice involves cutting the tree down to the stump 
and allowing it to regrow to maximize biomass production. Copping provides longer time window (4-6 
months depending on species) in which there is negligible competition for light between coppiced trees and 
crop(s). 

The purposes of the coppicing are delineated below: 
a. To create a multi-stemmed shrub rather than a large single-trunked tree 
b. To rejuvenate old trees and generates new vigorous stems 
c. To encourage larger leaves on trees 
d. To generate woody stems for firewood and/or charcoal making. 

a. Coppicing cuts made at a slanting angles b. Resprouting coppice shoots 
Fig.6. Depiction of coppicing practice 

The optimum cutting height for most of the coppicing trees should be kept in between 30-50 cm above the 
ground level. The coppice should be carried out while trees are dormant. 

Belowground Management 
The management of belowground interactions is most important where trees and crops are grown in close 
proximity and where soil resources (water, nutrients) are limiting, as in seasonally dry climates and semi-
arid tropics. Below ground competition   is minimized by selecting trees of less competitive root architecture 
or deep root system. Tree management, rather than species selection, is an attractive approach because it 
allows farmers to grow the tree species they want, rather than those with particular root architecture. Main 
belowground management practice is root pruning.  

Root Pruning 
Tree root pruning is a potential tool for managing belowground competition when trees and crops are grown 
together in agroforestry systems. The tree roots are managed by trench and artificial root barriers. Root 
pruning, usually by way of trenching, has been used as a mean to separate root systems of trees and crops, 
thereby reducing belowground competition significantly. Drawback of this system is increase in root 
density and root mass near the pruned area which causes soil moisture stress. Therefore, periodic root 
pruning is suitable and minimizes moisture depletion problem but it is labour intensive. Another quick 
method is tractor drawn disc ploughing. Deep disc ploughing to a depth of 60-90 cm in between the tree 
lines helps to cut down roots and minimize the root growth. It is less labour intensive. 
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Crops            Trench                         Trees 

Fig.7. Root pruning to reduce competition 

Conclusion 
Tree shade in agroforestry provides a pleasant environment to carry out heavy tasks such as crop planting 
and weeding, possibly improving productivity from labor. In these traditional systems, the crop is grown 
under a wide range of light levels, from full sunlight   to heavy shade, but many farmers of dry regions 
consider partial tree shade beneficial at planting to improve crop establishment, particularly during drier 
months. There are positive and negative interactions between crops and trees grown together in 
agroforestry systems. The overall yield of the agroforestry can be enhanced by increasing the positive 
interactions and decreasing the negative. In this regards the tree management practices have potential to 
increase the positive interactions and minimize the negative interactions, thereby, resulting in overall 
increase in the productivity of the system. 
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Rhizosphere is the region in and around the roots and was first coined by a German agronomist and plant 
pathologist Lorenz Hiltner  to explain plant root interface. Rhizosphere is the zone in where the microbes 
are colonized and they depending up on the plant secretes for their growth. Plant exudates attracts many 
microbes around the plant roots based on many factors namely species of plants, physiological status and 
species of microbes. 
Three different stages were identified in the rhizosphere region viz., rhizosphere, rhizoplane and root itself. 
The compounds released by the root regulates the rhizosphere soil and the microbial community prevailing 
in that region.  The physical, chemical and biological properties were changed by the plants roots and these 
properties acts as the rich source of microbial community especially bacteria that is either symbiotic or non 
– symbiotic. 
Some group of microbes always associated with rhizosphere plants, these groups may vary based on the 
nutrients that were released by plant roots. The nutrients may of organic acids, amino acids, sugars, 
phenols etc.  Bacteria exist in extracellular called ePGPR include Arthrobacter, Azospirillum, 
Burkholderia, Pseudomonas, Azotobacter, Bacillus, Caulobacter, Erwinia, Micrococcus and Serratia etc.  
Other type called as iPGPR said to be the genus of Azorhizobium, Mesorhizobium, Rhizobium, 
Allorhizobium, Bradyrhizobium etc.  
The rhizosphere and its surrounding soil have the ability to produce varieties of hormones. These hormones 
are usually called as phytohormones. They are ethylene, Gibberlic acids, Auxins, Abscisic acid, IAA and 
cytokines. These phytohormones are more essential things to stimulate plant growth in agriculture fields.  
These are also called as plant growth regulators or stimulators.  Very low quantities of these stimulators 
are involved in plant growth regulations and these lesser quantities play various dimensions in plants 
growth and development. 
PGPR protects the plants through the secretions of lytic enzymes, bacteriocins and antibiotics.  Bacillus 
and Pseudomonas produce antibacterial and anti-fungal agents.  Many researchers were found that usage 
of enzymes obtained from rhizosphereic soil efficiently controlled plant pathogens. This is the method which 
helps to increase the agricultural yields in various crops. Rhizosphere bacteria produced several hydrolytic 
enzymes which disturbed the cell wall of bacterial and fungal pathogens. Biocontrol PGPR which acts as 
biocontrol agents can produce several enzymes, which act on glycolytic linkages in the cell wall of 
pathogenic bacteria and fungi.  
Rhizosphere is the region said to be the prefreed niche for several microorganisms as it is flourished with 
the good source of food.  Hence it is assumed that microbes which colonize the same niche would be the 
ideal ones for improving the crop yield.  Rhizobacteria especially PGPR effectively compete for niche with 
other microorganisms especially with the pathogens that affects its dwelling place.  Competition will be 
high with regard to infecting the plant or to absorb nutrients from the rhizosphere region.  They compete 
with each other in order to infect the plant whether it is beneficial or harmful. 
Roots are able to secrete various chemical compounds in to the soil and it is referred as root exudates. Roots 
are regulating soil microorganisms and change the physico-chemical properties of the soil and inhibit soil 
plant pathogens. Root exudates are released by plants in two different forms such as active and passive 
forms.  
Root exudates also contains several compounds that repell the plant pathogens and few compounds act as 
attractant towards the beneficial microbes. In the rhizospheric region the interaction of molecules between 
roots and rhizobacteria are happening always. Root exudates vary among the plant species, age and 
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associated compounds have high to low molecular weight. Siderophores are low molecular weight 
substances (500-100 Da) useful for microorganisms to meet out their iron requirement.  Siderophores 
solubilizes the iron in the surrounding medium and form iron-siderophore complex. 
Plant growth promoting bacteria has direct and indirect mechanisms to protect the plants from various 
pest and diseases. Some of the mechanisms include nutrient solubilization, siderophore production, 
biological nitrogen fixation, antibiotic production, induction of systemic resistance etc.  They have various 
mechanisms to uptake each and every nutrient important to the plants. 
They also produce lot of growth promoting substances that overall enhance the growth and yield of crops.  
Several research groups were working in the PGPR area and the information are huge giving novel ideas 
for the budding scientists. 
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Maintenance breeding is a component of plant breeding that deals with the ideas and methods of producing 
breeder seeds. It is a method of breeding used to retain the genetic purity of a hybrid variety or its parents. 
As a result, it refers to a method for ensuring that a variety's distinct qualities are expressed consistently 
year after year, with no genetic drift. In other words, it is concerned with methods for preserving the genetic 
and physical purity of released/notified varieties and hybrid parents. Varietal maintenance technology is 
another name for it. 
The primary goal of maintenance breeding is to extend the life of commercial hybrids and released/notified 
types. 
Key features of maintenance breeding: 
1. The quality of the seed used is the starting point and the most important factor for successful crop 
production. 
2. It is expected that the nucleus/breeder seed should be of high purity since subsequent generations of 
seed multiplication will largely depend upon the quality of nucleus /breeder seed. 
3. It deals with continuous breeder seed production of released and notified varieties/parental lines of 
released hybrids. In other words, it leads to fresh breeder seed production every year 
4. Genetic purity, physical purity and germination are main points taken into account with due 
consideration on seed health. 
5. It helps to prevent varietal deterioration (mutation, cross pollination) and conserve genetic purity of crop 
varieties. 
The Pertinence of Maintenance breeding is Varietal development, Seed multiplication and Varietal 
maintenance. 
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The genetic purity of the foundation and recognised classes will be determined by the sort of 
nucleus/breeder seed used in maintenance breeding. The backbone of seed production is nucleus and 
breeder seed. As a result, maintaining the variety/parental line's original features at the nucleus and 
breeder seed level is critical. As a result, maintenance breeding focuses on preserving a variety's natural 
features. 

Maintenance Breeding's Benefits 
1. It protects crops from genetic degeneration, extending their life span. 
2. It aids in the purification of enhanced cultivars and hybrid parent lines. 
3. It aids in the generation of high-quality seeds, which leads to increased crop yields. 

Maintenance Breeding's Limitations 
1. For evolution, some maintenance techniques necessitate a large amount of experimental material. 
Because a large number of single plants must be evaluated in terms of agronomic performance, only a small 
number of cultivars can be handled at any given time. 
2. The progeny row approach takes longer (2-3 seasons) to evaluate a variety's purity. 
3. The majority of testing methodologies rely solely on phenotypic performance. 
4. Varietal purification is done using maintenance techniques. As a result, the chances of developing new 
varieties by maintenance breeding are slim. 
5. Most of testing procedures are based on phenotypic performance only. Maintenance procedures are used 
for varietal purification. Hence, chance of evolving new variety through maintenance breeding is rare. 
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Cyanobacteria are a diverse group of prokaryotes. A common feature is their oxygenic photosynthesis, 
which is similar to that in algae and higher plants. As sunlight is their energy source and water, they 
generate oxygen in the light. Energy and reductants generated by photo-synthesis are usually used for 
carbon dioxide reduction.  
These cyanobacteria are distributed worldwide and improve the growth and development of the plants, 
with which they share the habitat, because they:  
1. Contribute to soil fertility in many ecosystems. 
2. Produce various biologically active substances. 
3. Have higher efficiency in biosorption of heavy metals (bioremediation) (Ibraheem, 2007). 

Cyanobacterial Reclamation of Salt-Affected Soil 
Salinity has been an important historical factor which has influenced the life span of agricultural systems. 
Around 10% of the total cropped land surface is covered with different types of salt-affected soils. 
Cyanobacteria are capable of not only surviving, but thriving in conditions which are considered to be 
inhabitable, tolerating desiccation, high temperature, extreme pH and high salinity, illustrating their 
capacity to acclimatize to extreme environments.  
Until recently, the responses of cyanobacteria to salinity stresses were poorly documented as compared to 
heterotrophic bacteria and phototrophic eukaryotic algae. Cyanobacteria can be used to reclaim saline and 
alkaline soils and fertility can be improved for subsequent cultivation of cereal crops, sugarcane and 
horticultural crops.  
Substantial progress has been made towards better understanding of the physiological mechanisms 
responsible for salinity tolerance and osmotic adjustment in cyanobacteria. Many researchers throughout 
the world have worked on probable mechanisms of salt tolerance studies in cyanobacteria. These organisms 
evolved about 3,000 million years ago and are considered to be the primary colonizers of the inhospitable 
ecosystems. 
The physiological aspects for the adaptation of cyanobacteria to high salinities include: 
1. Synthesis and accumulation of osmoprotective compounds,  
2. Maintenance of low internal concentrations of inorganic ions and  
3. Expression of a set of salt-stress proteins. 

Cyanobacterial and Salt Mediated Stress 
Exposure of cyanobacterial cells to different abiotic stresses resulted in rapid expression of several stress-
regulated proteins and modifications in protein synthesis programme. The synthesis of organic solutes like 
disaccharides (sucrose, trehalose and glucosyl glycerol), quaternary amines (glycine betaine) and free 
amino acids (glutamine) are well-documented. The protection against alkaline environment is provided by 
the synthesis of specific fatty acids, sucrose- and osmotic-stress-induced proteins. In cyanobacteria, 
accumulation of internal osmoticum in the form of inorganic ions and prevention of intracellular Na+ 
accumulation by the curtailment of Na influx and by efficient active efflux mechanisms or metabolic 
adjustments have been investigated in depth. The Na+ extrusion in cyanobacteria is driven by a Na+/H+ 
antiporter, which is energised by enhanced activity of cytochrome oxidase. The inhibition of sodium ion 
influx appears to be a major mechanism for the survival of cyanobacteria against salt stress and synthesis 
of salt-stress proteins have been found in cyanobacteria. These organisms have been recognised as an 
important agent in the stabilisation of soil surfaces primarily through the production of extracellular 
polysaccharides which are prominent agents in the process of aggregate formation and increase in soil 
fertility.  
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Cyanobacterial application results in the enrichment of soil with fixed nitrogen, soil structure improvement 
and declining trend of pH, electrical conductivity (EC) and Na+. The extracellular polysaccharides excreted 
by cyanobacteria have been reported to be responsible for binding of soil particles, thus, leading to the 
formation of a tough and entangled superficial structure that improves the stability of soil surface and 
protects it from erosion. The potential impact of these organisms on agriculture through their use as soil 
conditioners, plant growth regulators and soil health ameliorators has been well-recognised. Besides 
bringing about an improvement in the yield of rice, cyanobacteria produce direct and indirect beneficial 
changes in the physical, chemical and biological properties of soil and soil–water interface in the rice fields, 
which are of agronomic importance. Certain cyanobacteria have been found not only to grow in saline 
ecosystems but also improve the physico-chemical properties of the soil by enriching them with carbon, 
nitrogen and available phosphorus. Flushing of field may not be effective for the reclamation of saline soils 
and the addition of cyanobacterium inoculum along with the addition of gypsum is required before 
irrigation to ameliorate saline soils. Nitrogen-fixing cyanobacteria can be used as biological input to 
improve soil texture, conserve moisture, scavenge the toxic sodium cation from the soil complex and 
improve the properties of soils. Virtually negligible information exists on the genetics of Cyanobacterial 
halo tolerance. The presence of combined nitrogen which effectively curtails sodium accumulation and 
supports extra nitrogen demand for osmoregulation during slat stress confers considerable salt tolerance 
on cyanobacteria. KeywordsCyanobacteria-saline/alkaline-reclamation-technology-crop response-blue-
green algae-salt stress. 

Cyanobacteria on the Biological Amelioration of Alkali Soils 
Virgin alkali (sodic) soils have a high pH and high exchangeable Na and are often barren. Blue-green algae, 
however, tolerate excess Na and grow extensively on the soil surface in wet seasons. Experiments using a 
highly degraded alkali soil (silt loam, pH 10.3, electrical conductivity 3.5 dS m-1, 90% exchangeable Na) 
were conducted in soil columns, with or without gypsum, in order to study the influence of waterlogging on 
the growth of indigenous and inoculated blue-green algae and hence, soil reclamation. 
The growth of indigenous blue-green algae was initially slow in alkali soil, due to the high pH and 
exchangeable Na, and depressed in gypsum-amended soil, due to excess Ca. Inoculation hastened the 
establishment of blue-green algae in both the unamended alkali soil and the gypsum-amended soil, 
overcoming the adverse influence of excess Na in the former and excess Ca in the latter. 
Gypsum was effective in amelioration (pH 9.05, electrical conductivity 1.2 dS m-1, 41% exchangeable Na 
after 11 weeks) but blue-green algae were ineffective even after 17 weeks. In combination with gypsum, 
blue-green algae had no additional effect, and the C and N increases due to the growth of indigenous or 
inoculated blue-green algae were insignificant. 
Alkali soil reclamation by biological methods requires mobilization of Ca from native soil calcite and the 
exchange of Ca for Na in the exchange complex. The ineffectiveness of blue-green algae was ascribed to 
their inability to mobilize Ca. It is argued that current theories favouring blue-green algae as a biological 
amendment to bring about alkali soil reclamation are untenable and are not comparable with an effective 
chemical amendment such as gypsum. 
Due to indiscriminate use of irrigation water, the salt level of cultivated land has increased, resulting in 
soil salinity and alkalinity, Salinity and alkalinity in soil greatly reduces crop productivity. Such soils can 
be reclaimed by biological method. 
By using biological methods like growing halo tolerant green manure crops, grasses or blue green algae 
(BGA) not only such soils can be reclaimed but partially meeting the nutrient requirement also. So far 
reclamation with BGA has been reported with the identical strains both for alkali and saline soils, without 
any distinction between alkali tolerant and saline tolerant strains. Therefore, in the present investigations’ 
region-specific strains of BGA isolated from the same habitat were used to reclaim salt effected soils.  
The soil based BGA inoculum in the form of dry flakes was used for experiments. The efficiency of BGA as 
a bio ameliorant for alkaline soil was investigated in micro plot experiments with rice and succeeding wheat 
crop. The results showed that there was a significant reduction in soil pH, exchangeable sodium and 
increase in soil nutrient status (C, N and available P) due to amendments with BGA. There was a 
significant increase in grain and straw yield of rice followed by wheat. The ameliorative effect of blue green 



 

 
Volume 04 - Issue 04 - April 2022       12 | P a g e  
 

algae on saline soil was also studied in pot as well as under field. The results showed 0.1-to-0.2-unit 
reduction in pH and electrical conductivity by 0.7 - 0.9 units due to bio amelioration at different levels of 
nitrogen. The percentage of organic carbon enhanced significantly. The biological amendments not only 
increased the crop yield over the control but also nitrogen uptake in grain and better utilization of nitrogen. 
Recent advances in biotechnology provide a reliable way to address food security for future generations and 
to solve complex environmental problems. Several unique features of cyanobacteria such as oxygen 
photosynthesis, high biomass yield, growth in uncultivated areas and various water sources (polluted and 
polluted water), production of useful products and bio-fuels, improve soil fertility and reduce greenhouse 
gas emissions collectively makes cyanobacteria as an important biological resource tool for sustainable 
agriculture development and problem soil reclamation. 
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Heavy metals the term strictly refers to metallic elements with a specific mass higher than 5 g cm–3, able 
to form sulphides. Some of these metals were micronutrients necessary for the growth of the plants such 
as Zn, Cu, Mn, Ni and Co, while others have no known biological function viz., Cd, Cr, Pb and Hg. Migration 
of these contaminants into non-contaminated areas as dust or lechates through soil and sewage sludge 
contaminated the ecosystem. Heavy metals could not be chemically degraded and need to be physically 
removed or to be immobilized. 
Remediation of heavy metal contaminated soils involved on site management, excavation, subsequent 
disposal to a landfill site and soil washing.  But these methods are costly and produced residues rich in 
heavy metals which require further treatment or burial. Moreover, these physio-chemical technologies used 
for soil remediation rendered the land useless as a medium for plant growth, as they removed all biological 
activities. Phytoremediation technology could be adopted thus, to remove or stabilize the soils contaminated 
with heavy metals.    
Dangeard was the first to name Vesicular Arbuscular Mycorrhizal (VAM) fungus.  Plants growing in coal 
mine wastes were found to be colonized with VAM fungi. VAM associations are also occurred in halophytes 
and xerophytes.  Fossil record indicated that VAM fungi were present in the subterraneanan parts of the 
land plants.  Mycorrhizal fungus has ubiquitous geographical distribution and they occur in artic, 
temperate and tropical herbs.  They also occur in the gametophytes of some mosses, lycopods and psilotales, 
which are rootless and also reported in aquatic plants. Nearly 83 per cent dicotyledons and 79 per cent 
monocotyledons form mutualistic symbiosis with AM fungi.  
Families in which VAM association rarely occur are Betulaceae, Chenopodiaceae, Cyperaceae, 
Amaranthaceae and Polygonaceae. AM association does not occur in some families like Ericaceae, 
Fumariaceae, orchidaceae, Pinaceae and Urticaeae.  Discovery of arbuscules in Aglaophyton major, an 
early devonian plant provides unequivocal evidence that mycorrhizae were established more than 400 
million years ago. AM fungi were found in a wide range of habitats usually in the roots of angiosperms, 
gymnosperms and pteridophytes. Both living and triassic fossil cycades had AM fungi in their roots. AM 
associations are ubiquitous in the living angiosperms, which probably arose in the early Cretaceous era.  
AM fungi were instrumental in the colonization of land by ancient plants that could be found worldwide in 
the angiosperms, gymnosperms as well as ferns, suggesting that the nature of the association is ancestral.  
AM fungi did not have the ability to live and complete their life cycle in the absence of the green partner 
from which the photosynthetic carbon is transported in to the soil through the transfer of sugar from the 
root to their endosymbiotic fungi, which later translocate this carbon in the form of lipids and sugar into 
the external mycelium.  It has been estimated that 2,50,000 species of plants worldwide, were capable of 
forming the symbiosis which includes angiosperms, gymnosperms pteridophytes etc.  
During symbiotic interactions, AM fungi germinate and develop a presymbiotic mycelium with limited 
growth before coming into contact with the host root to form appressoria. After appresorium formation, 
roots can be colonized either by arum- type or by paris- type of colonization. The fungus penetrates the root 
cortical cell walls and forms haustoria- like structures that interface with the host cytoplasm.  These fungal 
structures (especially the highly branched arbuscules) provide an increased surface area for metabolic 
exchanges between the plant and the fungus. In arbuscules hexose sugars from the plants are exchanged 
and transported by the fungus. 
Some AM fungi also produce vesicles, which are structures, believed to function as storage organs. It has 
been estimated that in natural ecosystems plants colonized with AM may invest 10–20 per cent of the 
photosynthetically fixed carbon in their fungal partners which represents a significant input of energy into 
the soil ecosystem and this carbon may be crucial to microorganisms associated with the mycorrhizosphere.  
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For effective phytoremediation processes plants should have high levels of root and shoot biomass. But 
plants grown spontaneously in polluted places were frequently devoid of mycorrhizal symbiosis and 
characterized by poorly developed root and shoot biomass. Lack of mycorrhiza could hamper the 
revegetation of the metal contaminated sites. For enhancing the establishment of mycorrhizal species AM 
fungi should be inoculated in to these areas. 
AM fungal isolates differed in their ability to uptake heavy metals and mycorrhizal plants accumulated 
higher concentrations of heavy metals than uninoculated control plants.  External mycelium of AM fungi 
provides a wider exploration of soil volume by spreading beyond the root exploration zone thus providing 
access to greater volume of heavy metals present in the rhizosphere. A greater volume of metals was stored 
in the mycorrhizal structures in the root and in spores.  
Heavy metals have been reported to reduce or eliminate AM infection at high   concentrations in the soil, 
which interfere the possible beneficial effects of the mycorrhizal association.  On the other hand, there are 
reports of AM fungi from metal-contaminated soils, which suggested a potential adaptation of the 
indigenous AM populations in the severely metal contaminated areas which can be useful for reclamation 
of degraded soils as they are associated with large number of plant species.  Hence the crop lands that are 
affected by metal contaminant can be easily recovered through the inoculation of AM fungal biofertilizer 
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Abstract 
The importance of food safety has come under limelight with every disease outbreak that happened because 
of food infection. One such outbreak was in South Africa where Listeria took control over the health of 
people and lead to many deaths. Food poisoning in processed food can have serious effect on society and 
also on the range of its spread can be devastating for any health system. Hence, with every incident we 
need to come up with more fool proof ways to ensure food safety.  
Keywords: Food safety, Listeria, health, disease outbreak. 

Introduction 
A food incident refers to a condition in a food supply chain when the consumed food leads to a possible risk. 
It is also deliberated to have an impact on the several government dominions. An example of such an 
incident was the 2017–2018 South African listeriosis outbreak. This particular incident was due to the 
unexpected outbreak of the bacteria Listeria monocytogenes, a pathogen that is known to cause food borne 
human disease known as, listeriosis. The major source for such an outbreak is the contaminated processed 
meats (Buchanan et al., 2017). The major symptoms of listeriosis include fever, diarrhea in healthy 
individuals and abortion, septicemia, stillbirth in pregnant women (Smith et al., 2018).  
The doctors at Chris Hani and Steve Biko academic hospitals, first identified the outbreak and then 
notified about the bizarrely high number of brand-new infections to the National Institute for 
Communicable Diseases (NICD) in July 2017 (Motsoaledi, 2017). The likely cause of the outbreak was 
identified by conducting interviews with the people affected with listeriosis by the authorities, so that they 
could trace the source causing the sickness. They found that processed cold meats, most conspicuously 
polony to be the major culprit involved in the outbreak. Nine five-year-old children from Soweto were 
brought to Chris Hani Baragwanath Hospital in mid-January 2018, which cornered the Enterprise food 
facility as the vent of listeriosis outbreak. It was further confirmed after the announcement by the Health 
Minister Aaron Motsoaledi on March 4, 2018. The strain ST 6 from the bacteria Listeria monocytogenes 
which was responsible for the foulest outbreak was found in the environmental samples taken from the 
factory, hence severely questioning the credibility of the agencies and the quality standards of the factory. 

Impact 
The food poisoning that resulted from the listeriosis outbreak led to about 216 deaths and 1060 confirmed 
cases of listeriosis in the city was reported by the National Department of Health in July 2018 (Olanya, 
2019). The world witnessed the worst ever listeriosis outbreak till date and the main focus in this crisis 
was the processed meats produced by Enterprise Foods, a subordinate unit of Tiger Brands in Polokwane. 
This crisis even called for protests against the company and many people became skeptic about the 
consumption of these processed meat, thus reducing the demand drastically, hampering the industry. A 
rise in the listeriosis cases was reported during the mid-2017 and the presence of the pathogen was 
confirmed by laboratories. The infection peaked again during December 2017 and receding by the end of 
2018. The highest number of cases were reported in Gauteng province with 58% followed by Western Cape 
with about 13%. 

Response after the Incident 
As a result of this incident, the stock price of Tiger Brand on the Johannesburg Stock Exchange went 
bearish by 7% which reduced the total value of the company by R 5.7bn. CEO of Tiger Brands Lawrence 
MacDougall denied responsibility and also refused to apologize at the press conference who stated that 
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there was no direct link between their products and any of the deaths. After the issue, most of the countries 
deferred all the imports of processed meat from South Africa. 

Conclusion 
To ensure the safety of processed food some of the science-based safety measures such as HACCP has to be 
taken up by the food producing industries (Szyrocka and Abbase, 2020). All the stages of food production 
from processing to distribution, with special reference to the critical stages have to be monitored to 
minimize the contamination. From consumer point of view, we must ensure proper cooking of meat products 
prior to consumption. 
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About 3 billion people in the world are malnourished due to imbalanced diet. Vegetables are the essential 
part of balanced diet since they are good source of phytonutrients and nutraceutical compounds. Vegetables 
are important components of the diet, supplying a multitude of health-related phytochemicals viz., vitamins 
(A, B6, C, E, thiamine and niacin), phenolic compounds, pigments, alkaloids, flavonoids, minerals and 
dietary fiber. They have tremendous impact on the health care system and may provide medical health 
benefits including the prevention and/ or treatment of diseases and physiological disorders. Many of these 
effects are promoted by the antioxidant properties of the pigments, which are responsible for colour of the 
products. Chlorophylls, carotenoids, flavonoids, and betalains are four major classes of biological pigments 
produced in plants (Davies, 2004). Nature provides us with a wide range of vivid and varied colours, and 
many of them can make a transition to our plates. Natural pigments in vegetables give them their colours, 
which are beneficial to our health. Many vitamins and antioxidants are found in colourful produce, and 
they only have a few calories. The nutrients in vegetables work synergistically to defend our bodies against 
cancer, heart disease, vision loss, and hypertension, in addition to helping us maintain good health. Ideally, 
every meal should include a range of colourful foods to ensure maximum nutrition and an abundance of 
natural vitamins and minerals. This eating system is called the rainbow diet. Colour can also help you be 
more creative. 

Pigments in Vegetable Crops 
Carotenoids: Carotenoids are responsible for the colors yellow, orange and red, and are also found in some 
green vegetables. When it comes to potential health benefits, carotenoids are the most studied plant 
pigment. They’re most known for their provitamin A activity, which is important for eye health and 
reducing the risk of macular degeneration. But they are studied for many other potential health-promoting 
effects too. They are thought to support immune health and may play a role in reducing the risk of 
developing chronic diseases like cancer and cardiovascular disease. It’s their bioactive compounds and 
antioxidant activity thought to be responsible for their potential health benefits. There are over 600 
carotenoids in nature. The most common ones in vegetables, however, are beta-carotene, alpha-
carotene, beta-cryptoxanthin, lycopene, lutein and zeaxanthin (Farre et al., 2010).  
Anthocyanins: Anthocyanins give fruits and vegetables (and flowers) their vibrant blue, purple and red 
colors. They belong to a family of compounds known as flavonoids. More than 500 different anthocyanins 
have been identified, with cyanidin being the most common. Like carotenoids, numerous studies have 
examined the biological activities and potential health-promoting effects of anthocyanins.  
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Chlorophylls: Chlorophyll’s represent the green pigments found in plants. They are porphyrins, and are 
sometimes referred to tetrapyrroles. That name represents a pigment with a specific chemical structure. 
Chlorophyll a and b are the common green pigments found in lettuce leaves and other green leafy 
vegetables. They are also present in different varieties of tree tomato fruits. Chlorophyll a represents a 
blue-green color, while chlorophyll b is more of a yellow-green color. 
Betalains: Betalains are a class of water-soluble pigments that are found only in the order Caryophyllales. 
Betalains differ from anthocyanins in the chemical structures but share similarities to anthocyanins in the 
color spectra and biological functions. For example, betalains contain nitrogen but anthocyanins do not. 
Similarly, betalains are also localized in vacuoles. 

Colour Rich Varieties of Vegetable Crops 
1. Pusa Rudhira (IPC122) - Red coloured Carrot: This variety is a new tropical carrot red variety 
released in 2010. It is suitable for main season sowing beginning with September under North Indian 
plains. It is characterized by dark green foliage and long red coloured self-core variety. It takes about 75-
90 days to reach marketable maturity. Average root yield of 30 tonnes/ha. This variety is rich source of 
total carotenoid content (7.60 mg/100g), lycopene (6.70 mg/100g) and β-carotene (4.92 mg/100g) of fresh root 
weight. 
2. Pusa Meghali - Orange coloured Carrot: This is a selection from a cross of Local red × Nantes Half 
Long developed at IARI, New Delhi (1994). It has orange-coloured tapered roots with self-colored core. The 
roots are rich in beta carotene content (11571 IU/100g). Suitable for early sowings (August-September). It 
gives a yield of 25-30 tonnes/ha. This variety is capable of seed setting in North Indian Plains. 
3. Pusa Kulfi - White pale mustard coloured carrot: It is a white pale mustard colour carrot variety 
suitable for normal season sowing (2015). It matures 90-100 days and yields 24-25 t/ha. It has cream 
mustard colour, self-colored core, and obtriangular with slight greenish purplish tinged shoulder. It is 
sweet, juicy and suitable for salad, juice extraction and cooking. It contains lutein 2.81µg/100g fresh weight. 
4. Pusa Asita (IPC-126) - Purple coloured Carrot: This is a selection from IPC-126 developed at IARI, 
New Delhi (2008) It has smooth, round-shouldered black coloured self-core and triangular. Suitable for 
early sowing (from early-November to early January), it matures in 90-110 days and yields 27 tonnes/ha. 
It contains 520 mg anthocyanins /100g fresh weight 
5. Pusa Beta Kesari – Orange coloured Cauliflower: It is the first ever indigenously bred biofortified 
b-carotene (8- 10 ppm) rich cauliflower variety (2015). Its curds are orange coloured, compact and very 
attractive with semi-self-blanching growth habit. It is suitable for September – January growing period. 
Average marketable curd weight is about 1.250 kg with an approximate marketable yield of 40.0 – 45.0 
t/ha. 
6. KTPCF-1 - Purple cauliflower: One purple cauliflower variety, KTPCF 1 was developed through 
hybridization followed by recurrent selection. This genotype was recorded with very high anthocyanin 
content (43.7 mg/100 g fresh wt.) along with average curd weight of 0.765 kg. Introgression of β-carotene 
rich ‘Or’ and anthocyanin rich ‘Pr’ genes into cauliflower. In a snowball cauliflower variety, i.e., Pusa 
Snowball K 25, β-carotene rich (Or-gene) and anthocyanin rich (Pr-gene) genes were introgressed through 
hybridization with an exotic collection EC-625883 (β-carotene rich) and an inbred line, KTPCF 1 
(anthocyanin rich), respectively. Quality analysis of   parental lines and their hybrids revealed that amount 
of β-carotene increased 22 times in F1 hybrid (3.85 mg/100 g), while anthocyanin content elevated more 
than 200 times in F1 hybrid (38.12 mg/100 g) as compared to its recurrent parent, Pusa Snowball K 25 (β-
carotene- 0.17 mg/100 g and anthocyanin 0.19 mg/100 g). 
7. Pusa Purple broccoli: Pusa Purple broccoli was found to be promising for cultivation in rabi season. 
It has average head weight of 667 g with average head width and length of 18.2 cm and 15.4 cm, 
respectively. The marketable yield potential of Pusa Purple broccoli was estimated to be 20.86 t/ha in 85–
95 days after transplanting. 
8. Pusa Hara Baingan 1 - Green coloured Brinjal: It is a green-coloured oval fruited variety suitable 
for kharif season under north Indian condition. Fruits are oval green. Each fruit weighing 210-220 g having 
green non-spiny calyx. First picking starts 55-60 days after transplanting. The average yield is 40-45 t/ha. 
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It contains high total phenols (31.21 mg GAE/ 100 g) with high antioxidant activity (3.41 CUPRAC µmol 
trolox/g, 3.07 FRAP µmol trolox /g). 
9. Pusa Safed Baingan-1 - White coloured Brinjal: It is the first white coloured oval fruited brinjal 
variety which has been developed by single plant selection from an indigenous material collected from the 
farmer’s field of West Garo Hills, Meghalaya by the Division of Vegetable Science, ICAR-Indian 
Agricultural Research Institute, Pusa, New Delhi (Anon., 2018). 
10. Kufri Neelkanth – Purple Coloured Potato: It is a new table purpose medium maturing specialty 
potato cultivar released for North Indian plains (2019). It is rich in antioxidants (anthocyanins > 
100µg/100g fresh wt. & carotenoids~200 µg/100g fresh wt.) and the average yield of the hybrid is 35-38 
t/ha. The tubers of the hybrid are dark purple black, ovoid in shape with medium deep eyes, cream flesh, 
good storability, medium dry matter (18%) and medium dormancy with excellent flavour. The tubers are 
easy to cook, free from after cooking discoloration and have mealy texture (Anon., 2019).. 
11. Pusa Gulabi - Pink fleshed Radish: First pink fleshed unique trait nutritional rich radish variety. 
Released in 2013 by SVRC, Delhi for cultivation in Delhi & NCR. Medium root size, cylindrical shape, 
optimal yield and consumer preference over the existing varieties. High total carotenoids, anthocyanins 
and optimal ascorbic acid. Maturity 55-60 days. Average yield 6.0 t/ha. 
12. Pusa Jamuni - Pink fleshed Radish: Purple fleshed unique trait nutritionally rich radish variety. 
Released in 2013 by SVRC, Delhi for cultivation in Delhi & NCR. Distinct advantage in root size, shape, 
yield and consumer preference over the existing varieties. Higher anthocyanins and ascorbic acid. Maturity 
55-60 bdays. Average yield 5.0 t/ha. 

Conclusion 
The World Health Organization (WHO) estimates that 80% cardiovascular diseases and one-third of 
cancers can be avoided by healthier diet. The chief immediate and long-term objective of nutra-rich 
vegetable production is to enhance productivity and quality attributes of vegetables including 
nutraceuticals, pigments, colours and bioactive compounds, etc., to meet the ever-increasing food 
requirement of people. However, people are health conscious and use to take coloured vegetables rich in 
vitamins, minerals, antioxidants, nutraceuticals and bioactive compounds. Though the phytonutrient is 
one of the major traits to be improved, it is not given much importance compared to yield, pest and disease 
resistance breeding. Available wide genetic diversity and novel genetic tools yet to be employed in higher 
frequencies for development of coloured vegetables varieties. “Put the rainbow in your plate”. 
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Physical purity is the process of assessing the composition of a sample based on its weight. 
Pure seed component is used in the germination test; purity analysis and germination tests are 
complementary. Only when the physical purity analysis and the germination tests are examined together 
can the seed's planting value be established. 

Why do we Require Physical Purity and what Role Does it Play? 
Seed Certification or Seed Law Enforcement Agencies are used to determine whether a seed batch meets 
the requirements. Processing equipment's usefulness and efficiency in a processing plant. 
Because germination testing involves the use of a 'pure seed' component, physical purity analysis is 
required. Assists in determining the worth of seeds for planting. Pure seeds, other seeds, and inert 
materials make up three portions of the physical purity content. 

Physical Purity Analysis Follows a Common Premise 
The weight determines the percentage of each part. 
All seed species and inert materials present must be recognised to the best of one's ability, and if required 
for reporting, their percentage by weight must be calculated. ISTA considers pure seed, inert matter, and 
other seeds to be the most important components of physical purity. Physical purity contains pure seed, 
inert materials, other agricultural seed, and weed seed according to IMSCS standard. 

The Purity Analysis Process is as Follows 
The analysis can be performed on a single working sample of weight (as determined by ISTA's working 
sample size) or on two subsamples of at least half the weight, each drawn independently.  
To determine the percentage of its component parts to one decimal place, the working sample (or each 
subsample) must be weighed in grammes to the least number of decimal places required, as shown below. 

Separation in Physical Purity 
1. After weighing, the working sample (or subsample) must be divided into its component parts. 
2. In general, separation must be based on an assessment of each particle in the sample, but additional 
processes, such as uniform blowing, are required in some circumstances. 
3. The pure seed must be separated in such a way that it may be done using visible seed characteristics, 
mechanical assistance, or pressure without degrading germination capacity. 
4. Each component part, as well as any species of seed or other form of substance for which a percentage is 
to be reported, must be weighed in grammes to the minimal number of decimal places required to calculate 
the percentage to one decimal place. 
5. After weighing, the components must be retained and stored for reference until sample disposal. 

 

Sl. No. Weight of working sample (g) No. of decimal place 
required 

Example 

1. Less than 1 4 0.4091 
2. 1 to 9.999 3 4.091 
3. 10 to 99.99 2 40.91 
4. 100 to 999.9 1 409.1 
5. 1000 0 4091 
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The Calculation and Expression of Results 
Complete working sample: During the analysis, check for weight gain or decrease. The weights of all 
the component fractions from the working sample should be added together. As a check for gain or 
reduction, this amount must be compared to the original weight. A retest is required if there is a variance 
of more than 5% of the initial weight. The retest's outcome is then reported. 
Component percentages are calculated: On the analytical certificate, the proportion by weight of each 
component item must be given to one decimal place. The total of the component weights, not the original 
weight of the working sample, must be used to determine percentages. The percentage of seed of any species 
other than pure seed, or of any form of inert materials, does not need to be computed unless the application 
specifically requests it. 
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Why do we Need Bio-Agents when so many Chemical-Based Solutions are Available? 
The alternate pest management approach is not just safer but also far more affordable. The misconception 
arises since we came across chemical molecules only that the industry can manufacture and sell as 
synthetic substitutes. The share of imports from China is the largest when it comes to pesticides. The real 
alternatives are based in agro-ecological way that does not cost much. It is not just acute health impacts 
but numerous chronic health impacts that we all should be concerned about chemicals. Furthermore, 
various impacts on non-target organisms, export and trade security of Bharat, chemical residues in our 
food, etc. can be rectified by the adoption of bio-agents for crop protection. 

Bio-Agents 
The bio-agents protect plants from their enemies. They help in controlling the infestation of plant pests 
such as weeds, nematodes, insects, and mites. The biological control agents are specific to harmful 
organisms and do not kill useful organisms present in the soil. 

 
Grouping of Bio-agents 

Microbial 
Microbial pesticides are products made from beneficial microorganisms or the metabolites they produce 
which are employed to manage plant insects and diseases. Microbial products marketed worldwide are 
mainly composed of viruses, bacteria, and fungi and a promising tool for sustainable agriculture because, 
optimally, they can both support the health of the plant along with promoting plant growth and enhancing 
nutrient availability and uptake. Popular microbial agents are Entomo-pathogenic fungi (EPF), antagonist, 
fungi, insect-pathogenic bacteria (IPB), and viruses. 
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Types of microbial 

Market Scenario 
1. The microbial biopesticides market amounts to 92% of total biopesticides and there is enough scope for 
further progress, although there are challenges as well.  
2. A competent microbial pesticide needs to be manufactured in a form that is easy to apply on crops.  
3. Formulations of bioagents are commercially available in the form of 1-5% wettable powder (WP) followed 
by 5-10% granule (G) and 10-20% emulsified concentrates (EC) with a shelf life range of 6-10 months. A 
good formulation should be simple, low in cost, and easily transported.  
4. Mass producing the strain in liquid or solid form is an important choice to make, as it affects shelf life 
and application method on crops.  
5. The viability of microbial biomass during the process is critical and a priority in the selection of the 
method.  
6. Other issues to be considered are adhesion and coverage of microbial cells on the target site, and 
microbial viability after application.  
7. Solid formulations include granules or micro granules, dust, and wettable powders, whereas liquid 
formulations can be water, oil, or an emulsion-based.  
8. Bacterial inoculants are manufactured in both solid and liquid forms.  
9. The best strains from the bio-formulation point of view are Gram-positive sporulating bacteria, due to 
the high resistance of spores to various treatments. Similarly, sporulating fungi are often well suited for 
dry formulation, such as powder or granules.  
10. Fermentation methods are important in the mass production of microbial bioagents which are two 
methods viz., liquid and solid fermentation. 
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Mode of application of microbial agents 

Primary Microbial Registered 
1. Bacillus sphaericus 
2. Bacillus subtilis 
3. Bacillus thuringiensis 
4. Beauveria bassiana 
5. Lecanicillium lecanii 
6. Metarhizium anisopliae 
7. NPV of Helicoverpa armigera 
8. NPV of Spodoptera litura 
9. Paecilomyces lilacinus 
10. Pseudomonas fluorescens 
11. Trichoderma harzianum 
12. Trichoderma viride 

Registration Procedures of Microbial Bioagents 
In India, as of date total 970 biopesticide companies are registered under CIB&RC for producing fungi, 
bacteria, and viruses as microbial biopesticides.  Current legislation demands that microbial bioagents as 
biopesticides should be registered under CIB&RC as per the Insecticides Act, 1968.  Under Section 9(3) of 
Insecticides Act, 1968 the information required for registration of any biopesticides includes Systemic name 
and common name; natural occurrence and morphological 27 characteristics;  details of the manufacturing 
process (active and inert ingredients of formulation); test methods; quantitative analysis (CFU on selective 
medium, absence of gram-negative bacteria contaminants); moisture content; shelf-life; mammalian 
toxicity; bioefficacy; environmental toxicity and residue analysis. 
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IPM is a knowledge-intensive sustainable approach for managing pests by combining compatible cultural, 
biological, chemical, and physical tools in a way that minimizes economic, health, and environmental risks. 
IPM is the best combination of cultural, biological and chemical measures that provides the most cost-
effective, environmentally sound and socially acceptable method of managing diseases, insects, weeds and 
other pests. 

IPM in Rice Includes 
1. Cultural management practices: 

a. Select suitable resistant or moderately resistant variety.  
b. Use disease and insect free pure seed.  
c. Seed treatment (for diseases) with carbendazim 50% WP @ 2 g/kg seed or 
Trichoderma/Pseudomonas @ 5-10 g/ha of seed for seed or soil borne diseases and carbosulfan 2 g/kg 
of seed for root nematodes or as per local recommendations. 
d. Destruction of left-over nursery, removal of weeds from field and cleaning of bunds.  
e. Normal spacing with 30-36 hills/ m2 depending on the duration of the variety. 

2. Mechanical management practices: 
a. Collection of egg masses and larvae of pest to be placed in bamboo cages for conservation of 
biocontrol agents.  
b. Removal and destruction (burn) of diseased/pest infested plant parts.  
c. Clipping of rice seedlings tips at the time of transplanting to minimize carryover of rice hispa, 
case worm and stem borer infestation from seed bed to the transplanted fields.  
d. Use of coir rope in rice crop for dislodging case worm, cut worm and swarming caterpillar and leaf 
folder larvae etc. on to kerosinized water (1 L of kerosene mixed on 25 kg soil and broadcast in 1ha). 

3. Biological management practices: 
a. Augmentation and Conservation:Trichogramma japonicum and T chilonis may be released @ 1 
lakh/ha on appearance of egg masses of yellow stem borer and leaf folder in the field. 
b. Natural biocontrol agents such as spiders, drynids, water bugs, mirid bugs, damsel flies, 
dragonflies, meadow grasshoppers, staphylinid beetles, carabids, coccinellids, Apanteles, 
Tetrastichus, Telenomus, Trichogramma, Bracon, Platygaster etc. should be conserved. 
c. Pest defender ratio (P: D) 2:1 may be useful to avoid application of pesticides against plant 
hoppers.  
d. Behavioural Control: Mass trapping of yellow stem borer male moths by installing pheromone 
traps @ 20 traps/ha with lures containing 10-15 mg pheromone at 20 days after transplanting. 

4. Chemical management practices: 
a. Spraying carbaryl 10% DP @ 25000 g/ha for caseworm. 
b. Spray quinalphos 25% gel @ 1000 ml/ha or chlorpyrifos 20% EC @ 1250 ml/ha for rice hispa 
c. Application of carbofuran 3% CG @ 25000-66600 g/ha or fipronil 0.3% GR @16670-25000 g/ha at 
20 days after transplanting for gall midge. 

5. Nematode management: 
a. White tip nematode (Aphalenchoides besseyi): Sun drying of seeds for 6 hours for 4 days and Pre-
sowing of nursery bed treatment with carbofuran 3% CG @ 50000 g/ha, if nematode population 
crosses the ETL.  
b. Root knot nematode (Meloidogyne graminicola): Rotation with the crops like sweet potato, 
sunflower, cowpea, sesamum, and onion and soil application of carbofuran 3% CG @ 50000 g/ha. 

6. Rat management: 
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a. Rat management need to be adopted on community basis. 
b. Employment of indigenous traps preferably one month after transplantation.  
c. Application of bromodiolone (0.005% a.i) in baits six weeks after transplantation. 
d. The residual live burrows may be treated with second application of bromodiolone (0.005%).  
e. The above control operations with rodenticides except Zinc phosphide (as rodents develop bait 
shyness) may be repeated if the rodent population exceeds working index. 

Major Pests of Cheranmahadevi Block in Tirunelveli and its Specific Management 
Practice 
1. Green leaf hopper: (Nephotettix virescens):     

a. Nitrogen should be applied at an optimal level to discourage population buildup and influence 
plant recovery. 
b. Good weed control in the field and on the bunds removes the preferred grassy hosts and promotes 
crop vigor. 

 
2. Yellow stemborer (Scipophaga incertulas): Clipping the tips of seedlings before transplanting 
greatly reduces the carryover of eggs from the seedbed to the transplanted field. Rice varieties with short 
stature and shorter growth duration periods suffer less damage than long growth duration varieties. 

 
3. Whorl maggot (Hydrellia phillipina): Adult flies are more attracted to standing water. Therefore, 
by draining the water at 3-4 days intervals during the first 30 days after transplanting, egg lying is reduced. 

 
4. Rice caseworm (Nymphula depunctalis): 

a. Rice fields with wider hill spacing (30 x 20 cm) usually suffers less damage from caseworm. 
b. Early planting may escape the peak caseworm moth activity period. 

 
5. Gall midge (Orseolia oryzae): 

a. Plowing under the ratoon of previous crops can reduce infestation. 
b. Control of grassy weeds and wild rice (alternate hosts) from surrounding areas can reduce gall 
midge incidence. 
c. Draining of rice fields for 5-7 days affects midge populations. 
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Seed dormancy is described as a viable seed's failure to germinate for a certain period of time in a set of 
environmental conditions, followed by germination when the seed's restrictive state is eliminated, either 
naturally or artificially. Because dormancy prevents germination, it's the seed's resting stage (or survival 
mechanism). 

According to Amen (1963), there are Two Types of Dormancies 
1. Innate dormancy  
2. Primary dormancy. 
It is the state of the seed or the dormancy induced in the seeds at the moment of dispersal from the mother 
plant, i.e. dormancy can be induced before maturity. During maturity and after maturity but before seed 
is dispersed from mother plant.  
Secondary dormancy is a type of dormancy that occurs after the primary dormancy. Secondary dormancy 
can only occur in a developed and imbibed seed under particular unfavourable germination environmental 
circumstances. Secondary dormancy comes in a variety of forms. Thermo – Temperature-induced 
dormancy.  
Light is referred to as skoto, while photo refers to the quality of light. Germination is prevented by osmotic 
stress or excessive osmotic stress. Exogenous and endogenous dormancy are the two types of primary 
dormancy.  
Exogenous dormancy is caused by the seed coat factor, which can be caused by inhibitors or the hardness 
of the seed. It is further divided into the following categories: 

a. Physical — Dormancy is caused by the hard seed coat, which inhibits water from entering and, 
in some cases, gaseous exchange. Hard seeds of pulses and acacias, for example. Prosopis, sapota, 
and other similar plants 
b. Chemical – Some inhibitors are present in the seed coat, preventing germination. 
c. Mechanical - due to structure, the growth of the projecting radicle is restricted. Inadequate space 
in Terminalia sp. seeds, for example. 

Dormancy caused by the embryo is known as endogenous dormancy. It could be due to inhibitors, an 
underdeveloped embryo, or a mix of the two. It is further divided into Morphological – Because of an 
underdeveloped embryo that is unable to germinate even under ideal conditions. (e.g.) Apple Physiological 
- Due to the presence of inhibitors such as ABA, coumarines, phenols, and others, metabolic activity in the 
seeds is inhibited. 
Morphophysiological – Using an immature embryo in conjunction with inhibitors. 

Advantages of Dormancy 
1. Storage life of seed is prolonged. 
2. Seed can pass through adverse situation. 
3. Prevents the in-situ germination. 

Disadvantages 
1.While raising a crop it is very difficult to maintain the population in the field with dormant seed lot 
2. Contributes to longevity of weed seed. 
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Sl. No  Types  Causes  Embryo character  Pre-treatment  
1  Physical  Seed coat 

impermeable  
Fully developed, non-
dormant  

Scarification 
(Mechanical and 
acid)  

2  Physiological  Physiological 
inhibiting 
mechanism of 
germination in the 
embryo  

Fully developed dormant  Seed soaking in 
growth regulators 
(GA3, Ethrel, and 
chemical solutions 
(KNO3, Thiourea)  

3  Combinations  1+2  Fully developed dormant  Scarification followed 
by chemical 
treatment  

4  Morphological  Under developed 
embryo  

Under developed non-
dormant  

Cold stratification  

5 Morpho-
physiological  

Under developed 
embryo, 
physiological  

Under developed 
dormant  

Stratification 
followed by chemical 
soaking.  
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Introduction 
A vertical garden is a vertically suspended panel on which plants are grown using hydroponics. These 
unique structures can either be freestanding or attached to a wall and go by many different names: living 
green walls, plant walls and moss walls just to name a few. Whatever you want to call them, these vertical 
structures of plant life can be as small as a picture frame or massive enough to cover an entire wall.  
Vertical gardens are a wonderful alternative to potted plants in the built environment. Potted plants 
provide flexibility in placement, but they take up space and require a great deal of maintenance. Vertical 
gardens take up very little, if any, floor space. 

 

Exterior Vertical Gardens 
Many buildings around the world have vertical gardens installed on their exteriors. These exterior walls 
often contain moss, vines, and other hardy plants. Though they are exposed to the elements, exterior 
vertical gardens have the advantage of having natural direct sunlight.  
Exterior vertical gardens also give buildings great protection and insulation from temperature fluctuations, 
UV radiation and heavy rain. In the summer, exterior vertical gardens use a process called 
evapotranspiration, which helps cool the air around them. 

 

Vertical Succulent Gardens 
Succulents are popular among plant enthusiasts because they are space-efficient, colorful, and very easy 
to maintain. Succulents are also fire-resistant and are great alternatives if you are in a region with a lot of 
water shortages. For these reasons, succulents make a great plant choice for vertical gardens.  
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Succulents are well known to have a hard and fleshy exterior which makes them great candidates for 
interiors. Selecting succulents makes it very easy to mold and shape any vertical garden to your needs. 
Succulents require less watering and other maintenance than many other plants while providing a 
wonderful aesthetic for any space. 

 

Interior Vertical Gardens 
For indoors, small-stature house plants are the best options to create a tapestry of beautiful colors and 
texture, also great for filtering indoor air pollutants. They not only make the view pleasant but maintain 
the right atmosphere within. Whereas, large, open or traditional spaces can be filled with trellises or 
columnar trees with upright structures. 

 

Vertical Gardening in India 
With the land available for farming fast-shrinking and given the exponential increase in population, Indian 
agricultural scientists and policy makers are giving serious thought to ‘vertical farming’ that makes 
effective use of urban spaces for growing horticultural produce. 

 

India’s First Vertical Garden in Bengaluru 
About 150 experts, scientists and entrepreneurs from India and various other countries have begun the 
process of deliberations in Bengaluru on ways of taking forward vertical farming in India. This is part of 
an international workshop being organised by the Munich-based Association of Vertical Farming and 
Indian Council of Agricultural Research (ICAR).  
Scientists also hope to encourage urban residents to go for commercial cultivation through vertical farming. 
According to experts, it is possible to take up normal cultivation that uses soil if the vertical gardening 
system is taken up outside the house. Similarly, soilless farming, backed by LED lights to make up for 
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shortage of sunlight, would have to be tried out for cultivation either inside the house or on a commercial 
basis. 

Why India Needs Vertical Farming 
Vertical farming provides an efficient and long-lasting solution to many of these issues that the Indian 
agriculture sector is presently facing.  
Water consumption in vertical farming, for instance, can be reduced by 95%. This could prove crucial in a 
country where 84% of its total available water goes for irrigation purposes. In addition, India has a history 
of severe droughts that have been attributed to a drop in agricultural production of 20-40%. Vertical 
farming can reduce Indian agriculture’s water usage significantly through the application of technologies 
such as hydroponics and aquaponics. 
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Phosphorus is one of the major essential macronutrients for biological growth and development. About 98 
percent of Indian soils have inadequate supply of available phosphorus. It is present at levels of 400-
1200mg/kg of soil. Its cycle in the biosphere can be described as open or sedimentary because there is no 
interchange with the atmosphere. Thus, even if the total P is high and as if P fertilizers are applied 
regularly, the P is rapidly fixed to unavailable forms and accounts for low P use efficiency. Insoluble 
phosphate, which is not directly available to plant, is 95-99 per cent of the total soil phosphate. 
Microorganisms play a major role in the natural phosphorus cycle.  Many soil microorganisms are able to 
solubilize ‘unavailable’ forms of calcium bound P through their metabolic activities.  The cell might take up 
several P forms as HPO42- or H2PO4-.  The role of microorganisms in solubilizing insoluble phosphates in 
soil and making it available to plant is well known. There are reports on solubilization of rock phosphate 
by soil microorganisms. Phosphate solubilizing microorganisms (PSM) include bacteria as well as fungi.  
Among bacteria most efficient phosphate solubilizers belong to the genera Bacillus and Pseudomonas.   
Currently used costly phosphatic fertilizers can be replaced by low-grade rock phosphate along with PSM 
in soil.  Many workers have reported beneficial effect of inoculation with P solubilizers on the growth, yield 
and uptake of phosphorus by plant. 
Pikovskya in the year 1948 made a pioneering attempt in isolating “phosphorite” an organism capable of 
actively solubilizing tricalcium phosphate (TCP) and coined the name ‘Bacterium P’. Number of phosphorus 
solubilizing bacteria in the rhizosphere was far greater than the number at some distance from the roots.  
Microorganisms capable of solubilizing fixed phosphates are known to occur in different soils. 
Several species of Bacillus, Proteus, Serratia, Pseudomonas, Micrococcus and Streptomyces sp. from the 
rhizosphere of rye grass and wheat were known to solubilize phosphates.  The other reported phosphate 
dissolving bacteria include Bacillus, Pseudomonas, Rhizobium, Burkholderia, E. coli, Achromobacter, 
Arthrobacter, Micrococcus, Aerobacter etc.  
Soil microorganisms play a significant role in mobilizing P for the use of plants by bringing about changes 
in pH of the soil microenvironment and producing chelating substances which lead to the solubilization of 
native as well as added insoluble phosphates. Several mechanisms were adapted by the phosphorus 
solubilizers to solubilize the unavailable form of phosphorus namely the production of organic acids and 
enzymes. 
Organic acids are reported to solubilize phosphates either by decreasing the pH or by complexing the cation 
that is bound to the P.  Phosphate solubilizers are known to produce various organic acids such as oxalic, 
citric, butyric, malonic, lactic, succinic, malic, gluconic, acetic, glyconic, fumaric, adipic,2-ketogluconic acid 
etc. Phosphatase activity in the rhizosphere might be originated from the plant roots or from fungi such as 
ectomycorrhiza or from bacteria. Through the action of this phosphatase enzyme, organic phosphorus 
compounds are hydrolyzed into plant available forms or inorganic phosphorus.  
Plants took up more phosphates from insoluble phosphatic fertilizers in the presence of microorganisms. 
Deficiency of soil P was one of the most important chemical factors while restricted plant growth in the soil.  
Numerous microorganisms especially those associated with roots have the ability to increase plant growth 
and productivity by solubilizing unavailable mineral nutrients.  Inoculations of P solubilizers to soils are 
rich in native phosphorus makes the fixed phosphorus available to plants resulting in enhanced 
productivity. 
Inoculation of P solubilizers alone influenced the P uptake in all the stages of crop growth. Phosphate 
Solubilizing Microorganisms increases the yield of crops by 10-30 per cent.   Not only the vegetative cells 
even the inoculation of the culture that has the spores of B. megaterium var phosphaticum, which absorbed 
on kaolinte or other suitable carrier known to enhance the yield and quality of tomato. 
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Phosphate solubilizing bacterium Pseudomonas striata resulted in significantly higher grain yield. The 
combination of A. lipoferum and phosphate solubilizing bacteria increased the activity of beneficial 
microorganisms in rice rhizosphere.  Combined inoculation stimulated the population of A. lipoferum as 
well as the population of Phosphate Solubilizing Bacteria. Even the Mixed inoculant of Rhizobium and 
phosphobacteria had similar effect as that of individual inoculant on various crops.   
Among the biofertilizers, the use of phosphobacteria along with Azospirillum known to enhance the yield 
of many crops.   Many biofertilizers were available both in carrier and liquid formulations hence the farmers 
can use the same according to their need and attain maximum benefits to enhance the yield of crops. 
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Abstract 
Breeding of new and high yielding cultivars with good market preferred characters takes more than 10 
years in the absence of an integrated pre - breeding programme. During the early stages of breeding, 
crossing of parental genotypes require more amount of time, space and resources for selection and its 
genetic advancement. However, speed breeding has the potential to reduce the time required for 
development of cultivar release and commercialization. The objective of this article was to present the key 
challenges of speed breeding to guide pre-breeding and breeding programmes. Key challenges of speed 
breeding include: 

a. Access to suitable facilities. 
b. Staff trained in the protocol. 
c. Adopting major changes to breeding programme design and operations. 
d. The need for long-term funding. 

Keywords - High yielding cultivars, pre – breeding, speed breeding. 

Introduction 
A new crop variety is developed through conventional method of breeding by crossing selected parental 
genotypes with desired characters and a series of selection and advancement of superior progenies to 
release candidate cultivars that meet market values (Shimelis & Laing, 2012). The following breeding 
procedures are essential for a crop improvement programme. 

a. Combination of selected complementary parents with desired traits. 
b. Development of progenies are involved by crossing of selected parents. 
c. Based on the target traits, selection and genetic advancement of the best progenies is developed. 
d. Screening of selected best progenies in multiple target production environment is to identify the 
best performing and stable candidate cultivars. 
e. Registration of cultivars, seed multiplication and distribution to growers (Shimelis & 
Laing, 2012). 

These conventional breeding procedures are used in most crop improvement programmes. However, 
conventional breeding procedures can take more than 10 years to develop and release an improved variety 
in the absence of an integrated pre-breeding programme (De La Fuente et al., 2013). The time taken in 
these stages significantly delays the pace of cultivar development and commercialization. To overcome the 
delays, speed breeding was developed by manipulating the circadian clock of every crop species. Speed 
breeding is a suite of techniques that involves the manipulation of environmental conditions under which 
crop genotypes are grown, aiming to accelerate flowering and seed set, to advance to the next breeding 
generation as quickly as possible. The objective of this article is to present the challenges of speed breeding 
to guide pre-breeding and breeding programmes. 

Challenges of Speed Breeding 
The use of speed breeding techniques is a valuable approach to accelerate conventional breeding 
programmes. However, the technology requires expertise, effective and complementary plant phenomics 
facilities, appropriate infrastructure and continuous financial support for research and development 
(Shimelis et al., 2019). Furthermore, the integrated suite of tools requires skills and expertise in plant 
breeding and biotechnology, long-term funding and government policy support. For example, in Sub-
Saharan Africa (SSA) most public plant breeding programmes use traditional plant breeding approaches. 
Use of modern breeding tools in the public sector is limited by technical, economic and institutional 
challenges (Morris & Bellon, 2004). 
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Speed breeding methods could accelerate the release of both conventional and genetically modified crop 
cultivars in SSA. However, the most common challenges hampering the use of speed breeding include: 

a. Access to suitable facilities. 
b. Staff trained in the protocol. 
c. Adopting major changes to breeding programme design and operations. 
d. The need for long-term funding. Briefly, these challenges are discussed below. 

Lack of trained plant breeders and breeding technicians: A major challenge that can hamper the 
adoption of speed breeding in the public sector is a lack of trained and active plant breeders, and plant 
breeding technicians in developing countries (Morris et al., 2006; Shimelis et al., 2019). The public sector 
breeding programmes are negatively affected by a high turn-over of plant breeding personnel to private 
seed companies and training institutes that offer better remuneration than government service. In some 
countries, the legislative and administrative framework to manage plant breeders’ rights and seed 
regulation have not been developed to encourage plant breeding to benefit the value chain from farmers to 
consumers. Therefore, developing countries need to adjust their policies and practices related to 
investments in plant breeding education, research and personnel retention to ensure the viability of long-
term crop improvement programmes, and the adoption of scientific innovations such as speed breeding. 
Inadequate infrastructure: Speed breeding platforms require sophisticated infrastructure to regulate 
environmental factors, particularly soil moisture, temperature and photoperiod. Institutional support is 
limited in public plant breeding programmes in many developing countries. This limits the adoption of 
state-of-the-art breeding methods such as speed breeding and biotechnological tools (Byerlee & 
Fischer, 2002). Moreover, specialized equipment needed to carry out selection of traits during early 
generation advancement are limited. Additionally, an overreliance on donor agencies (‘donor mind-set’) and 
a lack of harmonization of regional breeding programmes leads to duplications of activities and investments 
in resources. An opportunity exists to reduce the cost of establishing new infrastructure by the invention 
of innovative, local equipment, such as the use of modified shipping containers fitted with solar-powered 
temperature and light control equipment (Chiurugwi et al., 2018). 
Unreliable water and electricity supplies for sustainable operations: The manipulation of 
environmental factors, specifically moisture, temperature and photoperiod, in indoor growing facilities 
requires reliable water and electricity supplies. Indoor speed breeding facilities require affordable, 
sustainable and reliable energy for cooling, heating and lighting. For instance, the cost of temperature 
regulation in Queensland during winter accounted for more than half of the total cost of plant management. 
Unreliable supplies of electricity are a major problem for the management of temperature and photoperiod 
for speed breeding in public plant breeding programmes. In developing countries, speed breeding will 
require innovative solutions to the supply of water and electricity, such as the use of sustainable solar 
power. A small indoor speed breeding kit consisting of fitted LED lights and temperature controls powered 
by a solar system with battery backup could be developed using existing technologies. 

Conclusion and Future Prospects 
The use of speed breeding can accelerate the development of high performing cultivars with market-
preferred traits by reducing the amount of time, space and resources invested in the selection and genetic 
advancement of superior crop varieties. 
However, the adoption of speed breeding in many developing countries, especially in public plant breeding 
programmes, is limited by the lack of trained plant breeders and plant breeding technicians, and a lack of 
the requisite infrastructure and reliable supplies of water and electricity. 
Currently, there is also a lack of enabling government support at a policy and financial level to initiate and 
sustain speed breeding in public plant breeding programmes. 
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Introduction 
Malnutrition problem is one of the biggest threats that India has been combating since its independence. 
Although India has enjoyed strong economic growth over the last 20 years, India is home to 46.6 million 
stunned children, more than one third of the world’s malnourished children (Singh, 2020). Estimates from 
the Comprehensive National Nutrition Survey report (2016–18) shows that in India, about 35% of the 
children under the age of five year were stunted, 33% of the children were underweight and 17% children 
were wasted. With a change in daily habits, deficient nutrient diets and over dependence on few cereal 
foods (rice or wheat), chronic lifestyle diseases are reaching a soaring high. Refining operations further 
reduce the nutritional value of cereals by removal of the germ and aleurone layers, which are rich in 
micronutrients. 

The Needed Change 
A comparison of nutrient composition of different food crops (per 100g edible portion) 
Crop Protein 

(g) 
Fat 
(g) 

Crude 
fibre 
(g) 

CH
O 
(g) 

Energ
y 
(kcal) 

Ca 
(mg) 

Fe 
(mg) 

Thiami
n (mg) 

Riboflavin 
(mg) 

Niaci
n (mg) 

Rice (brown) 7.9 2.7 1.0 76.0 362 33 1.8 0.41 0.04 4.3 
Wheat 11.6 2.0 2.0 71.0 348 30 3.5 0.41 0.1 5.1 
Maize 9.2 4.6 2.8 73.0 358 26 2.7 0.38 0.2 3.6 
Pearl millet 11.8 4.8 2.3 67.0 363 42 11 0.38 0.21 2.8 
Sorghum 10.4 3.1 2.0 70.7 329 25 5.4 0.38 0.15 4.3 
Common 
millet 

12.5 3.5 5.2 63.8 364 8 2.9 0.41 0.28 4.5 

Foxtail 
millet 

11.2 4 6.7 63.2 351 31 2.8 0.59 0.11 3.2 

Barnyard 
millet 

11.0 3.9 13.6 55.0 300 22 18.6 0.33 0.1 4.2 

Kodo millet 9.8 3.6 5.2 66.6 353 35 107 0.15 0.09 2 
Little millet 9.7 5.2 7.6 60.9 329 17 9.3 0.3 0.09 3.2 
Finger millet 7.7 1.5 3.6 72.6 336 350 3.9 0.42 0.19 1.1 
Quinoa 16.5 6.3 9.5 69.0 399 148.

7 
13.2 0.2-0.4 0.2-0.3 0.5-0.7 

China 16.5 30.7 21.1 42.1 486 631.
0 

7.7 0.6 0.2 8.8 

Grain 
Amaranthus 

13.6 7.0 2.2 65.3 371 159.
0 

7.6 0.1 0.2 0.9 

Ref: Chavan and Kadam, 1989; Kulczyński et al., 2019; Soriano-García and Aguirre-Díaz, 2019 
and USDA, 2018. 

Millets 
Millets are a group of highly variable small-seeded grasses and are popularly known as nutri-cereals or 
nutraceuticals as they are a repository of protein, fibre, vitamins and minerals (Table 1). The majority of 
the millets are native to India. 

https://vikaspedia.in/agriculture/crop-production/package-of-practices/cereals-and-millets/bajra-1
https://vikaspedia.in/agriculture/crop-production/package-of-practices/cereals-and-millets/finger-millet-and-kodo-millet
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Millets are classified as major millets or small millets based on their grain size. Sorghum (Sorghum bicolor) 
and pearl millet (Pennisetum glaucum) are two of the most common millets. Finger millet (Eleusine 
coracana), Kodo millet (Paspalum scorbiculatum), proso millet (Panicum miliaceum), foxtail millet (Setaria 
italica), little millet (Panicum sumatrense), and barnyard millet (Echinochloa colona) comes under small 
millets. 
Compared to major cereals, millets are more drought-resistant crops, pests and diseases resistant, have a 
short growing season, and well suited to drought situations. They perform very well in marginal soils and 
are superior in nutritional properties with high micronutrient contents and low glycemic indices. Millets 
have unique nutritional characteristics, including complex carbohydrates, dietary fibre, minerals (Ca, Fe, 
P, and Zn), vitamins, proteins, and phenolic compounds and phytochemicals, which aid in the prevention 
of malnutrition and lifestyle diseases. 

Quinoa 
Quinoa (Chenopodium quinoa Wild.) is a plant species of the Chenopodiaceae family, native to the Andean 
region and adapted to diverse agroclimatic zones. It is a pseudo cereal with high nutritional value as it is 
rich in proteins, lipids, fiber, vitamins, and minerals as well as exceptional balance of essential amino acids 
and high number of health-beneficial phytochemicals with beneficial hypoglycemic effects while being 
gluten-free. There has been a growing interest in quinoa globally due its unique nutritional value, wide 
adaptability and tolerance to abiotic stresses namely cold, salinity and drought. 

Chia 
Chia (Salvia hispanica L.) is an annual plant belonging to the Lamiaceae family native to Mexico and 
Guatemala. Chia seed is composed of high protein, fats, carbohydrates, high dietary fiber, ash, minerals, 
vitamins, and dry matter and a high number of antioxidants. 
Recently, chia seed has gained importance for human health and nutrition as it is a good source of 
polyunsaturated fatty acids: omega-3 and omega-6 which promotes beneficial health effects. Chia is 
commonly consumed as salad from chia sprout, in beverages, cereals, and salad dressing from the seed or 
it is eaten raw. 
Other than bread, the food industry has widely used chia seeds or its oil for different applications such as 
breakfast cereals, bars, cookie snacks, fruit juices, cake, and yoghurt. Chia requires low maintenance, 
prefers moderately fertile, well-drained soils, but can cope with acidity and moderate drought. 

Grain Amaranth 
Amaranthus spp. is characterized by high nutritional value and its adaptation to the marginal lands. The 
three principal species considered for grain production include Amaranthus hypochondriacus L., A. 
cruentus L. and A. caudatus L. Amaranthus is a good source of gluten-free high-quality protein including 
an excellent amino acid balance, high-fibre, and high nutritional values. Amaranthus is a hardy, stress 
tolerant crop and can be cultivated with minimal external inputs. 
It is a drought resistant crop with short growth cycle and therefore can be used efficiently for crop 
diversification on marginal lands. Amaranthus are gaining popularity due to their favorable agronomic 
traits, including C4 photosynthesis, dual uses for vegetable and grain production, and tolerance to heat, 
drought, and salinity stress and adaptability to marginal lands. 

Conclusion 
Nutrient rich underutilized crops like millets, quinoa, chia, grain amaranth etc. should also be included in 
daily diet as it provides fiber, protein, energy, minerals, vitamins, and antioxidants necessary for human 
health. 
They act as a shield against nutritional deficiency disorders and provide nutritional security. Because of 
their more degree of phenotypic plasticity, nutritional profile, high adaptability to various environmental 
conditions and ability to improve food security, they can be grown in marginal lands. Broader cultivation 
of these minor crops will diversify plant agriculture and the human diet, and will therefore help to improve 
national food security and human health. 
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Coffee Rust/ Oriental Leaf Disease – Hemileia vastatrix 
Article ID: 36515 

Ashwini R, Vijayalakshmi N. R. 
 

 

Coffee leaf rust caused by fungal pathogen Hemileia vastatrix is one of most important disease in the 
history of plant pathology and was responsible for causing epidemic in Srilanka in 1868. 

Symptoms 
1. The fungus confines itself to the leaf blade, rarely occurs on the berries 
2. Small, pale-yellow spots develop on upper surface of the leaves usually around margins 
3. Later masses of orange uredospores appear on the under surface 
4. The fungus sporulates through the stomata rather than breaking through the epidermis, so it does not 
form the pustules typical of many rusts. 
5. The powdery lesions on underside of leaves can be orange-yellow to red-orange in color 
6. The centers of the spots eventually dry and turn brown, while the margins of the lesions continue to 
expand and produce uredospores 
7. Infection slowly progresses upward in the bush and host tissue becomes dark brown, then black and 
dries up 
8. The infected leaves drop prematurely, leaving long expanses of twigs devoid of leaves 
9. The damage to the plant is severe when it affects the young flush, causing defoliation and considerable 
reduction in yield. 

 

Survival and Spread 
Primary: Mycelium or uredospores in infected leaves. 
Secondary: Uredospores dispersed by wind and water. 

Pycnial and Aecial Stages are not Known 

 
Uredospores 
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Favourable Conditions 
1. Uredospores germinate only in free moisture. 
2. Thick canopy of shade prevents the ready spread of the spores and thus secondary spread of the disease. 
3. Rainy weather and heavy dew. 

Management 
1. Collect diseased leaves and destroy. 
2. Spray the bushes once with Bordeaux mixture 0.5% or Copper oxychloride 0.25% two to three times 
during monsoon. 
3. Spray Triadimefon 0.05%. 
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Doubling of Farmer’s Income through Agroforestry 
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Agroforestry system is able to increase farmer's income more than double in seven years and triple, if 
farmer get value of their carbon sequestered by Agroforestry system. Doubling farmer's income 
recommended seven sources of income growth which include enhancement in livestock fecundity, resource 
use efficiency or savings in the cost of production and increase in the cropping intensity. 
Farmers can be adopted to enhance the income of farmers can be adopted to enhance the income of farmers. 
Which comprise: 
1. Optimally tap common resources like water. 
2. Corporate and gain knowledge for growing better price producing crops. 
3. Share infrastructure like storage. 
4. Arrangement for better crop prices with buyers. 
5. Arrangement for better input prices with sellers. 
The agriculture based Indian Economy needs more agriculture earning for the farmers who feed the 1.25 
billion Indian population. Not only this like developed countries who in spite of having much lesser area 
under cultivation, export number of farm products, India also needs to a prominent exporter of agriculture 
products. This will attract more people towards agriculture, the backbone of the country.  
But how to achieve the dream of substantially increasing the farmer’s income is a key question. The Prime 
Minister of India, Shri Narendra Modi in his Independence Day speech on August15,2017 laid out the route 
map to double the farmer’s income in upcoming 5 years. The Agroforestry system is acknowledged as an 
important integrated farming practice since time immemorial, to fulfil the local need of food, fodder, fuel 
wood, fibre and timber along with aesthetic and environmental services to the society.  
However, woody perennial has been reduced gradually due to more demand of food grains on limited land 
resources in entire world in general and India in particular. Different forest system was supported by 
government because of its role in improvement in soil health, nutrient cycling, carbon sequestration and 
better economic return in comparison to existing cropping systems with less use of natural resources. 
In common parlance, two factors determine the adoption of Agroforestry in any specific reason: One is 
relative profitability with other existing crops and second is the price volatility of wood. Agriculture being 
a state subject the state governments undertake execution of programs for the growth of the sector. 
Government of India adjunct the strives of the state Governments through different schemes or programs. 
These schemes or programs of the Government of India are made for the prosperity of farmers by enhancing 
production remunerative returns and income help to farmers. 
India has two crops growing seasons namely kharif and rabi, which make it attainable to cultivate two 
crops in a year on the same land. With accessibility of irrigation and new technologies it has become possible 
to raise short duration crops after the main kharif and after the main rabi season. Land use stats show 
that the 2nd is taken only on 39.9 of per cent of net sown area. This implies that more than 60 per cent 
agricultural land in the country remains unused for half of the productive period. In most the state., Second 
crop is taken on less than one fourth of net sown area. 
Lack of access to water to meet crop requirement is said to be the main season for low crop intensity. 
However, Surprisingly, crop intensity on irrigation area, approximated as ratio of gross irrigated area to 
net irrigated area is found to be almost 140, which is not very much different than crop intensity under 
rainfed situation. The cause for this could be that irrigation is not available whole year.  
The Government of India has already proposed to take many measures to increase farm income, balance 
Production and consequently improve small farm productivity. Integrated farming system approach 
involving synergic blending  of crops, horticulture, dairy, fisheries, poultry etc. seems viable option to 
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provide regular income and at site employment to small land holder, decreasing cultivation cost through 
multiple use of resources and providing much needed resilience for predicted climate  change scenario high-
yielding varieties and hybrid seeds are very essential for a successful crop production and increasing the 
yield by 15 to 20% depending upon the crop and it can be further raised upto 45% with efficient 
management of other inputs. 
Micro-irrigation along with the nutrient of other inputs can be highly efficient and priority should be given 
to empower farmers with micro-irrigation. The Government is promoting a new crop insurance (PMFBY) 
given increased challenges by farmers due to continuous climatic disturbances. 
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Dodder – A Phanerogamic Stem Parasite 
Article ID: 36517 

Ashwini R, Vijayalakshmi N. R. 
 

 

“The plants which produce flower and subsequently bear seeds in fruits and parasitized on other plants 
known as Phanerogamic parasite” 

General Properties of Parasitic Plants 
1. Nutrients and water are transported via a Physiological bridge called the Haustorium. 
2. A parasite connects its vascular system (at least one of the tissues) to that of the host plant. 
3. The parasite may totally discard its own photosynthesis. 
4. Parasites may be mostly exposed at the surface of the host (Epiparasite). 
5. Mostly parasite hidden within the host organ (Endoparasite). 
6. The endoparasitic portion is composed of thread-like haustoria permeating the host tissue with a sinker, 
a single structure that becomes embedded in the host tissue. 

Dodder (Love Vine, Amarbel) 
1. Scientific name: Cuscuta spp.  
2. It is a non chlorophyllous, leaf less parasitic seed plant  
3. It is yellow pink or orange in color and attached to the host.  
4. They do not bear leaves but bear minute functionless scale leaves  
5. Produces flower and fruits. Flower is white, pink or yellowish in color and found in clusters. Seeds are 
form in capsules. A single plant may produce 3000 seeds. 

 

Mechanism 
1. The haustoria penetrate the stem or leaf and reach into the cortical region just outside the pericycle like 
an adventitious root.  
2. The haustoria secrete enzymes into the plant tissues that hydrolyze reserved food stuffs, such as, starch, 
and thus make them available to the dodder plant.  
3. These hydrolyzed substances and water are absorbed by the haustoria and are transported to the dodder 
stem where they are utilized for further growth and reproduction. 

Overwintering and Dissemination 
1. As seeds and stem pieces moved by irrigation water. 
2. As seeds in the manure. 
3. As stem pieces carried by birds or strongwinds and transported by cattle, farm implements. 

Symptoms on Host Plants 
1. Host suffers from malnutrition 
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2. Vitality of the host plant is reduced 
3. Plant may be dwarf  
4. Yellowing of the leaves with less flowers and fruiting 
5. In case of severe attack, the whole plant of the affected part may die. 

Management 
1. Crop rotation with non-hosts. 
2. Clean cultivation and sanitization. 
3. Removal and destruction of infested host plants. 
4. Apply preemergent herbicides (e.g., trifluralin) before dodder seed germinates; where practical, follow 
up with close mowing, burning, or spot removal of parasitized host plants to control dodder plants that 
escaped the herbicide application. 
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Dragon Fruit: for Doubling Farmers Income 
Article ID: 36518 

Sneh Yadav1 
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Article 
The dragon fruit (Hylocereus undatus) is indigenous to the Americas. Its name comes from its appearance 
— leather-like skin and scaly spikes on the exterior of the fruits. It is also known as ‘Pitaya’, ‘Pitahaya’, 
strawberry pear, noblewoman and queen of the night throughout the world. 

 
The dragon fruit was introduced to home gardens in India in the 1990s. It gained wider popularity among 
farmers due to its profitability and the fact that it needed lower inputs once established. The plant sustains 
yield for more than 20 years, is high in nutraceutical properties and good for value-added processing 
industries. 
The low maintenance and high profitability of dragon fruits has attracted the farming community 
throughout India. This has led to a steep increase in dragon fruit cultivation in Maharashtra, Karnataka, 
Andhra Pradesh, West Bengal, Telangana, Tamil Nadu, Odisha, Gujarat and the Andaman and Nicobar 
Islands, as well as in many north eastern states. 

Climate for Dragon Fruit 
One of the major merits of these crops is that it can grow in the extremes of temperature and the poorest 
of soils but is best suited for the tropical climate with an annual rainfall of 40-60 cm best suited for growth. 
Temperature ranging from 20°C- 30°C is considered best for the crop to grow. 

Soil Requirement for Dragon Fruit 
Dragon Fruit can be grown on almost any soils however Sandy soils that have good irrigation are generally 
preferred. The ph of the soil should be between 5.5 to 6.5 for a good crop. Beds should be at least 40-50 cm 
high. 
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Planting 
There are two methods of growing dragon fruit, the first is the use of seeds and the second is using a cutting 
from the plant sampling. Seeds take a time of three years before the plant is large enough to be used so 
farmers generally opt for the cutting method. The length of the sapling should be 20 cm and it should be 
cut from the mother plant and left in the shade for 5-7 days before being planted in the field. 
While being planted the distance between the dragon fruit plants depends on whether the support used is 
vertical or horizontal. In vertical support, the distance between the plants should be 2-3 metre while in 
horizontal support the distance is reduced to almost 50 cm and allows for intensive farming. The vertical 
support should be between 1 to 1.20 meter high while the horizontal support should be between 1.40 to 
1.60 metre for appropriate growth. 

Pest Treatment for Dragon Fruit 
The land should be treated with fertilisers in mounds. The fertilisers used should be 20 kg organic fertilisers 
0.5 kg superphosphate and 1kg of NPK16-16-8 should be used per 50 postings before the actual plantings 
of dragon fruit plants. During the plantation stage, 50 grams of Urea combined with 50 grams of phosphate 
should be used three times a year during the first year. 

Management 
Crop rotation with non-hosts. 
2. Clean cultivation and sanitization. 
3. Removal and destruction of infested host plants. 
4. Apply preemergent herbicides (e.g., trifluralin) before dodder seed germinates; where practical, follow 
up with close mowing, burning, or spot removal of parasitized host plants to control dodder plants that 
escaped the herbicide application. 

Irrigation 
Since the plant requires less water irrigation is recommended once a week and drip irrigation should be 
used for better efficiency. 

Flowering and Fruiting 
Flowering and fruiting of dragon fruits coincide with the monsoon season in India. Its flowers are 
hermaphrodites (male and female organs in the same flower) in nature and open at night. Nocturnal 
agents such as bats and hawk moths act as pollinators. 
Proper pollination ensures the fruit setting, size and total yield. Usually, flowering and fruiting occurs in 
a series of flushes and normally in three to five segments (staggered) from June to November. 

Harvesting of Dragon Fruit 
Fruits are ready to be harvested 30-35 days after flowering. Each fruit weighs around 200 to 700 grams, 
depending on management practices. In well-managed orchards, economic fruit yields start after three 
years and the average yield can be up to five tonnes per acre. The techniques of picking it are twisting it in 
a clockwise direction and plucking it. 

Varieties of Dragon Fruit 
There are several varieties of Dragon Fruit that are grown and the famous varieties are: 
1. Hylocereus undatus: Also known as Pitahaya, the variety has a white flesh with pink skin. The fruit 
is 6-12 cm in length and 4-9 cm in thickness with edible black seeds 
2. Hylocereus polyrhizus: Also knows as Red Pitaya, it is recognised by its red flesh with its pink skin. 
It is native to Mexico but is now grown in many countries. 
3. Hylocereus costaricencis: The variety is known for its violet red flesh and pink skin. It is also known 
as Costa Rican Pitaya as it is native to Costa Rica. The fruit is magenta and the seeds are pear-shaped. 
4. Hylocereus (Selenicerus) megalanthus: This variety is native to South America and is characterised 
by its white flesh with yellow skin. 
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The Niti Aayog in its report in 2017 named “Doubling Farmers’ Income” had said that crop diversification 
is a major step that all farmers must take to increase their incomes. Dragon Fruit is one of the major crops 
that could be adopted for this measure with demand for it increasing every year. According to the Indian 
Council of Agriculture Research (ICAR), the fruit can be sold between Rs. 200-250 per kg and thus can 
fetch a huge profit for the farmers. 
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Energy Plantation and Indigenous Plants for Watershed 
Development 

Article ID: 36519 
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Providing suitable plant cover to earth surface is the foremost requirement in a watershed development 
programme. The type of plant cover varies with land use, eg. cultivated or non-cultivated lands. It is mostly 
from non-cultivated lands and partly from cultivated lands that the needs of fuel wood both rural and urban 
poor are met from. Thus, these very lands which should have permanent vegetation also face ironically, the 
maximum brunt in terms of depletion of vegetation. It is in this scenario that energy plantation and 
indigenous plants have become increasingly important components in watershed development programme. 

Energy Plantations 
Energy plantation is a short rotation, high density forestry of systematically planted desired woody 
perennials. By and large, these plantations are even aged and in most cases monoculture. This provides 
important source of fuel to over 70% of our population. The national level requirement of fuel wood has 
been estimated at 133 m tons with a supply of only 49 m tones in the year 1984-85. This requirement is 
going to be 300-330 m tones by 2004-05 with no concomitant increases foreseeable in the near future if 
additional areas are not brought under energy plantation. This is so because of sparse cover and poor 
productivity due to adverse environmental conditions. But increasing fuel wood demand would extract 
more and more from these low producing areas resulting ultimately in the deforestation and large-scale 
desertification.  
In addition to the sparse cover and low productivity, the choice of species as fuel has been limited to a few 
species in most of the villages. Mohnot (1991) reported aak (Calotropis procera) and kheisi (Prosopis 
cineraria) constitute nearly half of the fuel wood followed by crop residue (8%), Angreji babool (Prosopis 
juliflora, 5%), Ker (Capparis deciduas 4%), Bui (Aervo pseidotomentosa) and Khimp (Leptaenia 
pyrotechníca 4%), and 11 other species accounting for remains 23%, each ranging between 2-3%. Thus, the 
three Important sources of plant energy are, crop residue, native vegetation on non from lands and energy 
farms.  
It is therefore imperative that energy plantations in the watershed development programmes have to follow 
a multipronged strategy of diversifying species choice along with their value in soil and water conservation 
befitting each agroecological regime in different landuse options. This can be achieved as discussed below. 

Resource Appraisal 
The first and foremost stop in a development planning is appraisal of resources such as land, water, 
vegetation, human beings, their livestocks and demand-supply status of different items. It is very unlikely 
that agriculturally suitable lands will ever be brought under energy plantations. Therefore, based on 
problems and potentials of the lands, areas with steep slopes and erosive soils of low fertility can be isolated. 
Using land capability classification area falling in class V to VIII can be marked out. These are normally 
put under woodland, rangelands, pasture or idle land. Since conditions of vegetation has a bearing on C or 
cropping management factor in the universal soil loss equation, efforts should be made to restore that 
canopy over which minimizes the value of "C" and hence least soil loss. The basic procedure entails fencing. 
Bush control, site preparation, and plantation, after care, weeding, fertigation and Irrigation etc. However, 
the first step is the choice of species. 

Choice of Species 
Plants represent vast, untapped supply of renewable energy with low content of sulpher and other 
pollutants. Storage of this energy from the season in which it is produced to the season of its use is simple 
and inexpensive. Since energy essentially the photosynthetic end product, energy capture would be greater 
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in a ground cover of loaves is attained quickly. This would be possible if species could regrow from the 
rootstock. In respect of crops too, the maximum energy capture is up to 2%. Sorghum, maize and sugarcane 
under most optimum conditions are reported to produce 50 gm dry alter per m' per day representing 3% 
capture of incident solar radiation. This is a difficult rate low maintain but It does constitute an important 
source of fuel in the form of crop residue. The desirable traits in species suitable for energy plantations 
could be as follows:  
1. Rapid growth of shoot  
2. Rapid and faster growth of root  
3. Tap and surface root architecture  
4. Easy establishment  

a. Easy germination/rooting of cutting  
b. Faster seedling growth  
c. Long storage capacity of seeds and saplings  
d. Withstands transport shocks  
e. Adapt quickly to new environs upon transplantation  
f. Least sapling mortality. 

5. Potential to regrow after harvest  
6. High photosynthetic efficiency- C4. CAM Plants (Shape of leaves, orientation)  
7. Recycle Potassium. Phosphorus and Nitrogen; not merely depletes  
8. Wide ecological amplitude with adaptations to: 

a. Drought.  
b. Inundation.  
c. Frost.  
d. High Wind.  
e. Weed competition. 

9. Minimal requirement of fertilizer. 
10. Resistance to insect-pests. 
11. May fulfill seasonal niches and fallow-short duration maturity (caster). 
12. Favors growth of other species, thus help maintains natural biodiversity. 
Using above criteria, large number of workers have compared performance of different species (singh et al. 
1987, yadav, 1987, chavan et al. 1985). It has emerged that cauarina equisitifolia, Acacia auriculiformis, 
eucalyptus tereticornes, eucalyptus tereticomnes and leucena leucocephala are most suitable for faster 
energy plantation in arid and semi-arid region are given in Table 1. 
Table 1. Species suitable for energy plantation: 
Species Altitude 

range (m) 
Optimum 
temperature 

Optimum rainfall 
(mm) 

Drought 
resistance 

Acacia tortilis Low land Upto 50 100 High 
Acacia Senegal 100-1700 14-33 300 High 
Acacia nilotica 600 22 500 High 
Albizzia lebbeck Upto 1600 20-30 500 Moderate 
Dalbergia sissoo Upto 1500 Upto 50 500-2000 High 
Leucaena leucocephala Upto 1000 20-30 100-1700 moderate 
Pithecellobium dulce Upto 1800 Upto 50 450-1600 High 
Prosopis cineraria - Upto 50 75-850 High 
Pjuliflora Upto 1500 Upto 50 150-750 High 

Source: Hussain (1991) 
Planning: It is preferred to have density up to 5000-10000 trees/ha the planting hole should Integrate into 
the scheme of soil and water conservation, water harvesting and moisture availability to the plants. Both 
manual as well as mechanical means can be followed with their advantages and disadvantages. Soil 
mixture should have FYM, insect pest control measures and nutrient dose if required. In difficult soils, 
(sodic, saline, shallow), additional measures are required.  
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The plantation needs protection either by way of barbed wire fencing or live fencing. Live fencings are 
preferred now. Opuntia, Euphorbia and P.juliflora are suitable as fence. Pit planted species usually require 
watering in first year of its plantation followed by weeding.  
Harvesting of Biomass: Harvesting time and amount of plant material to be removed are such that it allows 
regrowth by way of Plants coppicing, pollarding, lopping, pruning. Best coppicing is observed in Eucalyptus, 
Albizzia, Leucaena leucocephala, P.juliflo. Pollarding is good in Azadirachita indica and Casuaria 
equisitifoli Species of Prosopis, Acacia and Laeucena respond well to lopping and pruning. 
Indigenous species: There has been increased emphasis on the use these species not only in energy farms 
but also because of the value in providing products of economic importance (Saxena, 198: and medicines 
(Kumar and Parveen, 1997). These are listed E Tables 2 - 5. Suitable selections as per agriclimatic 
requirements can be made. 
Table 2. Important medicinal plants of desert region: 
S.N. Plant name Diseases cured 
1 Balanites aegyptiaca  Skin diseases, cough, wounds 
2 Butea mososperma (palash) Diabetes, sore throat, skin 
3 Adhatoda vasica (Arusa) Bronchitis, Asthma 
4 Commiphora wightii (Guggal) Rheumatic disorder, carminative hypercholesterolemia 
5 Aloe barbadensis (Guar patha) Purgative, rheumatism 
6 Datura metel (kala dhatura) Asthma, malaria 
7 Withania somnifera (Asgandh) Cold, cough, rheumatism, nerve tonic 
8 Andrographis paniculata (Kalmegh) Viral hepatitis 
9 Phyllanthus niruri (Hazar dana) Jaundice, dysentery 
10 Achyranthes aspera (Chirchita)  Asthma, cough, spleen enlargement 
11 Cassia angustifolia (sona mukhi) Purgative, skin diseases 
12 Boerhavia diffusa (punarnava) Diuretic, asthma 
13 Ocimum sanctum (Tulsi) Bronchitis, cold, sough 
14 Tinospora cordifolia (Nim-giloy) Viral hepatitis, fewer 

Table 3. Plant producing non-edible and edible oils: 
Botanical 
name 

Vern. 
Name 

% oil in 
seed 

Uses Habitat 
suitable for 
propagation 

Suitable 
rainfall 
(mm) 

Nursery 
technique 

Month of 
sowing 

Gestati
on 
period 

Non-edible 
Azadirachta 
indica 

Neem  45 Washing 
soap 

Plains 
piedmont 
plain  

200-500 Plants raised 
in G.I. tubes, 
polythene 
tubes 

March 
june-july  

6years 

Citrullus 
colocynthis  

Tumba  21 Washing 
soap, 
medicinal 
illuminant 

Sand dunes 
sandy 
undulating 
plains 

150-350 Direct seed 
sowing 

February 
March 
june-july  

90-150 
days 

Pongamia 
pinnata 

Papris 35-55 Washing 
soap, plants, 
varnish 

Alluvial 
plains 

300-500 G.I. tubes, 
polythene 
tubes 

March 
june-july  

8-10 
years 

Ricinus 
communis 

Arandi  35-55 Medicinal, 
enamels, 
paints, 
varnish 

Alluvial 
plains 

250-500 Direct seed 
sowing 

june-july 
March 

180-210 
days 

Salvadora 
oleoices 

mithajal  Washing 
soap 

Saline 
alluvial 
plains, low-
lying 

250-500 G.I. tubes, 
polythene 
tubes 

june-july  10 years 

Salvadora 
persera  

Kharajal   Washing 
soap 

-do- -do- -do- -do- -do- 

Edible 
Carthamus 
tritorius 

Kusum 24-36 Cooking, 
medicinal 
paints, 

Alluvial 
plains 

-do- Directing 
sowing 

October  90-120 
days 
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Citrullus 
lanatus 

matera 20-24 Cooking, 
medicinal 

Sand dunes 
hummocky 
plains 

250-500 Directing 
sowing 

June-July 100-150 
days 

Table 4. Plant bearing essential oil: 
Botanical 
name 

Local 
name 

Oil Uses Habitat 
suitable 
for 
propagatio
n 

Suitabl
e 
rainfall 
(mm) 

Nursery 
technique
s 

Month 
of 
sowing 

Gestatio
n 

Acacia 
famesiana 

- Cassia oil Perfumer
y 

Alluvial 
plain, 
interdunal 
plain 

250-500 Plants 
raised in 
G.I. tube 
or 
polythene 
plain 

Februar
y, June, 
July 

5 years 

Cymbopogon 
martini 

Motia 
sofici 

Palmaros
a 

Perfumer
y soap 
indus., 
insect 
repellant
s 
medicinal 

Sandy plain 250-500 Rooted slip July-
August 

1 years 

Cymbopogon 
nardus 

Citronell
a grass 

Citronell
a oil 

-do- -do- -do- -do- -do- -do- 

Ocimum 
basilium 

Maruva Basil oil Scanting 
soap 
Indus., 
flavoring 
liquor 

Alluvial 
plain, Sandy 
plain 

250-350 Direct seed 
sowing 

July 1 years 

Trachspermu
m copticum 

Ajwain Ajwain 
oil 

Curry 
powder 
medicinal 

Alluvial 
plain 

250-500 -do- Oct-Nov 110-150 
days 

Vetiverria 
zizanoides 

Khus-
khus 

Vetiver 
oil 

Perfumer
y as 
fixative 
for 
volatile 
oils, 
cosmetics 

Marshy and 
ravine 
tracts 

500-800 Rooted 
slips 

July 1 years 

Table 5. Important timber producing plants of arid region: 
Botanical 
name 

Vern. 
name 

Uses Habitat 
suitable for 
propagatio
n 

Suitabl
e 
rainfall 
(mm) 

Nursery 
technique
s 

Time 
of 
sowin
g 

Plants ready 
for 
transplantin
g 

Spacing 
needed 
for 
plantin
g 

Gestatio
n time 

Acacia 
nilotica 

Babool Fuel 
timber 
gum 

Youger 
alluvial 
plains 

300-800 G.I. tubes Feb. 
June-
July 

9 months 5-6 m 10 years 

Acacia 
cupressiformi
s 

Khajoo
r 

Timbe
r 

-do- -do- Polythene 
tubes 

-do- -do- 4m -do- 

Acacia 
senegal 

Kumut Fuel 
timber 
gum 

Hill, sand 
dune 

200-400 -do- March 
July-
Aug. 

18 months 5 m -do- 

Albizzia 
lebbek 

Siris -do- Alluvial 
plain 

350-700 -do- -do- 9 months 6-7 m 8 years 

Albizzia 
tortilis 

Israeli 
babool 

-do- Sand dune 
plains 
interdunes 

150-500 -do- Oct-
Feb. 
Jun-
July 

6-9 months 5-7 m -do- 
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Anogeissus 
pendual 

Dhau Coal Hills 
piedomont 

250-800 -do- July 18 months 5 m 15 years 

Prosopis 
cineraria 

Khejri Fuel 
timber 

Sand plains 250-800 -do- July 18 months 5 m 15 years 

Prosopis 
chilensis 

Vilayat
i 
babool 

Coal 
timber 

Plains 
wasteland 

200-500 -do- March 
Jun-
July 

3-6 months 5 m 5-10 
years 

Tecomella 
undulata 

rohida Timbe
r 

Interdune 
and sandy 
plains 

200-400 -do- Jun-
July 

9-12 months 6 m 25 years 
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Introduction 
Agricultural sector is changing the socio-economic environment of the population due to liberalization and 
globalization. Agriculture has been the backbone of the Indian economy. As Indian population is growing 
continuously, the demand for producing crop per hector is also increasing; this requires efficient and high-
capacity machines. So, mechanization in agricultural industry plays an important role in Indian economy.  
The basic function of sowing operation is to sow the seed and fertilizer in rows at required depth and to 
maintain the distance between the seeds and provide proper compaction over the seed. Use of conventional 
seeding devices has higher seed rate application which leads to wastage of costly seeds, adds the cost of 
thinning and results in increased production of cost.  Production and productivity cannot be enhanced with 
primitive and traditional methods. The basic difference between seed drill and planter is that a seed drill 
sows seeds at specified rate and at the proper depth in rows. It cannot deposit the seeds in hills nor in check 
rows, where a planter can deposit the seeds at specified rate in hills and rows spaced to permit inter row 
cultivation Several results shown that the use of planter increases the yield by 15 to 25 % and may increase 
up to 40 % Plant spacing can affect both vegetative, reproductive growth and yield and is directly related 
to seed spacing uniformity. 
Precision sowing can save seeds and effectively control the sowing depth, sowing densities and sowing 
distance. According to statistics, the output of precision seeding about 10 - 30 % more compared with that 
of the conventional drill. 

Some Important Seed Parameters 
Crops Seeding rate 

(kg/ha) 
Seed Width 
(mm) 

Inter row width 
(cm) 

Angle of repose 
Degree( 0) 

Wheat 100-120 1.6-4.6 10-15 30-38 
Rye 100-180 1.5-2.5 10-15 32-36 
Barley 110-160 2.5-5.0 10-15 34-40 
Oat 140-180 2.0-3.5 10-15 34-43 
Corn 50-80 5-12 60-70 31 
Pea 120-280 5.6-7.9 20-35 28-34 
Rape 6-12 1.6-2.8 30-40 - 

Specification of Some Crops Seed Spacing 
Crops Recommended seed spacing (cm) 
Soyabean 5 
Sorghum 10 
Pigeon pea 10 
Mustard 10 
Maize 30 
Groundnut 15 

Types of Precision Seed Metering Devices 
1. Plate type precision seed metering devices: Plate type metering devices are taken here to be those 
that principally use a moving plate with indents, i.e. holes, cells or cups, around its periphery and metering 
performance is generally highly dependent on matching the size (length, breadth and thickness) of the 
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indents to the size of the seed. The seeding rate is altered by changing the velocity ratio of the plate or by 
changing to a plate with more or fewer holes or cells. In general, the hole or cell diameter and the plate 
thickness are varied to suit a particular seed size. Accurate performance depends on the use of graded seed 
and the selection of an appropriate plate to suit that seed size. 

 
Fig.1. Horizontal plate seed metering devices 

 
Fig.2.Vertical plate seed metering devices 

Plate metering devices can be sub classified as ‘horizontal plate’, ‘inclined plate’ or ‘vertical plate’ types. 
Vertical plate type metering devices can be further sub-classified as ‘mechanical’, ‘air assisted’ or ‘brush 
assisted’, depending on the method of singulation. 

 
Fig.3. Inclined plate seed metering devices 

2. Belt type precision seed metering devices: Belt type precision seed metering devices are similar to 
mechanical plate metering devices in the principle of operation but differ substantially in that the plate is 
replaced by a continuous rubberized belt of fixed width and thickness with holes, compatible to the seed 
size, equally spaced along its length. Seed falls from the seed box into the feed chamber where it is exposed 
to a portion of the belt. The amount or depth of seed in the chamber needs to be regulated to prevent choking 
or excessive wear on the mechanisms. The depth of seed required depends on the seed size and is adjusted 
by changing the size of the choke plate. The accuracy of metering depends on similar criteria to that of 
other mechanical plate metering devices, i.e., uniformity of seed size, matching of cell size to seed size, and 
the speed of the belt. Metering rate is adjusted by altering the speed of the belt relative to ground speed 
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and the number of holes per unit length of the belt. Incorrect matching of the cell and seed sizes increases 
the potential for seed damage during the metering process. 

 
Fig.4. Belt type precision seed metering devices 

3. Vacuum disc type precision seed metering device: The popular and widely used horizontal seed 
metering is having several problems, including higher seed damage, missing and multiple drops. Metering 
irregular shaped seeds, preventing seed damage, efficient and cost effective besides spherical seeds. 
Moreover, the most commonly adopted pneumatic planters are equipped to release single seeds in furrows 
as per the desired plant spacing by using a modular rotating seed disc under negative pressure. The vacuum 
disc precision meter is now the industry standard, even though pressurized disc metering systems have 
been developed. Essentially, this system consists of a seed box, a split housing, a vertical rotating disc that 
has a row of holes around its circumference, and a fan or blower.  
In the vacuum disc type device, the disc rotates between the two halves of the housing one is exposed to a 
negative pressure (vacuum) on one side and to the seed on the other. As the disc rotates, each hole passes 
through the seed lot and picks up one or a number of seeds as a result of the pressure difference across the 
disc, i.e., seeds are held by suction to the hole. As the disc continues to rotate, the seeds attached to a hole 
are subjected to the effects of a wiper that can be adjusted to cover more or less of the hole diameter. 

 
Fig. 5. Vacuum disc type precision seed metering device 
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An agricultural drone is an unmanned aerial vehicle applied to farming in order to help increase crop 
production and monitor crop growth. 

Importance of Drone 
1. Keeping eye on crop from the air can help reveal patterns that show a problem related to irrigation, soil 
variation and fungal infestations.  
2. Drone uses Satellite remote sensing method which is used to identify the crop growth by comparing 
multiple images taken by the satellite.  
3. Airborne cameras can take multispectral images, capturing data using visual spectrum as well as 
infrared, which shows the difference between the distressed and healthy plants which can’t be viewed with 
naked eyes. 

Six Options for Agricultural Drones 
1. Soil and field analysis: They produce precise 3-D maps for early soil analysis, useful in planning seed 
planting patterns. After planting, drone-driven soil analysis provides data for irrigation and nitrogen-level 
management.    
2. Planting: Startups have created drone-planting systems that achieve an decrease planting costs by 85 
per cent. These systems shoot seeds and plant nutrients into the soil, providing the plant all the nutrients 
necessary to sustain life. 
3. Crop spraying: Drones can scan the ground and spray the correct amount of liquid, modulating distance 
from the ground and spraying in real time for even coverage. 
4. Crop monitoring: Time-series animations can show the precise development of a crop and reveal 
production inefficiencies, enabling better crop management. 
4. Irrigation: Drones with hyper-spectral, multispectral, or thermal sensors can identify which parts of a 
field are dry or need improvements. 
5. Health assessment: By scanning a crop using both visible and near-infrared light, drone-carried devices 
can identify which plants reflect different amounts of green light and NIR light. This information can 
produce multispectral images that track changes in plants and indicate their health. 
Drones can be used in Agriculture in India but there are several drone laws that needed to be followed 
which come into effect from December 1, 2018. 

General India Drone Laws 
1. Do not fly your drone over densely populated areas or large crowds. 
2. Do not fly your drone within 5km of airports or in areas where aircraft are operating 
3. You must fly during daylight hours and only fly in good weather conditions 
4. Do not fly your drone in sensitive areas including government or military facilities. Use of drones or 
camera drones in these areas are prohibited 
5. All drones must be equipped with a license plate identifying the operator, and how to contact them. 
6. You cannot fly more than one UAV at a time. 

Advantages 
1. Increase productivity. 
2. Transform the agriculture industry.  
3. Soil fertilising, spraying pesticides and seeding. 
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Disadvantages 
1. Suitable for large farms compared to the smaller one  
2. Privacy concerns. 
3. Requires technological knowledge 

Conclusion 
1. Agricultural drone have the potential to improve the crops and helps in providing an insight about the 
disease management technique through imaging and sensors.  
2. It will also provide help in the monitoring of irrigation and water supply by predicting the availability of 
water.  
3. Agricultural drone can help the farmers to transform the agriculture industry. 
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Abstract 
Rice straw and rice husk which are the main bioresources of silica are not recycled either as compost are 
ploughed insitu but burnt. The loss of silica of rice husk is very high and is necessary to be process it for 
application as fertilizer.  Rice husk ash is another bioresource of silica which is obtained after being utilized 
fuel for industrial purposes. Being amorphous and microporous in nature, they are preferred for varied 
industrial applications than serving as biological Si fertilizers. 

Introduction 
Silicon (Si), the beneficial nutrient element is demonstrated to be an essential element for plants through 
its ability to increase nutrient availability in the rhizosphere and uptake of nutrients through various 
mechanisms.  Moreover, Si can influence the availability of other plant nutrients in soils by competing for 
binding on soil particles thereby increasing plant growth and resistance against abiotic and biotic stresses.  
Since the availability of silica is abundant in nature, due consideration has not been given for management 
of silica.  Anthropogenic desilication due to crop intensification and export of silica from agricultural soils 
due to crop uptake and removal significantly influence Si cycling on a global scale.  This loss of bio available 
silica due to crop harvest and removal varies according to the crop (100-500 kgha-1) in crop-soil system 
which might pose challenges for agricultural production in the 21st century.  
In nature, Si exist either as biogenic silica or as phytogenic silica.  The hydrated amorphous silica derived 
from organisms (zoogenic, microbial and protozoic) is a form of biogenic silica from which plants take Si as 
monosilicic acid (Sommer et al., 2006).  Similarly, phytogenic silica is those which can be found in living 
plants in any plant organ (leaves, stems and roots etc.,) as intracellular (in cell wall and cell lumen) or 
intercellular or extracellular (cuticular).   With regard to rice-based wetland ecosystem, the biogenic Si 
sources includes primarily phytoliths originating from crop residues and microorganisms. This Si returns 
back to the soil otherwise by litter fall and litter decomposition (Saccone et al., 2007).  Silicon can be 
released from biogenic sources of fresh phytoliths through mineralization.   
Exports of Si from the soil-plant system can occur via drainage and leaching.  Advanced desilication due to 
high weathering stage of soils is most pronounced in humid tropical environments. Furthermore, Si is 
exported from the system with harvested products which can severely deplete soils of their phytogenic Si 
pool. Rice accumulates up to 10 per cent of Si on dry weight mass, more than the primary and secondary 
nutrients. The sources or reserves of Si may be lithogenic/pedogenic that originate from primary and 
secondary minerals during the process of weathering and biogenic that originate from phytoliths and 
microorganisms.    
Silicon cycling in rice fields includes release of Si from the soil by transformation processes, translocation 
within the plant system, addition of external Si through irrigation water and fertilizer application and 
removal/export of available absorbed and dissolved Si through drainage, leaching and harvest.  This process 
of leaching is accelerated by continuous submergence of puddled soils and anaerobic conditions in rice fields 
which dissolves Si into water, where it is flushed away. Since a huge volume of irrigation water passes 
through throughout rice growth period, there is scope for enormous quantity of dissolved Si to be flushed 
away.  Apart from above processes, precipitation and adsorption of Si on minerals and organic compounds 
thus becoming unavailable to plants is also a part of Si cycle.  In consequent to the above, silica availability 
became low, causing rice plants to sometimes lose condition and became affected by pests in fall. 

Si Fertilizer Application 
Silica nutrition and Si fertilizer application may not be new since it was started as early as 1950s in Japan 
and in many parts of the world.  Though, Si is not applied for increasing the yield it is applied to overcome 
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biotic and abiotic stresses especially in rice.  The most applied Si fertilizers are wollastonite, silica gel, 
liquid suspensions or solutions of meta-silicate, silicic acid, potassium-silicate, steel slag, fly ash and blast 
furnace slag which can potentially increase the silicic acid concentrations in soil solution.   
Research evidences reveal that rice accumulate approximately 270 kg Si ha-1 year-1.  Many other Si 
accumulating plants like sugarcane, wheat, sorghum, maize, soybean and sugarbeet also shown to have a 
positive influence over the yield and Si removal as well.  The rice kernel comprises of endosperm, husk, 
bran and nucleus.  The total seed weight is apportioned as endosperm 70, rice husk 21, rice bran 8 and rice 
germ 1per cent, respectively.  The primary constituents of rice straw and husks are cellulose, hemicellulose 
and lignin, along with appreciable amounts of silica. 

Conclusion 
Unfortunately, rice straw and rice husk which are the main bioresources of silica are not recycled either as 
compost are ploughed insitu but burnt instead, thus decreasing the availability of Si in the soil and the loss 
is estimated to be around 31.6 per cent.  Since rice husk is abrasive and possesses low nutritive value and 
low bulk density its scope for utilization is limited to bedding material for poultry, fuel for milling and other 
industry, animal roughage and constituent of planting media, there is less chances of recycling back to soil.  
The loss of silica of rice husk is very high amounting from 18.8 per cent to 22.3 per cent. It is necessary for 
silica of rice husk to be processed for fertilization with faster process and easy to be distributed compared 
to composting or bokashi process.  Rice husk ash is another bioresource of silica which is obtained after 
being utilized fuel for industrial purposes.  Being amorphous and microporous in nature, they are preferred 
for varied industrial applications which includes insulators, raw material for cement, bioadsorbant rather 
than serving as biological Si fertilizers. 
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Introduction 
Assam is known for its ethnic diversity. There are more than a hundred communities and tribes living in 
Assam. Along with the diversity in their culture, you can see the diversity in their food as well. From 
various herbs, plants to various insects, reptiles; Include everyone in your diet. The whole of Assam is 
divided into two parts i.e., Upper Assam and Lower Assam by the mighty Brahmaputra River. And on the 
basis of geographical division their culture, language, food, customs were also affected. It has also been 
found that the diverse food system of Assam along with other North Eastern states of India is the reason 
for their immunity and disease resistance. 
In the lower Assam region especially in Kamrup, Nalbari, Bongaigaon area; When someone was a newborn, 
people used to distribute a paste made of spices and herbs to their relatives. In the local language the paste 
is known as "Jala Bota/Jola Bota", which means crushed hot or crushed pungent. 

Method and Materials 
The required materials for the preparation of Jalabota are: 
Ingredients Local Name Common Name Scientific Name 
1 Jolokia Chilli Capsicum annum 
2 Jaluk Black Pepper Piper nigrum 
3 Dhania Coriander Coriandrum sativum 
4 Jeera Cumin Cuminum cyminum 
5 Halodhi Turmeric Curcuma long 
6 Gonchona Sugandhmantri Homalomena aromatic 
7 Aada Ginger Zingiber officinale 
8 Horiyoh Mustard Brassica Nigra 

The above items were mixed as 200 gm of chili powder, 100 gm of black pepper, 200 gm of coriander powder, 
100 gm of cumin powder, 100 gm of turmeric powder, 100 gm of crushed sugandhmantri stems, 100 gm 
paste of ginger, 350 ml of mustard oil, some other spices and salt mixed together and kept it for 1 hour to 
2 hours. Traditionally the paste is wrapped in banana leaves and distributed among the relatives as to seek 
blessings for the newborn. The “Jalabota” can be stored for 2-3 months in normal room temperature. 

Medicinal Importance 
It can be easily seen that all of these ingredients are equally important not only as spice or food but also 
for medicinal values. 
 Common Name Medicinal values 
1 Chilli Rich protein, vitamin C, Iron, boosts immunity, beneficial for cold related 

issues, joint pain 
2 Black Pepper Anti-inflammatory, anti-oxidant, lowers cholesterol, beneficial for arthritis, 

asthma, bronchitis, menstural issues 
3 Coriander Vitamin K, beneficial in stomach pain, constipation, diarrhea, gas, nausea 
4 Cumin Beneficial for indigestion, diarrhea, blood sugar, obesity, rich in iron 
5 Turmeric Beneficial in arthritis, conjunctivitis, chicken pox, urinary issues, wound 

healing, infections 
6 Sugandhmantri Stomach issues, cold. Best known for its aromatic quality. This liquid gold is 

a major ingredient in the perfumery industry. 
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7 Ginger Beneficial in cold, nausea, gastrointenstinal issues, Mouth ailments 
8 Mustard Speeds up metabolism, beneficial in blood pressure maintain, join paint, 

cold, cough 

 
Fig: Jola bota in a banana leaf (Source: Assamese recipes with heart and soul) 
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Guava is an exceptional source of dietary fiber. Therefore, eating more guavas may aid healthy bowel 
movements and prevent constipation. Just one guava can provide 12% of your recommended daily intake 
of fiber. Additionally, guava leaf extract may benefit digestive health. Among the various diseases of Guava, 
wilt is more severe and causes high yield losses. In India the wilt of guava was first reported in 1935 from 
Allahabad. The disease is soil-borne and is difficult to control. Wilt is predominantly caused by the species 
of Fusarium, of which Fusarium oxysporum f.sp. psidii is generally the main cause. 

Symptoms 
The disease can be categorized into slow wilt and sudden wilt. In slow wilt, plant takes several months or 
even a year, to wilt after the appearance of initial symptoms and in sudden wilt, infected plant wilts in 15 
days to 1 month. The symptoms on the affected plants are yellow coloration with slight leaf curling at the 
terminal branches, becoming reddish at the later stages and subsequently premature shedding of leaves 
takes place. Twigs become bare and fail to bring forth new leaves or flowers and eventually dry up. Fruits 
of all the affected branches remain underdeveloped, become hard, black and stony. The entire plant 
becomes defoliated and dies. A few plants also show partial wilting, which is very common symptom of wilt 
in guava. The finer roots show black streaks which become prominent on removing the bark. The roots also 
show rotting at the basal region and the bark is easily detachable from the cortex. 

Etiology 
Mycelium is slender septate and much branched inter and intracellular mycelium. Conidiophores are 
septate and are borne on the sporodochia and are vertically branched, the side branches are usually single 
celled. Conidia are of two types, microconidia and macroconidia. Each microconidium is 1-2 celled, elliptic 
to ovate or oval in shape whereas the macroconidia are falcate, narrow at both ends 2 to 5 celled. 

Life Cycle 
Sexual stage of F. oxysporum is not known, but produces three types of asexual spores: microconidia, 
macroconidia, and chlamydospores. The microconidia are the most abundantly produced spores. They are 
oval, kidney shaped and produced on aerial mycelia. Macroconidia, which have 3 to 5 cells and have 
gradually pointed or curved edges, are found on sporodochia on the surface of diseased plant. 
Chlamydospores are usually formed singly or in pairs, but can sometimes be found in clusters or in short 
chains. They are round thick-walled spores produced within or terminally on an older mycelium or in 
macroconidia. Chlamydospores unlike the other spores can survive in the soil for a long period of time. F. 
oxysporum is a common soil pathogen and saprophyte that feeds on dead and decaying organic matter. It 
survives in the soil debris as a mycelium and all spore types, but is most commonly recovered from the soil 
as chlamydospores. This pathogen spreads in two basic ways: it spreads short distances by water splash, 
and by planting equipment, and long distances by infected transplants and seeds. F. oxysporum infects a 
healthy plant by means of mycelia or by germinating spores penetrating the plant's root tips, root wounds, 
or lateral roots. The mycelium advances intracellularly through the root cortex and into the xylem. Once 
in the xylem, the mycelium remains completely in the xylem vessels and produces microconidia. The 
microconidia are able to enter into the sap stream and are transported upward. Where the flow of the sap 
stops the microconidia germinate. Eventually the spores and the mycelia clog the vascular vessels and 
prevents the plant from up-taking and translocating nutrients. In the end the plant transpires more than 
it can transport, the stomata close, the leaves wilt, and the plant dies. After the plant dies the fungus 
invades all tissues, sporulates, and continues to infect neighboring plants. 

https://en.wikipedia.org/wiki/Chlamydospore
https://en.wikipedia.org/wiki/Mycelium
https://en.wikipedia.org/wiki/Saprophyte
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Management 
1. Disease can be controlled by proper sanitation in the orchard. Wilted trees should be uprooted, burnt 
and trench should be dug around the tree trunk. Maintenance of proper tree vigour by timely and 
adequately manuring, inter-culture and irrigation enable them within a period of 3-4 weeks. 
2. Use of resistant and tolerant varieties is one of the effective managements of the disease. Varieties, white 
guava No. 6229, Clone.32-12, Webber and Popeno from Florida (USA), Hart and Rolf from Florida but 
acclimatized at Allahabad, Riverside and Rolf from California (USA), Safeda from Sri Lanka, Banarasi 
(Andhra strain), Dholka, Sindh and Nasik (Bombay strain) were reported tolerant to wilt. 
3. Eco-friendly approach of guava wilt control was done through biological control (Aspergillusniger strain 
AN17 and Penicillium citrinum), soil amendment and intercropping.  
4. Control of wilt was achieved by the application of Chaubatia paste consisting of 4-oz red lead, 4 -oz 
CuCO3 and 5-oz lanolin. Injection of 0.1 per cent water soluble 8-Quinolinol sulphate was found to have 
chemotherapeutic action against the wilt pathogen. 
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Introduction 
Foliar feeding is a technique of feeding plants by applying liquid fertilizers directly to their leaves. Plants 
are able to absorb materials that are essential through their leaves. The absorption takes place through 
their epidermis.  The application of fertilizers to foliage of crop as spray solution is known as foliar spray. 
This method is suitable for application of small quantities of fertilizers, especially micro nutrients. Foliar 
application is not a substitute for soil application but only a supplement to it. 

Mechanism of Foliar Fertilization 
In order for a foliar nutrient to be utilized by the plant for growth, it must first enter into the cytoplasm of 
a cell in the leaf. To achieve this nutrient must effectively penetrate the outer cuticle and the wall of the 
underlying epidermal cell. Once penetration has occurred, nutrient absorption by the cell is similar to the 
absorption by roots. Of all the components of the pathway of foliar applied nutrients, the cuticle offers the 
greatest response. 

Need for Foliar Feeding 
Supplying a plant's major nutrient (Nitrogen, Potassium, and Phosphorous) is most effective and 
economical via soil application. However, foliar application has proven to be an excellent method of 
supplying plant's secondary nutrients (Calcium, Magnesium, Sulphur) and micro nutrients (Zinc, 
Manganese, Iron, Copper, Boron, Molybdenum). Primarily, foliar feeding is intended to delay natural 
senescence processes shortly after the end of reproductive growth stages. Secondarily, foliar feeding can be 
an effective management tool to favorably influence pre reproductive growth stages by compensating for 
environmentally induced stresses of adverse growing conditions or poor nutrient availability. 

Proper Crop Condition for Foliar Spraying 
Foliar application should be in time to provide needed nutrients during the yield potential, determining 
time frame of plant development, which will in turn favorably influence the post reproductive stages. 
Therefore, careful crop monitoring on a weekly, and sometimes a daily basis is essential. A comprehensive 
plant tissue analysis program taken just prior to the desired application is also essential to establish levels 
of plant nutrients most limiting to crop growth. Crops that are nutritionally sound will be most likely to 
respond to foliar feeding. This is due to better tissue quality that allows for maximum absorption of 
nutrients into leaf and stem and better growth vigour by allowing nutrients to transport to rest of the plant 
parts. Crops under heat or moisture stress show less response to foliar applications due to lower leaf and 
stem absorption rates or poor vigour. 

Foliar Fertilizers: Desirable Characters 
Solubility: Foliar fertilizers should be able to either dissolve or suspended in water and contain an active 
chemical compound as salts, chelates or complexes of mineral nutrients. 
Solution pH: Solution pH should be adjusted for better activity of nutrient and to prevent scorching or 
burning effects. 
Form: The absorption rate of ammonium ions into the leaves is faster than that of nitrate ions. Urea has 
higher leaf penetration than the other inorganic N fertilizers. KCl fit for use of soil fertilization but unfit 
for foliar application due to its rapid crystallization over leaf surface. 
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Advantages 
1. It helps in rapid conditions of nutrient deficiency. 
2. Foliar spraying can be combined with other sprayings like insecticide. 
3. When the soil is deficient in nutrients foliar application is beneficial. 
4. When a quick growth response is desired foliar application is recommended. 
5. It will help during high fixation of P and K. 
6. It can be applied when adverse conditions like root rot disease, drought condition, etc, were noticed in 
field. 
7. It can also be given when there is not adequate moisture in top soil to absorb the nutrients by plant roots. 
8. Improves yield and yield quantity parameters. 

Limitations 
1. It will cause scorching or burning effect if concentration of the spray is high. 
2. It requires sticking agent to be more efficient. 
3. Leaf area should be large. 
4. Only small number of fertilizers can be applied. 

Fertigation 
Fertigation is the injection of fertilizers, used for soil, water amendments and other water-soluble products 
into irrigation system. Fertigation is related to chemigation, the injection of chemicals into irrigation 
system. It is practiced extensively in commercial agriculture. Also increasingly being used for landscaping 
as dispenser units become more reliable and easier to use. It is used to add additional nutrients or to correct 
nutrient deficiencies. It is usually practiced on high value crops such as vegetables, fruits and ornamentals. 

Commonly Used Nutrients 
Most plant nutrients can be applied through irrigation system. Nitrogen is the most commonly used plant 
nutrient. Naturally occurring Nitrogen is a diatomic molecule which makes up approximately 80% of the 
earth's atmosphere. Most plants cannot directly consume diatomic nitrogen. Therefore, nitrogen must be 
contained as a component of other chemical substances which plants can consume. Commonly, anhydrous 
ammonia, ammonium nitrate, and urea are used as bioavailable sources of nitrogen. Other nutrients 
needed by plants include phosphorous and potassium. Like nitrogen, plants require these other chemical 
substances to live and but they must be contained in substances such as monoammonium phosphate or 
diammonium phosphate to serve as bioavailable nutrients. A common source of potassium is murate of 
potash which is chemically potassium chloride. Also, fertility analysis is used to determine which of the 
more stable nutrients should be used. 

Advantages 
1. Increased nutrient absorption by plants. 
2. Accurate placement of nutrient, where the water goes nutrient goes as well. 
3. Able to provide micro dose, feeding the plants just enough so nutrients can be absorbed and are not left 
to be washed down to storm water nect water in rains. 
4. Reduction of fertilizers, chemicals and water needed. 
5. Reduced leaching of chemicals into the water supply. 
6. Reduced water consumption due to the plant's increased root mass ability to trap and hold water. 
7. Application of nutrients can be controlled at precise time and rate necessary. 
8. Minimized risk of the roots contracting soil borne diseases through the contaminated soil. 
9. Reduction of soil erosion issues as the nutrients are pumped through the water drip system. 

Disadvantages 
1. Concentration of the application may decrease as the fertilizer dissolves; this depends on equipment 
selection. If poorly selected, it may lead to poor nutrient placement. 
2. The water supply for fertigation is to be kept separate from the domestic water supply to avoid 
contamination. 
3. Possible pressure loss in the main irrigation line. 
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4. The process in dependent on-line water's supply non restricted by drought rationing. 

Methods Used 
Based on methods: 

a. Drip irrigation: Less wasteful than sprinklers. It is not only more efficient for fertilizers usage, 
but can also be used for maximizing nutrient uptake in plants like cotton. Drip irrigation using 
fertigation can also increase yield and quality of fruits and flowers, especially in sub surface drip 
systems rather than above surface drip tape. 
b. Sprinkler system: Increase leaf and fruit quality.  

Based on fertilizer quantity: 
a. Continuous application: Fertilizer is supplied at a constant rate. 
b. Three stage application: Irrigation starts without fertilizer. Fertilizer is applied later in the 
presence when ground is wet and the final stage clears fertilizers out of the irrigation system. 
c. Proportional application: Injection rate is proportional to water discharge rate. 
d. Quantitative application:  Nutrient solution is applied in a calculated amount to each 
irrigation block. 
e. Other methods of application include the lateral move, the traveler gun and solid set systems. 

Conclusion 
Inspire of the several advantages, nutrient sprays like fertilizers applied to the soil, plant should be used 
with the objective of maintaining crops at an optimal rather than at a suboptimal or marginal productivity 
status. 
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Introduction 
Soybean (Glycine max (L.) Merr.) is an important seed legume contributes about 25% to the global oil 
production and about two thirds of the world’s protein concentrate for livestock feeding. It is also a used as 
a vital ingredient in poultry and fish feeds. In India soybean is number one oilseed crop cultivated over 
11.13 million hectares area and production of 13.27 million tones with average yield of 830 kg/ha. Soybean 
is mainly grown during kharif season both under rainfed and under assured irrigated conditions. Major 
soybean growing states are Madhya Pradesh, Maharashtra, Rajasthan, Chhattisgarh, Andhra Pradesh, 
and Karnataka which contributes about 98 % of the total soybean production in the country. It also 
enhances nitrogen status of soil through biological nitrogen fixation.  Soybean production is constrained by 
various abiotic and biotic stresses. Among various biotic stresses, Asian soybean rust caused by Phakopsora 
pachyrhizi (Sydow. & Sydow.) is the most devastating foliar disease, can defoliate the standing crop rapidly, 
often resulting in severe and sometimes total loss under favorable conditions. In recent years, soybean rust 
has become major threat to soybean cultivation and the disease is spreading rapidly to new areas in 
particular states of Karnataka, Maharashtra, Andhra Pradesh, Manipur, Nagaland and Meghalaya. 

Soybean Rust Disease in India 
In India, the rust pathogen was first collected from Pune during 1906. During 1970 crop season, rust was 
observed for the first time on soybean plants at Pantnagar. Later the disease appeared at Kalyani in West 
Bengal and low in the hills of Uttarakhand. However, during kharif season of 1994 and 1995, rust disease 
appeared in epiphytotic form in parts of Karnataka, Maharashtra, Madhya Pradesh, Andhra Pradesh and 
Rajasthan. Later it reported that the disease was widely prevalent along the Krishna valley from where it 
spread to adjoining areas. 

Symptoms 
Rust pathogen can infect all the aerial parts of the soybean plant. The disease usually appears as small, 
yellow lesions on the lower leaves in the beginning, which later develops into light brown to dark pustules. 
Under favorable conditions, severity of the disease causes yellowing of leaves, premature drying and 
defoliation resulting into unfilled pods and ultimately decreased yield. 

  
Rust symptom on leaves Premature drying and defoliation 

Biology of Rust Pathogen 
There are approximately 80 species of Phakopsora reported worldwide, out of which, six species occur on 
legume plants. P. pachyrhizi produces uredinia from which urediniospores are produced. urediniospores 
are readily transported by air currents and can be disseminated to larger areas within in a few days. 
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Favorable weather conditions such as temperature (15°C to 28°C) and high humidity are required for 
germination of urediniospores. 

Alternate Hosts 
The soybean rust pathogen is having broad host range and known to naturally infect 95 species from 42 
genera of legumes, including weed species like Kudzu vine (Pueraria lobata) and major legumes such as 
common bean (Phaseolus vulgaris). 

Control Measures 
1. Selection of rust resistant varieties. 
2. Chemical control using fungicides. 
3. Cultural management. 
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Abstract 
Cage culture has significantly supported the development of open-water fisheries, but it has also resulted 
in water pollution. Cage culture is distinguished by intensive farming, running-water culture, high yield, 
as well as high performance. In cage high-density polyethylene (HDPE) is a material that is generally used 
in modern industrial fish farming. The suitable stocking density varies depending on the species as well as 
the size of the fish, ensuring maximum yield and reduced disease prevalence. Floating flexible cages have 
excellent resistance to wave influences as well as high durability.  
Keywords: Fish, Cage, Net, HDPE, Intensive culture. 

Introduction 
Cage culture is one of the primary alternate routes to increased production in open water bodies and 
generates beneficial procedures for the lake as well as reservoir farming, as demonstrated in the following 
two components. First, adequate supplies of substantial fingerlings are required for open water bodies (Hu 
et al. 1984). This is one of the most fundamental ways to expand open-water fisheries. Second, technical 
measures involving large amounts of fish in a short period, high quality, and low input must be 
implemented. Open water provides an excellent environmental environment, suitable stocking is done 
outside of the cage, and heavy stocking is done inside the cages for intensive farming. Fish yields have 
significantly increased. With the help of technical assistance, the new output can be produced by farming 
in rivers, canals, lakes, reservoirs, seas, streams, sumps, ponds, pools, and swamps due to the simple 
construction, efficient management, as well as broad extension of cage farming. Farmers and investors are 
very interested in the ease of obtaining a high production rate. 

Floating Flexible Cage 
Flexible collar cages were created in the 1970s and now are popular in Japan, Western Europe, North 
America, South America, New Zealand, and Australia. High-density polyethylene (HDPE) is a material 
that is generally used in modern industrial fish farming. The major structural components of these cages 
are the floatable pipes, which can be composed in several paths to generate the floating collar. The pipes 
are held jointly by a sequel of brackets with stanchions and disseminated throughout the whole boundaries 
to suspend the fishnet (Cardia and Lovatelli, 2016). 

Species Suitable for Cage Culture 
Several varieties of fish are adequate for cage cultivation. Channel catfish have a well-established market 
and fingerlings are commonly accessible. They withstand various extremes in water quality and commonly 
adapt to cages. Rainbow, brown, as well as brook trout, can all be farmed in the cages system. Rainbow 
trout are commonly cultured due to the availability of fingerlings, a well-established market, as well as 
their adaptability to cages. Numerous tilapia species and hybrids have been raised in cages. T. niloticus, 
Florida red tilapia, Taiwanese red tilapia, Aurea red tilapia, as well as T. aurea are the greatly generally 
cultivated species. Striped bass as well as their hybrids have been reared effectively in the cages system 
(Masser, 2007). 

Cage Culture Management 
The stocking density of fish is determined by the cage carrying capacity and the feeding habits of the 
cultured species. The suitable stocking density varies depending on the species as well as the size of the 
fish, ensuring maximum yield and reduced disease prevalence. Several more biological, climatic, 
environmental, as well as economic factors influence fish cage feeding. Feeding intensity and feeding time 
influence the growth rate of cultured fish. These, in turn, have an impact on net yield, survival rates, fish 
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size, as well as overall cage production. Farm management must optimize production while keeping costs 
to a minimum. Efficient management is heavily reliant on the farm operator's competence and efficiency 
in feeding, stocking, minimizing losses caused by diseases as well as predators, controlling environmental 
variables, as well as maintaining efficiency in technical facilities. Maintenance work is also very important 
in cage culture (Gopakumar, 2009). 

Advantage of Cage Culture 
Floating flexible cages have excellent resistance to wave influences as well as high durability (>10 years) 
in general (Scott and Muir, 2000). HDPE components can deform and decrease incident wave influences on 
the structure, as well as dissipate wave energy. Furthermore, HDPE has good strength for rotting, 
weathering, and biofouling, and it can be easily constructed into a species of configurations as well as is 
comparatively inexpensive when ordered in large quantities (Beveridge, 2004). Furthermore, the cage can 
be conveniently built on land as well as towed by boats to be installed (Cardia and Lovatelli, 2016). 

Demerits of Cage Culture 
Floating flexible enclosures have issues with net displacement caused by strong waves and currents, 
stanchions that can affect twisting and turning issues, limited footpath availability that puts workers in 
danger during bad weather conditions, complexity in placing feed systems due to the space constraints, and 
the necessity for large service vessels (Scott and Muir, 2000). 
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Introduction 
Remote sensing: Remote sensing (RS) is the art, science, and technology of obtaining reliable information 
about physical objects and the environment through the process of recording, measuring, and interpreting 
imagery and digital representations of energy patterns derived from non-contact sensor systems. 
RS in agriculture: Crop health analysis, crop intensification, crop assessment, crop production 
forecasting, crop identification, crop yield modelling and estimation, crop nutrient deficiency detection, 
irrigation monitoring and management, soil mapping, crop acreage estimation, soil moisture estimation, 
assessment of crop damage and progress. 
Proximal sensing: This is a technique of acquiring information about an object while the sensor’s fore 
optic is in contact or within 2 meters from the object. The data can be recorded with a handheld 
spectroradiometer or may be installed in a tractor to record on the go. 

Airborne RS 
Here the sensors are installed in flights, balloons, or drones flying at a certain height. 

Advantages: Very flexible in operations, high spectral and spatial resolutions, flexible revisit-time. 
Disadvantages: Not suitable to map a large area, high cost per unit ground area. 

Spaceborne RS 
In this type of RS, sensors are installed in space-shuttle, polar satellite, etc. 

Advantages: Incurred less cost per unit area of coverage compared to other sensing techniques, 
continuous or frequent coverage of an area of interest, automatic/semiautomatic computerized 
processing and analysis 
Disadvantages: A poor spatial resolution, huge spectral noise is an important limitation. 

Proximal Sensing Process 
In proximal sensing, the energy source can be either sunlight (passive sensing) or the artificial lamp (active 
sensing). Passive sensing is normally used in field conditions, whereas active sensing is used in laboratory 
conditions. The radiation hit the target of interest, received by the sensor, transmitted and processed, and 
then after interpretation can be used. Here the radiation does not go through a long atmospheric path, so 
spectral noise is much lower, giving perfect resolution. 

Remote Sensing Process 
Here mainly natural solar radiation is used (passive sensing). The only exception is microwave sensing, 
where radar is used to emit microwaves (active sensing). The sunrays have to travel to a long atmospheric 
path, hit the target of interest, again travel through the atmosphere, captured by ground-based sensors, 
and after transmission, processing, and interpretation can be used to generate useful data. But due to large 
atmospheric absorption, it produces huge spectral noise, although it can cover a large area. 

Active Sensing 
In this sensing process, measurements can be obtained anytime, regardless of the time of day or season, 
and can be used for examining wavelengths that are not sufficiently provided by the sun, such as 
microwaves, or to illuminate a target in a better way. 
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Passive Sensing 
It can only be used to detect energy when the naturally occurring energy is available. For all the reflected 
energy, this can only occur when the sun is illuminating the earth. 

Hyperspectral RS Technologies 
This technique acquires high spectral and spatial resolution images of vegetation throughout the range of 
electromagnetic spectrum and obtains the planar spectral information of vegetation on a large scale 
throughout the band. Airborne or space-borne hyperspectral images have been applied to map the spatial 
distribution of vegetation. 

Multispectral RS Technologies 
This technique retrieves information at particular wavelengths of the electromagnetic spectrum. Data 
acquired from MODIS, Landsat, SPOT, and Gaofen satellites can be used to derive organism indices 
(vegetation indices, land use pattern). Multispectral images and light detection and ranging (LiDAR) are 
used as data resources to extract environmental covariates (climate, vegetation, topographic factors) and 
crop disease mapping at a regional scale. 

Spectral Domains of Vegetation 
There are three distinguished spectral domains of vegetation reflectance based on which remote sensing 
techniques are used. Sahoo et al., 2015 discussed that spectral properties of vegetation are strongly 
determined by the biophysical and biochemical attributes such as leaf area index, the amount of live and 
senesced biomass, pigment and moisture content, and spatial arrangement of cells and structures. In the 
visible domain (VIS: 0.4-0.7 µm), the leading light-absorbing pigments are chlorophyll a and b, carotenoids, 
xanthophylls, and polyphenols. Chlorophyll a displays maximum absorption in the 0.41-0.43 and 0.60-0.69 
µm regions, whereas chlorophyll b shows maximum absorption in the 0.45-0.47 µm range. These strong 
absorption bands induce a reflectance peak in the green domain at about 0.55 µm. In the near-infrared 
domain (NIR: 0.7-1.3 µm), absorption is very low, and reflectance and transmittance reach their maximum 
values. This is caused by internal scattering at the air-cell-water interfaces within the leaves. In the mid-
infrared domain (mid-IR: 1.3-2.5 µm), also called shortwave-infrared (SWIR), leaf optical properties are 
mainly affected by water and other foliar constituents. The major water absorption bands occur at 1.45, 
1.94, and 2.7 µm and secondary features at 0.96, 1.12, 1.54, 1.67, and 2.2 µm (Sahoo et al., 2015). 

Leaf-Light Interaction 
The optical properties of leaves are characterized by (i) light transmission through a leaf, (ii) light that is 
absorbed by leaf chemicals (e.g., pigments, water, sugars, lignin, and amino acids), and (iii) light reflected 
from internal leaf structures or directly reflected from the leaf surface. Changes in reflectance due to plant 
pathogens and plant diseases can be explained by impairments in the leaf structure and chemical 
composition of the tissue during pathogenesis that is highly specific, e.g., succession of chlorotic and 
necrotic tissue or the appearance of typical fungal structures, such as powdery mildew hyphae and conidia 
or rust uredospore. Biotrophic fungi such as powdery mildews or rusts have a relatively low impact on 
tissue structure and chlorophyll composition during early infection. Peritrophic pathogens, such as those 
that cause leaf spots, often induce tissue degradation due to pathogen-specific toxins or enzymes that 
ultimately result in necrotic lesions. In contrast, powdery mildew and rust fungi produce fungal structures 
on the leaf surface that can influence the optical properties of the plant-pathogen interaction (Mahlein, 
2016). 

Vegetation Indices 
Products of RS include various vegetation indices, which are derived from satellite images and used to 
elucidate land use and land cover changes. Vegetation indices are mathematical combinations of different 
spectral bands that are designed to numerically separate or stretch the pixel value of different features in 
an image (Vina et al., 2011). These indicate the level of colour changes in foliage and sensitive to structural 
changes caused by water and nutrient deficiency. All vegetation indices use at least two wavebands, each 
bearing a close correlation with the dependent variable. The same index may involve bands of different 
wavelengths depending upon the target of detection and the water abundance level. 



 

 
Volume 04 - Issue 04 - April 2022       76 | P a g e  
 

RS for Below-Ground Pests 
Damage caused by nematodes in root induces spectral variations in the foliage, which leads to the unique 
spatial configuration in the field, low motility and clustered occurrence in the soil make nematodes and 
soil-borne pests an ideal target for detection through RS, introduction of new infection loci into a field are 
rare, precision detection used in one season can be applicable for future crops, chemical and biological 
control technologies are available that allow site-specific treatment. 

RS in Nematology: A Flashback 
Norman and Fritz conducted IR imagery for detecting PPN in 1965 in citrus to detect R. similis in citrus 
before visible symptom development. Heald et al., 1972 took IR aerial images of Texas cotton fields and 
were able to detect R. reniformis. Berg (1980) was able to differentiate H. schachtii infested patches from 
healthy areas in sugar beet fields in Germany through IR thermometry. Gebhardt (1984) also showed 
differences in canopy temperature of potato plants infested with PCN, on winter wheat. Nicolas et al., 1991 
detected significantly higher canopy tempurature in moderately infested areas over lower infestations by 
H. avenae, using multispectral video imagery. Cook et al., 1999 discriminated between damage by RKN 
and root rot due to P. omnivorum alone as well as in combination. Heath et al., 2000 predicted the number 
of G. p. and G. r. parasitizing potato using non-destructive hyperspectral measurements, using a 
combination of GIS and RS technologies. Nutter et al., 2002 mapped the spatial distribution of H. glycines 
in soybean fields. Sivertsen et al., 2012 developed automatic nematode detection techniques in cod fillets. 

Statistical Prediction Models 
Apart from these, Multivariate adaptive regression splines (MARS), Principal component regression (PCR), 
and Decision trees are also used in modelling. In the case of disease detection, MLR, PLSR, and ANN are 
the most important statistical tools. 

Challenges 
Most plant diseases or pests are symptomless at the early stage, and some of them tend to occur at mid to 
bottom layers in the canopy (Early-stage detection issue), several crop stress may occur simultaneously, 
and some diseases and pests may behave similar (Accurate detection problem), RS should have a 
sufficiently high resolution at all the spatial, spectral, and temporal dimensions, and lousy weather 
hampers the continuous acquisition of optical images (Problem of continuous tracking at a 
satisfactory resolution), lack of sufficient survey data for modelling for monitoring of diseases and pests 
and inaccessibility of the pooled data to support data mining and model training (Data and information 
sharing issue), we generally score nematode infestation based on parameters (number of eggs, egg 
masses, number of galls, IJs/galls, etc.) that are not visible directly or can’t be assessed through RS 
approaches. So, an anomaly may be there in results obtained from the field in a conventional manner and 
data obtained through precision methods (Main constraints regarding detection of nematode 
infestation). 

Conclusions 
i) Large scale farming requires on-time detection of diseases and pests where RS provides non-invasive, 
rapid, reliable, precise, and accurate estimates of diseases helping in monitoring and forecasting epidemics, 
ii) Site-specific application of pesticides as per precision technologies have the potential to reduce their 
uses, iii) Innovative sensor techniques assist in large-scale plant breeding experiments to speed up 
screening assays in resistance breeding, iv) NRI sensors, spectroradiometry, and hyperspectral imaging 
microscopy are used in investigating the effect of pathogenesis on the cellular level. 

Path Ahead 
Establish a knowledge base that may help in lowering the uncertainty in monitoring, synergize high-
resolution satellite images with UAV images to construct a successive time-series RS data, exploit the 
feasibility of fluorescence, SAR, thermal, Lidar, and multi-angular RS in detecting early symptoms which 
have not been exploited to date, explore the uniqueness of the features and transferability of the monitoring 
models by mobilizing data collection during the cultivation process, impact on genomic, transcriptomic, and 
metabolic characteristics of plants to optical properties has to be investigated, characterization of different 
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pathogen groups (fungi, bacteria, nematodes, and viruses; soil-borne or foliar pathogens) is necessary, the 
impact of mixed infections on the optical properties of plants has to be investigated, interaction between 
foliar pathogens and soil-borne pests such as nematodes has to be evaluated, interaction of biotic and 
abiotic stress has to be explored, connection to other knowledge-based methods will provide a holistic 
perspective on plant systems (e.g., weather-based prediction models). 
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Introduction 
Physiological effects have been seen in a broad range of plants and their isolated components. Some 
medicinal plants have anticancer, immunological, and anti-inflammatory properties. Fenugreek seed is one 
of the oldest cultivated plants and is frequently used as a culinary ingredient. The seed has traditionally 
been used as a medication. A fenugreek seed extract has a wide range of applications, including 
hypoglycemic properties. Fenugreek seeds have been shown to have anti-diabetic and anti-cholesterolemic 
characteristics in both animal models and people. The presence of dietary fiber in fenugreek lowers the 
levels of blood sugar after a collation. The mechanism for this finding has not been thoroughly clarified, 
however, the four most probable pathways for fenugreek's antihyperglycemic impact are as follows (Garg, 
2016): 

 
Fenugreek seed has a high dietary fiber content (both soluble and insoluble), and its gum is a 
galactomannan, which means it contains both mannose and galactose (Roberts, 2011). Mannose is 
primarily responsible for lowering the glycemic effect of fenugreek. It was shown that increasing 
concentrations of galactomannan reduced glucose absorption from the jejunum and ileum segments of the 
intestine in both lean and obese rats (Srichamroen et al. 2009). Fenugreek has been shown to have a 
hypoglycemic impact in animals and humans with type 1 and type 2 diabetes mellitus. It was suggested 
that dietary fenugreek probably has its hypoglycemic action by delaying gastric emptying by direct 
interference with glucose absorption. Gel-forming dietary fiber also reduces the release of insulinotropic 
hormones and stomach inhibitory polypeptides. To explore the mechanism of action, alloxan-induced sub 
diabetic and diabetic rabbits were orally fed an active hypoglycemic component extracted from an aqueous 
extract of seeds. Over a 15-day period, oral treatment of the active substance at a dosage of 50 mg per kg 
body weight increased the glucose-induced insulin response while attenuating the glucose tolerance curve 
(Puri et al. 2002). It was proposed that the hypoglycemic effect was induced by stimulation of insulin 
production and/or secretion from beta-pancreatic cells. The fasting blood glucose of severely diabetic rabbits 
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was significantly reduced after 30 days of administration of the same dosage of the active principle. But 
the fasting serum insulin level could elevate to a much lower extent, suggesting an extrapancreatic mode 
of action for the active principle.   The impact might potentially be achieved by raising tissue sensitivity to 
the available insulin. The hypoglycemic impact was shown to be gradual but continuous, with little risk of 
severe hypoglycemia developing (Puri et al. 2002). 
Another study confirmed the effectiveness of a high fiber fenugreek diet in diabetes management, in which 
the effect of fenugreek fortified therapeutic food on blood sugar levels of 24 non-insulin-dependent diabetes 
mellitus patients was examined. The meal was made using a variety of legumes, including fenugreek seeds, 
green gram, Bengal gram, horse gram, and dried peas. The results revealed a fall in both fasting and 
postprandial blood sugar levels after a month of supplementing the diet with 30 g of therapeutic food 
(Kumari and Sinha 2012). 
Similarly, when fenugreek extract and Metformin HCl were administered at different dose levels to 
streptozotocin-induced rats (with diabetics) for 6 weeks to investigate their effects on hemorheological 
parameters, blood glucose, and general properties, the results concluded that fenugreek extract can lower 
kidney/body weight ratio and blood glucose while also improving hemorheological properties in 
experimental diabetic rats (Xue et al., 2007) 
Research on the hypoglycemic effects of fenugreek seeds on dogs reported lower levels of blood glucose, 
plasma glucagon, and somatostatin, as well as decreased carbohydrate-induced hyperglycemia due to its 
galactomannan-rich soluble fiber portion. In addition, glycemic control improved in a small study of 
patients with moderate type 2 diabetes mellitus, according to clinical analysis. Insulin sensitivity increased 
while glycosylated hemoglobin levels decreased in those who take fenugreek (Snehlata et al., 2012). It is 
also believed that saponins found in fenugreek are converted into sapogenins in the gastrointestinal 
system, which reduces fat levels in the body. Fenugreek's soluble dietary fiber can slow the rate of 
postprandial glucose absorption, showing to be a secondary mechanism for its hypoglycemic action (Basch 
et al., 2003). 
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Summary 
Adopting innovative farm mechanization techniques enhances the overall productivity and lowers the cost 
of production in agriculture. Farmers are burning away the paddy straw assuming it to be quick and easy 
for disposing which enables them to plant the next wheat crop well in time. Happy seeder technology is the 
greatest solution of residue management and direct seeding of wheat in paddy harvested fields.  Present 
article discusses about straw management problems in conventional wheat cultivation and various benefits 
of happy seeder adoption in direct sowing of wheat in combine harvested paddy fields. 

Introduction 
Rice (Oryza sativa L.) is India's most important crop, accounting for 23.3 percent of the country's gross 
planted area. In 2017-18, rice production and productivity in India were around 122.27 million metric tons 
and 2585 kg ha-1, respectively, covering an area of 35.23 lakh ha (Anonymous, 2021). In India, managing 
paddy straw left in combine harvested fields is a serious issue. Despite several uses such as cattle feed, 
bedding and shelter for cattle, briquetting and thermal power generation - major part goes as waste or 
burnt in fields. This problem is mostly encountered in paddy-wheat crop rotation as farmers assume this 
practise of burning to be quick and easy for disposing paddy straw which enables them to plant the next 
wheat crop well in time. 
Rice must be harvested early in the paddy-wheat cropping pattern in order to accommodate the wheat crop. 
This means that the farmers will have very little time to turn around and grow the wheat crop. During this 
time, the farmer must clear the rice stubble and prepare the field for wheat planting. As a result, burning 
has become the conventional, easy and quick approach for dealing with paddy straw and stubble. 
Inspite of burning, direct drilling aids in the timely seeding of wheat after paddy in the paddy-wheat 
rotation. It lowers production costs, minimises soil erosion and weeds, conserves soil moisture, and boosts 
organic matter levels in the soil. However, due to lose straw and chaff distributed across the field surface 
after combine operation, direct drilling in combine harvested paddy fields is not practicable. There is 
because of straw accumulation in the drill's furrow openers, traction problems in the ground wheel due to 
the presence of loose straw, and non-uniform depth of seed placement due to frequent lifting of the 
implement under heavy trash conditions (Shukla et al. 2002). 

 
Fig. 1. Happy seeder 
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A new generation of seeders has recently been developed at Punjab agricultural university, that can drill 
wheat directly into heavy rice residue loads without the need for preliminary burning. They are called 
HAPPY SEEDERS, popularly used to sow wheat seeds directly in the combine harvested paddy field 
without any prior seedbed preparation and without getting jammed. It combines stubble mulching and seed 
drilling practices into one operation. It encourages dry direct sowing of rice (DDSR) i.e., direct sowing of 
paddy seeds in the dry field rather than by transplanting of seedlings from the nursery. 
It is connected to tractor with a three-point linkage and operated by a pto. It consists of a straw chopper 
i.e., a rotor and a zero till drill to sow seeds in the residue of the previous crop. Flail type straight blades 
are mounted on the rotor that chops off the stubbles followed by sowing tines. It deposits the residue of the 
previous crop over the sown field as mulch.  
Prashant et al., (2017) reported that cost of operating per hectare by happy seeder was Rs. 2,098 and the 
cost of operation per hectare by seed drill + tillage operations was Rs. 3,106. Cost of operation with happy 
seeder is found economical as compared to seed drill with a saving of Rs. 1,008 per hectare. 
Yogesh et al., (2019) conducted performance evaluation of happy seeders for sowing chickpea in the rice-
chickpea cropping system of Chhattisgarh. The overall yield of chickpea grain obtained in happy seeder 
(1137.8 kg ha-1) was more compared to conventional seed cum fertilizer drill yield (1067.29 kg ha-1).  
In southern states the traditional practice of pulses and maize sowing after harvesting of paddy is very 
common. The management of paddy residues after harvesting is a lot of time, capital and energy consuming 
process. Similar to northern states, most of the farmers are burning away paddy residues which is leading 
to nutrient losses and air pollution. Rapid Initiations like testing of happy seeder for direct sowing of maize 
and different pulse crops viz., green gram, black gram, chick pea should be undertaken to make these crops 
cultivation more profitable. 

Benefits 
1. Protects soil moisture due to increased filtration and low evaporation. 
2. Control soil erosion and conserves moisture 
3. Protects the soil structure and improves soil health 
4. It does not interrupt natural drains 
5. It increases soil fertility, reducing the rate of decomposition of organic matter and therefore the loss of 
carbon. 

Conclusion 
To overcome residue, stubble and time management problems for immediate wheat cultivation in combine 
harvested paddy fields, happy seeder has been developed. Happy seeder completes wheat sowing in single 
operation by providing an extra organic matter of residues to the soil. It also improves soil structure and 
moisture conservation capacity. Comparing to conventional wheat sowing, its operation is more economical 
and less time consuming. There is a great scope for adopting happy seeder in southern states for paddy-
pulse or paddy-maize crop rotation. Testing and evaluations must be conducted for pulse and maize sowing 
in different regions of south India to utilize the happy seeder more effectively. 
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Uses of Mulberry Fruit 
1. Mulberry fruit juice is commonly used for preventing high fever as Febrifuse. This is the first treatment 
normally given to any patient with symptoms of fever during endemic malaria. The fruit may also be used 
when there is a tendency of diarrhoea. 
2. The fruit juice of mulberry has property of preventing diarrhoea and cold. However, it should be 
prevented when the patients have confirmed amoebiosis. 
3. As the mulberry fruit juice has the capacity of reducing high fever, it is used to provide excessive strength 
for withstanding the effect of high fever. 
4. Mulberry fruit is principally used in the preparation of syrup which possesses refrigerant and laxative 
property for infants. The refrigerant juice may be used as drink in febrile diseases. 
5. Mulberry fruit is having high source of vitamin-C which is commonly used for the preparation of special 
wine and beer in most of the cold countries. 

Multipurpose Uses of Mulberry Fruit 
Mulberry fruit contains high quantity of carbohydrate. Hence, it is used for preparation of jam, jelly, juices 
and other products. The dominant taste of the ripe fruit is sweet, but usually somewhat bland, due to high 
water content and low level of other flavouring ingredients; but a richer flavour develops, if the fruit is 
dried. In recent years, mulberry fruit juice has been commercially produced as a health beverage, and it 
has become very popular in China, Japan and Korea. 

Value Addition to Mulberry Fruit 
Botanically, the mulberry fruit is not a true berry. Similar to the blackberry, it is an aggregate fruit 
composed of many smaller fruits called drupes, appearing like a swollen loganberry. When pollinated, the 
flowers and their fleshy bases begin to swell. Ultimately, they get completely altered in texture and colour, 
becoming succulent, fat and full of juice. Mulberries have a stalk that persists on the fruit when it is plucked 
from the tree, distinguishing it from blackberries and raspberries. 
The skin of the fruit is smooth and fragile, and its colour changes as it matures. Fruits of different varieties 
are white, lavender and deep red to black. Varieties of M. alba (white mulberry) for example, can produce 
white, lavender or black fruits which are usually deep red, almost black and its best clones have a flavour 
that equals that of the black mulberry. Black mulberry fruits (M. nigra) are large and juicy; with a good 
balance of sweetness and tartness that make them the best flavoured species of mulberry. 
The ripe mulberry berries are delectably sweet like a cooling blend of the taste of raspberry and strawberry 
while it’s refreshing tart taste is somewhat reminiscent of grapes. Mulberries ripen over an extended period 
of time unlike many other fruits which seem to come all at once. The ripe fruit is very attractive to birds, 
but there are usually enough fruits left over for harvesting. 
The fast-growing mulberry trees, as a rule, will bear a few berries in the first year, with the richness of 
sweet berries. White and red mulberries and hybrid fruits generally get ready for harvest in late spring. 
The fruits of white mulberries are often harvested by spreading a sheet on the ground and shaking the 
branches. A surprising quantity can be gathered from a comparatively small and young tree. It is difficult 
to pluck Black mulberry fruits. Some mulberries when over riped are so soft that just picking them breaks 
the fragile skin, staining the fingers purple with juice. Sun dried on rooftops, and stored or kept in the deep 
freezer for use in winter. 
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In south India, fruits are observed in two seasons in a year during October-November and March- May. 
However, whenever mulberry is pruned or defoliated, flowering takes place together with sprouting of 
axillary buds followed by fruit formation. Eating just a few dried white mulberries can be great for your 
health - a single serving contains significant amounts of Vitamin C, dietary fiber, calcium, iron, and protein. 
In addition, dried mulberries contain anthocyanins, a group of antioxidants known for their anti-
inflammatory and possible anti-cancer properties. Anthocyanins have been used to improve blood 
circulation. Dried mulberries also contain resveratrol, the same potent antioxidant found in red wine and 
peanuts. Studies indicate that resveratrol may lower the blood pressure and reduce the risk for heart 
disease. 
Natural dried mulberry fruits are a delicious and nutritious snack. These crunchy and chewy berries have 
no additives and packed with a naturally sweet taste that is similar to goji berries and dried figs. You can 
enjoy dried white mulberries by themselves as a snack or add them to granola or trail mix. Dried mulberries 
can also be reconstituted in water to improve their texture and incorporated into other recipes.The berries 
commonly produce purple and red colours and have been used in fabric dyeing. It was traditionally used to 
dye the wool. 

Pharmaceutical Values 
Mulberry fruit: Mulberry fruit is syncarp consisting of many drupes enclosed in a fleshy perianth, ovoid 
measures up to 5 cm long and white to pinkish white, purple or dark purple to black in colour. The nutritive 
value and composition vary with varieties of mulberry. Fruits consist moisture (85%), protein (0.7%), fat 
(0.4%), carbohydrate (12.2%), fibre (0.8%), mineral matter (0.4%), calcium (80mg), phosphorus (20mg), iron 
(2.6mg) per 100 gram and Carotene (Vit.A) 60IU, thiamine 58g, nicotinic acid 0.2 µg, riboflavin 92 µg and 
ascorbic acid 10µg per 100 grams of fruit. Reducing sugar constituents form the bulk of carbohydrates. In 
addition, fruits also contain malic acid, citric acid, pectin, mucilage and colouring matter. The fruits are 
considered as laxative. Oral juice administration checks thirst cools the blood and serves as a good drink 
during convalescence after febrile disease. It is also used for sore throat dyspepsia and melancholia. 
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Introduction 
Soybean (Glycine max L. Merr.) is an economically important crop, rich source of edible oil and protein 
providing significant health benefits to humans, animal and poultry feed. In addition, it also improves 
fertility status of soil. In India, soybean is the major oilseed crop and its area under cultivation is increasing 
continuously. 
However, increasing the productivity of the crop is a major challenge. This is mainly due to climatic 
variability, drought spells, heat waves which in turn increases infestation by diseases and pests. The 
luxuriant growth of soybean makes attractive for insect pests for shelter, source of food and multiplication. 
A number of insect pests are known to affect soybean crop from cotyledon to harvesting stage. 
Among the different insect pests that attack soybean crop, the damage caused by the pod borers is severe 
in terms of yield reduction. The pink pod borer Cydia ptychora is becoming a serious pest of soybean causing 
considerable damage in northern Karnataka region. 

Biology of Pink Pod Borer Cydia ptychora 
The species, Cydia ptychora is having multiple host range including greengram, blackgram, pigeonpea, 
cowpea etc. The average egg period is 3.40 days. There are five distinct larval instars with an average 
duration of 2.00, 1.00, 1.00, 2.00 and 2.76 days, respectively for each instar. The larval period lasts for 8 to 
9 days. Similarly, the period of various stages includes prepupal (1 to 2 days), pupal (5.58 days), pre-
oviposition (1 to 3 days), oviposition (1 to 6 days) and post-oviposition (1 to 3 days). The survival period of 
male and female adults is 5.4 and 7.5 days respectively (Patel et al. 1987). 

Nature of Damage 
The pink colour larva enters the pod through a tiny hole and start feeding on the grain. As a result, the 
infested locules of the pods shrivel and turn lighter in colour.  The studies have shown that there is a 
significant correlation between higher temperature and incidence of pod borer but morning relative 
humidity reduced pod borer incidence (Vinod and Patil, 2016). 

 
Pod borer infected soybean pod 

Management 
1. Selection of resistant/tolerant varieties 
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2. Cultural practices 
3. Chemical control 
3. Botanicals (Neem seed cake extract) 
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Introduction 
Bacteria and other microbes are often associated with illnesses, but they have an important role in the 
waste recycling process. They are responsible for the biodegradation of organic materials and nutrient 
recycling in the natural environment. In addition to this fundamental role, microbes are also essential to 
the fermentation stages of waste recycling, biodegradation of oil in the marine ecosystems, helpful in the 
treatment of wastewaters and in the production of alternative energy. 

Natural Biodegradation 
Microorganisms recycle nutrients in the environment, by decomposing organic materials. Organic 
materials, such as animal and tree trunks, decay by the action of decomposing microbes, which are also 
responsible for getting rid of industrial and household waste. Through a process called biodegradation, 
microbes use nutrients and chemical substances found in the environment for their own survival. The 
nutrients from the breakdown of these products are free in the environment to feed plants or algae, which 
in turn feed all animals. 

Degradation Capability of Bacteria 
Several bacteria have been reported as having hydrocarbon (HC)-degrading ability, can biodegrade HC 
under aerobic and anaerobic conditions, but anaerobic biodegradation is more significant. A wide variety 
of bacteria having HC-degrading ability were extracted from marine environment (Floodgate 1984). 
Isolated different types of bacteria which are good biodegrader of HC; examples are Bacillus sp., 
Corynebacterium sp., Staphylococcus sp., Streptococcus sp., Shigella sp., Alcaligenes sp., Acinetobacter sp., 
Escherichia sp., Klebsiella sp. and Enterobacter sp. of which Bacillus sp. has the best HC-degrading 
capability. 
Successful removal of pesticides by the addition of bacteria also has been reported to degrade pesticides 
from many compounds such as atrazine successfully (Struthers et al. 1998). It has been reported that 
dichlorodiphenyltrichloroethane (DDT) is degraded by isolates of Bacillus sp., Stenotrophomonas sp. and 
Staphylococcus sp. from contaminated soil. 

Degradation by Plant-Associated Bacteria 
Bacteria associated with plants such as rhizospheric bacteria and endophytic bacteria are effective 
biodegrader of toxic compound in contaminated. Plant growth-promoting rhizobacteria are naturally 
occurring bacteria which are found in the rhizosphere of plant roots and promote growth stimulation in 
plants. 
In most of the cases, the association between plant and bacteria is beneficial for plants as these bacteria 
help in N fixation and enrich the soil with nutrients. For example, an important bacterium, Pseudomonas 
spp., has plant growth-promoting rhizobacteria activity and also has the ability to degrade HC. Some soil 
bacteria often promote plant growth, known as plant growth-promoting bacteria. 
These bacteria are also efficient up-taker of heavy metal from the contaminated soil. Various mechanisms 
have been applied by this bacterium for metal uptake such as production of organic acid and bio-surfactant 
and result in reduced toxicity in root and promote plant growth. Plant growth-promoting bacteria act as a 
supplement in phytoremediation of metal and can boost plant growth in high metal concentration. 
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Microfungi and Mycorrhizal Degradation 
Microfungi are aerobic and belong to eukaryotic microorganisms which include unicellular yeasts to 
mycelial moulds (Rossman 2008). Fungi also have degrading capacities like that of bacteria and OM which 
are in dissolved state are successfully metabolized by them. Fungi can reproduce and flourish in low 
moisture content and low pH site which suit them in OM degradation (Spellman 1997). Fungi are 
considered as the most efficient biodegrader of natural polymeric compounds if they are equipped with 
extracellular multienzyme complexes. Mycorrhiza is an association between a fungus and roots of a 
vascular plant. Fungus may be either intracellular or extracellular and play a significant role in soil 
livelihood. Different aromatic compounds may be utilized and converted co-metabolically by several yeasts. 
Trichosporon cutaneum, an example of soil yeast, has been reported to have specialized energy-dependent 
uptake systems for several aromatic compounds). Alkane-utilizing yeasts such as Aureobasidium 
pullulans, Rhodotorula aurantiaca, Candida lipolytica, C. tropicalis and C. ernobii have been reported as 
an effective diesel degrader (De Cássia et al. 2007). Mucha et al. (2010) reported that C. methanosorbosa 
BP-6 is able to biodegrade aniline. Microfungi are also reported for transformation of different organic 
pollutants such as biphenyls, polycyclic aromatic hydrocarbons (PAHs) and different pesticides (Fritsche 
and Hofrichter 2000). 

Degradation by Algae 
Though algae are also able to biodegrade different kinds of HC, their involvement in HC biodegradation is 
still not well reported. Prototheca zopfi is a good agent for the degradation of different aromatic compounds. 
Wang and Chen (2006) demonstrate some algae which are capable of up-taking and degrading PAHs. 
Examples are Scenedesmus platydiscus, S. quadricauda, S. capricornutum and Chlorella vulgaris. 

Bioremediation 
Bioremediation is a natural process which makes the use of microorganism to remove waste or pollutant 
from the water and soil. This is an environment-friendly and sustainable method as it involves eco-friendly 
microbes in treating the solid waste. It is of two types: 
1. In Situ Bioremediation: Here removal of water or soil is without excavation and transport of 
contaminants. Biological treatment on surface of the waste is carried out by bacteria. It is the alternative 
method of treatment of soil and groundwater. In this technique, non-toxic microbes are applied. This type 
of bioremediation is of three types:  

a. Biosparging: It is a waste treatment process of the sites having petroleum products like diesel, 
gasoline and lubricating oil. In this method the concentration of oxygen is increased by injecting the 
air below groundwater under pressure. The air pressure has to be controlled in a proper way to 
avoid the liberation of volatile particles to the atmosphere, which leads to air pollution. 
b. Bioventing: It is the process in which waste compounds are degraded aerobically. Bioventing is 
used to treat different solid wastes generated from oil reservoirs during extraction of gasoline and 
petroleum. In this process the contaminated site is injected by oxygen and nutrients like phosphorus 
and N to increase the rate of removal process. 
c. Bioaugmentation: Here cultured microorganisms are added at the polluted site for the purpose 
of biodegradation of contaminants of specific environment. This process makes sure that the 
microorganisms also break down contaminants present in the groundwater and soil to non-toxic 
compound.  

2. Ex Situ Bioremediation: It describes the removal of the contaminated soil or water for remedy process. 
The following are the types of ex situ bioremediation:  

a. Composting: Composting is an aerobic method where contaminated soil is combined with 
harmless organic amendments. Organic amendments help to grow microbial population in high 
quantity.  
b. Land farming: It is a bioremediation technology wherein contaminated soil is mixed with soil 
amendments, and after that the mixture are tilled into the earth. The main target is to enhance 
indigenous biodegradative microorganisms for degradation of contaminants aerobically.  
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c. Bio-piling: It is a hybrid technology using both land farming and composting. This technique 
gives a suitable environment for growing both aerobic and anaerobic microorganisms. Bio-piles are 
applied to eliminate petroleum constituents’ concentrations with the help of biodegradation. 

List of Microorganisms in Biodegradation 
Microorganism  Waste compounds 
Pseudomonas putida Benzene and xylene 
Gloeophyllum trabeum, Trametes versicolor Hydrocarbons 
Acinetobacter sp., Microbacterium sp. Aromatic hydrocarbons 
Pseudomonas cepacia, Bacillus cereus, Bacillus coagulans, 
Citrobacter koseri, Serratia ficaria 

Crude oil 

Micrococcus luteus, Listeria denitrificans, Nocardia atlantica Textile dyes 
Bacillus, Staphylococcus Endosulfan 
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Introduction 
Oilcakes/oils are by-products of the extraction of oil from seeds. After oil extraction, the oilcakes residue is 
used in bioprocesses to produce industrial bio products. There are two varieties of oilcakes: edible and non-
edible. Edible oilcakes have a high protein content, ranging from 15% to 50%, and are utilized exclusively 
as animal feed while, non-edible oilcakes like neem cake, jatropha cake, Pungam (Karanja) cake, Illupai 
(Mahua) cake, jojoba oilcake, and pinnai oilcake are utilized as organic fertilizers due of their high N P K 
content. Some of these oilcakes increase plant nitrogen absorption by preventing soil nitrification. They 
also protect the plants from insect pest, diseases, and nematodes besides improving the soil physical 
properties. 
The intricate interactions between biotic and abiotic soil variables are mediated by organic amendments to 
decrease soil-borne pathogens. In the field, several microbiological and physicochemical soil parameters 
were measured.  
Organic amendments are commonly used to improve crops, boost agricultural production, and combat soil-
borne diseases (Stone et al., 2003). Oil seed cakes, in addition to a wide range of organic materials that 
have been studied as organic amendments for managing plant diseases, have shown to reduce the 
population of soilborne pathogens (Sharma et al., 1995). Some of these oil cakes have been proven to boost 
plant nitrogen uptake and protect plants from nematodes, insects, and parasites in the soil (Ramachandran 
et al., 2007). 
Several antimicrobial by-products including organic acids, hydrogen sulfide, phenols, tannins and 
nitrogenous compounds are synthesized or released by the microorganisms involved in such degradation. 
Seed treatment were found to be an attractive method for introducing biocontrol agents and organic matter 
to soil environment as it protects the seed from seedborne fungi and helps in germination, establishment 
of healthy seedling. 
Disease epidemics are a natural part of the environment. Because soil is a highly complex biological system, 
the problem becomes much more critical when it comes to soil borne pathogens. Soil biotic and abiotic 
components play a role in soil function and crop health. 
The only way to effectively control a soil-borne pathogen is to have a solid understanding of crop husbandry, 
soil physical and chemical qualities, and root disease epidemiology. A thorough investigation into the 
survival and spread of soil-borne pathogens, the impacts of the environment on disease, and the problem 
of host reaction.  
The goal of plant disease biocontrol is to reduce inoculum density or pathogen activity. Among various soil-
borne plant pathogen biocontrol strategies, Plant waste, green manures, and oil cakes have been shown to 
boost crop yield by improving nutritional status and soil tilth, as well as enhancing microbial activity in 
the rhizosphere, which helps to inhibit certain soil-borne pathogens. 
In major conventional farms, the use of organic amendments for disease management of particular crops 
such as cereals, pulses, oilseeds, cash crops, fruits and vegetables, and other significant crops is often 
prohibitively expensive. Organic amendments in vegetables and orchards would be the possible way of 
managing soil borne pathogens. 
There are two types: 
1. Organic amendments. 
2. Inorganic amendments. 
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Organic Amendments 
It is eco sustainable, supplies nutrients to soil, and is readily available; no specific skills are required for 
application, and it makes better use of agriculture wastes. Pathogens, nematodes, and insects are also 
handled effectively. 
Organic matter in the soil is an old technique that is thought to be necessary for crop sustainability and 
yield. Organic matter effects soil physical characteristics such as pore size, aeration, temperature, and 
water retention capacity, among others, in addition to delivering vital nutrition elements. 
These aid in the better solubilization of minerals, which, in combination with the nutrients released by 
decomposing matter, aid in rapid root system extension, improved nutrient uptake, longer retention of 
added nitrogen, and finally improved plant vigour, even if the disease has not been significantly reduced 
(Singh, 1983). The neem plant (Azadirachta indica) contains biologically active chemicals, primarily 
alkaloids like isoprenoids, which are effective against a variety of pests, including fungus (Anwar-ul-Haq, 
1993). 
By giving nutrients and metabolites, several organic amendments help plants to become more tolerant. 
Toxic substances such as propionic acid, phenolics, and aldehydes are produced by some amendments, and 
they are all hazardous to pathogens. It enhanced microbial activity, which in turn boosted enzyme activity, 
which is harmful to pathogens, and it offers nutrition antagonists, such as oilcakes, which provide nutrient 
to Trichoderma viride. As a result, boost the soil's hostile tendency. 

How Soil Organic Matter Affects Crop Disease 
Soil aggressiveness is built up by addition of diverse organic amendments. Beneficial microorganisms and 
plant pathogens interact to establish diverse pathways. The infection is successfully controlled by 
antagonistic microorganisms that generate an unfavourable environment to the pathogen. 

 
Neem cake application recorded significant increase in germination (68.53%) and reduce the incidence of 
sett rot (27.83%) of sugarcane attributed the responsive effect of organic matter on the pathogen to 
microbial respiration leading to increase in CO2 content of soil and temporary lock up of soil nitrogen there 
by starving the pathogen of nitrogen, which is essential for growth of the pathogen (Yadahala, 2005). 
Soil organic matter (SOM) plays a major role in the functioning and sustainability of agricultural soils. The 
amount and composition of SOM significantly impacts physical, chemical, and biological properties of soils 
(Weil and Magdoff, 2004), which together influence crop productivity and health. 
Maximum soil organic carbon (SOC) observed with the mixed treatment neem cake with biofertilizer and 
biocontrol agents with increases about 30% followed by FYM- Biofertilizer and biocontrol agents (29%) over 
control (Murugan et al. 2011). The addition of organic amendments to croplands is one-way producers can 
modify SOM content. Manures have been shown to significantly enrich the ‘young' labile fraction of SOM 
(Griffin and Porter, 2004; Darby et al., 2006), a component of the soil carbon pool that responds to various 
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farm management practises (Sikora et al., 1996; Wander and Bollero, 1999), and has been linked to the 
suppression of soil-borne diseases (Griffin and Porter, 2004; Darby et al., 2006). 

Mechanism of Action of Oils and Oilcakes Against Pathogen 
1. Reducing pathogenic propagules and improving germination 
2. Inactivation of the propagule  
3. Suppression of growth and sporulation of the pathogen 
4. Competitive saprophytism. 
5. Reducing toxins. 
6. Producing more of volatile and non-volatile metabolites. 
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Introduction 
Plant biotechnology ushers in a new era for plant scientists working to maintain healthy plants, optimize 
crop yields, and minimize pesticide usage. One of the ultimate aims of agricultural biotechnology is to feed 
an expanding world population. A recent survey by The Economist shows that the world population has 
increased by 90% in the past 40 years while food production has increased by only 25% per head. With an 
additional 1.5 billion mouths to feed by 2020, farmers worldwide will have to produce 39% more grain. 
These survey results aptly describe the food production challenges facing the global community of farmers 
and consumers in the new millennium and the dimension of the debate on the risks and benefits of 
developing genetically engineered crop plants to meet the increasing global food demand while preserving 
the environment. 

Enhancing Resistance with Plant Genes 
Scientists from all over the world are investigating the biochemical nature of, and the signals involved in, 
a plant’s reactions to pathogen invasion and disease development. Plant resistance genes and the genes 
involved in resistance reactions are being identified and engineered into crop plants to protect them against 
plant diseases. This rapidly advancing field of investigation is described in this feature under Enhancing a 
plant’s resistance with genes from the plant kingdom. 

 

Pathogen Derived Resistance 
Plants can be protected from diseases with transgenic (genes that are engineered into plants) that are 
derived from the pathogens themselves, a concept referred to as pathogen-derived resistance. For example, 
plant viral transgenes can protect plants from infection by the virus from which the transgene was derived. 
Genetic engineering of plants for viral resistance is a thriving area of research and is described in this 
feature with special emphasis on research being done at Cornell University, Geneva, NY, under Genetic 
engineering: A novel and powerful tool to combat plant virus diseases. 

Antimicrobial Proteins 
Another area of investigation involves peptides and proteins with antimicrobial properties that when 
produced by plants have the potential to strengthen plant resistance to fungal and bacterial plant 
pathogens. Fungi, insects, animals, and humans all contain genes encoding antimicrobial compounds. This 
use of antimicrobials to improve plant resistance to pathogens is described in this feature with special 
emphasis on research being done at Cornell University, Geneva, NY, under Using antimicrobial proteins 
to enhance plant resistance. 

Plantibodies 
Although plants have mechanisms to protect themselves against pathogen attack, in contrast to animals, 
there is no "immune system" per se in plants. With the advent of genetic engineering, plants can be 
engineered to express an antibody against a protein crucial for pathogenesis resulting in a level of 
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immunity or resistance to the pathogen. This promising approach is described under Plantibodies: an 
animal strategy imported to the plant kingdom to fight back pathogens. Biotechnology is now a lightning 
rod for visceral debate, with opposing camps making strong claims of promise and peril. The debate involves 
not only scientific but also political, socio-economic, ethical, and philosophical issues (Wambugu 1999, Hails 
2000, Ferber 1999, Trewavas 1999, Sagar et al. 2000). 
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A new species of insect is damaging the chilli crop in several states in South India. Black thrips (Thrips 
parvispinus) have become a major insect pest in recent days for chilli and capsicum crops. It is an invasive 
insect from Indonesia first seen in 2015, has spread rapidly, affecting chilli crop in Andhra Pradesh and 
Telangana. These thrips are also called western thrips/flower thrips. The species has been reported as pest 
on chilli flowers in Guntur District of Andhra Pradesh during 2020-21. These can spread to tomato, brinjal, 
potato and other vegetable crops. These thrips are designated as one of the pest species of South East Asia, 
is a serious pest on a number of agricultural and horticultural crops of important plant natural orders. 
Ornamentals such as Dahlia, Chrysanthemum, Gardenia, Dipladenia, Anthurium, Hoya and Ficus are 
affected in green houses. 

Biology and Identification 
Each female lays around 150 eggs through Parthenogenesis. Eggs are inserted into leaves and incubation 
period lasts for four to five days. Larvae feed on leaves and flowers. Larvae go through two molts in four to 
five days, mature and pupate. The two pupal stages last for two to three days. The life cycle is completed 
in 13–14 days. Mated females live for nine days. Adult males live for six days on chilli under controlled 
conditions in greenhouses. Female and male thrips of T. parvispinus differ in size and color. Females are 
nearly one mm long, with brown head and prothorax, yellowish brown meso and metathorax and black 
abdomen; forewings are dark, with light colored base. The third antennal segment and the base of the 
fourth and fifth segments are light colored (either yellow or white). Males are 0.6 mm long and evenly 
yellow. 

Damage and Symptoms 
1. The damage is inflicted by direct feeding of nymphs and adults on leaves and growing buds. In papaya, 
Cladosporium, a saprophytic fungus is known to cause a secondary infection on tissue damaged by the 
thrips.  
2. They are mostly present below the leaf surfaces and inside the flowers. 
3. They suck the juice of leaves and make them distorted & curled, suck the sap and cause leaf and flower 
drop. 
4. Improper and malformed fruit setting. 
5. Severe attack/invasion causes distorted and stunted growth of plants and fruits. 
6. Silvered appearance on old leaves. 

Strategies to Prevent Spread of the Invasive Thrips 
1. The main objective should be to evade further spread of this thrips to other chilli growing areas of India 
by complete destruction of the infested plants in the specific areas.   
2. Use healthy and pest free seedlings for planting.  
3. Constant exhaustive monitoring and inspection for its infestation in new areas through surveys in chilli 
growing areas.   
4. Blue sticky traps are found more effective and 40-50 traps /acre are more effective 
5. Microbial biopesticide based management practices- Pseudomonas fluorescence-NBAIR-PFDWD@20g/l 
or Bacillus albus-NBAIR-BATP@20g/l spray focusing on flowers and fruits.  
6. Use of neem oil, pongamia oil or soap solution in heavily infested sites which restricts the growth of eggs 
and larvae and prevents egg laying. 
7. Judicious use of chemical insecticides as well as fertilizers as per the Package of Practices (POP) 
recommended by the local regions/Universities/Departments. 
  

https://www.bighaat.com/a/search?type=product&q=blue+sticky+traps
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Abstract 
Coriander is an annual herb and according to the climate conditions, is cultivated as a summer or winter 
annual crop. It is mainly cultivated for its fruits as well as for the tender green leaves. It is native of the 
Mediterranean region and is now commercially grown in India, Morocco, U.S.S.R, Hungary, Poland, 
Rumania, Czechoslovakia, Guatemala, Mexico and the U.S.A. 
In India, it is grown in Andhra Pradesh, Tamil Nadu, Karnataka, Rajasthan, Uttar Pradesh and Madhya 
Pradesh. It is grown in about 3.51 lakhs hectares with an annual production 1, 67,700 tonnes of grains. 
Major portion is though consumed locally; a small quantity is being exported now. Rajasthan ranks first in 
coriander production which is mainly concentrated in Kota division.  
Keywords: Coriander, annual herb, leaves, production, grains. 

Introduction 
History: Coriander (Coriandrum sativum L.) belongs to carrot ancestors (Umbellifers) andgenus 
Coriandrum embrace cultivated plant (Coriandrum sativum) and wild species (Coriandrum tordylium). 
Coriander has poles apart names in different languages, i.e., English (coriander), Urdu (Dhania), Arabic 
(Kuzbara), Hindi (Dhania), Chinese (Yuan sui), Greek (korion). 
The “coriander”, is consequential from Greek word for “bed-bug”, as smell of spanking new foliage is said 
to resemble that of bug plague-ridden bed line. It is mentioned in Sanskrit prose as far flip side as 5000 BC 
and in Greek Eber Papyrus as early as 1550 BC (Uhl, 2000). Coriander is referred to as “kusthumbari” or 
“dhanayaka” in the Sanskrit literature (Prakash, 1990). 
Coriander was used in time-honoured Greek medicines by Hippocrates (460-377 BC). The Egyptians called 
this herb as “spice of happiness”, perhaps for the reason that it was well thought-out to be an aphrodisiac. 
It was used for cooking and for children’s digestive sadden and diarrhoea. The Romans and Greeks also 
used coriander to flavour wine and also as a medication. 
Afterward, it was introduced into Great Britain by the Romans (Livarda and van der Veen, 2008). The 
etymology of coriander begins with Greek word korannon, a combination of koris and annon (a fragrant 
anise) and referred to mature fruit. 

Scientific Taxonomy 
Kingdom:     Plantae 
Division:      Angiosperms 
Class:           Eudicots 
Order:          Apiales 
Family:        Apiaceae 
Genus:         Coriandrum 
Species:       C. Sativum 
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Importance 
Because of health wellbeing and rehabilitated diet trends, leafy vegetables and salads are gaining much 
significance in the human diet. Since antediluvian times, herbs were the base for nearly all medicinal 
therapy until synthetic drugs were developed in the nineteenth century. Herbs like coriander have been 
used for a large array of purposes including nutrition, medicine, beverages, flavourings, repellents, dyeing, 
cosmetics, fragrances, smoking, charms and industrial uses. 

 
Health benefits of coriander 

Usage and Nutritional Value 
All parts of C. sativum plant are edible; however, its fresh leaves and dried seeds are most frequently used. 
Its green foliage, containing proteins, vitamins and minerals (like calcium, phosphorus and iron), fibres 
and carbohydrates, is used as vegetable and in salads, while both the leaves and seeds contain essential oil 
(EO), rich in varying components, which provides typical flavour, when added to the food products and acts 
as preservative. The C. sativum seed EO (CSEO) is triglyceride oil; petroselinic acid, a monounsaturated 
fatty acid, is the major fatty acid in CSEO. Thus, the plant is a potential source of lipids (rich in petroselinic 
acid) and EO (high in linalool) isolated from the seeds and the aerial parts. The matured coriander leaves 
are rich in moisture (87.9%), protein (3.3%), carbohydrate (total sugar 6.5%) and total ash (1.7%). The 
CSEO is intended to be marketed as a food supplement for healthy adults, at a maximum level of 600 mg 
per day. The seeds are rich source of lipids, 28.4% of the total seed weight, which may be of great importance 
in the food industry. 
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Nutritional value in coriander seeds 

Botanical Description 
Habit: Coriander is an erect, glabrous, annual herb and is cultivated as a summer or winter crops. 

 
Coriander in field 

Root: Coriander has a well-developed fleshy taproot. 

 
Coriander roots 

Stem: The species has solid, finely grooved stems and in richly branched. Each branch finishes with an 
inflorescence. The stem of the adult plant is hollow, and its basal parts can reach a diameter of up to 2 cm. 
Leaf: The leaves alternate is compound and most of them are pinnate or bipinnate. The plant develops 
leaves of two different shapes: the basal leaves which start more or less as rosette leaves are usually simple 
and broader than the leaves attached to the stem. 
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Flower: The white or pink flowers are borne in umbel, the middle flowers are small and infertile, and the 
outer flowers are larger and fertile. 

  
Coriander flower Coriander seeds 

Fruit: The small oval and aromatic fruit is a Cremo carp, yellowish brown, 3 to 5 mm in diameter, with 
wavy longitudinal ridges. 

Scientific Cultivation Practices 
Climate and Soil: It is a tropical crop and can be grown throughout the year for leaf purposes, but for 
higher than grain yield it has to be grown in specific season. A dry and cold weather free from frost, 
especially during flowering and fruit setting stage favours good grain production. Cloudy weather during 
flowering and fruiting stage favours pest and disease incidences. Heavy rain affects the crop. As an 
irrigated crop, it can be cultivated on almost all types of soils provided sufficient organic matter is applied. 
Black cotton soils with high retention of moisture are best under rainfed conditions. 
Varieties: 
Varieties Percentage Special Characters Duration Days Yield/ha 
CO1 A pure line 

selection 
Tall plant, many umbels per 
plant, suitable for green and 
grains 

110 500 

CO2 Reselection from 
culture P2 of 
Gujarat 

High yield, dual purpose 
variety, tolerant to drought, 
oil, 0.3% 

90-100 600-700 

CO3 Reselection from 
Acc. No. 695 

High yield, dual purpose, 
medium size grain, oil 0.3% - 
0.4% 

103 640 

Gujarat 
coriander 1 

Selection from 
local 

High yield, a greater number 
of branches, seeds bolder and 
greenish in colour 

112 1100 

Rajendra 
Swati 

A mass selection 
from Germplasm 
type 

High yield suitable for 
intercropping, fine seeded, rich 
in oil, resistance to stem gall 

110 1200-1400 

Rcr 41 Recurrent 
selection from UD 
41 

High yield, tall erect, suitable 
for irrigated, areas resistant to 
stem gall 

130-140 1200 

Swathi Mass selection High yield, semi erect, suitable 
for delayed sowing resistant to 
stem gall 

80-90 885 

Field Preparation: For raising crop, the land is ploughed 3 to 4 times following rains and field must be 
planted immediately to break the clods and to avoid soil moisture. For irrigated crop the land is ploughed 
twice or thrice and beds and channels are formed. 
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Field preparation 

Sowing time: In the North and Central parts of India and Andhra Pradesh, It is mostly grown as a rabi 
season crop and hence sowing is done between middle of October and middle of November. Still late sowing 
is recommended in places vulnerable for frost damage. In certain pockets of the above area, late kharif crop 
is sometimes sown in August-September. In Tamil Nadu, as an irrigated crop, coriander is raised in June-
July and Sep-Oct. In the first season, it matures early before the end of Aug-Sep. In the second season, it 
matures late with an extended growth phase during Jan-Feb. The growth and the yield of second season 
crop is found to be better than the first season crop. Under rainfed conditions, it is sown during Sep-Oct, 
at the onset of North east monsoon and harvested during Jan-Feb. 
Seed rate and sowing method: A seed rate of 10 to 15 kg per hectare is required. Seeds are stored for 
15-30 days record better and early germination than freshly harvested seeds. Seeds are soaked in water 
for 12 to24 hours before sowing also enhances and treated with thiram at 2g per kg of seeds. For irrigated 
crop, sowing is generally done in rows spaced at 30-40 cm apart with 15 cm between hills. Soil depth should 
not exceed 3.0 cm. Three to five seeds are sown a hill and later on thinned to two plants per hill. Under 
rainfed condition seeds are broadcast and covered with country plough. Germination takes place in 10-15 
days. 

 
Seed sowing 

Manuring: About 10 tonnes of farm yard manure is applied at the time of last preparation. In addition, 
the following fertilizers may be applied. Irrigated crop 15:40:20Kg/ha NPK as basal and 15 kg Nat 30DAS, 
Rainfed crop 20:30:20 kg NPK/ha. 
Irrigation: First irrigation is given 3 days after sowing and thereafter at 10 – 15 days interval depending 
upon the soil moisture available in the soil. Drip irrigation is now-a-days most effective method especially 
in leafy vegetables like coriander. 
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Drip irrigation system 

Weeding and Hoeing: The first hoeing and weeding are given in about 30 days. Thinning the plants is 
also attended simultaneously, leaving only 2 plants per hill. Depending upon the growth 1 or 2 more 
weedings are done. 

 
Hoeing and weeding in field 

Harvesting: The crop will be ready for harvest in about 90 -110 days depending upon the varieties and 
growing seasons. In certain varieties, harvesting 50% leaves at 60 days 75 days may be done which will 
fetch additional income but without affecting the grain yield. Harvesting has to be done when the fruits 
are fully ripe and start changing from green to brown colour. Delaying of the harvest should be avoided lest 
shattering during harvest and splitting of the fruits in subsequent processing operations. The plants are 
cut or pulled and piled in to small stacks in the field wither for 2- 3 days the fruits are then threshed out 
from the plants by beating with sticks or rubbing with the hands. The produce is winnowed, cleaned and 
dried in partial shade. After drying, the produce is stored in gunny bags lined with paper. The rainfed crop 
yields on an average 400 – 500 kg/ha and the irrigated crop 600 -1200 kg/ha. 

  
Harvesting Seeds ready for harvest 
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Plant Protection Measures 
At the seedling stage coriander is often attacked by the leaf eating caterpillars and semiloopers and at the 
flowering stage by the aphids. Spraying the crop with methyl demeton (0.05%) is recommended to control 
aphids but at flowering stage the use of any insecticide would kill the bee population affecting pollination 
in the crop. Powdery mildew (Erysiphe polygoni) is a serious disease which ruin the crop if allowed 
unchecked in the initial stage itself. Spraying wettable Sulphur 0.25 % or 0.2 % solution of karathane twice 
at 10-15 days interval is recommended. Grain mold is caused by Helminthosporium sp, Alternaria sp, 
Carvularia sp and Fusarium sp. It can be controlled by spraying carbendazim 0.1 % 20 days after grain 
set. 
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Soil organic matter (SOM) consists of plant and animal residues at various stages of decomposition, cells 
and tissues of soil organisms, and substances synthesized by soil organisms. It contains both living (soil 
microbial biomass and living roots) and non-living components. Chemically is contain compounds such as 
proteins, lipids, starch, carbohydrates, hemicelluloses, celluloses, lignin, polyphenols, pectins and tannins 
or by humic acid, fulvic acid and humans. 
SOM exerts numerous positive effects on soil physical and chemical properties, as well as the soils capacity 
to provide regulatory ecosystem services. Particularly, the presence of SOM is regarded as being critical for 
soil function and soil quality.  
The positive impacts of SOM result from a number of complex, interactive edaphic factors; a non-
exhaustive list of SOM's effects on soil functioning includes improvements related to soil structure, 
aggregation, water retention, soil biodiversity, absorption and retention of pollutants, buffering capacity 
and the cycling and storage of plant nutrients. SOM increases soil fertility by providing cation 
exchange sites and acting as reserve of  plant nutrients, especially nitrogen (N), phosphorus (P), 
and sulfur (S), along with micronutrients, which are slowly released upon SOM mineralization. As such, 
there is a significant correlation between SOM content and soil fertility. 

Role of SOM in Soil Fertility 
1. Enhance soil aggregation and soil structural development  
2. Good aeration and permeability  
3. Infiltration rate enhanced (good drainage and reduced runoff  
4. Prevent soil erosion  
5. Increase water and nutrient holding capacity  
6. Enhance soil CEC  
7. Mulching effect -soil temperature regulation 
8. Store house of different nutrient  
9. Carbon source for soil microorganism  
10. Carbon sink for soil to sequester the atmospheric carbon  
11. Buffering capacity  
12. Absorption and retention of pollutant  
13. Organic substances such as vitamins, antibiotics a growth promoting substances such as auxin are 
produced during some decomposition. 

Principal Global Carbon Pools 
There are five principal global C pools. The oceanic pool is the largest (38000Pg), followed by the geologic 
(5000 Pg), pedologic (soil) (2500 Pg), biotic (560 Pg) and the atmospheric pool (760 Pg). All these pools are 
inter-connected and C circulates among them. The pedologic or soil C pool comprises two components: SOC 
and the soil inorganic carbon (SIC) pool. 
The SIC pool is especially important in soils of the dry regions. The SOC concentration ranges from a low 
in soils of the arid regions too high in soils of the temperate regions, and extremely high in organic or peat 
soils. The SOC pool also varies widely among ecoregions, being higher in cool and moist than warm and 
dry regions. Therefore, the total soil C pool is four times the biotic (trees, plants, etc.) pool and about three 
times the atmospheric pool.  
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Economic and environmental of significance SOC: 
a. Reduces sediment load in streams and rivers 
b. Filters pollutants of agricultural chemicals 
c. Reactors for biodegradation of contaminants 
d. Buffers the emissions of GHGs from soil to the atmosphere. 

Anthropogenic perturbations exacerbate the emission of CO2 from soil caused by decomposition of SOM or 
soil respiration. The emissions are accentuated by agricultural activities including tropical deforestation 
and biomass burning, plowing, drainage of wetlands and low-input farming or shifting cultivation. In 
addition to its impact on decomposition of SOM macroclimate has a large impact on a fraction of the SOC 
pool which is active. 
Conversion of natural to agricultural ecosystems increases maximum soil temperature and decreases soil 
moisture storage in the root zone, especially in drained agricultural soils. Biomass burning is an important 
management tool, especially in agricultural ecosystems of the tropics. The process emits numerous gases 
immediately but also leaves charcoal as a residual material. Charcoal, produced by incomplete combustion, 
is a passive component, and may constitute up to 35 % of the total SOC pool in fire-prone ecosystems. As 
the SOC pool declines due to cultivation and soil degradation, the more resistant charcoal fraction increases 
as a portion of the total C pool. Similar to deforestation and biomass burning, cultivation of soil, by plowing 
and other tillage methods, also enhances mineralization of SOC and releases CO2 into the atmosphere. 
Tillage increases SOC mineralization by bringing crop residue closer to microbes where soil moisture 
conditions favor mineralization, physically disrupts aggregates and exposes hitherto encapsulated C to 
decomposition. Both activities decrease soil moisture, increase maximum soil temperature and exacerbate 
rate of SOC mineralization. 

SOC Pools 
1. Labile pool (particulate organic matter (POM), light fraction organic matter). 
2. Slow pool (SOM within aggregates, humus). 
3. Recalcitrant pool (organic-mineral complexes, charcoal C, phytolith C). 
1. Effect of Temperature on SOC and SOC Pools: Soil organic carbon (C) decomposition is an 
enzymatic process, and the temperature dependence of SOC decomposition follows the Arrhenius equation, 

 
where k is the reaction rate constant, a is frequency factor, Ea is the activation energy, R is the gas constant 
(8.314 J K-1 mol-1) and T is the temperature in Kelvin. The temperature dependence of SOC decomposition 
has been also described by Q10 based functions, which is the factor by which the rate of reaction increases 
with every 10oC rise in temperature. Rate of reaction increases two-fold for each 10oC increase in 
temperature.  
For less reactive and more recalcitrant pool, Ea value is high. As Ea increases, temperature sensitivity, or 
Q10 value may also increase. Temperature sensitivity of the recalcitrant pool larger than that of labile SOC 
pool. Rate of loss of the recalcitrant SOC pool is still likely to be smaller than the labile SOC pool as 
temperature increases.  
SOC decomposition is governed primarily by a series of enzymatic controlled processes, substrate 
availability and concentration at the active site of the enzyme are described by Michaelis-Menten 

 
where [S] is the substrate availability, v is the initial reaction rate, Vmax is the maximum reaction rate at 
a given temperature and Km is the Michaelis-Menten constant, and represents [S] when Vmax/2. When 
substrate availability is unlimited, that is, [S]>>>Km, the temperature response of Vmax determines the 
reaction rate in the range of optimum temperature, that is, when no enzyme denaturation occurs. Under 
such conditions, the temperature response of SOM decomposition follows the Arrhenius-type equation. 
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Under substrate-limited conditions, however, the Km value of microbial enzymes becomes significant, 
which increases with increasing temperature, and counteracts the temperature response of Vmax. Thus, 
when substrate supply at the active enzyme site is limited, temperature dependence of SOC decomposition 
may be lower than modeled. 
2. Effect of elevated CO2 on SOC and SOC pools: Experiments under elevated CO2 concentrations have 
shown that most C3 plants, which include all trees, many crops and vegetation from cold and temperate 
regions, respond with increased rates of photosynthesis, increased productivity and increased biomass, 
especially under N inputs and increased water availability. However, C4 grasses rarely respond to elevated 
CO2 concentrations even under high N inputs. Elevated CO2 increases net SOC accumulation with the 
addition of N fertilizer although at low N input there was no significant increase in SOC stocks.  
Elevated CO2 not only increases total plant biomass but may also increase total fine root production, 
especially under high N availability and hence leading to net SOC accumulation, especially in POC pool. 
Fine root biomass has been shown to be closely associated with POC or light fraction SOC. Furthermore, 
elevated CO2 may not alter the decomposition rate of new C inputs or labile and slow pools and this may 
be because elevated CO2 enhances protection of new root-derived C inputs into micro-aggregates. It is 
likely, however, that in the long term there may be a hierarchical saturation of soil C pools, with increasing 
amounts of SOC enter large macro-aggregates, which can be subjected to rapid turnover in soil.  Under 
elevated CO2 there may be only a small amount of C that is transferred from root derived C to slow C pool, 
because overall SOC turnover was found to be enhanced. 
3. Effect of atmospheric N deposition on soc and soc pools: In general, increased atmospheric N 
deposition stabilize SOM, and SOM pools such as POC and heavy fractions, by reducing C mineralization, 
and microbial biomass and respiration, especially in the long term. The stabilization of the POC fraction 
appears to be due to increased microbial efficiency and slow turnover of lignin and other relatively 
recalcitrant organic compounds in this fraction. On the other hand, stabilization of slow SOC pool due to 
increased soil N availability under elevated CO2 concentration may be attributed to enhanced formation of 
new aggregates, thereby reducing C accessibility within micro-aggregates.  
4. Effect of precipitation and water availability on soc and soc pools: Similar to the N limitation, 
biomass response to CO2 fertilization is limited by precipitation and hence water availability. Therefore, 
net SOC accumulation due to CO2 fertilization will be constrained not only by N limitation but also by 
water availability. To some extent, limitation to water availability is overcome by increased water use 
efficiency under elevated CO2 concentration and vegetation shift from C3 to C4 vegetation, the latter being 
more water use efficient than the former, and the increased water use efficiency may in turn accelerate any 
positive CO2 fertilization response under water-limited conditions. Generally, increased soil water 
availability or increased precipitation appears to be more important than temperature in regulating net 
SOC accumulation. 

Conclusion 
SOM is among the best indicator of soil health since it controls many soil properties and major 
biogeochemical cycles including C, N, S and P cycling, and is usually a strong indicator of soil fertility and 
land degradation. It also provides the basis for ecosystem services such as through C sequestration, 
production of food and maintenance of water quality, by serving as an energy source for soil organisms, 
enhancing pesticide degradation, and by contributing to retention of nutrient ion in coarse-textured and 
low-activity clay soils. Furthermore, since SOC pool is three times larger than that in the atmosphere, any 
change in SOC pool due to climate change will have an effect on soil health. Hence, appropriate SOM 
management is essential for maintaining or improving soil health in the context of climate change. 
  



 

 
Volume 04 - Issue 04 - April 2022       105 | P a g e  
 

Carbon Trading - Concept and Principle 
Article ID: 36539 

Gundlapalli Swathi1, Sai Ram Devulapally2, Yellagandula Mani3 
1Ph. D Scholar, Department of Soil Science, Assam Agricultural University. 

2M. Sc. Department of Soil Science, Department of Soil Science, Dr. Rajendra Prasad Central 
Agricultural University. 

3M. Sc. Department of Agrometeorology and Environmental Science, Birsa Agricultural University. 
 

 

Carbon trading is an approach to control CO2 emission, wherein an economic incentive is provided to 
achieve the emission reduction. It is administrated by a central authority such as government or 
international organization, which sets a limit on the amount of CO2 that can be emitted. If the emission is 
above this limit, it could be traded with other countries having low emission. In economics, carbon trading 
is a form of emission trading that allows a country to meet its CO2 emission reduction commitments, often 
to meet Kyoto Treaty requirements.  
The idea behind carbon trading is quite similar to the trading of securities or commodities in a market 
place. Carbon would be given an economic value, allowing people, companies or nations to trade it.  A nation 
buying the carbon would be buying the rights to burn it, and a nation selling carbon would be giving up its 
rights to burn it. The value of the carbon would be based on the ability of the country owning the carbon to 
store it or to prevent it from being released into the atmosphere. A market would be created to facilitate 
the buying and selling of the rights to emit greenhouse gases. The industrialized nations for which reducing 
emission is a daunting task could buy the emission rights from another nation whose industries do not 
produce as much of these gases. The market for carbon is possible as the goal of the Kyoto Protocol is to 
reduce emission as a collective effort. 

Kinds of Carbon Trading 
There are two kinds of carbon trading - cap and trade system and carbon offsetting. A cap-and-trade system 
is an emission trading system, where total emission is limited or 'capped' and the excess permits might be 
traded. Carbon offsetting is the system in which, the country having higher emission can invest projects 
that ‘reduce’ emission of carbon in another country.  Often the two categories are put together in hybrid 
trading systems. 

History of Carbon Trading 
In response to the global warming crisis, the UN Conference on the Environment and Development held at 
Rio de Janeiro of Brazil, in 1992 clearly raised the concept of “sustainable development”. In this conference 
the “United Nations Framework Convention on Climate Change” (UNFCC) was established with the 
participation of more than 150 countries. It was the first convention to take full control of greenhouse gas 
emission including CO2 discharge, and is an international convention to fight global warming which 
causing a lot of adverse effect on the development of society and economy. Later in December 1997, the 
third conference of the parties (COP) under the UNFCCC was held in Kyoto of Japan, which aimed at 
limiting carbon emission in developed countries. The conference ended with an agreement of “Kyoto 
Protocol” and the Protocol took formal effect on February 16th 2005. The “Kyoto Protocol” is an 
internationally binding and enforceable agreement that will encourage countries to reduce GHG emission. 
The Kyoto Protocol has introduced ground breaking concepts on carbon credits, carbon footprint and 
emission trading. 

Salient Contents of Kyoto Protocol 
According to the Kyoto protocol, the industrialized countries should reduce its GHG emission to levels 5.2 
per cent lower than those of 1990 during the period 2008- 2012 (first commitment period). Later in 2012, 
the Doha amendments of the protocol extended period from 2013 to 2020 (2nd commitment period) and 
target is to reduce GHG emission 18 per cent against 1990 levels. 
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Kyoto Protocol Principle 
The Kyoto protocol works on the principle that “common but differentiated responsibility”. Reducing GHG 
emission is a common responsibility of all countries, but developed nation must bear the major burden of 
this responsibility as they are contributing much to the emission. It has been estimated that, world’s total 
greenhouse gas emission in 2017 would be 45261.25 Mt CO2e (WRI, 2019).  The industrialized nations, 
European Union and United States along with developing nations China and India are contributing to 
major part of the emission.  The percentage contribution of China, United States, European Union, and 
India are 27.51 per cent, 14.75 per cent, 9.33 per cent, 6.43 per cent respectively.  
The protocol categorized the countries into 3 groups, Annex I countries, Annex II countries and non - Annex 
I countries. 
Annex I countries: United States of America, United Kingdom, Japan, New Zealand, Canada, Australia, 
Austria, Spain, France, Germany etc. agree to reduce their emission (particularly CO2) to target levels 
below their 1990 emission levels. A total of 41 industrialized countries are currently listed in the 
Convention’s Annex-1 including the relatively wealthy industrialized countries that were members of the 
Organization for Economic Co-operation and Development (OECD) in 1992, plus countries with Economies 
in Transition (EITs) including the Russian Federation, the Baltic States, and several Central and Eastern 
European States. Canada, officially withdrew from the Kyoto Protocol in December 2011.  
Annex II Countries: Annex II countries are a sub-group of the Annex I countries. Developed countries 
which pay for costs of developing countries are included in this category which should buy emission credits 
from developing countries or invest in conservation if they cannot reduce the emission. Countries like 
United States of America, United Kingdom, Japan, New Zealand, Canada, Australia, Austria and Spain 
are included in Annex II.  
Non - Annex I countries: It includes developing countries such as India, Sri Lanka, Afghanistan, China, 
Brazil, Iran, Kenya, Kuwait, Malaysia, Pakistan, Philippines, Saudi Arabia, Singapore, South Africa, UAE 
etc. having no immediate emission restrictions under the UNFCCC. 

Mechanisms of Kyoto Protocol 
The aim of the protocol is to reduce the emission and the reduction is possible by two methods - reducing 
production by improved technologies and by tapping already produced CO2 by natural processes. The 
mechanism for reducing GHG was developed under the UNFCCC which include the joint implementation 
(JI), emissions trading (ET) and clean development mechanism (CDM). Joint implementation and clean 
development mechanism are project-based mechanisms and emission trading is allowance-based 
mechanism. All these activities in together known as carbon trading (Birla et al., 2012).   
1. Joint Implementation (JI): This is defined in article 6 of the Kyoto Protocol, designed to help rich 
(Annex 1) countries to meet their Kyoto commitment using methods other than directly via cuts in their 
own emission. Under joint implementation, an Annex I party may implement an emission-reducing project 
or a project that enhances removals by sinks in the territory of another Annex I party and count the 
resulting emission reduction units (ERUs) towards meeting its own Kyoto target. 
2. Clean Development Mechanism (CDM): The clean development mechanism allows governments or 
private entities in rich countries to set up emission reduction projects in developing countries. They get 
credit for these reductions as 'certified emission reductions (CER's). This system is different from the Joint 
Implementation as it promotes sustainable development on developing countries. The CDM is the entry 
point for developing countries (non-Annex I) into the Kyoto Protocol on climate change. The mechanism 
was established under Article 12 of the Kyoto protocol and was adopted by the third conference of the 
parties to the framework convention on climate change on December 11, 1997. Wind power generation, 
hydro power, land fill gas capture, biomass, animal waste, energy efficiency, forestry etc are the various 
types of CDM projects.  The CDM is supervised by an executive board, which itself operates under the 
authority of the parties. The executive board will accredit independent organizations-known as operational 
entities-that will validate proposed CDM projects, verify the resulting emission reductions, certify those 
emission reductions as CERs and maintain a CDM registry. 
3. Emissions trading (ET): Article 17 of the Kyoto protocol authorizes Annex I countries to engage in 
international emission trading. This means that the Annex I countries will have the option of buying or 
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selling some portion of their emission allowances. These allowances are called "assigned amount units" 
(AAUs) in the Kyoto Protocol. 

Advantages and Disadvantages of Carbon Trading 
Benefits of carbon trading include reduction in GHG emission, source of revenue for developing nations 
and supporting a free market system. Disadvantages of carbon trading include right to pollute- industries 
in the ratified nations are purchasing legal rights to pollute the atmosphere, being a slow process – 
especially emission reduction projects take longer times to earn reduction credits and lack of centralized 
system or global framework. 
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Plant endophytes are important microbial resources that generally exist in healthy plant tissues and do 
not harm plants. Plant endophytes not only promote plant growth, but also have potential application 
prospects in medicine, agriculture, industry and other fields (Afzal et al., 2019). It has been found that 
there are a large number of endophytic microorganisms that can settle in the internal tissues of host plants 
and form a series of mutually beneficial symbiotic relationships (Hassani et al., 2018). At present, some 
studies have shown that the endophytic bacteria viz., Proteobacteria, Actinobacteria, Firmicutes and 
endophytic fungi viz., Ascomycotina fungi live symbiotically within the leaves, fruits, flowers, and stems of 
plants, with no external indication of their presence. 

 
Figure -1: Showing the mechanisms involved in plant- endophyte relationships 
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Endophytic bacteria live in almost all studied plant species. Plants provide nutrients for the growth of 
endophytes, meantime, many endophytes give beneficial feedback for their host by different ways, including 
growth promotion, pathogens suppression, contaminants remove, phosphate solubilization, nitrogen 
fixation, etc. 
It has been reported that endophytic bacteria and host plants are in an obligate mutualism through an 
evolutionary process (Long et al., 2008). Studies of endophytic bacteria diversity could improve knowledge 
about bacteria-plant interactions and this knowledge could be used for improving production and quality 
of the host plants (Compant et al., 2010). The endophytic bacterial diversity is still poorly characterized. 
Endophytic fungi can colonize plant organs and are harmless to the host (Sun et al., 2012). Moreover, 
investigations have revealed that endophytic fungi can promote the growth of the host plants and enhance 
its stress resistance (Li et al., 2011). 
Furthermore, the endophytic fungi are in symbiosis with plant and significantly affect the plant community 
structure and diversity in natural ecosystems (Silva et al., 2019). In addition, the endophytic fungi while 
harbored in different plant communities produce exclusive compounds of therapeutic value as these 
compounds are similar to the secondary metabolites of the host plant (Arora et al., 2019). 
Therefore, endophytic fungi have been considered as novel and feasible sources for new drugs. The 
endophytic fungi-host relationships revealed that the distribution and population structure of endophytic 
fungi relies largely on the taxonomy, genetic background, age, organ, and climatic change (Wu et al., 2013). 

Methodology of High Throughput Sequencing (HTS) 
Sample collection: Fresh plant samples were collected from different cultivated regions of horticulturally 
important crops. Few samples were randomly chosen from each site/locality. All the samples were stored 
at 4°C and processed within 12 hours.  
Surface sterilization of plant samples: All the plant samples collected were washed by tap water and 
then immersed three times in 70% ethanol (v/v) for 1 min followed by distilled water three to four times. 
The flesh of surface of plant samples were sampled in a laminar flow cabinet at room temperature.  
Genomic DNA extraction: All the samples from the same site were pooled as one sample and mixed 
thoroughly. Finally, few samples were generated for genomic DNA extraction. Genomic DNA was extracted 
by DNA quick plant system after maceration in liquid nitrogen following the manufacturer’s instructions. 
DNA concentration and purity were monitored on 1% agarose gels. According to the concentration, DNA 
was diluted to 1 ng/μl using sterile water.  
PCR amplification of 16S rDNA-V4 region: PCR experiments were performed with Phusion® High-
Fidelity PCR master mix with GC buffer to ensure amplification efficiency and accuracy and run in an 
Eppendorf Gradient Thermocycler. 
With diluted genomic DNA as template, 16S rDNA-V4 region was amplified with specific primers 515F (5’-
GTT TCG GTG CCA GCM GCC GCG GTA A-3’) and 806R (5’-GCC AAT GGA CTA CHV GGG TWT CTA 
AT-3’) with the barcode. 
Libraries construction and sequencing: The PCR products were mixed with the same volume of 1× 
loading buffer (contained SYB green) and checked by electrophoresis on 2% agarose gel. Samples with 
bright main strip between 400-450 bp were chosen for further experiments. PCR products were mixed in 
equidensity ratios. 
Then, the mixture of PCR products was purified with Qiagen Gel Extraction Kit. Sequencing libraries were 
generated using TruSeq® DNA PCR-Free Sample Preparation Kit following manufacturer’s 
recommendations and index codes were added. The library quality was assessed on the Qubit@ 2.0 
Fluorometer (Thermo Scientific) and Agilent Bioanalyzer 2100 system. At last, the library was sequenced 
on an Illumina HiSeq 2500 platform and 250 bp paired-end reads were generated. 
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Figure: showing the High Throughput Sequencing (HTS) 

Statistical Analysis 
Paired-end reads obtained by sequencing were divided into six groups according to the unique barcode and 
truncated by cutting off the barcode and primer sequence. Paired-end reads were merged to generate raw 
tags; quality filtering on the raw tags was performed to obtain the high-quality clean tags. Clean tags were 
compared with the reference database to detect and remove chimera sequences to generate effective Tags. 
Sequences were analyzed by Uparse software and were assigned to the same OTUs with ≥97% similarity. 
Representative sequence for each OTU was annotated by GreenGene database based on RDP classifier and 
multiple sequence alignment was performed by MUSCLE software. Alpha diversity and beta diversity 
analysis, including chao1, shannon, simpson, ACE, good-coverage, rarefaction analysis, rank abundance 
analysis, principal component analysis (PCA), principal coordinate analysis (PCoA), unweighted pairgroup 
method with arithmetic means (UPGMA), non-metric multi-dimensional scaling (NMDS) analysis and T-
test analysis were performed by QIIME and displayed with R software. 

References 
1. Afzal, I, Shinwari, Z.K, Sikandar, S. and Shahzad, S. (2019). Plant beneficial endophytic bacteria: mechanisms, diversity, host 

range and genetic determinants. Microbiological Research. 221: 36-49. 



 

 
Volume 04 - Issue 04 - April 2022       111 | P a g e  
 

2. Arora, P, Wani, Z.A, Ahmad, T, Sultan, P, Gupta, S. and Hassan, S.R.U. (2019). Community structure, spatial distribution, 
diversity and functional characterization of culturable endophytic fungi associated with Glycyrrhiza glabra L. Fungal Biology. 
123: 373-383. 

3. Chen, W.H, Wu, S.J, Sun, X.L, Feng, K.M, Rahman, K, Tan, H.Y. and Han, T. (2020). High-throughput sequencing analysis 
of endophytic fungal diversity in cynanchum sp. South African Journal of Botany. 

4. Compant, S, van der Heijden, M.G. and Sessitsch, A. (2010). Climate change effects on beneficial plant-microorganism 
interactions. FEMS Microbiology and Ecology. 73: 197-214. 

5. Hassani, M.A, Dur an, P. and Hacquard, S. (2018). Microbial interactions within the plant holobiont. Microbiome. 6 (1): 58.  
6. Long, H.H, Schmidt, D.D. and Baldwin, I.T. (2008). Native bacterial endophytes promote host growth in a species-specific 

manner; phytohormone manipulations do not result in common growth responses. 
7. Silva, C.F, Vitorino, L.C, Mendon, M.A.C, Araujo, W.L, Dourado, M.N, Albuquerque, L.C, Soares, M.A. and Souchi, E.L. (2019). 

Screening of plant growth-promoting endophytic bacteria fromthe roots of themedicinal plant Aloe vera. 6: 58–71. 
8. Sun, Y, Wang, Q, Lu, X.D, Okane, I. and Kakishima, M. (2012). Endophytic fungal community in stems and leaves of plants 

from desert areas in China. Mycology Progress. 11: 781-790. 
9. Wang, Z, Zhu, Y, Li, N, Liu, H, Zheng, H, Wang, W. and Liu, Y. (2021). High-throughput sequencing-based analysis of the 

composition and diversity of endophytic bacterial community in seeds of saline-alkali tolerant rice. Microbiological Research. 
250: 126794. 

10. Wu, L.S, Han, T, Li, W.C, Jia, M, Xue, L.M, Rahman, K. and Qin, L.P. (2013). Geographic and tissue influences on endophytic 
fungal communities of Taxus chinensis var. Mairei in China. 66: 40-48. 

  



 

 
Volume 04 - Issue 04 - April 2022       112 | P a g e  
 

Silkworm Cocoon Quality - Factors Influencing Cocoon 
Quality - Classification of Cocoon 

Article ID: 36541 
Dr. Devi M1, Dr. K. Indirakumar2 

1Assistant Professor, Department of Agricultural Entomology, MITCAT, Musiri. 
2Scientist – B, Central Silk Board, Tura, Meghalaya. 

 
 

Cocoon Quality 
A series of natural circumstances will produce variations in cocoon quality. Some of the most noteworthy 
include: differences in cocoon quality in the same batch, differences in cocoons produced in the same location 
by different farmers who have reared the same race and seasonal influences. In Japan for example, cocoons 
produced in the spring and late autumn are higher in quality than those in early autumn and summer; 
environmental conditions affect cocoon reelability such as temperature and humidity, processing technique 
in reeling will impact reeling efficiency as well as raw silk quality, bivoltine cocoons are superior quality 
compared to multivoltine silkworm race traditional farmed in tropical zones. 

Factors Influencing Cocoon Quality 
The measures to be taken during silkworm rearing and mounting to obtain a better quality of cocoons with 
higher silk content, longer filament, better reelability and lower percentage of defective cocoons are as 
follows. 
1. Temperature and humidity during mounting: Maintain temperatures at 250C and relative 
humidity around 65 per cent for silkworms to spin good quality cocoons with a high reelability. 
2. Mounting device: Although different mount practices are employed by the silkworm rearers, rotary 
mounting frames provide good ventilation. The result is improved reelability of cocoons. 
3. Harvesting and handling of fresh cocoons: Cocoons should be harvested only following complete 
pupation. The appropriate harvesting day would be the fifth day in tropical countries, and the seventh or 
eighth day in temperate countries from the mounting date. If premature harvesting takes place, the 
silkworm will still be in its larval stage, weigh more, have fragile skin, and could likely be crushed, which 
would cause stains to the cocoon during handling and transportation. 
4. Transport of fresh cocoons: After proper harvesting and removal of diseased or damaged cocoons, the 
fresh cocoons are taken to the market. For short distances, the farmer carries the cocoons in bamboo baskets 
or jut bags on his head or by bicycle. If the distance is longer, cocoons are transported in a van or a bus. 
Caution should be exercised when loading fresh cocoons on to the van to ensure that containers are loosely 
packed in tiers to avoid damage. Vibration and shock during long trips can spoil fresh cocoons. Cocoon 
quality is affected by steam produced while being transferred in a bag or basket. If there are defective 
cocoons fresh cocoon quality will be harmed. 
While it is advisable to avoid carrying cocoons over long distances, there are steps, which preserve silk 
reelability. First use of P.V.C. containers with 15 kgs capacity is recommended. Shock absorbers, such as 
sponge can prevent damage over long distances. To minimize the risk of heat deterioration, shipping should 
take place only during the night or early morning. Ideally, the fresh cocoons should arrive at the stifling 
unit within two to three days after harvest. 

Classification of Cocoons 
When cocoons are sold at the market, price is assessed on the basis of cocoon quality. This is judged by 
grading shell per cent, filament length, reelability and the percentage of defective cocoons. If the percentage 
of defective cocoons is high, the price will be affected. 
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Defective Cocoons 
1. Double cocoons: A double cocoon is spun by two larvae, producing a filament, which does not unwind 
smoothly and tangles easily. As these cannot be reeled along with normal cocoons, double cocoons are used 
for manufacture of a course, non- uniform, stubby yarn called "doupion". Double cocoons may be caused by 
crowded mounting conditions, high temperature and high humidity. 
2. Inside stained cocoons: Inside stained cocoons are also known as melted/ dead cocoons. In this case, 
the pupa is dead and sticks to the inside shell of the cocoon causing a stain. Melted cocoons are called mutes 
because they do not make a sound when shaken. These cocoons are difficult to process and will result in 
silk, which is dull in colour. 
3. Outside stained cocoons: These are recognized by a rusty colour spot on the cocoon shell caused by 
absorption of intestinal fluid/ urine of the mature worm formed during mounting. Reelability is very poor 
in this case. 
4. Printed cocoons: This defect may happen due to improper mounting frames; these are also called 
scaffold pressed cocoons. 
5. Malformed cocoons: These are abnormally shaped cocoons, which may arise from race variation. This 
defect may be due to racial characteristics and breeding with mulberry leaves stained with agrochemicals. 
6. Flimsy cocoons: The shell is loosely spun in layers and has a low silk content. These cocoons are easily 
overcooked and produce waste. 
7. Thin-end cocoons: One or both ends of the cocoon are very thin and risk bursting when processed. The 
cause of this defect may be attributed to race characteristics or improper temperature and humidity during 
rearing and mounting. 
8. Pierced cocoons: This happens when a moth has emerged, been eaten by beetles or in the case of the 
emergence of a parasite. Pierced cocoons are unfit for reeling and can be used only for hand spinning or as 
raw material for spun silk production. 
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Waste Generation from Sericulture 

 

Rearing Waste Generation 

 
One rearing: 1148.55 kg/ha. One year: 6891.30 kg/ha. 

Sericulture is an important agro based cottage industry practiced in most parts of our country. Sericulture 
involves four major phases’ viz., mulberry cultivation, silkworm rearing, silk reeling and silkworm egg 
production. During the different phase, various byproduct is produced. In silkworm rearing, silkworm litter 
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(silkworm excreta, shoot waste and leaf waste) is the byproduct, which is produced in enormous quantity 
by every rearer during each rearing and this finds its utility in various commercial products as well as 
domestic consumption. 
Research on these aspects is conducted across the world i.e., as manure, feed for fishes, milch animals, 
poultry, biogas production, pharmaceuticals, cosmetics, carrier material, organic manure formulation etc. 
which indicated its possibility in commercialization of same of the products which is very much in need as 
it generates value addition to the farmers as well as to other small-scale industries. 

Silkworm Litter as Manure 
Digested food is absorbed and assimilated to promote growth, maintain and replace body tissue in 
silkworm. The undigested food is removed from the body as hexagonal pallets in the form of litter. The 
litter of silkworm contains 3.06%N. It may be used as manure in the agriculture field and also as fish feed. 
The silkworm litter (preferably fresh) can be effectively utilized as a raw material in the bio-gas plant along 
with cow dung. 
The rearing of 100 layings of cross-breed silkworm during the fourth and fifth instars produces litter 
equivalent to the dung produced by two or three cows per day. It has been estimated that silkworm litter 
produced from rearing of 100 layings of silkworms may meet the requirement of cooking fuel for a family 
of two adults and two children for two weeks. Use of silkworm litter for biogas production also helps to 
prevent further spread of silkworm diseases. 
It is estimated that the mulberry silkworms would discharge 1 kg of dry faeces for every 10 kg of mulberry 
leaves that they consume. A series of products of high economic value are extracted from the silkworm 
faeces. It was reported that the Chinese sericulturist would get reasonably high income by selling the 
silkworm faeces and the fractories that process the faeces to produce a whole range of bye-products would 
get much higher profits. The factory could make chlorophyll paste and it can sodium copper chlorophyllin 
is further used to make medicine. 
The faeces after extracting chlorophyll can also be used to make pectin. In addition to that also extract 
phytol, carotene and tricantanol. The chlorophyll of silkworm litter is being used by Zhejiang Academy of 
Traditional Chinese Medicine for treating hepatitis and leukemia. 
The chlorophyll, sodium copper chlorophyllin, pectin, phytol and carotene extracted from silkworm litter 
are being used in more than thirty kinds of USA medicines. The deoxynojiri mycin of mulberry leaf inhibits 
the enzymatic property of sugar breaking to control AIDS, the glycoprotein invades new cells and makes 
HIV carrying sugar chains inert and provides viable treatment for Alzheimer’s disease. 

Silkworm Larval Litter for Biogas Generation 
Energy crisis is one of the greatest challenges faced by the mankind today. The reliance on petroleum stocks 
for energy raises a number of problems including cost and uncertain supplies of petroleum. The demand 
for energy is also increasing due to increase in population. Hence, there is a need to tap both conventional 
and non-conventional energy sources to meet the growing energy demand of the country. 
The wastes emanating from agriculture, forestry and animal production units lead themselves for use as 
feedstock for energy production through biogas technology. Biogas production is a microbial process that 
involves several steps, each of them governed by a particular bacterial community. The first step of 
hydrolytic liquefaction is mediated by fermentative bacteria leading to the production of organic acids, 
carbon dioxide and hydrogen. 
All the products from the fermentation, other than acetate, carbon dioxide and hydrogen need further 
transformation before they can effectively yield methane. A number of strictly anaerobic bacterial species 
belong to the obligate hydrogen producing acetogen group transform these products into acetate, carbon 
dioxide and hydrogen. 
Finally, methanogenic bacteria convert these products into methane and carbon dioxide. The biogas, thus 
produced contains usually between a half and a quarter of methane and half carbon dioxide. 
In rural areas, cattle dung is the commonest source of feed material for biogas production. For a family of 
4 to 5 persons, approximately 2 m3 size biogas units produce the necessary energy in the form of methane. 
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However, the quantity of cattle manure available with small and marginal farmers may not be sufficient 
to feed the 2 m 3 biogas plant. Hence, there is a need to exploit other alternative sources of feed materials 
for bio - gasification process. 
Silkworm larval Litter, a best supplement: Being a labour-intensive and highly renumarative agro-based 
industry, sericulture is fast expanding in the rural sector. The silkworm larval litter, generated by feeding 
mulberry leaves from one acre, will be around 1,000 kg on the feed stock equivalent and this can replace 
the feedstock from one cattle. In addition, this nitrogen rich waste is a possible supplement to the nitrogen 
deficient agricultural wastes that are put into the plant for biogas generation. 
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Introduction 
Jaggery commonly known as gur is a natural product of sugarcane made from concentrated cane juice. It 
is a concentrated and unrefined form of sugar. India accounts for more than 60 per cent of the world jaggery 
production. 
It is an important component of human diet, especially in the North Indian states. In Punjab, it is not just 
an important food component but has an imperative place in culture, celebrations and is a symbol of 
shagan. It is served as sweet dish after blending with other ingredients like til, peanuts and coconut. 
Jaggery has higher nutritional value as compared to sugar (Table 1). It preserves all minerals and vitamins 
found in cane juice, viz., calcium, iron, phosphorus etc. Apart from its importance as food, it has additional 
health benefits. 
In ayurveda, it was known for its property to increase the health of bone marrow. Eating shakkar mixed 
with ghee serves as cleanser for lungs and intestine and acts as a digestive aid. It cleans the liver by flushing 
out harmful toxins, purify blood and boost the immune system to fight against harmful infections and 
prevent anaemia. It also plays an important role in relieving the menstrual pains in females.  
Indian jiggery industry is an ancient and largest unorganized rural based cottage industry in the country, 
which offers employment opportunity to millions of unemployed rural people. It is more remunerative and 
subsidiary occupation especially for small and marginal farmers, which rely on quick returns from jaggery 
with minimum capital investment. 
Taking into consideration of all the above benefits of jiggery, it is, therefore, essential to create awareness 
among the farmers about its importance and acquaint them with the scientific techniques of preparation, 
value addition and packaging to compete in the market to fetch higher profit margins for better socio-
economic upliftment. 

Nutritional Content of Jaggery 
Jaggery is far complex than sugar, as it is made up of longer chains of sucrose. Hence, it is digested slower 
than sugar and releases energy slowly and not spontaneously. This provides energy for a longer time and 
is not harmful for the body. Jaggery also gathers a considerable number of ferrous salts (iron) during its 
preparation, as it is prepared in iron vessels. 
This iron is also good for health, particularly for those who are anemic or lack iron. Jaggery also contains 
traces of mineral salts which are very beneficial for the body. Mineral salts present in jiggery leaves a hint 
of salt on tongue. These salts come from the sugarcane juice where it is absorbed from the soil. Furthermore, 
jaggery is very good as a cleansing agent. 
It cleans lungs, stomach, intestines, esophagus, and respiratory tracts. Those who face dust in their day-
to-day life are highly recommended to take a daily dose of jaggery. This can keep them safe from asthma, 
cough and cold, congestion in chest, etc. Gur is known to produce heat and give instant energy to a human 
body. Gur is supplied to the workers for in order to protect them from dust allergies. 
Table 1. Nutritive value of gur/jaggery in comparison to sugar (per 100g): 
Particulars Jaggery Shakkar Sugar 
Sucrose 65-85 80-90 99.5 
Reducing sugars 10-15 5-9  
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Protein (g) 0.4 0.4  
Fats (g) 0.1 0.1  
Calcium (mg) 40-100 40-100  
Magnesium (mg) 70-90 70-90  
Phosphorus (mg) 20-90 20-90  
Sodium (mg) 19-30 19-30  
Iron (mg) 10-13 10-13  
Zinc (mg) 0.2-0.4 0.2-0.4  
Potassium (mg) 1050 1050  
Copper (mg) 0.1-0.9 0.1-0.9  
Moisture (g) 3-10 1.65% 0.2-0.4 
Energy (kcal) 383 385 398 

Medicinal Effects of Jaggery 
Sugarcane contains various phytochemicals including phenolic compounds, plant sterols, and policosanols. 
Phenols help in the natural defense of plants against pests and diseases, while plant sterols and 
policosanols are the components of wax and plant oils. The phytochemicals have gained increased interest 
due to their antioxidant activity, cholesterol-lowering properties, and other potential health benefits. 
Several workers have reported the different biological activities of sugarcane in various in vivo and in vitro 
test models. 
1. Analgesic Activity: Ethanol extracts (95%) of both fresh leaves and shoots were administered 
intragastrically to mice at a dose of 1 g/kg. The leaf extracts were active against benzoyl peroxide-induced 
writhing and tail-flick response, but ethanol extract of shoots was active only against the tail-flick method. 
2. Antihepatotoxic Activity: The aqueous extract of dried stems administered intraperitoneally to mice, 
at a dose of 25 mg/kg, was active against chloroform-induced hepatotoxicity. 
3. Antihyperglycemic Activity: The ethanol extract of both dried leaves and stems was administered 
intragastrically to rabbits at a dose of 1 g/kg and 60 mg/animal, respectively. The ethanol extract of leaves 
produced weak activity against alloxan-induced hyperglycemia. Furthermore, the juice of dried stems also 
exhibited hypoglycemic activity when administered intraperitoneally to mice at a dose of 200 mg/kg. 
4. Diuretic Activity: The ethanol extract (50%) of fresh leaves administered intragastrically to rats at a 
dose of 40 mL/kg, was active, while its decoction did not exhibit any diuretic activity.  
5. Acetylcholine Release: The effect of policosanols on the release of acetylcholine (ACh) at the 
neuromuscular junction in mice was examined. Results showed that policosanols enhanced either the 
spontaneous or the evoked ACh release to a small extent. Furthermore, it was also observed that the rate 
of conformational changes induced at the nicotinic receptor channel complex was also increased, which 
confirmed the release of Ach.  
6. Anti-inflammatory Effect: Mixtures of fatty acids isolated from sugarcane wax were examined for 
their anti-inflammatory effect on both rats and mice. Oral administration of this mixture showed anti-
inflammatory activity in the cotton pellet granuloma assay and in the carrageenan-induced pleurisy test, 
both in rats, as well as in the peritoneal capillary permeability test in mice. 
7. Anti-hypercholesterolemic Effect: The antihypercholesterolemic effect of policosanols was examined 
on normal cholesterolemic rabbits. Policosanols were administered orally at a dose of 5–200 mg/kg for 4 
weeks. Results showed that there was a significant decrease in the level of total cholesterol and low-density 
lipoprotein cholesterol (LDL-C) in a dose-dependent manner. The serum triglyceride level was also reduced, 
but the reduction observed was not dose dependent. 
The high-density lipoprotein level remained unchanged. The policosanols were also examined for 
prevention of atherosclerosis in male rabbits fed on a cholesterol-rich diet for 60 days at doses of 25 or 200 
mg/kg. Policosanol-treated rabbits did not develop marked hypercholesterolemia and the intima thickness 
was also significantly less compared to the control animals. 
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Conclusions 
The article emphasized that the sugarcane juice used for manufacturing jaggery/gur has various nutrients 
and medicinal health benefits when compared with the white sugar, although intake of sugar-added 
products is increasing immensely which is leading to health problems mainly diabetes and obesity. The 
promotion of per capita intake of jaggery and its related product might increase the beneficial effects on 
individuals’ health and reduce the consumption of white sugar. 
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Bamboo salt, also called Jukyeom, is filled in the bamboo cases. These cases are then sealed with yellow 
clay which is rich in minerals. The bamboo cases are then placed in metal cases and heated in a furnace 
that is fueled by pinewood. The process takes around 10 hours and the temperature required varies from 
1000c to 1300c. 
The complete process is repeated 3,6 or 9 times making the salt more medically effective. In ancient times, 
this process was done only twice but research has proven that carrying it for more times increases its 
effectiveness. The multiple high heat roasting helps in the better amalgamation of nutrients from the 
bamboo and the yellow clay and helps in ridding off the impurities from the sea salt. 
The medical efficacy of the salt reaches its peak when it undergoes the process 9 times. After this, if it is 
roasted, it starts losing its effectiveness. At the peak point, the Bamboo salt is called the purple Bamboo 
salt because of the purple hue it attains from high heat roasting. 

Kinds of Salts 
Salt can be divided into many different kinds, depending on where and how it was produced. Some salt can 
be hazardous to human health but others can be very helpful to the body. 
1. Solar salt - Solar salt is the most commonly used salt and it’s made by the enrichment of sea water. It’s 
called solar salt because it’s made by evaporating sea water using sunlight in salt ponds. There can be a 
big difference in the composition and taste of solar salt depending on the environment of the production 
areas. The solar salt made in Australia and Mexico contains sodium chloride as high as 99% with almost 
no minerals. When we compare different kinds of solar salt from all over the world, Korean solar salt has 
the highest mineral content.  
2. Rock salt - Rock salt is the salt produced by mining sedimentary strata or rocks made of salt. Rock salt 
is made when a lake, which contains a lot of salt, disappears. As the water evaporates, the salt in the lake 
remains and forms sedimentary strata or rocks. Rock salt is usually used industrially or for food. The 
content of sodium chloride in rock salt is over 99% and it has few minerals. Its color is clear, but that can 
depend on geological features. Though the purity is high, it is not good salt due to its low content of 
minerals. It accounts for two thirds of the world’s demand for salt, and is used primarily for industrial use. 
The well-known rock salt production areas are the Dead Sea in Israel, and the Himalayan salt mines, which 
has the 300m underground salt mines made of salt crystals. Rock salt is also produced in the United States, 
Canada, Great Britain, Germany, and several other European countries 
3. Refined salt - After the electrolysis of sea water, we let the sea water pass through the ion exchange 
membrane with fine 10Å size holes, and it is permeable for sodium ions and chlorine ions, but not for 
divalent ions such as magnesium ions and calcium ions, and heavy metals such lead, cadmium, and 
mercury. The high purity crystals earned by this process is the refined salt. Because it went through a 
mechanical process, it is often called machine salt. Because it’s cheap and it can be massproduced, refined 
salt is widely used in food companies. Most of the minerals that are good for our health are removed in the 
manufacturing process of refined salt, so it is not good in terms of its nutritional values compared to other 
salts. 
4. Recrystallized salt - As the name implies, it is the salt made by recrystallization. Often called flower 
salt, it’s made by going through a process of melting and then dehydrating and drying the salt. It is mainly 
from Australia and Mexico. Because it loses minerals through the process of recrystallization, recrystallized 
salt also has almost no minerals. 
5. Lake salt - Lake salt is produced using the solar or thermal evaporation of water after draining a lake 
with salty water. It is produced in the U.S, some areas in Spain and in Asia. 
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Different types of salts 

6. Well salt - The salt is produced by pumping up saline ground water. Salt is extracted from the ground 
water by evaporation using solar or thermal power. The U.S., France, and Russia are the main producers.  
7. Seaweed salt - The salt is extracted from seaweed, such as sea mustard or fusiforme. If you pour boiling 
sea water on sea mustard and fusiforme, and dry and burn them, you will obtain ash remains. If you 
dissolve the ash remains in fresh water, it turns into salt water. You extract salt by boiling this water. This 
is a good quality salt, which has about 90% of the salt concentration, and it contains a lot of various minerals 
that are beneficial to the human body, such as calcium and magnesium.  
8. Other processed salt - There are different kinds of salts made from solar salt, refined salt and rock 
salt through a manufacturing process of washing, grinding, roasting, compressing, burning, and melting, 
etc. Among the various processed salts, the most well-known is bamboo salt. 

Bamboo Salt 
Bamboo salt is made using solar salt. First, you put solar salt into sections of bamboo, and seal the entrance 
with clay dough, and then you burn it with pine tree wood at about700 800℃. After that, you shake off the 
clay plug and ashes, and grind the salt pillar. Then you put that salt into sections of bamboo and repeat 
the same process eight times. The 9th and last time, you melt the salt into a lava-like liquid by heating it 
at 1,300℃ using pine resin fire. When the liquid cools off, it hardens like rocks, and you crush it into powder 
or grains. The final product is bamboo salt. It can be used when you cook food or you can eat bamboo salt 
grains like eating candies. 

What is Bamboo Salt? 
Bamboo salt is made using solar salt from the Yellow Sea coast of Korea. To make bamboo salt, first, you 
cut joints of bamboo and put the solar salt in them, and then seal the entrance with clay. Second, you file 
them in an iron kiln, and bake them with pine tree wood fire. As a result, the bamboo is incinerated into 
ashes and a white salt pillar remains. You break the salt pillar into shatters, and repeat the second process 
8 times and in the 9th time, using resin as a material, you melt the salt into liquid by heating it at 1,300℃. 
When the liquid cools off, it hardens like a rock. This is bamboo salt and we can intake it in the form of 
flour or grains. You can use it when you cook food or eat the grains dissolving it with your saliva. This 
processing method of salt was published by Kim, Ilhoon(1909 1992) in the Daehan Pictorial from November 
1971 to July 1972 in a series. The method of producing bamboo salt was widely known to the public as his 
book ‘The Universe and the God’s Medicine’ was published. In 1986, ‘The God’s Medicine (Shinyak)’ was 
published and the industrialization of bamboo salt began. In 1987, the first bamboo salt company ‘Insan 
Food Company’ was established. In 2011, about 60 companies are producing bamboo salt domestically. 
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Bamboo salt 

Mr. Kim Il-hoon recommended that people take bamboo salt several times or dozens of times by dissolving 
it with saliva for the purpose of health promotion, and adult and chronic disease treatment. His theory was 
that organisms with more salt containment are more resistant to diseases, which was the opposite of 
Western medical interpretations of the physiological effects of sodium chloride. He also presented the salt-
intake methods, which were exactly the opposite of the common-sense method of eating salt. 

Health Benefits 
Even when you eat bamboo salt three or four times more than common salt, you don’t thirst for water. 
Apparently, that will increase the concentration of electrolytes in body fluids, but why doesn’t your body 
need more water? Because bamboo salt is made by purifying the hazardous materials from the salt, the 
human body doesn’t need water to create enzymes to detoxify the hazardous materials in salt, and by 
reducing the unnecessary metabolism, the human body doesn’t need to consume energy. In addition, the 
minerals in bamboo salt have low conductivity, and they are less affected by the flow of current in the body, 
and that enables the minerals to rapidly infiltrate cells and control the concentration of electrolytes 
themselves. Eating bamboo salt by dissolving it with saliva stimulates the salivary glands and helps secrete 
saliva, thus relieving thirst. So, it would be helpful for mountain climbers to carry bamboo salt in a small 
container and eat it as if it were candy. Eating bamboo salt while exercising not only relieves thirst, but it 
also prevents dehydration by supplementing salt excreted through sweat. This proves that the physiological 
responses of salt and bamboo salt on the human body are completely different. 

Verification of Harvard Medical School 
The place where the safety of bamboo salt was verified for the first time was the Undergraduate Studies of 
Cancer Drugs, Dana Farber Cancer Research Center, at Harvard University in 1995. In the ‘Final report 
on whether the In-san bamboo salt is toxic and its antitumor effect,’ the researchers said ‘Bamboo salt is 
not pure salt made of sodium chloride. It is mineral salt very rich with essential minerals. Intake of 10 30g 
of bamboo salt every day doesn’t cause your intake of essential minerals go beyond the daily recommended 
minerals scale. It has antitumor efficacy. Compared to other chemical materials, its level of anti-cancer 
efficacy is low, and it doesn’t seem to be able to contribute to cancer treatment. Unlike ordinary salt, bamboo 
salt, even when overdosed, doesn’t damage the mucous membranes in the stomach and intestines due to 
its high tolerance. Bamboo salt’s pH level is alkaline, and this nature of the bamboo salt seems to help 
make it harmless.’ 

The Himalayan Salt and Bamboo Salt 
The Himalayan salt is extracted by hand from the khewra salt mines. No explosives are used in the process 
ensuring the salt remains pure. The extraction procedure follows the doom and pillar technique, ensuring 
no damage is done to the salt mines. The large chunks of the Himalayan salt are sliced, shaped, and ground 
as needed. 

https://www.ittefaqsalt.com/facts-about-khewra-salt-mines/


 

 
Volume 04 - Issue 04 - April 2022       123 | P a g e  
 

Appearance And Nutritional Profile 
Scientific researches have proven that Bamboo salt contains more than 70 trace minerals. The reason 
behind Bamboo salt’s enriched nutritional profile is the leaching of minerals from the bamboo tree trunks, 
the yellow clay, and the pinewood resin.  
The major components of Bamboo salt are calcium, phosphorus, magnesium, iron, manganese, copper, 
potassium, and zinc. At the same time, it is high in sulfur as a result of the bamboo tree trunk. This makes 
Bamboo Salt a highly alkaline food as compared to all the other acidic salts. This also makes Bamboo Salt 
a great neutralizer. 
Another interesting fact about Bamboo salt is that it manifests the energy of the basic five elements from 
the raw ingredients and roasting process it undergoes. The elements’ details are: 
1. Roasting=Fire 
2. Yellow clay=Earth 
3. Metal tray= Metal 
4. Sea salt= water 
5. Bamboo and pinewood= Wood 
On the other hand, the Himalayan salt is labeled as the miracle salt owing to the plethora of health 
benefits it holds. The Himalayan salt is known to contain as many as 84 minerals and trace elements.  
It is because of these minerals that this Himalayan salt gets its unique pink and orange shades. The pink 
salt is said to have the perfect balance of sodium and potassium that complements the proper functioning 
of the body organs. 

Benefits 
Bamboo Salt Benefits: 

a. Bamboo salt generates hydrogen sulfide which works as anti-gastric. It also has physiological 
effects that help in reducing inflammation, and hypertension. 
b. It improves insulin sensitivity. 
c. It is recommended to use Bamboo salt for the skin. It helps in removing dead skin cells and deals 
with skin problems like acne and freckles. For this reason, Bamboo salt soap is commonly used by 
beauty freaks. 
d. Bamboo salt is used for treating sore throat owing to its anti-inflammatory properties. 
e. Bamboo salt detoxifies the body. It safeguards the vessels and blood cells from bacteria and toxins. 
It also enhances the body’s antibiotic resistance. 
f. Bamboo salt acts as a blood coagulator and helps in fighting bacterial infection. 

Himalayan Salt Benefits: 
a. Himalayan salt is known to be the best air purifier. It cleanses the air of dust, dander, and 
pollutants. 
b. Himalayan salt balances the abundant positive ions in the environment by releasing negative 
ions. This creates a sense of peace and serenity. 
c. Himalayan salt works as an excellent cure for respiratory diseases. 
d. Himalayan salt elixir is an excellent way to make up for the lost electrolytes from the body. 
e. Himalayan bath salt is best for the skin. It removes dead skin cells and gives the skin a healthy 
glow. 
f. Himalayan salt detoxifies the body of harmful toxins and rejuvenates and invigorates it with 
energy. 

Differences in Uses 
Ways To Use Bamboo Salt: 

a. Use Bamboo salt for treating tooth decay and toothache. 
b. Apply Bamboo salt on the scalp to treat hair loss. 
c. Use Bamboo salt to reduce body odor. 
d. Use Bamboo salt for nasal irrigation. 
e. Use Bamboo salt to reduce joint pain. 

https://www.ittefaqsalt.com/health-benefits-of-himalayan-salt/
https://www.ittefaqsalt.com/health-benefits-of-himalayan-salt/
https://www.ittefaqsalt.com/bath-salt/
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f. Use Bamboo salt on the skin to decrease skin conditions. 
Ways to use Himalayan salt: 

a. Use Himalayan salt sole to reap a myriad of health benefits. 
b. Use Himalayan salt lamps to cleanse the air from pollutants. 
c. Use Himalayan salt bath soaks to relax, detoxify and rejuvenate your body. 
d. Use Himalayan salt inhalers to treat respiratory ailments. 
e. Use Himalayan salt scrubs to get glowing skin. 
f. Himalayan salt slabs can be used in the kitchen as cooking and serving platters. 
g. Himalayan pink salt iodine content helps in eliminating goiter. 
h. Himalayan salt bricks and tiles are used in homes and spas to build salt walls and salt rooms. 
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Introduction 
Based on vertical temperature gradient, atmosphere is divided into four layers viz., troposphere (8-16km), 
stratosphere (16-50km), mesosphere (50-80km) and thermosphere (>80km). The troposphere and 
stratosphere are two layers in which ozone is present. Almost 90% of total ozone in atmosphere is in the 
stratosphere and remaining 10% is in troposphere (figure 1) (Bharti and Chalia, 2017). 

 
Figure 1: Relative proportion of stratospheric and tropospheric ozone 

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). 

Threshold Levels of Ozone Pollution 
Tropospheric ozone concentration with respect to air quality and index value is given by US environmental 
protection agency shown below: 
Index values Air quality Tropospheric ozone (ppbv) 
0-50 Good 0-54 
51-100 Moderate 55-70 
101-150 Unhealthy for sensitive groups 71-85 
151-200 Unhealthy 86-105 
201-300 Very unhealthy 105-200 
301-500 Hazardous 201 and above 
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Critical Levels of Ozone Based on Vegetation Type 
According to Centre for Ecology and Hydrology, the critical levels 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 Damage Pathway in Plants 
Tropospheric ozone enters through stomata into plants’ cells and reacts with other compounds yielding 
Reactive Oxygen Species (ROS). Natural detoxicants present in plant cell such as apoplastic antioxidants 
will detoxify the effect of ROS upto a certain extent. But increased accumulation of reactive oxygen species 
cannot be detoxified by them. This results in plasma membrane dysfunction. In extreme case of ozone 
levels, it may lead to ozone death which we can see on plant as a pathogen injury. 
Even in the absence of cell death, long term exposure to ozone causes gene alteration resulting in 
metabolism dysfunction. This reduces gross as well as net photosynthesis and ultimately results in reduced 
carbon assimilation and premature senescence. Pathogen injury (visible injury) can be classified under 
acute injury, whereas reduced carbon assimilation and premature senescence can put under chronic injury 
(Emberson et al., 2018). 

Ozone Pollution Symptoms in Plants 
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 (USDA, 2021). 

   
 

Flecking Necrosis Stippling Chlorosis 

Ozone Pollution Impact on Reproductive Stage of Plants 
1. Pollen development and fertilization: Exposure to high ozone concentration during pollen 
development and fertilization causes reduction in pollen/ovary development and germination, pollen tube 
growth. 
2. Seed set and fruit set stage: 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. 
3. Yield attributes and yield response at elevated ozone concentration: Tropospheric ozone has 
detrimental effect on yield and yield attributes of a crop. Anvery et al., (2010) reported that by the year 
2030, due to ozone pollution, the yield reduction in major crops like maize, wheat and soyabean will be 4.4-
8.7%, 5.4-26% and 15-19% respectively. According to climate and clean air coalition, estimated annual crop 
production loss caused by ozone pollution is 79-121 million tones globally. 

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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Likewise, yield attributes like number of pods per plant, pod weight per plant, seed weight per plant, etc. 
also showing major difference when grown under control and elevated conditions of ozone. Singh et al., 
(2021) compared yield components of chickpea at elevated concentrations of both ozone and carbon dioxide. 

Conclusion 
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. Ozone pollution also affects both vegetative and 
reproductive stages resulting in reduction of yield in agriculture. 
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Introduction 
Soybean (Glycine max L. Merrill), also known as ‘golden bean’ is an important oilseed crop of our country. 
It is a rich source of quality protein (around 40%) in addition to 18-20% oil content. Soybean plays 
nutritionally and economically an important role by meeting vegetable oil requirement and earning foreign 
exchange. This commercial crop has significantly contributed to socio-economic improvement of large 
number of small and marginal farmers of the country. In India, soybean is mainly grown in the states of 
Madhya Pradesh, Maharashtra, Rajasthan, Karnataka, Telangana and Chhattisgarh. The soybean 
production is affected by a number of abiotic and biotic stresses. Among the biotic stresses, pod blight 
(caused by Colletotrichum truncatum) is the most common and important disease of soybean causing 
considerable yield loss by reducing seed germination, seedling vigour, plant stand, seed quality, seed weight 
and ultimately yield. The pathogen C. truncatum survives in seed, soil and crop residues. 

Symptoms 
1. Infected seedlings show dark brown sunken cankers on cotyledons 
2. Irregular brown lesions appear on stem, leaves of seedlings 
3. Disease infects at all crop stages but symptoms become apparent during early reproductive stage with 
reddish to dark brown lesions on stem, leaves and pods. The infected areas are covered with black fungal 
fruiting bodies 
4. Disease appears in severe form under high humidity along with continuous and prolonged drizzling. 
5. Foliar symptoms are expressed in the form of veinal necrosis, leaf rolling, cankers on petioles premature 
defoliation. 
6. Pods formation is affected as they become yellow to brown and twisted leading to poor seed development 
and sometimes seeds are not formed. 

Control Measures 
1. Growing resistant/tolerant varieties 
2. Use healthy and disease free certified seeds from authentic sources 
3. Removal of infected plant debris soon after the harvest of the crop  
4. Crop rotation with cereals 
5. Seed treatment: Carboxin 37.5% + Thiram 37.5% @3g/kg seed; Thiram + Carbendazim (2:1) @3g/kg seed; 
Penflufen + Trifloxystrobine 38 FS@31 @1ml/kg seed 
6. Foliar spray: Tebuconazole + Sulphur @1kg/ha; two sprays of Trifloxystrobin + Tebuconazole 75WG 
@0.7g/L. 
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Introduction 
Climate is the average weather condition of an area or a region over a period. Any change in the statistical 
distribution of weather pattern and that lasts for an extended period is referred as climate change (IPCC, 
2007). Climate of a region mainly depends on factors like latitude, tilt of earth’s axis, movement of earth’s 
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 (IPCC, 2016). 

Causes of Climate Change 
Natural as well as anthropogenic factors influence variations in climate. The natural factors that cause 
climate change include continental drift, solar radiation, earth’s tilt, volcanic eruptions and oceanic current 
while anthropogenic factors include burning of fossil fuel, deforestation, intensive agriculture, burning of 
crop residues, overuse of agricultural chemicals and environmental pollution. Anthropogenic activities 
have resulted in an increase in atmospheric concentration of greenhouse gases (GHG) such as carbon 
dioxide, methane and nitrous oxide, which accelerated the rate of climate change (Shankar and Shikha, 
2018). 

Greenhouse Effect and Global Warming 
When the solar radiations reach the earth's atmosphere, a part get reflected to space and the rest is 
absorbed and re-radiated from earth’s surface as long wave infrared radiations. GHGs present in the 
atmosphere trap these infrared radiations and cause warming up of the atmosphere. This phenomenon is 
called greenhouse effect, which is a natural process that warms the earth's surface giving a global mean 
temperature of 150 C as opposed to an estimated -18 0 C its absence of an atmosphere. (Karmakar et al., 
2016).  
According to V assessment report of IPCC, anthropogenic factors are the dominant cause for the observed 
global warming since the mid twentieth century. The average global surface temperature (14.6 0 C) has 
been found to increase by 0.74 0C and expected to increase about 1.8 to 4.0° C by 2100 and frequency of 
more intense rainfall events may increase by 5–10 per cent per degree Celsius of warming (IPCC, 2013). 

Contribution of Different Countries and Sectors to GHGs Emission 
According to Ekka et al. (2016), agriculture sector emits 334.41 mt of CO2 equivalent (22 per cent of the 
total emission) in India.  Livestock production accounts for 212.10 mt (57.62 per cent), manure management 
.44 mt (0.66 per cent), rice cultivation 69.87 mt (18.98 per cent), soil carbon flow 43.40 mt (11.79 per cent), 
burning of crop residues 6.61 mt (1.80 per cent) and energy consumption 33.66 mt (9.14 per cent) of 
emission. GHG emissions by different countries and their percentage contribution to total emission are 
detailed in Table 1.  
Table 1. Contribution of different countries and sectors to GHGs emission: 
Country GHG emissions (mtCO2e) Level of total global GHG emission (%)  
World                45261.25 100.00 
China 12454.71 27.51 
United States 6673.44 14.75 
European Union 4224.52 9.33 
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India 2379.16 6.43 
Russia 2199.11 4.86 
Japan 1353.34 2.99 
Brazil 1017.87 2.25 
Germany 894.05 1.98 
Indonesia 744.34 1.64 

MtCO2e: Million tons of carbondioxide equivalent (Source: WRI, 2019). 

Adaptations to Combat Climate Change 
Various practices should be followed to counter the impact of climate change on crop production. Some of 
the methods that can be practiced include growing more heat-tolerant varieties, adjusting sowing dates, 
use of proper water conservation methods, crop rotations and application of mulching materials. 

Conclusion 
About 40 per cent increase in CO2 concentration has resulted compared to pre-industrial era, 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. It is quite evident that ill judicious activities for 
satisfying human needs have resulted in much degradation of our ecosystem. 
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Genetic Diversity 
Genetic diversity ha paramount role in the perpetuation of a species through offering adaptation 
mechanisms to biotic and abiotic environmental stresses and enables change in the genetic composition to 
cope with changes in the environment. Plant genetic diversity is playing a key role in the continuation of 
agricultural development with significant improvement in different morphological and agronomical 
characteristics. Plant breeding is primarily relied on the variation exist in the genetic diversity of cultivated 
and their wild relatives together for further improvements. Plant phenotyping is defined as the 
investigation of plant characters by researchers for yield, quality and resistance to biotic and abiotic 
stresses. Genetic variation and selection are the two basic principles of plant breeding. Additive (heritable) 
and non-additive variance (dominance and epitasis) are the important components of genetic variance of 
any quantitative traits. Genetic diversity is the extent of genetic variation available among crop species to 
use in improvement program. The presence of sufficient genetic variation is a key for the success of breeding 
program. Genetic diversity determines the efficiency and effectiveness of improvement which may result 
in enhanced food production. From plant breeding aspects, classification of genetic variability to respective 
heterotic group is critical for the development of vigorous and outstanding hybrids in terms of economically 
important traits. Genetic diversity is providing vital protection to other nature against climate change, 
pests and diseases stresses. 
Domestication is the transformation of wild progenitors to the cultivated species through continues 
selection for desirable traits of crop plants in order to satisfy the human demand. Plants domesticated in 
different agro-ecological environments of the world for the different desirable traits that demanded by the 
cultivators. Domestication is about artificial selection of crop plants with the desired traits in order to 
ensure food and nutritional security. There is genetic alteration of morphological and agronomical 
characters in domestication processes for adaptation of crop plants. McCouch indicated domestication is 
about adapting the high yielding varieties with resistance to biotic and abiotic stresses, improved 
nutritional quality, big seed and fruit size, non-shattering, reduction of seed dispersal mechanisms, a more 
compact growth habit, early matured crop plants. In the domestication process wild plants have been 
evolved into crop pants through artificial selection in order to satisfy the specific human demand. Artificial 
selection of crop plants causes alteration for the transformation of wild species to domesticate. 
Genetic erosion is the depletion of genetic variability due to several factors over a particular period of time 
in a particular location. The loss can be including individual genes or combination of genes. Genetic loss is 
the reduction of genetic diversity over time. The frequent development and adoption of genetically uniform 
crop varieties makes the crop population more susceptible to a widespread disease and pest infestation. 
Genetic diversity is affected by several different factors. There are evolutionary forces continuously 
changing genetic frequencies of crop species which affects the genetic diversity of a population. Selection, 
mutation, gene flow and genetic drift are the evolutionary forces which affects gene pool of a given 
population. 

The Role of Landraces and Modern Varieties in Narrowing Genetic Bases of Crops 
Narrowing in genetic base is a serious problem in the modern agriculture that caused due to selection of 
best performed cultivars with the preferred traits. The loss of genetic variation in crop plants due to 
agricultural modernization is called genetic erosion. The main cause of genetic erosion is the replacement 
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of diversity of land races with few modern varieties. Genetic erosion has negative developmental effect 
when loss of genetic diversity has profoundly narrowed the genetic base of modern crop varieties. Genetic 
erosion is defined as the loss of genetic diversity and commonly refers to the reduction in the quantities of 
specimens of a species. Green revolution was the transition of cultivation of landraces to modern varieties 
to increase the agricultural productivity using improved varieties, excessive agricultural inputs and 
mechanized agriculture. The term Green Revolution refers to the renovation of agricultural 
practices beginning in Mexico in the 1940s. Because of its success in producing more agricultural products 
there, green revolution technologies spread worldwide in the 1950s and 1960s, significantly increasing the 
number of calories produced per acre of agriculture. 
The varieties developed during green revolution were high yielder varieties meaning they 
were domesticated plants bred specifically to respond to fertilizers and produce an increased amount of 
grain per acre planted. Genetic alteration and narrowing genetic base started with the first domestication 
of wild plants. Green revolution has great impact on the ecological and societal of relations of the world 
that can be summarized as follows:  
1. Loss of landraces that indigenous to the country  
2. The loss of soil nutrients making it unproductive  
3. Excessive use of pesticides increases the presence of its residues in foods and environment 
4. The farmers shift to unsustainable practices to obtain more yield 
5. Increased rates of suicide among farmers 
6. Unable to withstand the increasing expenses for farming and debts small farmers sold their lands to 
large commercial farmers 
7. Unable to withstand the food inflation and economic crisis the farmers left farming resorting to other 
occupation. 
The dramatic increase of food grain production since after green revolution in the subsequent decades is 
directly traceable to these crop improvement programs. This green revolution is also the beginning of 
genetic erosion in the world. The other causes of genetic erosion are population pressure, environmental 
degradation, legislation or policy, pests/weeds/diseases, changing agricultural systems and 
overexploitation of species. 

Dangers of Genetic Uniformity 
The loss of genetic diversity of species of the given population promotes genetic uniformity that leads to 
genetic erosion of the crop plants. There are multitude reasons for the loss of genetic variation of crop 
plants. Some of them are: Adoption of genetically uniform crop varieties that makes the crop varieties more 
vulnerable to biotic and abiotic stresses, replacement of landraces and wild relatives by commercially 
developed modern varieties, failurities in resistance to different diseases either host specific or non-host 
specific diseases. Genetic uniformity invites disaster because it makes a crop vulnerable to attack a pest or 
disease that strikes one plant quickly spreads throughout the crop. The wise use of crop genetic diversity in 
developing improved crops can contribute significantly to protecting the environment. Crop varieties that 
are resistant to pests and diseases can reduce the need to apply harmful pesticides. 
Some important factors interact to increase the potential for crop failure: The degree of uniformity for the 
trait controlling susceptibility to the hazardous agent or environmental stress and the extent of 
monoculture of the susceptible variety. The greater the uniformity for a susceptible trait and the more 
extensive the area of cultivation, the greater the risk of disaster. In the case of pest or pathogen attack, two 
additional factors enhance the risks: (1) a highly dispersible disease or insect agent, and (2) favourable 
environmental conditions for the multiplication of the agent. The main causes of genetic vulnerability are 
narrow genetic base, widespread of dominant Varieties (problem aggravated by the widespread use of one 
or a few genetically uniform varieties over a large hectare (spatial dominance), failure of vertical resistance 
(effected by a single or a few genes (monogenic or oligogenic) and highly specific and liable to changes in 
races of pathogens. 

Conclusion 
Narrowing the genetic bases of crop plats are becoming a serious problem in the development new and 
superior varieties with useful characteristics. Depletion of genetic variation is not only about the 
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replacement of a diversity of land races with one or a few modern varieties, but involves the loss of farmers' 
indigenous knowledge of and ability to manage their own plant genetic resources. Creating sufficient 
genetic variation for golden crop improvement is becoming challenges to keep improving genetic yield 
potential. Nowadays, plant breeders are utilizing genetic materials without knowing its genetic background 
such as exotic non-adapted, exotic adapted and existing genetic material as a source of new alleles that 
protect and improve genetic gain through selection. In ensuring food and nutritional security, genetic 
diversity is contributing very amble quantity. Knowledge of genetic diversity of the genetic material is very 
critical in crop improvement. Effective selection is highly important in any crop improvement where the 
sufficient genetic variation is available for different characters.  
Domestication plays a key role in crop plant improvements starting from the very beginning of evolutionary 
process and primitive life of human being. Domestication is a continuous process and bringing wild species 
of plants by considering the agro-ecological environment plays a significant role for the ease of adaptation. 
Before domesticating plants to some new areas, consideration of ecology is very critical to maintain yield 
potential, stability, resistance, tolerance and other important traits that they have in their original place. 
Generally, domestication of crop plants with their appropriate ecologies is used to maintain sustainable 
yielding ability without reducing actual potential of crop plants. Domestication is the transformation of 
wild progenitors to the cultivated species through continues selection for desirable traits of crop plants in 
order to satisfy the human demand. A success in crop improvement is depending on the quantity of genetic 
variation exist in the genetic materials and selection for genetically superior genotypes. 
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Introduction 
Cancer is one of the most frightful healthcare issues for human race, and it is also the leading cause of 
mortality and morbidity worldwide. A wide range of methods such as immunotherapy, radiotherapy, 
chemotherapy, photodynamic therapy, cancer vaccinations, stem cell transformation have been used to 
treat the cancer. 
Efforts have been made to minimize the harmful side effects (toxicity, non-specificity, limited 
bioavailability, and restriction in metastasis) of drugs designed for cancer therapy (Iqbal et al., 2017). 
Natural products derived from medicinal plants are very rich in phytochemicals and their derivatives, 
which have been extensively studied for their potential as a source of cancer therapy drugs (Chaudhary 
and Janmeda, 2021). 
A great number of natural products belong to the class terpenoids, which have a great potential as 
anticancer agents (Chaudhary and Janmeda, 2022). These bioactive compounds play a significant role in 
inhibiting the activity of proteins, enzymes and signaling systems in cancer cells, as well as encourage 
differentiation, and proliferation of cells, and induce apoptosis in those cells (Ansari and Akhtar, 2019). 

Classification of Terpenoids 
Terpenoids are classified based on the number of isoprene units ranged from one to many (Ansari and 
Akhtar, 2019) as shown in Figure 1. 

 
Figure 1: Different classes of terpenoids. 

Terpenoids as Anticancer Agents 
Several studies have demonstrated that dietary terpenes are effective agents for the prevention and 
treatment of cancer as shown in Table 1. 
Terpenes play a great role in inhibiting cancer cell activating proteins, enzymes and signalling pathways 
[Cdc2, CDK2 and CDK4 kinases, topoisomerase enzyme, cyclooxygenase and COX-2 (Cyclooxygenase), Bcl-
2, cytokines, PI3K, Akt, MAPK/ERK, MMP, TNK, mechanistic target of rapamycin (mTOR)] or activating 
DNA repair mechanism (p21, p27, p51, p53 genes and their protein products), Bax, Bid, Bak proteins, 
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inducing antioxidant actions, and stimulating the formation of protective enzymes, Caspase-3, 7, 8, 9, 10, 
and 12 respectively (Iqbal et al., 2017). 
Table 1: Different terpenoids involved in cancer therapy: 
Terpenoid 
Class 

Compounds Source Effective against 
cancer type 

Mechanism involved 

M
O

N
O

TE
RP

EN
ES

 

Limonene Citrus limon 
(lemon), Citrus 
sinensis (orange), 
Citrus 
aurantifolia 
(lime), and Citrus 
paradisi (grape) 

Prostate, breast, 
liver, stomach, 
colon, and skin 

Inhibits HMGCoA 
reductase, p21 and its 
membrane localization. 
Mitochondrial death 
pathway (Bax protein 
expression, the release of 
cytochrome c, e cleavage of 
caspase-3, 9). 

Carvacrol Thymus vulgaris 
(thyme oil) and 
Origanum vulgare 
(oregano) 

Skin, bone, colon, 
and brain 

Causes cell cycle arrest in 
the G2/M phase and 
decreased cyclin B1 
expression. Involves 
mitochondrial apoptotic 
pathway and the MAPK 
and PI3K/Akt signalling 
pathways. 

SE
SQ

U
IT

ER
PE

N
ES

 

Artemisinin Artemisia annua 
L. (Sweet 
wormwood) 

Colorectal, cervical, 
hepatocellular, 
breast, prostate 
and lung 

Results in cleavage of iron- 
or heme-mediated peroxide 
bridge, mediates G1 cell 
cycle arrest (affects cyclin 
D, cyclin E, CDK2, CDK4, 
p21, p27, NF-kB) and 
induce apoptosis (activation 
of p38 MAPK, caspases and 
Fas expression) 

Parthenolide Tanacetum 
parthenium 
(Feverfew) 

Breast, cervical, 
lung, and prostate 

Inhibition of IL1 and TNFα-
mediated NF-kB activation, 
MAPK activity, suppression 
of STAT3, activation of p53, 
mitochondria -mediated 
apoptosis (activation of 
caspase-3, up regulation of 
Bax, Beclin-1, ATG5, 
ATG3) 

D
IT

ER
PE

N
ES

 

Tanshinone IIA 
 

Salvia 
miltiorrhiza 
(Danshen) 

Breast, cervical, 
leukaemia, and 
liver 

It is a DNA minor groove 
binder and inhibits RNAPII 
binding to DNA. Reduces 
the levels of u-PA, MMP2, 
MMP9, and NF-kB. 
Upregulation of TNF-a, 
inhibition of the PI3K/AKT 
pathway and ROS 
generation. 
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Taxol Bark of the Pacific 
yew (Taxus 
brevifolia) 

Lung, breast, 
ovarian, colon, 
leukopenia and 
liver 

Induction of microtubule 
stabilization, apoptotic cell 
death and mitotic arrest. 
Increases levels of MHCII, 
CD80, CD86, Bax, and 
cytokines. 

TR
IT

ER
PE

N
ES

 

Ursolic acid Ocimum sanctum 
(Holy basil), 
Vaccinium 
myrtillus 
(bilberry), and 
Rosmarinus 
officinalis 
(rosemary) 

Colorectal, 
leukaemia, 
neuroma, colon, 
ovarian, 
pancreatic, 
prostate, cervical, 
hepatic, and breast 

Affects the canonical 
pathway (Wnt/β-catenin), 
Ras signalling, Tumor 
Necrosis Factor-Related 
Apoptosis-Inducing Ligand 
(TRAIL), reduces levels of 
NF-KB, and MMP-9, 
cytokines. 

Celastrol Tripterygium 
wilfordii Hook 

Liver, breast, 
prostate, 
leukaemia, and 
melanoma 

Inhibits the IKKA and B 
kinases, function of 
proteasomes, 
AKT/mTOR/P70S6K 
signalling to mediate the 
tumour growth 
suppression. Inactivates the 
Cdc37 and p23 proteins. 
Induction of apoptosis and 
autophagy. 

TE
TR

AT
ER

PE
N

ES
 

Lycopene Lycopersicon 
esculentum 
(Tomato) 

Breast, skin, and 
prostate 

Scavenging effects of ROS, 
inhibition of MMP2 and 
plasminogen activator 
inhibitor-1, regulation 
of PI3K/Akt pathway,  gene 
expression. Induction 
of apoptosis. 

Lutein Spinacia oleracea 
(Spinach) 

Skin, and breast Inhibition of angiogenesis 
by increasing p53 and Bax 
proapoptotic gene 
expression. Activation of 
p53 signalling pathway and 
HSP60 levels. 

Conclusion 
Terpenoids are diverse group of bioactive compounds which are derived from several medicinal plants and 
have been used in traditional medicine systems. 
Anticancerogenic property of these compounds has been widely discovered and considered in prevention 
and treatment of different types of cancer by inducing angiogenesis suppression, apoptosis, and tumor cell 
differentiation, and cell cycle arrest. 
However, mechanistic approach of terpenes and their effectiveness is still a broad area which can be further 
explored in the field of anticarcinogenic activity of phytochemicals extracted from medicinal plants. 
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Abstract 
Food waste is not only a sustainability issue related to food security, but it is also a financial one because 
it has a direct impact on the profitability of the entire food supply chain. Fruit and vegetable losses and 
waste are the highest among all types of food, according to the United Nations Food and Agriculture 
Organization (FAO), and can reach up to 60%. Due to the development of significant numbers of by-products 
such as peels, seeds, and leftover flesh at various stages of the processing chain, waste utilisation in the 
fruit and vegetable processing industries has become one of the most essential and difficult activities in the 
world. These plant by-products are a rich source of valuable bioactive compounds that can be used as novel, 
low-cost, economical, and potentially valuable natural sources in a variety of industries, including the food 
industry for the development of functional or enriched foods, the health industry for medicines and 
pharmaceuticals, the textile industry, and many others, all of which contribute to sustainable development. 

Introduction 
Fruits and vegetables play a vital role in our diet and daily lives. The demand for fruits and vegetables has 
expanded dramatically as a result of rising global population, changing dietary preferences, and growing 
consumer knowledge of health issues. Food is a fundamental human necessity, and food waste is a serious 
humanitarian, economic, and environmental issue. Food waste not only costs money, but it also depletes 
other resources like land, water, energy, and human labour. Fruit and vegetable processing companies, 
behind home sewage, are the second largest source of food waste in the environment (Gowe, 2015). During 
harvesting, transportation to packinghouses or markets, classification and grading, storage, marketing, 
processing, and at home before or after preparation, losses and wastes occur at all stages of the food supply 
and handling chain. According to the United Nations Food and Agriculture Organization (FAO), roughly 
1.3 billion metric tonnes of food generated each year is lost or squandered (FAO 2014). 

Novel Value-Added Products from Fruit and Vegetable Wastes 
Phytochemicals and other bioactive compounds are abundant in fruit and vegetable wastes and by-
products, which can be used in the food, cosmetic, pharmaceutical, and biofuel industries (Galanakis, 2012). 
The following are some examples of unique value-added goods that may be extracted from fruit and 
vegetable waste: 
1. Essential oils - The essential oils extracted from sweet and bitter oranges are employed in tea 
formulations as well as stomachic, carminative, and laxative remedies. 
2. Polyphenolic substances - Phenolic compounds are plant secondary metabolites that contribute to the 
nutritional quality of fruits and vegetables by providing sensory features. In vertebrates, they have anti-
cancer, anti-microbial, anti-oxidative, and immune-modulatory properties. The terpenoids and flavonoids 
found in banana leaves have anthelmintic effects. 
3. Edible oils - Mango seed kernel fat is a promising source of edible oil, with fatty acid and triglyceride 
profiles that are similar to cocoa butter. 
4. Food additives - Antioxidant chemicals derived from food industry waste can be employed to protect 
living systems from oxidative damage and to increase food stability by reducing lipid peroxidation. 
5. Food biocolours - Food biocolours are becoming a primary choice compared to various artificial non-
food grade coloring agents. Carotenoids are lipid-soluble pigments that give fruits and vegetables their 
distinctive hue. They range in colour from yellow to red. Carotenoids like lycopene are abundant in tomato 
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peel. It may aid in the treatment of cancer, coronary heart disease, and other chronic illnesses. Banana 
bracts and beet root pulp contain anthocyanin pigments that could be used as natural food colourants. 
6. Flavoring agents and aromas - Because of increased consumer demand, the market for natural scents, 
perfumes, and flavours is growing. Vanilla flavour is made up primarily of vanillin, which is widely used 
in the culinary, cosmetic, pharmaceutical, and detergent sectors. The pineapple flavour component “ethyl 
butyrate” and coconut flavor component “δ-decalactone” are produced with the help of a microorganism 
from apple pomace and olive press cake respectively. 
7. Fermented edible items - Fermentation of fruit wastes such as waste from pineapple juice and orange 
peel juice for vinegar production and apple pomace for cider production can create a variety of beverages 
such as cider, beer, wine, and brandy, as well as vinegar. 
8. Dietary fibres - Dietary fibre protects against cardiovascular illnesses, diverticulosis, constipation, 
irritable bowel syndrome, colon cancer, and diabetes by functioning as a protective agent. Dietary fibres, 
such as hemicelluloses, cellulose, and minor levels of pectins, are abundant in apple pomace, grape pomace, 
and mango by-products. Potato peel is high in dietary fibre and is used to make bread. 
9. Enzymes - Plant food residues including trimmings and peels might contain a range of enzymes like 
proteolytic enzyme bromelain may be extracted from the mature pineapple and papain from latex of papaya 
fruit. 
10. Organic acids - Organic acids mainly citric and lactic acid are important biomolecules used in the 
food, cosmetic, pharmaceutical and chemical industries. Apple pomace, coffee husk and cassava bagasse 
are used as substrate material with A. niger to produce up to 80% of citric acid. 
11. Proteins - Citrus peels contain 2.5% to 9.0% protein content and by proteome profiling of citrus 
fruit,1109 proteins are identified, among which 366 are found in the peel and 46 in the peel and pulp. 
Different protein molecules are also extracted, including actinidin from kiwifruit seeds, leptin from 
jackfruit seeds, and vicilin-like protein from watermelon seeds. 
12. Single cell protein - Using Trichoderma viride and Aspergillus niger, single cell proteins can be made 
from dried and pectin-extracted apple pomace. Single cell protein has also been made from pineapple waste, 
citrus peel juice, and waste from the orange, sugarcane, and grape processing industries. 
13. Bio-ethanol - The perishable wastes such as potato peels, apple pomace, waste apples, banana peel, 
banana waste, beet waste, beet pomace, kinnow mandarin waste and peels and peach wastes can either be 
used directly as an untreated material for microbial growth or be used by appropriate treatment with 
enzymes for bioenergy production.  
14. Bio-gas - About 30% of the total Chinese cabbage production is thrown as garbage. Biogas can be made 
from cabbage leaves under mesophilic fermentation conditions. 
15. Compost - Vegetable and fruit wastes can be composted and utilised to replace a considerable portion 
of mineral nitrogen fertilisation, resulting in a nitrogen recovery of 6-22 percent and a long-term 
improvement in soil nitrogen status. 
16. Miscellaneous products - Neohesperidin and naringin from bitter orange peel can serve as starting 
materials for the production of sweeteners. Orange peels can be used as adsorbents to remove colours from 
waste water at a low cost and with no environmental impact. Banana leaves can be used to grow Volvariella 
volvacea, a mushroom that is edible. 

Conclusion 
Food waste research has intensified as a result of growing public concern about hunger, environmental 
conservation, and other socio-economic concerns. The goal is to develop better ways to use this natural and 
renewable resource. Unfortunately, due to lack of willingness or inability to coordinate the various 
activities along the food supply chain, there will always be a certain amount of waste produce. As a result, 
it's critical to improve the efficiency and sustainability of the various stages of the food supply chain, such 
as production, distribution, and marketing. The discarded residues could be used as an alternative source 
of nutrients for increasing the nutritive value of poor people’s diets and also helps reduce the dietary 
deficiencies. Food wastes as a source of renewable energy have the potential to dramatically reduce the 
existing reliance on energy obtained from fossil fuels, reducing the amount of waste going to landfill and 
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alleviating concerns with gas emissions and groundwater contamination. Transformation of these wastes 
to food can have positive effects towards a sustainable future. The development of unique, eco-friendly, 
scientific, and appropriate reprocessing technologies that can optimally transform all of the valuable 
components present in food waste into useful products is the key to a successful food waste utilisation and 
management approach. 
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Introduction 
The term fermentation is derived from the Latin verb i.e., fervere which means ‘to boil’ Stanbury et al.1999. 
It is a biological process in which certain microorganisms acts on the food compounds and imparts 
nutritional properties, altered taste, aroma and texture of the product. Fermentation is one of the oldest 
and most inexpensive food preservation methods in the world. This technique utilizes the growth and 
metabolic activity of microorganisms to preserve food. The fermentation process can be an aerobic or 
anaerobic process. The diagrammatic representation of the fermentation process was given in Fig.1. 

 
Chaudhary et.al. (2018) 

Figure 1. Diagrammatic representation of fermentation process 

Different Types of Fermented Products and their Importance 

 
(Negrete-Romero et al. 2021) 

Figure 2. Different types of traditional fermented food products and their nutritional content 
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In ancient India, various preservation methods are used to store excess foods, predominantly perishable 
foods which are seasonal and have less duration. The most common fermented food products during the 
early civilization were fermented milk products, alcoholic beverages from fruits and cereal grains, and 
leavened breads (Ray, M et al. 2016). Different types of traditional fermented foods are represented in Fig 
2. 
Cheese is a typically high quality fermented dairy product with high energy content and high levels of fat, 
protein, calcium and vitamin B (Ansorena and Astiasaran, 2016). In the process of cheese making, milk, 
rennet, starter culture, proteases and peptidases from secondary microbial flora are used to break down 
casein and produce bioactive compounds that are responsible for various biological activities (Lopez-
Exposito et al. 2017).  
Yoghurt is produced by lactic acid fermentation with Lactobacillus bulgaricus and Streptococcus 
thermophiles (Eales et al. 2015). It is rich in probiotics and helps to develop immunity in our body. 
Compared to milk, yoghurt has more protein, calcium, magnesium, potassium and zinc. 
While, vitamins like B2, B12 and folate are also high in yoghurt. Along with these, yoghurt has longer shelf 
life & good protein digestibility. Yoghurt creates an acidic medium in the gut which helps in the mineral 
absorption i.e., iron and calcium. 
Kefir is an ancient fermented milk beverage with a sour, acidic and slightly alcoholic taste with a creamy 
consistency. Kefir is having an anti-carcinogenic, anti-hypertensive, anti-inflammatory, anti-mutagenic, 
hypo-cholesterolemic, anti-bacterial, anti-diabetic, antioxidant and probiotic effect which helps to improve 
immunity in the human body (Sanlier et al. 2019). 
In fermented meat, lactic acid bacteria play a significant role. During fermentation, bacteria reduce the pH 
of the meat which helps in reducing the growth of microorganisms and increases the shelf life of fermented 
meat products (Dincer and Kivanc 2012). 
Han et al. (2012) study show that fermented fish oil has considerably high levels of DHA (docosahexaenoic 
acid) and EPA (eicosapentaenoic acid) than unfermented fish oil which helps to reduce many of the chronic 
diseases. 
Generally, cereals are deficient in certain amino acids and some of the cereals mainly millets are having 
anti-nutrients that inhibits mineral absorption. Whereas in fermented cereals, the carbohydrates, non-
digestible polysaccharides and oligosaccharides were decreased. Along with this certain amino acid 
synthesis, the bioavailability of certain B complex vitamins & minerals was also enhanced (Blandino et al. 
2003). 
Fermented beverages are widely consumed by people all over the world. Fermented drinks can be alcoholic 
or non-alcoholic. And in alcoholic drinks, the percentage of alcohol content varies. Some of the examples of 
fermented drinks were wine, beer, whisky, rum etc. It should be noted that excessive consumption of any 
of the fermented drinks causes serious health hazards. 
While, moderate consumption of beer, increase the High-density lipoprotein (HDL) levels and decrease the 
Low-density lipoprotein levels (LDL) in the blood plasma. This helps to control cardiovascular diseases. 
Besides, it helps to inhibit peptic ulcer inducing bacteria and also shows positive effect on our central 
nervous system by reducing stress and depression (Bamforth, 2009). 
Wine is also the mostly consumed drink with many health benefits. Rosenzweig et al. (2017) studied that 
a reasonable amount of wine consumption helps us to reduce the risk of many chronic diseases like diabetes, 
hypertension, atherosclerosis, cancer and hyperlipidaemia. 
Moreover, the phenols present in red wine controls leukocyte adhesion molecules and exhibit an anti-
inflammatory effect (Chiva-Blanch et al. 2012). 

Conclusion 
Fermented foods and drinks bring miracles to the health of humans. These are consumed by almost all 
countries in the world as fermentation improves digestion, avoids the monotony of food items, increases 
bioavailability of nutrients, decreases anti-nutrients and aids in food preservation by increasing shelf-life. 
Fermentation also enhances the sensory quality characteristics of foods along with good nutritional quality. 
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Introduction 
Medicinal plants contain a wide variety of secondary metabolites having potential pharmacological 
properties (Chaudhary and Janmeda, 2022). Prior to the development of chromatographic techniques, the 
only source of medication for the treatment of diseases was partially purified medicinal plants or their 
extracts. With such technology, it was later possible to produce pure, isolated chemicals rather than 
extracts as standard medicines. In order to identify medicinally important secondary metabolites from 
complex medicinal plants, very efficient separation techniques are necessary (Stalikas, 2007). 
Chromatographic techniques play a vital role in medicinal plants chemistry as well in the discovery of new 
phytochemical compounds of therapeutic importance. Flavonoids are well known for their anti-allergic, 
anti-inflammatory, antithrombotic, antioxidant, antibacterial, and antifungal properties. Due to their 
surprising health benefits, flavonoids are considered to be a health promoting, disease preventing, and 
disease treating substance (Sarkar et al., 2022). 

Classification of Flavonoids 
Flavonoids constituted to have diverse chemical structures of 15 carbon atoms in a framework with C6-C3-
C6 of two (A and B) aromatic rings that are linked by three units of carbons which may or may not result 
in third ring (C) as shown in Table 1. The diversity in chemical structure is obtained from hydroxylation, 
prenylation, methoxylation, and glycosylation that took place at some specific positions in these classes 
(Kesarkar et al., 2009). 
Table 1: Classification of flavonoids: 
Flavonoids Chemical constituents Structures 
Flavonols Quercitin, Rutin, 

Myricetin, Kaempferol 
O

O

OH

8

7

6

5

1

2

2'

3'

4'

5'

6'

 
Flavones Apigenin, Luteolin 

O

O

8

7

6

5

1

2

2'

3'

4'

5'

6'

 
Isoflavones Genistein, Diadzein, Tephrosin 

O

O

8

7

6

5

1

2

2'

3'

4'

5'

6'
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Flavanones Narengenin, 
Hesperetin 

O

O

8

7

6

5

1

2

3

2'

3'

4'

5'

6'

 
Flavanonol Taxifolin 

O

O

8

7

6

5

1

2

2'

3'

4'

5'

6'

OH

 
Anthocyanin Cyanidin, 

Blueberry, Pelargonidin 
O

8

7

6

5

1

2

2'

3'

4'

5'

6'

3

4

1'

 
Flavan-3-ols Catechin, Epicatechin, 

Epigallocatechin 

O
8

7

6

5

1

2

2'

3'

4'

5'

6'

4 OH
 

Chromatographic Methods for the Analysis of Flavonoids 
Medicinal plants contain a large number of bioactive components. Accurate and rapid detection of these 
phytocompounds is important in the investigation of phytochemicals from crude plant samples. Efficient 
systems are available to screen the plant material rapidly. Chromatographic methods contribute in the 
analysis of flavonoids, especially regarding characterization, separation, and identification of 
phytocompounds from plant samples (Sharma and Pracheta, 2014; Bajpai et al., 2016) as shown in Table 
2. 
Table 2: Chromatographic methods for the analysis of flavonoids: 
Analytes Sample source Chromatographic method details Detector 
Catechin, 
Epicatechin, 
Tyrosol, Vanillin, 
Quercetin, 
Resveratrol, and 
Kaempferol 

Vitis vinifera HP-5 MS capillary column, 30 m60.25 
mm, 250-lm thickness; injector 
temperature: 280˚ C; transfer line 
temperature 300˚ C; column 
temperature program: 70˚ C for 5 min, 
to 130˚ C at 15˚ C/min, to 160˚ C at 4˚ 
C/min, for 15 min, to 300˚ C at 10˚ C/ 
min, held for 15 min 

MS 

Catechin, 
Quercetin, 
Epicatechin, 
Epigenin, and 
Naringenin 

Medicinal plant 
extracts 

CP-Sil 8 capillary column, 30 m60.32 
mm id, 0.25-lm film thickness; injector 
temperature: 280˚ C; transfer line 
temperature: 290˚ C; column 
temperature program: from 70˚ C to 
135˚ C at 2˚ C/min, held for 10 min, to 

MS 
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220˚ C at 4˚ C/min, held for 10 min, to 
270˚ C at 3.5˚ C/min, held for 20 min 

Kaempferol, 
Quercetin, and  
Isorhamnetin 

Ginkgo biloba 
extract and 
pharmaceutical 
preparations 
 

HP Ultra1 capillary column, 25 m60.20 
mm id, 0.33-lm film thickness; injector 
temperature: 275˚ C; transfer line 
temperature: 290˚ C; column 
temperature programme: 80˚ C for 0.1 
min, to 245˚ C at 25˚ C/min, held for 
25.5 min, to 270˚ C at 60˚ C/min, held 
for 8 min 

MS 

Catechin, and 
Epicatechin 

Sorrel leaf LUNA C18 column (25062 mm id, 5 
lm)/1. 10 mm H3PO4 / ACN (88:12 = 
v/v) and 2. ammonium acetate buffer 
(10 mm, pH 5.5)/ACN (88:12 = v/v) flow 
rate: 0.2 mL/min 

UV 205 nm, 279 
nm ESI-MS/MS 
Fluorescence: ex: 
279 nm, em: 307 
nm 

Puerarin, Daidzin, 
Daidzein Baicalin, 
and Baicalein 

Gegen Qinlian 
(decoction, 
granule, pill) 

C18 RP-ODS column (25064.6 mm id, 5 
lm)/A: 1% triethylamine, 1% acetic acid, 
adjusted to pH 3 using phosphoric acid 
B: MeOH; gradient:: 0 – 12 min: 
isocratic 26% B; 12 – 13 min: linear 26 
– 28% of B; 13 – 19 min: isocratic 28% 
B; 19 – 20 min: linear 28 – 33.8% of B; 
20 – 37.5 min: isocratic 33.8% B; 37.5 – 
38.5 min: linear 33.8 – 41% of B; 38.5 – 
49 min: isocratic 41% B; 49 – 50 min: 
linear 41 – 48% of B; 50 – 59 min: 
isocratic 48% B; 59 – 60 min: linear 48 
– 55% of B; 60 – 71 min: linear 55 – 
70% of B; 71 – 80 min: isocratic 70% B. 
flowrate: 1.0 mL/min 

PDA 270 and 346 
nm 

Quercetin, 
Quercitrin, 
Isoquercitrin, 
Rutin, and 
Hyperoside 

Hypericum 
perforatum 

201 TP 54 RP-18 (25064 mm, 5 lm/A: 
H2O/85% H3PO4 (99.7:0.3, v/v); B: 
CH3CN; C: MeOH; gradient: 100% A – 
85% A, 15% B, 10 min; to 70% A, 20% 
B, 10% C, 30 min; to 10% A, 75% B, 
15% C, 40 min; to 5% A, 80% B, 15% C, 
55 min; to 100% A, 56 min; 100% A, 65 
min; flow rate: 1 mL/min 

Thermospray – 
triple quadrupole 
mass 
spectrometry, 
PDA 

Flavonoid 2-(3,4-
dihydroxy-5-
methoxy-phenyl)-
3,5-dihydroxy-6,7-
dimethoxychromen-
4-one 

Euphorbia 
neriifolia 

Thin layer chromatography was 
performed and separation of flavonoid 
was clear in n-butanol: acetic acid: 
water (2:2:6). HPTLC consisting 
automatic sample Linomat V sample 
applicator, a developing chamber, and a 
CATS 4 software has been used for the 
estimation of flavonoid. 

Camag Reproster 
– 3 under 254 
nmand 366 nm in 
UV and visible 
light 

Conclusion 
Since synthetic drugs have detrimental effects therefore isolation, purification and characterization of 
important secondary metabolites is a safer alternative comparatively to synthetic drugs. Various types of 
chromatographic techniques like gas chromatography, high performance liquid chromatography have led 
to successful purification and fractionation of biologically active flavonoids from a variety of medicinal 
plants. There are numerous flavonoids containing medicinal drugs having different pharmacological 
properties and many are yet to be discovered. 
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Introduction 
Tungro is one of the most damaging and destructive diseases of rice in South and Southeast Asia. In severe 
cases, Tungro susceptible varieties infected at an early growth stage could have as high as 100% yield loss. 
Once tungro is present in the field, it increases rapidly in young rice plants. 

Symptoms 
1. Plants affected by tungro exhibit stunting and reduced tillering. Their leaves become yellow or orange-
yellow, may also have rust-colored spots. 
2. Discoloration begins from leaf tip and extends down to the blade or the lower leaf portion 
3. Delayed flowering, - panicles small and not completely exerted 
4. Most panicles sterile or partially filled grains 
5. Tungro virus disease affects all growth stages of the rice plant specifically the vegetative stage. 

 

Detection Technique 
1. Collect leaf samples at 6 a.m. 
2. The top 10 cm portion of the leaf is immersed in a solution containing 2 g of iodine and 6 g of potassium 
iodide in 100 ml of water for 15 minutes or 10 ml of tincture of iodine + 140 ml of water for one hour. 
Washed in water and when examined. 
3. Tungro infected leaves develop dark blue streaks. 

Factors Favoring Disease Development 
1. Presence of the virus sources. 
2. Presence of the vector. 
3. Age and susceptibility of host plants. 
4. Synchronization of the three above factors. 
5. All growth stages of rice plant specifically the vegetative stage. 

Identification of Pathogen 
1. Tungro virus disease is transmitted by leafhoppers, wherein the most efficient vector is the green 
leafhopper,Nephotettix virescens (Distant). The disease complex is associated with rice tungro baciliform 
virus (RTBV) and rice tungro spherical virus (RTSV). RTBV cannot be transmitted by leafhoppers unless 
RTSV is present. 
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2. Insects could acquire the virus from any part of the infected plant. After acquiring the virus, the vector 
can immediately transmit to the plants. 
3. RTBV particles are rod-shaped and 100-300 nm in length and 30-35 nm in width. It contains DNA of 8.3 
kb. RTSV particles are isometric and 30 nm in diameter. It has a polyadenylated single-stranded RNA of 
about 12 kb. 

Management 
Trap methods: 

a. Light traps are to be set up to attract and control the leaf hopper vectors as well as to monitor the 
population. 
b. In the early morning, the population of leafhopper alighting near the light trap should be killed 
by spraying/dusting the insecticides. 
c. This should be practiced every day. 

Cultural methods: 
a. Planting of resistant varieties against tungro virus disease is the most economical means of 
managing the disease. 
b. Among the cultural management practices, adjusting the date of planting is recommended. 
c. In epidemic areas follow rotation with pulses or oil seeds. 
d. Apply neem cake @ 12.5 kg/20 cent nursery as basal dose. 
e. Destruction of weed hosts on bunds. 

Chemical methods: 
a. Leaf yellowing can be minimized by spraying 2 % urea mixed with Mancozeb at 2.5 gm/lit. 
b. Instead of urea foliar fertilizer like multi-K (potassium nitrate) can be sprayed at 1 per cent which 
impart disease resistance because of high potassium content. 
c. Green leaf hoppers as vectors are to be controlled effectively in time by spraying. 
d. In nursery when virus infection is low, apply Carbofuran granules @ 1 kg/ha to control vector 
population. 
e. During pre-tillering to mid-tillering when one affected hill/m is observed start application of 
Carbofuran granules @ 3.5kg/ha to control insect vector. 
f. Spray two rounds of any one of the following insecticides 
g. Thiamethoxam 25 WDG 100g/ha (or) 
h. Imidacloprid 17.8 SL 100ml/ha at 15 and 30 days after transplanting. The vegetation on the bunds 
should also be sprayed with the insecticides. 
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Introduction 
What is stubble burning? 
It is a common practice followed by farmers to prepare fields for sowing of wheat as there is little time left 
between the harvesting of paddy and sowing of wheat. Mechanised harvesters left stalks that were several 
inches tall. Farmers across Punjab, Haryana and Uttar Pradesh typically harvest paddy in October and 
then set their fields on fire to clear rice stalks for the next crop. The fastest and cheapest way to clear the 
fields of unwanted stalks is not good fodder for animals.  
Weather plays a role too. Farmers’ burn stubble twice a year - in summer and at the onset of winter. The 
first time they do it, the warm breeze disperses it quickly. But the second time, in September or October, 
plummeting temperatures and low wind speed spread the smoke far and wide. The burning of more than 
seven million hectares of crop residues has emerged as one of the biggest sources of winter pollution, 
resulting in weeks-long smog in New Delhi every October and November. 
Burning of the leftover stubble became so popular that between 2003 and 2017, NASA's Aqua satellite 
found a roughly 300% increase in the number of fires in the Indo-Gangetic Plain. The burning of crop 
stubble results in degradation of the quality of air and soil while having several other health and ecological 
impacts. 
According to some estimates, farmers in northern India burn about 23 million tonnes of paddy 
stubble every year. Governments have tried to stop the practice. They've pitched alternatives, they've 
banned it, they've fined farmers for continuing to do it and they've even thrown a few of them in jail. 
The share of stubble burning in Delhi's pollution can range from 1% to 42%, depending on wind speed and 
direction," says Dr Gulati. More than two million farmers burn 23 million tonnes of crop residue on some 
80,000 sq km of farmland in northern India every winter. 

Why Farmers Opt for Stubble Burning? 
1. They do not have alternatives for utilising them effectively. 
2. The farmers are ill-equipped to deal with waste because they cannot afford the new technology that is 
available to handle the waste material. 
3. With less income due to crop damage, farmers are likely to be inclined to light up their fields to cut costs 
and not spend on scientific ways of stubble management. 

Advantages of Stubble Burning 
1. It quickly clears the field and is the cheapest alternative. 
2. Kills weeds, including those resistant to herbicide. 
3. Kills slugs and other pests. 
4. Can reduce nitrogen tie-up. 
Impact: Stubble burning results in emission of harmful gases such carbon dioxide, sulphur dioxide, 
nitrogen dioxide along with particulate matter. 

Effects of Stubble Burning 
1. A study estimates that crop residue burning released 149.24 million tonnes of carbon dioxide (CO2), over 
9 million tonnes of carbon monoxide (CO), 0.25 million tonnes of oxides of sulphur (SOX), 1.28 million 
tonnes of particulate matter and 0.07 million tonnes of black carbon. These directly contribute to 
environmental pollution, and are also responsible for the haze in Delhi and melting of Himalayan glaciers.  

https://www.insightsonindia.com/2020/10/05/insights-into-editorial-to-curb-stubble-burning-make-straw-management-machines-affordable/
https://www.cimmyt.org/news/alternatives-to-burning-can-increase-indian-farmers-profits-and-cut-pollution-new-study-shows/
https://www.cimmyt.org/news/alternatives-to-burning-can-increase-indian-farmers-profits-and-cut-pollution-new-study-shows/
https://www.deccanchronicle.com/nation/current-affairs/071120/30-farmers-booked-in-ups-fatehpur-district-for-stubble-burning.html
https://www.insightsonindia.com/2020/05/26/stubble-burning-5/
https://www.downtoearth.org.in/coverage/india/river-of-fire-57924
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2. The heat from burning paddy straw penetrates 1 centimetre into the soil, elevating the temperature to 
33.8 to 42.2 degree Celsius. This kills the bacterial and fungal populations critical for a fertile soil. 
3. The solubility capacity of the upper layers of soil have also been reduced. According to a report, one tonne 
stubble burning leads to a loss of 5.5-kilogram nitrogen, 2.3 kg phosphorus, 25 kg potassium and more than 
1 kg of sulfur — all soil nutrients, besides organic carbon. 
4. A study conducted by Vitull K Gupta, professor of medicine, Bathinda, in 2016, revealed that 84.5 per 
cent people were suffering from health problem due to increased incidence of smog. It found that 76.8 per 
cent people reported irritation in eyes, 44.8 per cent reported irritation in nose, and 45.5 per cent reported 
irritation in throat. 

Solutions to the Burning Problem 
1. Chhattisgarh Model: An innovative experiment has been undertaken by the Chhattisgarh government 
by setting up gauthans. 

A gauthan is a dedicated five-acre plot, held in common by each village, where all the unused stubble 
is collected through parali daan (people’s donations) and is converted into organic fertiliser by 
mixing with cow dung and few natural enzymes. The state has successfully developed 2,000 
gauthans. 

2. ICAR stubble burning solution: Shows promising results at trials in Delhi, Punjab: 
a. A proprietary microbial solution developed by the Indian Council of Agricultural Research 
(ICAR) could be a breakthrough in the hunt for a solution to crop-residue burning. 
b. “The ICAR’s invention, named Pusa, decomposes crop residue, including paddy straw, and turns 
it into manure in about 25 days, thus eliminating the need to burn paddy stubble. It could be a 
breakthrough if adopted with an integrated approach,” YV Singh, principal scientist of microbiology 
at Indian Agricultural Research Institute (IARI). 

Farmers can Also Manage Crop Residues Effectively by Employing Agricultural 
Machines Like 
1. Happy Seeder (used for sowing of crop in standing stubble) 
2. Rotavator (used for land preparation and incorporation of crop stubble in the soil)  
3. Zero till seed drill (used for land preparations directly sowing of seeds in the previous crop stubble) 
4. Baler (used for collection of straw and making bales of the paddy stubble) 
5. Paddy Straw Chopper (cutting of paddy stubble for easily mixing with the soil) 
6. Reaper Binder (used for harvesting paddy stubble and making into bundles) 
On other hand, these machines are too costly and the state governments providing subsidy at 50-80 per 
cent for crop residue management machinery.   
Like Dr Gulati, say all these efforts are "irrelevant" to a degree. 
Instead, he suggests tackling it at the root - subsidise crops other than paddy, the source of most stubble 
burning. "Policy and money should incentivise farmers in the region to plant more fruits and vegetables," 
he says. "India needs more vitamins and protein rather than wheat and rice." This, he adds, will create 
more greenery and since vegetable and fruit crops don't leave stubble, it'll bring down the number of open 
fires. 

Source 
Hindu Newspaper, GOI, The Print, Livemint. 
  

https://www.hindustantimes.com/india-news/icar-looks-at-bringing-agri-education-in-sync-with-national-education-policy/story-NKyTiyTmBzJC1wLrUVsCqI.html
https://www.hindustantimes.com/india-news/icar-looks-at-bringing-agri-education-in-sync-with-national-education-policy/story-NKyTiyTmBzJC1wLrUVsCqI.html
https://www.hindustantimes.com/topic/stubble-burning
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Introduction 
Chitosan has emerged as one of the most promising polymers for the efficient delivery of agrochemicals and 
micronutrients in nanoparticles. In the plant system, chitosan has been reported to induce multifaceted 
disease resistance (Hadrami et al., 2010). This natural biopolymer is known for its unique properties like, 
biodegradability, nontoxicity and antimicrobial activity, thus popularizing its use as an elicitor molecule 
for different host-pathogen interaction studies (Chandra et al., 2015). Such unique properties of the 
chitosan biopolymer can be further enhanced by using it in the form of nanoparticles (NPs). In nanoparticle 
form chitosan showed different biological activities due to altered physicochemical properties like size, 
surface area, cationic nature etc. Its unique biocompatibility, biodegradability and low toxicity apparently 
makes chitosan NPs a more effective nano-delivery system (Shukla et al., 2013). Chitosan based 
nanoparticles blend with various active components have been synthesized (Kashyap et al., 2015). 

Bulk and Nano Chitosan 
With the advancement of nanotechnology, chitosan-based nanomaterials are being largely adapted for their 
exploration in plants (Shukla et al., 2013). Chitosan is able to chelate various organic and inorganic 
compounds, making it well-suited for improving the stability, solubility and biocidal activity of chelated 
fungicides or other pesticides (Shukla et al., 2013). Several studies showed that chitosan is not only an 
antimicrobial agent but also an effective elicitor of plant systemic acquired resistance to pathogens (Sharp 
et al., 2013; Katiyar et al., 2014; Xing et al., 2014), enhancer and regulator of plant growth, development 
and yield (Chen et al., 2015). 
Positive response of bulk chitosan on seed germination and seedling growth leads to development of 
nanoformulation of chitosan. For enhancing the crop yield, early growth of seedling, viz., percent 
germination, shoot length, root length, fresh weight, dry weight, and seed vigor index, is important; 
therefore, the use of nanoformulation of chitosan could play a decisive role. Few reports indicated that 
nanoformulation of chitosan has more pronounced effect on seed germination and seedling growth as 
compared to bulk chitosan (Saharan et al. 2016). 
Chitosan NPs treatment of leaves and seeds produced significant improvement in the plant growth and 
innate immune response through induction of defence enzyme activity, upregulation of defence related 
genes including that of several antioxidant enzymes as well as elevation of the levels of total phenolics 
(Chen et al., 2014; Chandra et al., 2015). According to a recent study Cu-chitosan NPs exert a statistically 
significant difference on seedling growth (Saharan et al., 2016). Hence, there is a pressing need to explore 
chitosan biopolymer not only for its novel antimicrobial property but also for its plant defence booster 
property to conflict future challenges of mutating pathogenic population under global warming (Saharan 
et al., 2016). 

Metal Blend Chitosan Nanoparticles 
Different metal chitosan complexes have been prepared to improve antimicrobial activity of chitosan. 
Various metal ions like Ag+, Cu2+, Zn2+, Mn2+, or Fe2+ was individually loaded onto chitosan NPs for 
evaluation of antibacterial activity. Metal- based chitosan nanomaterials have attracted much attention 
due to its dual activity as plant growth promoter and plant protection agent. In addition, chitosan 
encapsulated metals are less toxic due to slow-release phenomenon and showed long-lasting effect in plants. 
Blending of Zn and Cu with nanochitosan has additional advantages of providing nutrition to plants and 
help in vigor growth of plant for further protection from abiotic and biotic stress (Choudhary et al., 2017). 
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Conclusion 
Chitosan NPs reveal completely new or improved biological activities if compared with bulk chitosan due 
to altered physico-chemical characteristics like size, surface area, cationic nature, active functional groups, 
higher encapsulation efficiency etc. Chitosan NPs have been investigated as a carrier for active ingredient 
delivery for various applications due to their biocompatibility, biodegradability, high permeability, cost-
effectiveness, non-toxicity and excellent film forming ability antimicrobial and insecticidal activities. 
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Introduction 
Entrepreneurship is the ability and readiness to develop, organize and run a business enterprise, along 
with any of its uncertainties in order to make a profit. The most prominent example of entrepreneurship is 
the starting of new businesses. 

 
In economics, entrepreneurship connected with land, labour, natural resources and capital can generate a 
profit. The entrepreneurial vision is defined by discovery and risk-taking and is an indispensable part of a 
nation’s capacity to succeed in an ever-changing and more competitive global marketplace. 

Meaning of Entrepreneur 
The entrepreneur is defined as someone who has the ability and desire to establish, administer and succeed 
in a start-up venture along with risk entitled to it, to make profits. The best example of entrepreneurship 
is the starting of a new business venture. The entrepreneurs are often known as a source of new ideas or 
innovators, and bring new ideas in the market by replacing old with a new invention. 
It can be classified into small or home business to multinational companies. In economics, the profits that 
an entrepreneur makes are with a combination of land, natural resources, labour and capital. In a nutshell, 
anyone who has the will and determination to start a new company and deals with all the risks that go 
with it can become an entrepreneur. 

Key Elements of an Entrepreneurship 
These four key elements of entrepreneurship include innovation, organization, risk and vision. In the 
following section, all these elements have been discussed briefly  
Innovation: Innovation is considered as the key factor in the concept of entrepreneurship. An 
entrepreneur adds to the economy in terms of innovation and discrepancy and the degree of these assures 
a positive outcome. The entrepreneurs carry out imaginative and unique thoughts on the available 
situations and strive to foster something new. It can be in terms of a new product, production technique, 
technology, marketing strategy, and so on.  
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Organization: The organization is another key element of successful entrepreneurship. Without 
organization, everything will become disorganized and unmanageable which further will cause losses, 
decreasing business goodwill, unsatisfied customers, and mental stress to the staff due to which the 
workers may leave the organization Hence it is insignificant to maintain a decent organizational structure 
within the company, which defines who will perform a specific task and the way that task would be 
performed. 
Risk: All businesses involve risks and in entrepreneurship, it is the sole responsibility of the entrepreneur 
only as it is a “one-man-show”. Without taking risks, a business cannot flourish but on the other hand, 
indulgence in excessive risk-taking may lead to severe losses. Risk-taking is another word for exploiting 
opportunities and gaining a competitive edge over others performing in the same market. This way, the 
business and the economy both are facilitated.  
Vision: An entrepreneur must have a strong vision if he wants to succeed in the business. The foresight of 
the entrepreneur determines how the business and other business policies will run. The way the 
entrepreneur visualizes his business in the coming years is how the business moves forward and the 
profitability is earned. Keeping the vision in the head, the tasks are identified, performed, risks are taken 
and organizational culture is brought forth. It is important to set long-term and short-term goals for a 
business so that the organizational objectives are learned. That’s almost all there is to explain the concept 
of entrepreneurship and its basic elements of it. An entrepreneur needs to control the whole business 
performance, tackle the workforce, monitor the market trend, and modify business policies to meet 
customer demand. Thus he/she needs to master all the four elements of entrepreneurship to reach new 
heights of success with the business. 

Types of Entrepreneurships 
Small Business Entrepreneurship: These businesses are a hairdresser, grocery store, travel agent, 
consultant, carpenter, plumber, electrician, etc. These people run or own their own business and hire family 
members or local employee. For them, the profit would be able to feed their family and not making 100 
million business or taking over an industry. They fund their business by taking small business loans or 
loans from friends and family. 
Scalable Startup Entrepreneurship: This start-up entrepreneur starts a business knowing that their 
vision can change the world. They attract investors who think and encourage people who think out of the 
box. The research focuses on a scalable business and experimental models, so, they hire the best and the 
brightest employees. They require more venture capital to fuel and back their project or business. 
Large Company Entrepreneurship: These huge companies have defined life-cycle. Most of these 
companies grow and sustain by offering new and innovative products that revolve around their main 
products. The change in technology, customer preferences, new competition, etc., builds pressure for large 
companies to create an innovative product and sell it to the new set of customers in the new market. To 
cope with the rapid technological changes, the existing organisations either buy innovation enterprises or 
attempt to construct the product internally. 
Social Entrepreneurship: This type of entrepreneurship focuses on producing product and services that 
resolve social needs and problems. Their only motto and goal are to work for society and not make any 
profits. 

Characteristics of Entrepreneurship 
Not all entrepreneurs are successful; there are definite characteristics that make entrepreneurship 
successful. A few of them are mentioned below: 
1. Ability to take a risk: Starting any new venture involves a considerable amount of failure risk. 
Therefore, an entrepreneur needs to be courageous and able to evaluate and take risks, which is an 
essential part of being an entrepreneur. 
2. Innovation: It should be highly innovative to generate new ideas, start a company and earn profits out 
of it. Change can be the launching of a new product that is new to the market or a process that does the 
same thing but in a more efficient and economical way. 
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3. Visionary and Leadership quality: To be successful, the entrepreneur should have a clear vision of 
his new venture. However, to turn the idea into reality, a lot of resources and employees are required. Here, 
leadership quality is paramount because leaders impart and guide their employees towards the right path 
of success. 
4. Open-Minded: In a business, every circumstance can be an opportunity and used for the benefit of a 
company. For example, Paytm recognised the gravity of demonetization and acknowledged the need for 
online transactions would be more, so it utilised the situation and expanded massively during this time. 
5. Flexible: An entrepreneur should be flexible and open to change according to the situation. To be on the 
top, a businessperson should be equipped to embrace change in a product and service, as and when needed. 
6. Know your Product: A company owner should know the product offerings and also be aware of the 
latest trend in the market. It is essential to know if the available product or service meets the demands of 
the current market, or whether it is time to tweak it a little. Being able to be accountable and then alter as 
needed is a vital part of entrepreneurship. 

Importance of Entrepreneurship 
1. Creation of Employment: Entrepreneurship generates employment. It provides an entry-level job, 
required for gaining experience and training for unskilled workers. 
2. Innovation: It is the hub of innovation that provides new product ventures, market, technology and 
quality of goods, etc., and increases the standard of living of people. 
3. Impact on Society and Community Development: A society becomes greater if the employment 
base is large and diversified. It brings about changes in society and promotes facilities like higher 
expenditure on education, better sanitation, fewer slums, a higher level of homeownership. Therefore, 
entrepreneurship assists the organisation towards a more stable and high quality of community life. 
4. Increase Standard of Living: Entrepreneurship helps to improve the standard of living of a person by 
increasing the income. The standard of living means, increase in the consumption of various goods and 
services by a household for a particular period. 
5. Supports research and development: New products and services need to be researched and tested 
before launching in the market. Therefore, an entrepreneur also dispenses finance for research and 
development with research institutions and universities. This promotes research, general construction, and 
development in the economy. 

Conclusion 
Entrepreneurship is a mind-set, an attitude; it is taking a particular approach to doing things. The 
motivations for becoming an entrepreneur are diverse and can include the potential for financial reward, 
the pursuit of personal values and interests, and the interest in social change. 
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A molecular marker (identified as genetic marker) is a fragment of DNA that is associated with a certain 
location within the genome. Molecular markers are used in molecular biology and biotechnology to identify 
a particular sequence of DNA in a pool of unknown DNA. It can be a protein, isozyme, DNA sequence, such 
as a sequence surrounds a single base-pair or a long one, like minisatellites, whose inheritance can be 
determined. 

Important Characteristics of Molecular Marker 
1. Polymorphic Nature: A polymorphism is a detectable and heritable variation at a locus Polymorphisms 
arise as a result of several classes of mutations like substitution of as little as a single nucleotide (point 
mutation), genome rearrangement due to insertion or deletion or errors in replication of arrays of tandemly-
repeated DNA.  
2. High Reproducing ability: Should give similar results in different experiments irrespective of the 
time and the place. Preferably display co-dominant inheritance (both forms are detectable in 
heterozygotes).  
3. Easily detectable: The detection of marker must be fast and inexpensive. It should detect difference in 
expression between trait types and/or alleles of interest, early in the development of the organism.  
4. Easily exchange of data between laboratory condition: It is extremely difficult to find a molecular 
marker which would meet all the above criteria. Depending on the type of study to be undertaken, a marker 
system can be identified that would fulfil atleast a few of the above characteristics. 

Types of Markers 
1. Morphological markers: Common visible markers including body colour, body spots, bands, hairs, 
spines were used as phenotypic markers. 
2. Protein Markers: Electrophoretic pattern of allozymes / Isozymes was used to identify different alleles 
of a given gene; e.g., insecticide resistance, pathogen identification, chromosome mapping and even in 
detection of prey in insect predators. 

a. Isozymes: Multiple enzymes coded by the different genes. Isozymes are proteins with same 
enzymatic function but different structural, chemical, or immunological characteristics (coded by 
the different genes).  
b. Allozymes: one enzyme, more than one locus (gene duplication; gene families). 

3. DNA markers: DNA markers are broadly classified into two categories: 
a. Hybridization-based markers: DNA profiles are visualized by hybridizing the restriction 
enzyme-digested DNA, to a labelled probe, which is a DNA fragment of known origin or sequence. 
These markers involve RFLPs, Minisatellites and Microsatellites 

i. Restriction Fragment Length Polymorphism: Genetic markers resulting from the 
variation or change in the length of defined DNA fragments produced by digestion of the 
DNA sample with restriction endonucleases. RFLP is a technique in which organisms may 
be differentiated by analysis of patterns derived from cleavage of their DNA. hey have their 
origin in the DNA rearrangements that occur due to evolutionary processes, point mutations 
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within the restriction enzyme recognition site sequences, insertions or deletions within the 
fragments. 
ii. Microsatellites and minisatellites: Minisatellites are tandem repeats with a monomer 
repeat length of about 11–60bp, while microsatellites or short tandem repeats/simple 
sequence repeats (STRs/SSRs) consist of 1 to 6 bp long monomer sequence that is repeated 
several times. Microsatellites and minisatellites thus form an ideal marker system creating 
complex banding patterns by simultaneously detecting multiple DNA loci. Microsatellites 
have become the molecular markers of choice for a wide range of applications in genetic 
mapping and genome, genotype identification and variety protection, seed purity evaluation 
and germplasm conservation, diversity studies, paternity determination and pedigree 
analysis, gene and quantitative trait locus analysis, and marker-assisted breeding.  

b. Polymerase chain reaction (PCR)-based markers: PCR-based markers involve in vitro 
amplification of particular DNA sequences with the help of specifically chosen oligonucleotide 
sequence, thermostable DNA polymerase enzyme. The amplified fragments are separated 
electrophoretically and banding patterns are detected by different methods such as staining and 
autoradiography. 

Random Amplified Polymorphic DNA (RAPDs) 
RAPD are genetic markers resulting from PCR amplification of genomic DNA sequences recognized by ten-
mer random primers of arbitrary nucleotide sequence. RAPDs are dominant markers that require no prior 
knowledge of the DNA sequence, which makes them very suitable for investigation of species that are not 
well known. 

Inter-Simple Sequence Repeats (ISSR) 
The generation of ISSR markers involve PCR amplification of DNA using a single primer composed of a 
microsatellite repeated sequence and in some cases, primer also contains 1- 4 base anchor at either 3′ or 5′ 
or at both ends, which target a subset of ‘simple sequence repeats’ (SSRs) and amplify the region between 
two closely spaced and oppositely oriented SSRs. ISSR technique permits the detection of polymorphisms 
in microsatellites and inter-microsatellites loci without previous knowledge of the DNA sequence. 

Simple Sequence Repeats 
SSR are DNA sequences with repeat lengths of a few base pairs. Variation in the number of repeats can be 
detected with PCR by developing primers for the conserved DNA sequence flanking the SSR. SSR combine 
many desirable marker properties including high levels of polymorphism and information content, 
unambiguous designation of alleles, even dispersal, selective neutrality, high reproducibility, co-
dominance, and rapid and simple genotyping assays. 

Amplified Fragment Length Polymorphisms 
It is a combination of PCR and RFLP. Informative fingerprints of amplified fragments. AFLP technology 
is a DNA fingerprinting technique that combines RFLP and PCR. It is based on the selective amplification 
of a subset of genomic restriction fragments using PCR. 

Start Codon Targeted (SCoT) Polymorphism Analysis 
SCoT is a novel method for generating plant DNA markers. This method was developed based on the short-
conserved region flanking the ATG start codon in plant genes. SCoT uses single 18-mer primers in 
polymerase chain reaction (PCR) and an annealing temperature of 50°C. PCR amplicons are resolved using 
standard agarose gel electrophoresis. 

Sequence Tagged Sites 
Sequence Tagged Sites combines the advantages of both RAPDs (i.e., markers PCR based) and RFLPs (i.e., 
co-dominance mode of inheritance) markers, and that could efficiently be used. A STS is a unique, simple-
copy segment of the genome whose DNA sequence is known and amplification is done by PCR. Different 
types of STS are mentioned below: 1. Sequence Characterized Amplified Region (SCAR), 2. Cleaved 
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amplified polymorphic sequences (CAPS), 3. Expressed sequence tag markers (EST), 4. Single Nucleotide 
Polymorphism (SNP). 
1. Sequence Characterized Amplified Region (SCAR): These markers are DNA fragments amplified 
by the PCR using specific 15–30bp primers, designed from nucleotide sequences established from cloned 
RAPD fragments linked to a trait of interest. The potentials of SCARs is that they are quick and easy to 
use. In addition, SCARs have a high reproducibility, locus-specific and have been applied in gene mapping 
studies and marker assisted selection.  
2. Cleaved amplified polymorphic sequences (CAPS): CAPS are DNA fragments amplified by PCR 
using specific 20–25bp primers, followed by digestion of the PCR products with a restriction enzyme. Based 
on the sequence information available in databank of genomic or cDNA sequences or cloned RAPD bands, 
PCR primer for this process can be synthesized. Subsequently, gel electrophoresis helps to identify length 
polymorphisms resulting from variation in the occurrence of restriction sites of the digested products.  
3. ESTs (expressed sequence tags): Use of commercial kits for preparation of cDNA libraries and 
automated sequencing methods has made it possible to generate large sets of ESTs in a relatively fast and 
efficient manner. Mainly used for transcriptosomes analyses and integrated linkage mapping of insect 
genomes. 
4. Single Nucleotide Polymorphism (SNP): Single nucleotide polymorphisms, or SNPs are pronounced 
as “snips”. When a single nucleotide (A, T, C, or G) in the genome sequence is altered then variations in 
DNA sequences occur and that leads to SNPs which has recently become most popular in genomic studies. 

Application of Molecular Markers in Entomological Research 
1. Mating, parentage and kinship: RAPD markers: determined paternity in two Odonate species of 
Anisopteran dragonflies (Anax parthenope) and keeled skimmers (Orthetrum coerulescens).  
2. Insect – plant interaction: RAPD markers: identified distinct loci specific to individual strains (or 
biotypes) of Asian Rice gall midges (Orseolia oryzae), were identified (Behura et. al. 2000);  
3. Insect – pathogen interaction: RAPD markers provide information on the vectoral ability of the 
Triatoma infestans which is a major insect vector of Chagas’ disease in many South American countries. It 
transmits the Trypanosoma cruzi, the agent of Chagas’ disease. Mixed and pure clones of Trypanosoma 
cruzi in the gut of Triatoma infestans have been studied. 
4. Insecticide resistance: RAPD markers: mapping of genetic loci in lesser grain borer (Rhyzopertha 
dominica) – that determines high level resistance to phosphine (Schlipalius et. al. 2002) 
5. Gene, genome and QTL mapping: AFLP markers: used to generate genetic maps of silkworms, 
Colorado potato beetles, red flour beetles, European corn borers, Hessian flies, butterflies 
6. Behavioural studies: RAPD markers: determined two QTLs responsible for the foraging behaviour in 
honeybees in back cross populations between bees collecting nectar and those collecting pollen. 
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Introduction 
Jackfruit is one of the most important underutilized native fruits of India and belongs to the family 
Moraceae commonly growing above 1500 msl all over the country. The major areas of cultivation in India 
are the eastern and southern parts of the country viz. Andhra Pradesh, Bihar, Chhattisgarh, Jharkhand, 
Karnataka, Kerala, Orissa, Uttar Pradesh, Tamil Nadu and West Bengal (Srivastava et al., 2017). Jackfruit 
seed has proven to have great potential in the food production sector particularly as a thickener and binding 
agent in various food systems (Ocloo et al. 2010). The seeds generally are consumed roasted, boiled, 
steamed, and are eaten as a snack or can be used as vegetable. Seeds can also be grinded and prepared to 
flour, and many authors have investigated the addition of jackfruit seed flour (as source of starch and 
protein) in the preparation of biscuits, sweets and breads as a substitute use of this by-product (Madrigal-
Aldana et al., 2011). It has also been reportedly claimed that seeds are more nutritious than the bulb, being 
more affluent in carbohydrate, fat, potassium and protein with considerable amount of calcium and 
phosphorus. The rind or peel (which goes as waste most times) can be used for animal feed after mixing 
with fodders. Use of jackfruit waste as an alternate source for generating bio-oil and pectin has been 
reported (Soetardji et al., 2014). Jackfruit tree roots have been found to aid those suffering from asthma 
wherein boiling the root and consuming it have been found to control asthma and skin problems due to its 
high nutritional content. The extract of jackfruit root is also believed to help cure diarrhea and fever. Few 
parts of the jackfruit tree have been used in medicine and its wood as an important source in the timber 
industries particularly due to its unique colour. Some of lesser-known products from jackfruit are 
mentioned below. 

Jackfruit Seed Flour 
Bakri et al. (2021) reported that jackfruit seeds can be converted into flour after disabling the 
antinutritional factors which can be achieved by drying. Rajarajeshwari et al. (1999) found that jackfruit 
seed flour is a good source of protein and exhibits low water and fat absorption capacity and suggested that 
the flour can possibly be incorporated in the preparation of deep-fried products. Tulyathan et al. (2002) 
reported on the good ability of the jackfruit seed flour to bind with water and lipid. Ocloo et al. (2010) 
reported that the jackfruit flour has a high potential in flour industry especially for thickening and binding 
agent in food systems. The protocol for producing good quality flour for making bakery items and 
confectionary productshas also been standarized, wherein regular flour biscuit available on shelves are 
crunchy with good taste and flavour and has a shelf life for about two months, however these confectionary 
products were short lived, but proved to be excellent in consumer preferences as per sensory panel ratings. 
Jayus et al. (2016) investigated the physical and chemical properties of seed flour under fermentation and 
reported that degree of whiteness of jackfruit flour produced under longer time of incubation during 
fermentation were higher compared to that of shorter duration. However, starch structure differences could 
not be seen, the only difference observed were the differences of the oligosaccharides content. 
1. Kheer: Jackfruit seed kheer is famous in southern states of India and commonly called as payasam 
(Srivastava et al., 2017). In order to prepare kheer, the seeds are pressure cooked until it is soft and the 
cooked seeds are then mashed to a paste. This paste is cooked with coconut milk, jaggery and dried fruits 
fried in ghee. Ajisha et al. (2018) reported on the instant payasam mix developed by mixture of raw jackfruit 
flour and jackfruit seed flour. 
2. Barfi: Barfi can also be made from jackfruit seeds. The seeds are cooked properly by adding some water, 
removed of the outer layer and grinded into a smooth paste by adding water. The paste is cooked with 
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cream/milk, wheat flour, gram flour, sugar, ghee and spice of choice until it becomes thicker. After setting 
it is cut in to desired shapes. Dey and Amin (2017) investigated the effect of nutritional, sensory and texture 
properties of jackfruit seed flour barfi with treatments 60%, 70%, 80% jackfruit seed flour and found that 
60% was more satisfactory in terms of overall evaluations. 
3. Biscuit: Jackfruit seed flour can be used for making biscuitsc. Hasan et al. (2010) prepared biscuits 
using wheat flour with 40, 50, 60, 70 and 80% of jackfruit seed flour. It was reported that the sample 
containing 50% jackfruit seed flour and 50% wheat flour has the highest score of overall acceptability. They 
further suggested that the biscuits developed from jackfruit seed flour was better than those developed 
from jackfruit alone. Elina et al. (2016) developed jackfruit biscuits by incorporating 50% wheat flour, 25% 
jackfruit seed flour and 25% cassava flours. The authors reported that their sensory evaluation and texture 
studies have a clear acceptability of the biscuit. 
4. Cake: Khan et al., 2016 investigated the quality characteristics of composite cake prepared from mixed 
jackfruit seed flour and wheat flour in which attempts was taken to escalate the functionality of cake by 
substituting wheat flour with 10%, 20%, and 30% jackfruit seed flour. The authors reported that cake 
prepared from 10% jackfruit seed flour was accepted widely by consumers. 

Roasted Jackfruit Seeds 
Roasted jackfruit seeds can be eaten as a snack and once cooked it is similar to chestnut in flavor and 
texture. However, the shelf life of roasted seeds is very low and cannot be stored for more than a few days 
at room temperature of 24 to 30°C. It can be roasted in two ways viz. oven roasted and pan roasting. For 
oven roasting, the jackfruit seeds are baked for 20 minutes in 200°C in preheated oven, which was spread 
on a baking sheet lined with aluminum foil, until the seeds can be pierced by a fork with little effort. For 
pan roasting, jackfruit seeds are spread out uniformly on to a dry iron pan and the seeds are roasted with 
low to medium heat and shaking the pan occasionally until the seeds become cracked or blistered or can be 
easily pierced by a fork. Once it is cool enough to handle with hand in both the cases, outer layer of seeds 
is peeled off which is white in colour, the inner portion which is brown in colour can be eaten directly as 
nut and which also gives the appealing look. Spada et al. (2017) demonstrated the potential of roasted 
jackfruit seeds to develop chocolate aroma. 

Pakora 
Jackfruit seeds are also utilized in preparation of pakoras. Fresh seeds are sun dried, white seed cover 
removed and splitted into two. Sun dried seeds are soaked in water and boiled with a little amount of salt 
until it becomes tender and prepared to pakoras. 

Alternative Uses of Jackfruit Seed Flour 
Vidyadhara et al. (2017) made an attempt to isolate starch from jackfruit seed flour and utilized it as a 
superdisintegrant to design fast dissolving tablets of irbesartan. They reported that tablets prepared from 
jackfruit seed starch as superdisintegrant were found to be appropriate for producing fast dissolving 
tablets. Maulida et al., 2018 studied jackfruit seeds for preparing bio plastics by plasticizer ethylene glycol 
and chitosan filler. They reported that the use of jackfruit starch as bio plastics with chitosan filler and 
plasticizer ethylene glycol has a smooth and lenient surface and also were slightly void. 

Jackfruit Waste: As Animal Feed, Bio-Oil, Jelly and Pectin 
The potential of jackfruit wastes comprising of skin, rags, stalk, seeds are a good source of feed for livestock 
(Kusmartono, 2007). It can be used as a feed for animals directly or by preparing animal feed block with 
straw (rice/wheat). The jackfruit tree leaves are commonly used for feeding goats as this was preferred, and 
a good source of protein and energy (Nguyen, 1997). It is reported that jackfruit waste contains 8.6% of dry 
matter as crude protein and organic matter digestibility at 70-78% in addition to metabolizable energy of 
11-12 MJ/kg. Soetardji et al, (2014) used jackfruit peel waste as raw material in pyrolysis for extracting 
bio-oil. They reported that pyrolysis temperature was the key factor for determining the highest yield of 
bio-oil. Further analysis reported that the jackfruit peel derived bio-oil consist of acids, alcohols, sugars, 
aldehydes, ketones, esters, ethers, phenols, furans, hydrocarbons derived, nitrogen compounds, and 
oxygenated cyclic compounds. Mondal et al. (2013) prepared jelly from fully matured jackfruits rind. Rinds 
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from fully matured jackfruit was selected, washed, cut into small pieces and boiled for around 35 minutes 
by adding water and citric acid, juices are extracted and cooked by adding sugar and citric acid until it 
reaches 65°Brix TSS (total soluble solids). Begum et al. (2017) treated jackfruit waste separately with 0.25% 
ammonium oxalate/oxalic acid at pH 4.6 and temperature 85°C, 0.1N H2SO4 at pH 2.5 and temperature 
80°C and 0.3% sodium hexametaphosphate/HCl at pH 2.2 and temperature 80°C for 1h with constant 
stirring. The authors reported that pectin obtained from treatment of ammonium oxalate and sulfuric acid 
showed similar rheological and structural properties to commercial pectin and suggested jackfruit waste 
as a good source for extracting pectin. 
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Introduction 
The practice of eating insects as food, known as entomophagy, has piqued interest in both developed and 
developing countries. Entomophagy is not a modern phenomenon; many societies throughout the world 
have used it for years to provide unique, delicious, and healthy food to their inhabitants (Raza et al., 2022). 
Edible insects as an alternative protein source for human consumption are appealing due to their low 
greenhouse gas emissions, high feed conversion efficiency, minimal land use, and capacity to transform low 
value organic side streams into high value protein products (Van Huis, 2016). 

Need for Meat Alternatives 
There are at least three reasons to step up the investigation of meat producing alternatives. Firstly, with 
the expected huge increase in meat demand, there will be shortage in production capacity. Secondly, there 
is growing worry about the environmental impact of livestock production and management. Last but not 
least, large-scale herding and slaughter have raised concerns about animal welfare and public health (van 
der Weele et al., 2019). 
Without a question, it necessitates the development of new and innovative ways to ensure appropriate, 
high-quality, safe, and nutritious meat analogues which are available and accessible to everyone at all 
times. 

Nutritional Value of Edible Insects 
Due to the huge number and variety of edible insect species, the taste buds of edible insects vary widely. 
Even between the same group of edible insects, the nutritional value of an insect varies depending on the 
insect's metamorphic phase, also designated as holometabolous species such as ants, beetles and bees, as 
well as its environment and diet (Table 1). The nutritional makeup of an edible bug varies depending on 
how it is prepared and processed before usage, such as by drying, boiling, or frying (Kulma et al., 2020). 
Insects can be consumed raw or cooked. Edible insects are of very nutritious foods that are high in energy, 
lipids, proteins, and minerals (Imathiu, 2020). 
Table 1: Consumption of Insect in Different Countries: 
SI. No. Country Insects as Food 
1 Colombia Giant queen ants, Caterpillars, Palm grubs. 
2 
 

South 
America 

Ants, Butterfly, Cicadas, Grasshoppers, crickets, Wasps, Flies, 
Bees. 

3 Pacific Islands Locust, Papua, Mantids Palm grubs, Grasshoppers, Crickets. 

4 Asia Grasshoppers, Beetles Silkworm pupa, and Dragonflies 
5 Thailand Giant water beetle 
6 Africa Caterpillars, Locusts, Termites and Mopane worm. 
7 China Silkworm pupa, Locusts, Blattaria, Cricket Termites and Fly 

larvae. 
8 India Mulberry silkworm, Termite, Grasshopper, Ants, Eri and, 

Honeybee, Dragonfly, Cricket. 
(Costa-Neto et al., 2016) 



 

 
Volume 04 - Issue 04 - April 2022       164 | P a g e  
 

Safety Aspects of Edible Insects 
When dealing with new food sources, food safety is very important. Food safety risks (Fig.1) can arise in 
the context of edible insects in four ways (1) the insect could be harmful; (2) the insect could have picked 
up dangerous compounds or human infections from its environment during its life cycle; (3) the insect could 
spoil after harvest; and (4) consumers could be allergic to the insect. 
Microbiological hazards: On uncooked edible grasshoppers, high levels of Enterobacteriaceae and lactic 
acid bacteria (LAB) have been recorded. Different researchers saw Enterobacteriaceae counts as high as 
7.6 log cfu/g, whereas LAB counts as high as 8.6 log cfu/g (Grabowski et al., 2017). Many potentially human 
harmful bacterial taxa, such as Vibrio, Streptococcus, Staphylococcus, Clostridium, and Bacillus were found 
in a study assessing the variety of microbiota present in edible insects processed and sold in Thailand 
(Osimani et al., 2017). 

Fig.1. Food Safety risks (Raheem et al., 2019) 
Parasites: Insects also carry parasites which lead to many diseases in human beings. Dicrocoelium 
dendriticum is a zoonotic parasite that can be transferred to humans by eating edible insects like ants. 
Insects such as cockroaches have been found to carry foodborne and waterborne parasites such as 
Entamoeba histolytica, Giardia lamblia, and Toxoplasma spp. (Boye, 2012). 
In this regard, it's critical to look into the role of farmed insects in the development of parasitic foodborne 
diseases in humans, especially when it comes to edible insects that are eaten raw. This is beneficial because 
to the present surge in interest in insect farming in both developing and developed countries, which has 
the potential to spread any problems that may exist (Imathiu, 2020). 
Heavy metals: In terms of heavy metals, there is currently limited knowledge about the safety of edible 
insects. The build-up of heavy metals in edible insects has been reported and has been proven to be 
dependent on many parameters, including insect species, growth stage, and diet substrate. There are cases 
of cadmium, mercury, copper, arsenic, lead and zinc accumulation in edible insect species of Thailand 
(Köhler et al., 2019). Insects carry heavy metals and can lead to heavy metal poisoning in human beings. 
Pesticide residues: Insects that feed on agriculture crops get exposed to pesticides that are sprayed on 
the crops. Many insects make themselves resistant to the pesticide and carry pesticide residues in them. 
Saeed et al. (1993) reported that, after spraying crops to manage the pest, potentially harmful locust tainted 
with chlorinated and organophosphorus pesticide residues were reported in the market in Kuwait. In this 
investigation, pesticide concentrations of chlorinated and organophosphorus pesticides as high as 49.2 g/kg 
and 740.6 g/kg were found in insect samples. Hence careful processing must be done in order to eliminate 
these harmful residues. 
Allergens: The main nutritional factor of insects is high protein content, due to which insect foods are 
gaining more importance. On the other hand, many proteins are allergens that cause mild to serious issues 
from skin rashes to even death. Certainly, insects rich in proteins may also contain some allergens which 
give a negative effect on human health.  

Microbial hazards Parasites Heavy metals

Pesticide residues Allergens

Mycotoxins
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Mycotoxins: Mycotoxins could be found in the feed substrate used to raise edible insects (Schrögel et al., 
2019). These show that edible insects can pose a food safety risk, particularly because of the acute and 
chronic health consequences it can have on humans. 

Conclusion 
Due to increase in world population, the limiting factors such as agricultural land, water calls for new 
alternatives where in the population can meet all the nutritive requirements. Hence, the alternative- 
cultured meat and edible insect food. Insect food and cultured meat are rich in proteins, amino acids, 
minerals and vitamins and have proved themselves to be the best alternative source for plant and animal 
sources. Conversely, the safety concern should be taken into consideration to make these foods globally 
acceptable. This review provides a basic idea about all the possible hazards that make their way into these 
foods. Lack of research has given a gap and yet to ensure the safety of these foods. Therefore, in future 
many collaborative efforts and researches must be carried out to ensure the safety of these foods. 
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Introduction 
Plant breeders have been very successful in increasing crop yields and the phenomenon of heterosis has 

contributed to these advances for about 100 years. However, global food shortage due to population increase 

and global climate change is imminent, so further increases in crop production are critical. While heterosis 

has already contributed to increased yield, we do not understand the molecular mechanisms of heterosis 

and the study on heterosis provides the way for it. 

Heterosis 
It is defined as the superiority of F1 hybrid over both the parents in terms of yield and some other 

characters. The term heterosis was first used by Shull (Father of Heterosis) in 1914. 

Theories of Heterosis 
1. Dominance hypothesis: It was first proposed by Davenport in 1908. It was later expanded by Bruce, 

Keeble and Pellow. According to this hypothesis “the dominant allele has favourable effect, while the 

recessive allele has unfavourable effect at each locus”. In heterozygous state, the deleterious effect of 

recessive alleles is masked by their dominant alleles.  

2. Over dominance hypothesis: This hypothesis was independently proposed by East and Shull in 1908.  

It is also known as single gene heterosis or super dominance theory.  Heterozygotes at some of the loci are 

superior to both the homozygotes. Thus, heterozygote Aa would be superior to AA and aa.  In 1936, East 

proposed that at each locus there are several alleles at a1, a2, a3 & a4 etc, with different functions 

Heterozygotes with more divergent alleles would be more heterotic E.g., a1a4 superior to a1a2 or a2 a4. 

Comparison of Dominance and Over Dominance Hypothesis 
Dominance Hypothesis Over dominance Hypothesis 

Inbreeding leads to Reduced vigour and fertility Inbreeding leads to Reduced vigour and fertility 

Out crossing leads to Heterosis Out crossing leads to Heterosis 

Degree of heterosis increases with Genetic 

diversity in parents 

Degree of heterosis increases with Genetic 

diversity in parents 

Inbreeding depression is the result of 

Homozygotes for deleterious recessive alleles 

Inbreeding depression is the result of 

Homozygosity itself 

Heterosis is the result of Masking of the harmful 

effects of recessive alleles by their dominant 

alleles 

Heterosis is the result of Heterozygosity itself 

The phenotype of heterozygote is Comparable to 

that of the dominant alleles 

The phenotype of heterozygote is Superior to both 

the homozygotes 

Inbreds as vigorous as the F1 hybrids Can be 

isolated 

Inbreds as vigorous as the F1 hybrids Cannot be 

isolated 

Molecular Basis of Heterosis 
1. Intermediate amount of single gene product 

2. Separate gene products  

3. Combined gene product  

http://ecoursesonline.iasri.res.in/mod/page/view.php?id=7788
http://ecoursesonline.iasri.res.in/mod/page/view.php?id=7788
http://ecoursesonline.iasri.res.in/mod/page/view.php?id=7814
http://ecoursesonline.iasri.res.in/mod/page/view.php?id=7814
http://ecoursesonline.iasri.res.in/mod/page/view.php?id=7814
http://ecoursesonline.iasri.res.in/mod/page/view.php?id=8002
http://ecoursesonline.iasri.res.in/mod/page/view.php?id=8002
http://ecoursesonline.iasri.res.in/mod/page/view.php?id=7814
http://ecoursesonline.iasri.res.in/mod/page/view.php?id=8002
http://ecoursesonline.iasri.res.in/mod/page/view.php?id=8002
http://ecoursesonline.iasri.res.in/mod/page/view.php?id=7788
http://ecoursesonline.iasri.res.in/mod/page/view.php?id=7788
http://ecoursesonline.iasri.res.in/mod/page/view.php?id=7814
http://ecoursesonline.iasri.res.in/mod/page/view.php?id=7814
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4. Effect in two different tissues. 

Estimation of Heterosis 
1. Average heterosis: It is the heterosis where F1 is superior to mid parent value. In other words, superior 

to average of two parents. 

       F1 - MP 

---------- x 100 

          MP 

Where F1 = Mean of hybrid MP = Mid parental value. (P1 + P2) where P1 = Parent 1; P2 = Parent 2 This 

type of heterosis is of no use in agriculture since the superiority is below the better parent value. 

2. Heterobeltiosis: It is the superiority of F1 over the better parent. 

       F1 - MP 

---------- x 100 

          MP 

Where BP = Mean of Better Parent. 

3. Economic heterosis (Standard heterosis): Superiority of F1 compared to the high yielding 

commercial variety in a particular crop. 

       F1 - CV 

--------- x 100 

          CV 

Where CV = Mean of Commercial Variety. 

4. Negative heterosis: Performance of F1 inferior to better parent / mid parent value. - e.g., Duration. 

Manifestation of Heterosis 
1. Increased yield: Heterosis is generally expressed as an increase in the yield of hybrids. The yield may 

be measured in terms of grain, fruit, seed, leaf, tubers or the whole plant. 

2. Increased Reproductive Ability: More number of flowers/fruits/seeds. The hybrids are generally more 

vigorous, i.e., healthier and faster growing and larger in size than their parents.  

3. Better Quality: In many cases, hybrids show improved quality. For example, many hybrids in onion 

show better keeping quality, but not yield than open-pollinated varieties. 

4. Earlier Flowering and Maturity: In many cases hybrids are earlier in flowering and maturity than 

the parents. But earliness is highly desirable in many situations particularly in vegetables. 

5. Greater resistance to disease and pest: Some hybrids are known to exhibit a greater resistance to 

insect or diseases than their parents. 

6. Greater adoptability: Hybrids are generally more adapted to environmental changes than inbreds. 

7. Faster growth rate: In some cases, hybrids show a faster growth rate than their parents. But the total 

plant size of the hybrids may be comparable to that of parents. In such cases, a faster growth rate is not 

associated with a larger size. 

Heterosis and Hybrid Vigour 
Hybrid vigour is used as synonym of heterosis.  In other words, hybrid vigour is the manifested effect of 

heterosis. Generally, hybrid vigour describes only superiority of hybrids over the parents. The term hybrid 

vigour is used to distinguish the F1 superiority from negative heterosis. 

Luxuriance 
It is the increased vigour and size of interspecific hybrids. Difference lies in the reproductive ability of the 

hybrid. Heterosis is associated with increasing fertility. Luxuriance is expressed by interspecific hybrids 

which are generally sterile or poorly fertile. 

Heterosis Breeding 
In production of hybrids, inbreds are preferred rather than open pollinated varieties (OPVs). 
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Advantages in Using Inbreds 
Inbreds can be maintained without a change in the genotype. Whereas OPV cannot be maintained pure. 

The hybrids derived from inbreds will be uniform, whereas it may not be in case of OPV. The inbreds are 

homogenous and their performance can be predicted whereas OPV are heterogeneous and their prediction 

in performance cannot be made. 

 

Operation in Production of Hybrids 
1. Development of inbreds  

2. Evaluation of inbreds  

3. Production of hybrid seed. 

Development of Inbreds 
1. Development of inbreds through selfing 

2. Development of inbreds from haploid plants. 

Evaluation of Inbreds 
1. Phenotypic evaluation 

2. Top cross test 

3. Single cross evaluation 

4. Prediction of double cross performance. 

Production of Hybrid Seed 
1. Requirements for hybrid seed production. 

2. Easy emasculation. 

3. Effective pollen dispersal. 

Methods of Hybrid Seed Production 
1. Hand emasculation and dusting - Cotton, Tomato, Chillies, Bhendi. 
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2. Use of male sterility: 

a. Cytoplasmic male sterility - ornamentals 

b. Genic male sterility - Redgram, Castor. 

c. Cytoplasmic - genic male sterility - Jowar, Bajra, Rice. 

3. Use of self-Incompatibility By planning cross compatible lines, hybrids are produced. E.g., Brassicas. 

Types of Hybrids 
1. Single cross hybrids: Crossing two inbreeds or pure lines - (A x B) 

2. Three-way cross hybrid: A cross between a single cross hybrid and an inbred – (A x B) x C 

3. Double cross hybrid: Cross between two Fl s.  (A x B) x (C x D)  

4. Top Cross hybrid: Cross between inbred and an open pollinated variety 

5. Double Top Cross hybrid: Cross between Double Cross hybrid crossed with open pollinated variety. 

Success of Hybrids Depends 
1. Easy hand emasculation 

2. Abundant seed set to compensate cost of hand emasculation 

3. Stable male sterile lines 

4. Effective restorers 

5. Effective pollen dispersal 

Achievements 
1. Maize Ganga 1, Deccan, Ranjit- DC hybrids (1961) Quality protein hybrids (opaque 2 )- Histarch Hybrid 

Makka, HM 4, Vivek QPM 9 

2. Pearl millet HB 1 –First hybrid developed during 1965. PHB 10, PHB 11- resistant to downy mildew 

3. Sorghum   CSH 1 - First hybrid in 1965 Latest: CSH 10, CSH 11 

4. Red gram ICPH 8 –First GMS based hybrid GTH 1- First CGMS based hybrid; Popular hybrid ICPH 

2671 (Pushkal). 

Conclusion 
In heterosis, the hybrid varieties exploit both General and Specific combining ability, and hence it produces 

a high yield. The varieties of heterosis breeding are more uniform compared to open-pollinated varieties, 

synthetic and composite varieties. The Hybrid varieties are maintained in the form of their parental 

inbreds, which ensures that the genetic constitution does not change. Moreover, hybrid seed production 

requires technical skills, and exploiting the full potential of hybrid requires adequate irrigation, fertilizer, 

weed control. In many cross-pollinated species, the requirement of isolation is rigid and difficult to fulfill 

except on large farms. Therefore, the wide scope is there for varietal as well as hybrid development through 

heterosis breeding. 
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Introduction 
“Extension education is a professional method of non-formal education to bring desirable changes in 

knowledge, skills, attitudes and understanding of the rural people to improve their social, economic and 

psychological status.” Having defined Extension as above, we have to recognize the fact that the word has 

different meanings for different individuals and groups depending mainly on their personal interest, 

background and technical training etc. For instance, in U.S.A. where Extension work is purely educational 

in nature, the scope of the word ‘Extension’ may be summed up in one sentence-Extension is an educational 

organization, an educational process and an educational job. Similarly, in our country the word ‘Extension’ 

is used to connote mainly three different aspects of extension work-the job, the agency (organization) and 

the means (or process). Many workers and lay people feel that agricultural extension is merely the process 

of providing the farmers with the supplies and services required by them for increasing production. Some 

administrators think that agricultural extension means planning and organizing a good programme of 

agricultural production at the national, state, district and or block level and ensuring its proper execution. 

On the other hand, many of the agriculturally trained workers and teachers of Extension consider 

agricultural extension as an educational process, a system of teaching or extending useful information, 

based on research and/or practical experience, which if accepted and adopted by the farmers, will serve to 

increase production and net income. 

 

Meaning and Definitions 
Extension is a programme and a process of helping village people to help themselves, increase their 

production and to raise their general standard of living. -D. Ensminger 1967. Extension is a two way 

channel; it brings scientific information to the village people, and also takes the problems of the village 

people to the scientific institution for solution. It is a continuous educational process, in which both learner 

and teacher contribute and receive. -B. 

Rambhai 
Extension Education is a science which deals with the creation, transmission and application of knowledge 

designed to bring about planned changes in the behaviour-complex of people, with a view to help them live 

better by learning the ways of improving their vocations, enterprises and institutions. Reddy A Adivi 

1993. 

Extension Education is an applied science consisting of content derived from research, accumulated field 

experiences and relevant principles drawn from the behavioural sciences synthesized with useful 

technology into a body of philosophy, principles, content and methods focused on the problems of out-of-

school education for adults and youth. Leagans (1961). 
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Agricultural Extension 
It is a professional method of non-formal education aimed at inducing behavioural changes in the farmers 

for increasing their income through increased production and productivity by establishing firm linkages 

with research for solving farmer’s problems ensuring adequate and timely supply of inputs and using 

proven methods of communication for speeding of the process of diffusion and adoption of innovations. -

Y.C. Sanoria. 

 

It may be defined as a special branch of Extension Education which deals with the economic and social 

aspects of people engaged in or associated with agriculture. -National Commission on Agriculture, 1976 

Some Important Concepts of Extension Education: “A concept is an Abstraction from observed events or a 

short hand representation of a variety of fact.” The purpose of concept is to simplify thinking by summing 

up of a number of events under one heading. “Concept is an idea, general notion or way in which one can 

see a thing in his mind. In more general, concept means assigning meaning to the words.” 

Certain Concepts of Extension 
There are three main concepts in Extension. They are: 

1. Education. 

2. Extension Education Process. 

3. Salesman ship. 

The Basic Concept of Education 
The basic concept of Extension is that it is Education. What is Education? Education is the production of 

desirable changes in human behaviour. Extension is providing education.  

The three kinds of behaviourial changes produced through Extension Education are illustrated below: 

1. Change in knowledge: Eg: Extension worker can improve knowledge of paddy farmers on WTO 

through trainings. Eg: Knowledge of rural women on pesticide hazards can be improved by giving trainings 

2. Change in skills (Mental and physical): 

a. Mental skills: Application of knowledge in solving the problems of life i.e ability of the person to 

work out solutions and ways to meet new problems. Eg: Calculation of seed rates, fertilizer dosages, 

pesticide dosages etc. 

b. Physical skills: Ability of a person to do any work physically. Eg: Skills of women farmers on 

mushroom cultivation can be improved by demonstrations. Eg: Skills of farmers on poison bait 

preparation for Spodoptera management can be improved by demonstrations. 

3. Change in attitude: Eg: Attitude of farmers can be changed from paddy cultivation to flower cultivation 

through exposure visits. Eg: Negative attitude of women farmers towards mushroom consumption can be 

changed by explaining nutritional importance to them.  
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Change in attitude is most important one usually neglected. Extension worker may improve knowledge 

and skills of farmers in SRI method of paddy cultivation but unless the attitude of farmers is made positive 

towards SRI, implementation does not happen. Example for KAS change in a single programme. Rodent 

Management: 

a. Change in Knowledge: Farmers are trained to make them aware of rodent management 

techniques viz., modern rat traps, use of celphos tablets, bromodiolone, fumigation techniques and 

ITK’s and dosages, time, method and place of application of chemicals etc. 

b. Change in skills: Farmers are demonstrated on how to locate live burrows, baiting procedure 

etc 

c. Change in attitude: farmers attitude is killing rat is a sin because it is the asana of lord Ganesh, 

this attitude has to be changed by explaining them the extent of losses caused by rodents to them 

and to their neighbours, if left uncontrolled.  

How Attitudes Change? 
1. Naturally: 

a. As a natural result of changes in age levels Eg: A farmer when he is young, he may be 

fascinated by city jobs but after he gets old, he realizes the importance of his own Agriculture. 

b. As a result of assuming new responsibilities Eg: A farmer may have self-centered interests when 

he is a member of RMG but when he becomes president of RMG he thinks of group development. 

c. As a sequel to mark changes in status Eg: When a farmer becomes rich in real estate boom his 

attitude towards Agriculture may change, he may prefer commercial business to Agriculture. 

d. Abrupt changes in attitude may occur as a result of some personal or national crisis Eg: If a 

farmer loses his entire belongings in floods, he may lose interest in Agriculture and migrate to city 

for better livelihood. 

e. Attitudes are also changed through rationalization in order to accept a personal situation or to 

modify or ignore it. 

2. Changes in attitudes due to planned sharing of: 

a. Common knowledge. 

b. Planning. 

c. Decision making. 

References 
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Abstract 
The goal of sustainable agriculture is on generating long-term crops and stocks while minimizing 

environmental impacts. Sustainable agriculture Such agriculture attempts to reconcile the requirement 

for food production with environmental protection of the ecological system. Rice systems that are 

sustainable. In the past, rice production has been affected by varied environmental and socio-economic 

situations. Rice producing environments include irrigated plains, irrigated uplands, rainfed lowlands and 

uplands and floating deepwater ecosystems based on soil-water conditions. The reduction of rice food 

scarcity and rural unrest and poverty within rice systems are constrained and challenged. Fortunately, the 

limits and obstacles are addressed technically. Some of these possibilities are: Agriculture Conservation 

(CA) - Intensification system of rice (SRI). Hybrid rice development. Integrated aquatic or animal rice 

systems. Integrated management of pesticides and nutrients. Agricultural strategies to enhance rice 

production sustainably In addition, labor resources, especially male work in farming, have been greatly 

reduced due to migration from rural to urban regions in Asia and Africa. In addition to the adoption of 

high-yielding and early maturing rice varieties, the application of combinations of existing technologies 

would save time, land and water for intensification of rice production in the future: 

The System of Rice Intensification (SRI) was developed in Madagascar in 1986 and has recently been 

popularized in other countries in sub-Saharan Africa, Asia and Latin America. SRI recommendations 

include: 1) Transplanting of very young seedlings (8 to 10 days after germination), 1 seedling/hill at wide 

spacing up to 50 cm x 50 cm; 2) Frequent weeding using rotary weeders before canopy closes; 3) Application 

of large amounts of compost or organic fertilizers; and draining extra water to keeping rice field at saturated 

condition (not flooded).  Rice yields, which were above 15 tonnes/ha, were frequently reported by 

the SRI promoters.  However, results of field experiments conducted by the International Rice Research 

Institute and its member countries showed no yield advantage from SRI. An international investigation is 

necessary to clarify the different results before appropriate strategy could be developed for supporting rice 

farmers. (Minimum and/or zero tillage: Land levelling using laser beam: Direct seeding in lowland rice 

production: Rotational and intermittent irrigation: Aerobic rice or irrigated upland rice:) Soil fertility: In 

the past, traditional rice farmers in Asia used raw organic matter, human and animal manures, ashes, fish 

bone and other waste materials to make the rice plant more productive. Soil analysis is widely practiced 

by farmers in developed countries for determination of fertilizer types and doses for application to rice crop. 

The majority of farmers in developing countries, however, could not afford the cost of soil analysis. 

Keywords:  Rice production, System of Rice Intensification (SRI), Production, lowland. 

Introduction 
One of the most promising innovations to enhance agricultural productivity, with positive effects on the 

natural environment, is the system of rice intensification (SRI), which originated in Madagascar in the 

early 1980s. Unfortunately, it has been slow to spread to other African countries, while its adoption has 

been expanded more rapidly in Asia, where most of the world’s rice is grown. In recent years, the imports 

represent one-third of what is available on the world market (Erika Styger et al., 2011). Increased 

production of this staple grain will both bolster food security and decrease dependence on imported food. 

Rice (Oryza sativa L.) Among cereal crops, rice (Oryza sativa L.), belongs to the family Gramineae, is a 

major source of food after wheat for more than 2.7 billion people on a daily basis. It is the most important 

crop of India and second most important crop of the world. It is planted on about one-tenth of the earth’s 
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arable land and is the single largest source of food energy to half of humanity particularly in Asia where 

rice is the staple food. Major growing states in the country are WB, AP, CH, TN, KR, Assam, MS, Orissa, 

PB and GJ. Rice consumes 70 % of water used in Agriculture; hence judicious use of water for rice 

production in a sustainable manner has become prime importance. Cereals are the member of grasses, 

which belong to family Gramineae (Poaceae) cultivated for edible components of their grain composed of 

the endosperm, germ and bran and they are particularly important to humans because of their role as 

staple food crops in many regions of the world. In their natural form, they are rich source of carbohydrates, 

protein, vitamins, minerals and fats. Approximately 50% of the world's calories are provided by rice, wheat 

and maize. India shares the world’s 21.6% rice production and accounts for 40% of the food grain production 

(Singh and Singh, 2011) in India. 

Methodology 

 

SRI production and raises the productivity of land, labour, water and capital through different practices. 

Under SRI technique seedlings of the age 11-12 days have been transplanted at the spacing of 25 × 25 cm. 

For one hectare of transplanting 1/5th of seed rate is required compared to traditional system of rice 

cultivation. That means, instead of 25 kg/ha under traditional cultivation, it requires only 5 kg/ha seeds 

under SRI. Not only that, but instead of flooding the paddy field, soil should be kept moist during vegetative 

phase under SRI and only at later stages from panicle initiation till physiological maturity 5 cm water 

height should be maintained. Under SRI methodology is of interest, because of its potential to achieve 

higher yield at lower cost of production along with saving of 40 % water (Rao et al., 2005; Anon, 2009). An 

integrated nutrient management plays a vital role in sustaining both the soil health and crop production 

on long term basis (Vijaykumar R et al., 2019). The integrated nutrient management primarily relates to 

combined application of different sources of plant nutrient (organic and inorganic) for sustainable crop 

production without degrading the natural resource on long term basis. Application of organic manure viz., 

FYM, vermicompost, poultry manure and castor cake may serve as source of macro and micro nutrients as 

well as aggregating agent. Tzudir and Ghosh (2014) opined that the integration of organic and inorganic 

sources of nitrogen provides an approach for feeding rice plant with nutrients as and when needed. This 

may lead to considerably improved rice yields by minimizing nutrient losses to the environment and 

managing the nutrient supply, and thereby, result in high nitrogen use efficiency (Kumar and Yadav, et al 

2008. Recent field experiments have demonstrated that integrated use of nutrients may lead to significant 

increase in crop yields, while substantially reducing nutrient losses (Ghosh, et al 2015). 

Cultural Practices and Observations 
Organic manure were applied as per treatments 5 days before sowing respectively. FYM 10t/h 

vermicompost 5 t/h, and poultry manure 5 t/h elemental respectively. The recommended dose 120N, 60P, 

60K. The organic manure was applying the furrows at 5 cm below the seedling depth before sowing at the 

recommended seed rate Rice was 5 to 6 kg/ha and at 2.5 cm soil depth. The seeds were covered with the 

soil from the other side of furrow. Eleven days after Transplanting (DAT) was done to maintain the desired 

plant population. Periodic hand weeding was done as and when needed. Rice was harvested from each plot 
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when 95 per cent of panicles turned brownish-yellow and started harvesting after drying. The border rows 

were harvested and kept aside and the yield was measured by manually harvesting the net plot area. Grain 

and stalk yields were recorded after proper sun-drying and tagged in bundles. Each bundle was weighed, 

threshed and cleaned separately and seed yield per plot was calculated from net plot. Grain and straw 

yields were recorded separately. Moisture in the seed was 10 per cent at the time of harvesting. Randomly 

selected ten plants were taken from each plot for agronomic observations of yield and yield parameters. 

Test weight of 1000 seeds from each plot was recorded with the seed yield. 

 

 

Conclusion 
International Rice Research Institute and its member countries showed no yield advantage from SRI. An 

international investigation is necessary to clarify the different results before appropriate strategy could be 

developed for supporting rice farmers. (Minimum and/or zero tillage: Land levelling using laser 

beam: Direct seeding in lowland rice production: Rotational and intermittent irrigation: Aerobic rice or 

irrigated upland rice:) Soil fertility: In the past, traditional rice farmers in Asia used raw organic matter, 

human and animal manures, ashes, fish bone and other waste materials to make the rice plant more 

productive. Soil analysis is widely practiced by farmers in developed countries for determination of fertilizer 

types and doses for application to rice crop. The majority of farmers in developing countries, however, could 

not afford the cost of soil analysis. 
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Introduction 
Decision-making is an important job of a manager. Every day he has to decide about doing or not doing a 

particular thing. A decision is the selection from among alternatives. “It is a solution selected after 

examining several alternatives chosen because the decider foresees that the course of action, he selects will 

be more than the others to further his goals and will be accompanied by the fewest possible objectionable 

consequences. It is the selection of one course of action from two or more alternative courses of action. In 

the words of Mac Farland, “A decision is an act of choice wherein an executive form a conclusion about 

what must be done in a given situation. 

 
A decision represents a course of behavior chosen from a number of possible alternatives.” The way an 

executive act or decides the course of action from among various alternatives is an act of decision-making. 

George Terry says, “Decision-making is the selection based on some criteria from two or more possible 

alternatives.” Though there are many alternatives available for a manager but he has to choose the best 

out of them. 

Characteristics 
1. Decision-making is based on rational thinking. The manager tries to foresee various possible effects of a 

decision before deciding a particular one. 

2. It is a process of selecting the best from among alternatives available. 

3. It involves the evaluation of various alternatives available. The selection of best alternative will be made 

only when pros and cons of all of them are discussed and evaluated. 

4. Decision-making is the end product because it is preceded by discussions and deliberations. 

5. Decision-making is aimed to achieve organizational goals. 
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6. It also involves certain commitment. Management is committed to every decision it takes. 

Nature of Decision-Making 
A decision is always related to some problem, difficulty or conflict. Decisions help in solving problems or 

resolving conflicts. There are always differences of opinions, judgments, etc. Managerial decision helps in 

maintaining group effectiveness. All problems may not require decision- making but merely the supply of 

information may be sufficient. For example, when will different groups report for re-orientation? The supply 

of information about training programme may be enough. 

Decision problems necessitate a choice from different alternatives. A number of possibilities are selected 

before making a final selection. Decision-making requires something more than a selection. The material 

requiring a decision may be available but still a decision may not be reached. A decision needs some sort of 

prediction for the future on the basis of past and present available information. The effect of a decision is 

to be felt in future so it requires proper analysis of available material and a prediction for the future. If 

decision premises do not come true, then decision itself may be wrong. 

Sometimes decisions are influenced by adopting a follow- the-leader practice. The leader of the group or an 

important manager of a concern sets the precedent and others silently follow that decision. Whatever has 

been decided by the leader becomes a guide for others and they also follow suit. The decisions may also 

emerge from answers to pertinent questions about the problem. Such answers try to narrow down the 

choice and help in making a decision. 

Types of Decisions 
1. Programmed and Non-Programmed Decisions: Programmed decisions are of a routine nature and 

are taken within the specified procedures. These decisions are made with regard to routine and recurring 

problems which require structured solutions. A manager is not required to go through the problem-solving 

procedures again and again for taking programmed decisions. 

The decision rules for programmed decisions should be prepared carefully and intelligently so that lower-

level executives are able to take the decisions without making references to higher managerial levels. No 

judgment or discretion is needed to find out solutions to such problems. These decisions remain consistent 

for a relatively longer period of time and over many solutions. 

Non-programmed decisions are related to problems which are unique and non-repetitive. The information 

and knowledge about such decisions is not available. Such decisions are made under new and unfamiliar 

circumstances. The standard and pre-determined procedures and rules are rendered ineffective in 

programmed decisions because every decision will have to be taken separately. Non-programmed decisions 

are usually grade for solving unstructured problems which keep on changing from time to time. 

Every problem has to be restructured and analyzed by the manager by using his skill, judgment and 

creativity. For example, a decision regarding adding a new product, purchase of new machinery, opening a 

new branch, appointment of a new chief executive are all non- programmed decisions and require separate 

attention for each decision. 

2. Strategic and Tactical Decisions: Strategic decisions relate to policy matters and need the 

development and analysis of alternatives. These decisions influence organizational structure, objectives, 

working conditions, finances etc. Strategic decisions exercise great influence on the functioning and 

direction of the organization and have long-term implications. They also define and establish the 

relationship of the organization with external environment. Such decisions require more resources, 

judgment and skill. Because of their importance, strategic decisions are taken at top managerial levels. 

The decisions such as adding a new product or service, introduction of new technology, taking over of 

another organization, selection of a location are all strategic decisions. These decisions once taken cannot 

be easily reversed. The impact of these decisions is fairly long because expansion, growth, development and 

profitability of the organization is linked to them. Strategic decisions somewhat resemble to non- 

programmed decisions because they possess the characteristics of the latter. 

In order to implement strategic decisions, management has to make some tactical, operational or routine 

decision. One strategic decision may require many operational decisions. These decisions are concerned 
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with routine and repetitive matters arising out of the working of the organization. Such decisions do not 

require managerial judgment and are taken at lower levels of the management. Tactical decisions are more 

specific, functional and have short-term implications. Such decisions are taken by referring to established 

rules, procedures and standards. 

3. Individual and Group Decisions: A decision taken by one person is known as individual decision. In 

a small concern normally, the owner takes most of the decisions, in a bigger concern the routine or simple 

decisions may be left to a particular manager. Such decisions are generally taken as per predetermined 

rules and procedures and require less application of judgment and skill. When a manager is required to 

take a decision, he is supplied with information and other inputs needed for this purpose. All managers, 

whether at top level or at lower level, take decisions for carrying out their activities? 

When decisions are taken by two or more persons, these are known as group decisions. Generally, strategic 

or other important decisions are taken by groups instead of individuals because of risk involved. The 

decisions of Board of Directors or Committees come under this category. 

Group decisions are normally important and have long-term implications for the concern. A decision 

regarding introducing a new product, shifting to latest technology, trying labour saving devices etc. may be 

better taken by a group of specialists than by an individual. Group decisions are generally time consuming 

but otherwise these are well discussed decisions. 

Conclusion 
International Rice Research Institute and its member countries showed no yield advantage from SRI. An 

international investigation is necessary to clarify the different results before appropriate strategy could be 

developed for supporting rice farmers. (Minimum and/or zero tillage: Land levelling using laser 

beam: Direct seeding in lowland rice production: Rotational and intermittent irrigation: Aerobic rice or 

irrigated upland rice:) Soil fertility: In the past, traditional rice farmers in Asia used raw organic matter, 

human and animal manures, ashes, fish bone and other waste materials to make the rice plant more 

productive. Soil analysis is widely practiced by farmers in developed countries for determination of fertilizer 

types and doses for application to rice crop. The majority of farmers in developing countries, however, could 

not afford the cost of soil analysis. 
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Introduction 
Family therapy: Family therapy, also referred to as couple and family therapy, marriage and family 

therapy, family systems therapy, and family counseling, is a branch of psychotherapy that works 

with families and couples in intimate relationships to nurture change and development. It tends to view 

change in terms of the systems of interaction between family members. It emphasizes family relationships 

as an important factor in psychological health. The different schools of family therapy have in common a 

belief that, regardless of the origin of the problem, and regardless of whether the clients consider it an 

"individual" or "family" issue, involving families in solutions often benefits clients. This involvement of 

families is commonly accomplished by their direct participation in the therapy session. 

Why it Done? 
Family therapy can help to improve troubled relationships with the partner, children or other family 

members. They may address specific issues such as marital or financial problems, conflict between parents 

and children, or the impact of substance abuse or a mental illness on the entire family. Family may pursue 

family therapy along with other types of mental health treatment, especially if one has a mental illness or 

addiction that also requires additional therapy or rehabilitation treatment. For example: - Family therapy 

can help family members cope if a relative has a serious mental illness such as schizophrenia — but the 

person who has schizophrenia should continue with his or her individualized treatment plan, which may 

include medications, one-on-one therapy or other treatment. In the case of addiction, the family can attend 

family therapy while the person who has an addiction participates in residential treatment. Sometimes the 

family may participate in family therapy even if the person with an addiction hasn't sought out his or her 

own treatment. 

Types of Family Therapy 
1.Structural Family Therapy: Structural family therapy (SFT) is a treatment that addresses patterns 

of interaction that create problems within families. Mental health issues are viewed as signs of a 

dysfunctional family; therefore, the focus of treatment is on changing the family structure rather than 

changing individual family members. The goal of SFT is to improve communications and interactions 

among family members and to highlight appropriate boundaries to create a healthier family structure. 

When It’s Used: Families and children at risk, including single parents, blended families and 

extended families, can benefit from SFT. Settings for SFT include private practice, mental health 

clinics, substance abuse programs, child welfare agencies and schools. 

Intervention: Structural therapy uses family mapping to join and accommodate the family setting. 

In addition, these areas pertain to family rules, patterns and structure. Minuchin describes six areas 

of observation that are identified in the family structure. These areas include transactional 

patterns, flexibility, resonance, context, family development stage and maintaining family 

interactions. In reference, intervention methods are based on directives that feed the symptom by 

giving a set of instructions to emphasize communication. The model also conceptualizes the problem 

with finding the right strategy to understand the issue with clarity. 

What to Expect: After observing how the family interacts, the therapist will draw a chart or map 

of the family’s structure. This chart helps identify the hierarchy, boundaries and subsystems, or 

sub-relationships, within the family unit, such as the relationship between parents or between one 

parent and one particular child. Using this outline, the therapist can also see where changes are 

needed and what type of interventions will help restructure the family. Family members may be 
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asked to role-play a problematic situation and at times, the therapist may appear to be “taking 

sides” to help disrupt a negative pattern within a family subsystem and change the dynamic of the 

relationship. 

2. Strategic Family Therapy: Strategic therapists are problem-solvers and solution-finders. They are 

the referees and coaches, not the spectators passively observing the action played out before them. They 

aren’t concerned with where or how the problem started, only how to address it and solve it at this point in 

time. According to a website devoted to strategic therapy pioneer Jay Haley, “strategic therapy is any type 

of therapy where the therapist initiates what happens during therapy and designs a particular approach 

for each problem.” The strategic therapist becomes actively involved and responsible in helping clients turn 

their lives around, in helping them strategically plan, execute, and measure “game winning” outcomes. 

Haley Outlined Five Integral Stages that All Strategic Therapists Implement 
1. Identify solvable problems 

2. Set goals 

3. Design interventions to achieve those goals 

4. Examine the responses 

5. Examine the outcome of the therapy. 

Haley’s Model for Effective Family Therapy can be Summarized as Follows 
1. Individuals don’t develop problems in isolation, but as a response to their social environment. 

2. In strategic family therapy, the therapist develops techniques for solving problems specific to the family’s 

interactions and structure. 

3. The therapist sees the problem as part of a sequence of interactions of those in the individual’s immediate 

social environment. 

4. Symptoms of a particular pathology or behavior must be studied in relation to the social unit or family 

system. 

5. The emphasis of the therapy is not on the individual but on the social situation or structure. 

6. The goals of strategic family therapy are to solve problems, achieve the family’s goals, and ultimately, 

change an individual’s dysfunctional or problematic behaviors. 

Goals of Therapy 
1. Help the family define clear, reachable goals 

2. Break the pattern; perturb the system 

3. First and second order change- ideally second order change (we cannot make this happen-- it is 

spontaneous) 

Intervention 
1. Initially the therapist tries to change the family’s low expectations to one where change within the family 

can happen. 

2. Second, the issue that the family wishes to fix is identified in a clear and concise manner. 

3. Third, and in line with the goal-setting stage, the therapist seeks to get the family to agree to exactly 

what their goals are in addressing their problem. 

4. Fourth, the therapist comes up with very specific plans for the family to address their issue. 

5. Fifth, the therapist discredits whomever is the controlling figure of the issue. 

6. Next the therapist replaces the controlling figure with their own authority and issues a new directive to 

fix the family’s identified problem. The new directive for the family is usually to paradoxically do more of 

the problem symptom, and thereby to highlight it more within the family. 

7. Finally, the therapist learns the outcome of the directive and seeks to push the paradox even further 

until the family rebels, or change occurs within the family. 
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Introduction 
Humans in the world are suffering with different kinds of diseases and even fatal sometimes. We came up 

with ways to protect ourselves from these diseases through drugs and vaccines. The term “self-medication” 

refers to any instance in which someone uses a substance to treat a self-diagnosed illness. But we are not 

the only medical doctors who heal our wounds. A lot of animals out there in the world self-medicate and 

protect themselves such as elephants, chimpanzees, porcupines, sheep, goats. The term “self-medication” 

refers to any instance in which someone uses a substance to treat a self-diagnosed illness. The science of 

animal self-medication which involves the ingestion or application of substances by non-human animals to 

prevent or treat illnesses is called “zoopharmacognosy”. Interestingly, even the insects with their tiny 

brains can medicate themselves.  

Janzen (1978) was the first to report instances of apparent treatment, in which vertebrates chose secondary 

plant chemicals having antiparasitic activity. After Janzen, much of the studies on animal medication 

focused on vertebrates, as self-medication was previously assumed to be a learned behavior, acquired 

through experience, rather than an innate behavior. However, research conducted over the last 15 years 

has revealed that medication behaviors are often innate and widely reported in different insects, propelling 

insects as major model systems for the study of animal medication (Abbott, 2014). Bees, ants, flies and 

butterflies use a wide range of toxic and nutritional compounds to medicate themselves or their genetic 

kin. 

Criteria for Self-Medication 
An insect has two lines of defence system. First, its cuticle acts as a barrier to keep pathogens away, and 

second, their immune systems can combat infection if the pathogen penetrates this layer. When neither of 

these defence systems is effective, an insect can look to its habitats for compounds that will aid to fight 

against infections. Notably, this behavior differs from the regular dietary requirement consumption. 

Substances consumed may either be prophylactic or therapeutic in nature, but there are four requirements 

that must be followed in order to establish legitimate self-medication (Clayton and Wolfe, 1993) 

1. The substance in question must be deliberately contacted.  

2. The substance must be detrimental to one or more parasites.  

3. The detrimental effect on parasites must lead to increased host fitness.  

4. The substance must have a detrimental effect on the host in the absence of parasites. 

Recent Evidences of Self-Medication in Insects 
Fruitflies: Fruit flies are one of the best-studied examples of self-medication in insects, involving both 

therapeutic self-medication and preventive transgenerational medication (Milan et al., 2012). At times in 

spite of a series of innate immune mechanisms that fight pathogens, the fruit fly must resort to self-

medication to confront specific predators, such as parasitoid wasps. Fruit flies come across alcohol-

producing foods in their natural environment and depending on whether or not they are parasitized by 

wasps, they may opt to consume them. Healthy fruit flies preferentially choose foods with low ethanol 

content as foods with alcohol tend to lower their fitness. When wasps are present, however, consuming 

alcohol-producing food is a smart decision because it aids in the killing of wasp larvae, providing "drunk" 

flies a better chance of survival than "sober" flies.  

Alcohol-laden diets are not only employed by parasitized fruit flies for self-medication, but they can also 

protect fruit fly progeny from being parasitized. Female wasps lay their eggs in fruit flies and their larvae, 

so it’s not surprising that female fruit flies developed a defence strategy to avoid this. Female fruit flies lay 

their eggs on low-alcohol food when they don't have to deal with female wasps. When a female wasp is 
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spotted, the fruit fly begins laying eggs on food that contains more alcohol, preparing the fruit fly larvae to 

fight parasitic wasps (Kacsoh et al., 2013). 

Thus "self-medication" includes examples of medication that aren't just for "self," but also for female fruit 

flies and their offspring. From an evolutionary standpoint, this makes sense because the fruit fly's progeny 

offers a method for the female fruit fly's DNA to live on after she dies.  

Social insects: The definition of "self-medication" is pushed even further by social insects like bees and 

ants. They dwell in colonies with thousands or millions of individual insects, and the colony's high 

population density raises the risk of infection. However, just as colonial life has its risks, the colony can 

work together to prevent an illness from occurring or to limit its spread. 

Ants and bees do this by collecting antimicrobial or antifungal resins that protect their colonies from 

bacteria and fungi, respectively. The timing of resin collection differs in both bees and ants. Ants engage 

in social prophylaxis by collecting antimicrobial resin from conifers to prevent the spread of bacteria in the 

colony, but they do not begin collecting more resin when the colony is sick (Castella et al., 2008). On the 

other hand, bees provide social therapeutic medication. They gather resin on a regular basis, but after 

becoming infected with a fungal pathogen, they begin to collect even more resin (Simone-Finstrom and 

Spivak, 2012).  

Butterflies: The monarch butterfly Danaus plexippus (Linnaeus) is attacked by the protozoan 

parasite Oprhyocystis elektroscirrha, causing it to lose its ability to fly and eventually die. Furthermore, 

when female butterflies lay eggs, they accidentally pass the parasite to their larvae. 

Milkweed is the preferred food of monarch butterfly larvae, and there are a variety of medicinal and non-

medicinal milkweed varieties. Monarch butterflies lay their eggs on medicinal milkweed species which 

contain cardenolides, to protect their offspring from parasites (Lefèvre et al., 2012).  

Still there are many studies demonstrating self-medication in insects such as in the wooly bear caterpillar 

Grammia incorrupta Edwards, the preference for pyrrolizidine alkaloids (PAs) increases for the purpose of 

therapeutic self-medication. Similarly, the protein intake was higher in the surviving individuals of larvae 

of the armyworm, Spodoptera when infected with virus and bacteria. 

Future Implications 
In the quest for new drugs, scientists have looked at everything from traditional native remedies to marine 

bacteria. It’s therefore not a great leap to expand the search for novel natural compounds to examples of 

self-medication in insects. 

Despite the innumerous differences between humans and insects, there have already been cases in which 

compounds present in human drugs have also been used by insects. Scientists have looked at everything 

from traditional native remedies to marine microorganisms in their search for novel drugs. Now, it is not 

a big deal to direct the research towards insect self-medication. 

Despite the vast distinctions between people and insects, there have been instances where substances found 

in human medications have been utilized by insects. Cardenolides are a class of chemicals that have been 

utilized to treat both cancer and heart failure. Self-medication in insects can also inform us about the best 

techniques to raise specific species. 

For example, beekeepers have chosen bees that collect less resin during the domestication of honeybees 

because large amounts of resin make honey harvesting more difficult. Given the delicate nature of beehives 

and the proclivity of colonies to disease, beekeepers may want to reconsider their stance on resin. 

Conclusion 
Self-medication in insects is not simply a fascinating aspect of nature, but it also opens new avenues for 

drug discovery. Insects are the tiny animals and we often tend to think them as very simple creatures. 

Maybe one day, the drug for treating the human disease comes from those first discovered by some of our 

favorite insect zoopharmacognosists. 
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What is Terminator? 
Terminator Seed Technology is the genetical modification of the plants in such a way that it produces the 

sterile seed at harvest i.e. harvested seeds could not bear the seed or fruit in its turn. This technology was 

developed by some multinational seed/agrochemical industry and the US government that will prevent 

farmers from re-planting harvested seed and force them to buy seed each season instead. Terminator seeds 

have not yet been field-tested or commercialized. It is also referred to Genetic Use Restriction Technology 

(GURTs) – term indicates to use of any external chemical inducer to control the expression of any specific 

trait of the plant. 

Concept 
Terminator Technology is two types; variety-specific GURT, V-GURT and trait-specific, T-GURT. These 

provides specific genetic switch mechanisms that restrict the unauthorized use of genetic material by 

tempering reproduction (variety-specific V-GURT) or the expression of a trait (trait-specific T-GURT) in a 

genetically modified (GM) crop plant. In case of V-GURTs, three different restriction mechanisms have 

been developed (Visser et al., 2001): 

1. Transfer of a combination of three transgenes, two derived from bacteria and one from another plant, 

into the target plant’s cells. 

2. Recoverable block of function (RBF): The single insert contains a blocking sequence (encoding a barnase) 

linked to the gene of interest and a recovery sequence (encoding a barstar), expressed under control of 

sulfhydryl endopeptidase (SH-EP) and heat shock (HS) promoters, respectively. 

3. Zeneca (Syngenta) patented this mechanism in 2001, which involves a permanently active gene that 

prevents seed multiplication by blocking the plant's vegetative growth. 

There are two mechanisms that T-GURTs use to function (FAO, 2001). 

a.  In the first, a gene cassette is expressed in the seed and programmed to instruct the gene 

responsible for producing a toxin/disrupter protein to undo a specific plant trait of interest, but 

without killing the embryo. As a result, a desirable trait can be selectively excised before being sold 

to farmers by applying or withholding chemical application; as a result, the first-generation plant is 

capable of expressing the trait of interest, but the second-generation plant is not. 

b. The gene encoding the desired trait is kept silent but it can be activated by the farmer by applying 

a chemical inducer to the plant or seed. The gene is inherited in an inactive state in subsequent 

fertile generations, necessitating the purchase of the chemical each year that the farmer requires 

the trait to be expressed (Shi, 2006). 

What is the Need for ‘Terminator technology’? 
1. Intellectual property protection: Plant varieties and/or biotechnological inventions are not protected in 

several countries (mostly developing countries), or are protected with an ineffective or very expensive 

intellectual property rights (IPR) system. GURTs, in this sense, provide us with a lasting form of physical 

protection. 

2. Transgene containment: According to Dunwell and Ford (2005), seed lethality is the only strategy that 

currently prevents transgene movement via seeds; however, because pollen carries the dominant allele of 

the lethal/inhibiting protein. GURTs may generally prevent unwanted gene flow from transgenic to 

nontransgenic varieties (including wild relatives). 
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3. They could be used to turn on or off a desired trait in favourable or unfavourable conditions, such as 

drought, salt stress, or pest attack (FAO, 2001), and V-GURTs could be used to prevent preharvest 

sprouting (Budd, 2004; Pilger, 2002). 

Will Terminator Stop Genetic Contamination? 
The multinational seed industry is promoting Terminator technology as a way to prevent unwanted genetic 

contamination from genetically engineered (GE) plants. Genes from GE plants have escaped and are 

contaminating crops, endangering agricultural biodiversity and farmers' livelihoods. 

Engineered sterility, through GURT, would provide a built-in safety feature for GE plants because if genes 

from a Terminator crop cross-pollinate with related plants nearby, the seed produced will be sterile and 

they will not germinate. However, Terminator technology is a complicated system involving multiple 

inserted genes that all have to work in unison. Terminator will not be 100 percent effective claim published 

in various studies. Because of this risk of system failure, it will never be a reliable tool for "biocontainment." 

If Terminator is used for "biocontainment" and fails, new, dangerous biosafety risks will be introduced. 

Why is Terminator a Problem? 
Half of the world's commercial seed market is controlled by the top ten seed companies. If Terminator 

becomes a commercial success, corporations will almost certainly include sterility genes in all of their seeds. 

Because, rather than suing farmers for saving seed, companies are attempting to make it biologically 

impossible for farmers to re-use harvested seed, genetic seed sterilisation would secure a much stronger 

monopoly than patents. 

What Impact will Terminator Seeds have on Farmers? 
Arrival of new, uniform, GURT-protected varieties would displace adapted or selected (possibly less 

productive) cultivars and wild relative species, leading to a loss of genetic diversity in fields, negative 

consequences on local germplasm (at least landraces), and effects on farm-level crop co-evolution. 

Terminator is a major violation of the rights of farmers to save and reuse their own seeds. Terminator 

would ensure a corporate stranglehold on seeds and result in higher seed prices at a time when farmers 

are experiencing the worst income crisis in the history of modern agriculture. Over 1.4 billion people, mostly 

small-scale farming families in developing countries, rely on farm-saved seed as their primary source of 

seed. if Terminator seeds are used this will increase dependence on external seed sources. Traditional 

knowledge and innovation capacity for informal crop genetic improvement, local agrobiodiversity 

protection, and food security are being reduced and limited; Local farming systems and the social, cultural, 

and spiritual dimensions associated with them are being displaced. 

Conclusion 
After all, over a billion people, the majority of whom live in developing countries, rely on seed saving and 

seed exchange, whereas these technologies are conceived (and perceived) as a way to protect multinational 

corporations and their patents. 
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Introduction 
Social security might be defined as a provision of protection for individuals and households, to ensure 

their health and income, especially in cases of old age, unemployment, sickness, invalidity, work injury, 

maternity or loss of a sole earning member. Thus, social security can help in reduction of poverty and 

inequality and therefore support inclusive growth. It indirectly influences domestic demand and facilitates 

growth of an economy. 

The need for highly subsidized programmes arises in India because nearly 90 percent of workers in India 

earn their livelihood in the unorganised sector, which lacks social security. The indirect cost of absence of 

social security might well be increasing social costs resulting from monitoring and managing of ill health 

accompanied by various related social and labour problems, including absenteeism. 

Agriculture and Social security is in-built and intrinsic to agriculture through income augmentation 

and the huge size of rural workforce it absorbs. Social security is also seen in terms of food and nutritional 

security, bringing resilience in the masses to absorb shocks and stresses, augmenting income and 

employment to narrow the social and economic exclusion. The agriculture, however, due to several 

challenges, became less remunerative and attractive over time which has to be transformed for reversing 

the trend. 

 

It is noteworthy, the Government, recently, has taken several initiatives that have emboldened the very 

face of social security for agriculturists. The initiatives of PM-Kisan Samman Nidhi (PM-KISAN) and Kisan 

Maandhan Yojana are the two very significant initiatives for the income support and old-age pension 

support for those who are the most vulnerable and require financial assistance the most. 
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Agriculture and Social Security 
Challenges: Employment and Poverty: The Key Determinants for Social Security. Different poverty data 

of 2011-12 indicated about 54.3 percent households of rural India get employment in agriculture either as 

self-employed or as casual labourers. The incidence poverty in these households is 19% and 40% of 

headcounts, respectively.  

The social security net for this large population is the prime necessity. While alternate source of 

employment is one way for those earning as wage labourers in agriculture and non-agriculture activities, 

enhancing income of those who are self-employed in agriculture is also important for sustainable 

development of the rural-agri space.  

It is estimated that number of agricultural workers will increase to about 336 million in 2032-33 (NITI 

Aayog, 2018). To absorb such a huge workforce with a meaningful employment and income, we need to 

reorient our strategy and policies for rural India. 

Way Forward 
Food and Nutrition for Social Security: Third Advance Estimates of food grain production estimated 

the food grain production at 295.67 million tonnes. This implies that the country is well secure for food, the 

first basic pillar for social security. The NITI Aayog in its report submitted to government in 2018, 

estimated the demand for food grains during 2032-33 at 334- 350 million tonnes. Thus, there is need to 

secure the future in terms of food security. 

To bring sufficiency in edible oils and pulses, the Government has already moved for National Mission on 

Edible Oils and augmenting pulses production through production and price incentives under NFSM and 

PM-Annadata Aay Sanrakshan Abhiyaan (PM-AASA). The Government has also focused on promotion of 

nutri-cereals and bio-fortified crops along with Public Distribution System (PDS) to bring in nutritional 

security as well as achieving the second and third pillar of food security i.e. access and affordability of food.  

ICAR has developed 53 bio-fortified varieties and production protocols of nutri-cereals for higher 

productivity. 

Income Augmenting Opportunities: It should be noted that the remunerative employment orientation 

in agriculture sector was almost missing in the past as the focus had always been the attaining and 

sustaining food security. Hence policies and programmes have to be redesigned to convert the low paid and 

underemployment providing agriculture into competitive activity with other sectors of economy. The 

seasonality in agriculture has to be converted into an opportunity.  

In India, the farm endowments are diverse and so is their orientation towards commercial farming. The 

big farmers (> 10 ha of holding) hold promise for lenders and can take risks to increase their incomes. 

However, this set of farmers comprises only 0.7 percent farm families occupying about 11 percent of the 

land. The medium farmers (4 to 10 ha land) constitute 4 percent of farm families and 21.2 percent of area. 

Those commanding 2 to 4 ha farmland (semi-medium farmers) accounts 11 percent of rural families but 

occupy 24 percent of the total farming area. The rest two categories are small (1 to 2 ha) and marginal (< 1 

ha) farmers who together comprise nearly 44.5 percent of the area. 

The incomes of these (small and marginal) are difficult to increase exclusively through increased 

productivity in cropping, hence the high value commodities can make them prosperous. However, this 

group is often averse of fruit tree plantation for twin reasons. Firstly, part or whole of his land will be 

diverted to trees leaving little scope for staple food production and secondly, long gestation periods in fruits 

will drive them out of whatsoever little income he or she is making from arable cropping 

Diversify Towards More Income and Employment 
Diversification has been recognised as a potent tool with a potential to cater the future concerns of food, 

nutrition and income for social security. The high value commodities like horticulture and vegetables, 

livestock and fisheries can play a significant role in this regard.  

While green revolution technologies favouring intensification was important in first 30 years of 

independence, the technologies leading to diversification particularly towards product and process 

diversification favouring fruits, vegetables, etc. are crucial catalysts to increase income from declining and 

depleting land and water.  
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Horticulture: There is the need for reorientation towards product diversification like fruits, vegetables, 

flowers, and high value commodities.  This could not only help increase income, but also help conserve 

resources and provide better and quality employment fetching more returns to the small-sized farms. 

Export of agricultural products should be encouraged. 

Livestock farming:  Animal husbandry, dairying and fisheries activities would play an important role in 

the socio-economic development of rural India while contributing to the food basket, nutrition security and 

household income of the farmers.  Livestock farming provides gainful employment in the rural areas, 

particularly among the landless, small and marginal farmers and women. Livestock are the best insurance 

for farmers against vagaries of nature like drought and other natural calamities. 

Vertical diversification in these high value commodities can provide better and quality employment 

fetching more returns to the small-sized farms. The competitiveness for export promotion would be needed. 

A strong hand holding with small growers is also needed for credit and risk management. The diversified 

farming can act as one of the major drivers for attracting more employment in agriculture for social 

security. 

Government Initiatives in Agriculture for Social Security 
1. Atmanirbhar Bharat - Provided much needed reforms in agricultural marketing and in deciding his/her 

price while entering into contract.  

2. Land Tenancy Reforms – To secure the tenure of tenants.  

3. PM-Kisan Samman Nidhi Yojana (PM-KISAN) - provides direct income support to the farmers.  

4. PM-Fasal Bima Yojana – To offset the vulnerabilities associated with crop failures.  

5. Kisan Maandhan Yojana - For old age farmers under which a farmers will get Rs. 3000 per month when 

he/she attains the age of 60 years.  

6. The insurance of fishermen under Fishermen welfare has been operational to provide social security 

against any eventuality in the risk prone profession.  

7. The agricultural credit and interest subvention is another set of financial inclusion instruments that 

have been adding to social security. 

8. Mahatma Gandhi National Rural Employment Guarantee Act, 2006 ensures off season employment to 

agricultural labourers. 

9. The Government has also focused on promotion of nutri-cereals and bio-fortified crops along with Public 

Distribution System (PDS) to bring in nutritional security as well as to ensure access and affordability of 

food. National Food Security Act (NFSA) ensures targeted distribution among the most vulnerable and 

needy classes of the society. 

Conclusion 
The reforms in agriculture have set the tone for price-led prosperity in agriculture and allied activities 

which is likely to be a game changer in inclusive development of rural India to make the country 

atmanirbhar in all spheres of economic and social activities. 
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Abstract 
Field-collected nymphs and adults of Bagrada hilaris Burmeister (Hemiptera: Penatatomidae) from 

Pantnagar region were evaluated for susceptibility to Lambda cyhalothrin 5% EC from November, 2020 to 

February, 2021 in the Integrated Pest Management (IPM lab), Department of Entomology, College of 

Agriculture, G.B.P.U.A&T. Insecticide treatments were performed using the leaf dip method of bioassay. 

The Pearson square method was used to calculate the concentrations of the test insecticide. The insecticide 

dose was determined on the basis of preliminary tests, on the basis of which the insecticide concentrations 

were 0.006, 0.005, 0.004, 0.003, 0.002 and 0.001 per cent with control, for the determining of the insecticide 

LC50 values under test. Results of the dose-mortality responses for lambda cyhalothrin in the leaf dip petri 

dish were analyzed using the OP STAT probit regression analysis. The data showed that the LC30 values 

were 0.002 per cent at 72 and 96 HAF. Whereas the LC50 values at 72 and 96 HAF were 0.006% and 0.004% 

respectively. Similarly, the LC90 values for 72 and 96 HAF were 0.112 percent and 0.116 percent 

respectively. 

Keywords: Bagrada hilaris, leaf dip method, bioassay, lambda cyhalothrin, Pearson square method. 

Introduction 
Cabbage is Brassica oleracea L. var. capitata belonging to family cruciferae. It is distinguished by its 

swollen head which is formed by thickening of edible bud with thick tightly packed overlapping leaves 

manifesting a large head. Basically, cabbage is a crop of temperate zones but it has spread to both 

subtropical and tropical regions of the world. It is mostly grown in Southern, Eastern and Coastal areas of 

India. It is generally consumed as fresh leafy vegetables or raw as salad. It is one of the most economically 

important Cole crops which is second next to cauliflower in area and production. It covers an area of about 

2,50,000 ha which is about 4% under vegetable crops in our country with an annual production of 50 lakh 

metric tons. It is rich in mineral content and vitamins. It has been found to be used against ailments like 

gout, diarrhoea, stomach and coeliac troubles.  

Cabbage is prone to insect pest ravages from the time of sowing till the harvest. The crop is attacked by a 

number of insect pests, viz. tobacco caterpillar, Spodoptera litura (Fab.); diamond back moth, Plutella 

xylostella (L.); cabbage leaf webber, Crocidolomia bionotalis (Zell.); aphids, Bravicornye brassicae (L.) and 

Lipaphis erysimi (Kalt.); painted bug, Bagrada cruciferarum (Kirk.) and flea beetle, Phyllotreta cruciferae 

(Goeze.) etc. (Prasad, 1963; Joshi and Sharma, 1973). Whereas, Prasad (1963) reported that 

cumulative infestation by the pest complex reached to the extent of 14 to 100 % and a consequent reduction 

in yield to the extent of 42 to 97 %. 

Limited information is available on the bioassays studies by B. hilaris on cabbage crop. Keeping this in 

view, the present study was undertaken to median lethal concentration on painted bug pests at a cabbage 

crop. Best chemical selection and their concentration to particular pests is the most important concern of 

the whole world today. Therefore, this study aims at knowing the significance of which concentration of 

chemical better manages the Painted bug. With this introduction, experiment studies will conduct on 

cabbage plants with the following objectives: 

Determination of LC50 (Median Lethal Concentration) of Reeva- 5 (Lambda cyhalothrin 5 % EC) against 

Bagrada hilaris. 
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Materials and Methods - Collection and Rearing of Test Insect (Taylor et al. 2015) 
The studies on bioassay against B. hilaris were conducted from November, 2020 to February, 2021 in the 

Integrated Pest Management (IPM lab), Department of Entomology, College of Agriculture, G.B.P.U.A&T, 

Pant nagar.  

Adults (50 females and 50 males) were collected from cabbage and mustard in and around pantnagar using 

sample technique of beat bucket technique (Leaves from a single plant were shaken rapidly over a bucket) 

from early November to mid-December 2020, taken to the laboratory, and placed in rearing jar or boxes (15 

× 13 cm). To provide a water source, a small cap (3 cm in diameter and 1.5 cm in depth) filled with distilled 

water was put to each rearing jar; three caps were kept in each rearing jar and filled with cotton balls to 

avoid the bugs from drowning.  

For B. hilaris rearing, select healthy mustard or cabbage (5 × 5 cm) leaves. It was cleaned with running 

water and dried in the shade. After the leaves have dried in the shade, apply 70% ethanol to sterilize the 

leaves' surfaces. Avoid putting too much food in the jar; only a small amount of food is needed. Filter paper 

was moisturized daily, and food was replaced as needed, approximately every day. Contamination will 

occur if food materials are not changed on a daily basis. Adults were transferred to new rearing jars or 

boxes daily. Eggs were found among the old plant material and cheese cloth strips. Examine the eggs with 

a light source and a magnifying lens. It was removed using a paintbrush or fine-tipped forceps and placed 

in petri dishes on moistened filter paper (10 cm in diameter and 2 cm in depth). After that, the old egg-

rearing jar or boxes were thoroughly cleaned with soap and water to ensure no eggs remained. Nymphs 

were kept in petri dishes similar to those for eggs but provided with cuttings (3 cm) of the mustard or 

cabbage leaf for food. Petri dishes were examined daily, molts recorded, and exuviae removed. To determine 

stadia, nymphs were divided into groups based on their moulting dates. The culture was kept in the 

laboratory in an incubator at the appropriate humidity (70% ± 5%), temperature (25°C ± 1°C), and 

photoperiod of 14:10 (L: D) h for the completion of life cycle. 

Experiment Methodology 
The test insect adult was pre-conditioned for about 4-5 hours without food under laboratory conditions. 

After starvation, the healthy and active adults were selected for experiment. Dosages were determined for 

insecticide in preliminary tests (to determine the appropriate concentration ranges for baseline toxicity) 

and six different concentrations and control were taken and each treatment was replicated thrice. The 

respective concentrations were prepared as a serial dilution method on the same day in the laboratory, the 

effect test insecticides were compared with the control. 

Bioassay Technique 
Insecticide treatments were done by leaf dip method of bioassay. For acute toxicity experiments, the leaf-

dip method was preferred by many researchers, because of its stomach poison action by ingestion. This 

bioassay was developed by Tabashnik and Cushing (1987) and recommended by IRAC (1990). Five 

adults of the same age were kept in each replication. Cabbage leaves (5 x 5 cm) were dipped for 60 seconds 

in insecticidal concentrations kept in a wide mouthed plastic jar (15 × 9.5 cm). The leaves were then kept 

hanging for 5 seconds over the beaker, so that the excess of insecticide may fall in it. These leaves were 

dried for 8-10 minutes under the fan. Adults were transferred to individual treated leaves in plastic jars. 

In control, the leaves were dipped in distilled water. The plastic jar was covered with the muslin cloth, and 

kept under laboratory conditions. 

Preparation of Working Solution of Lambda Cyhalothrin 5% EC 
The calculation of concentrations of test insecticide was done by Pearson’s square method. Lambda 

cyhalothrin 5 % EC was used to prepare the working concentrations. For the preparation of solutions water 

is used as solvent. 1 % Stock solution was prepared on the basis of their active ingredients. This stock 

solution was used for preparing five different concentrations in preliminary experiment. Five 

concentrations were prepared by serial dilution method. The concentrations were 0.0004, 0.0003, 0.0002, 

0.0001 and 0.00005 per cent. In the final experiment 1 % Stock solution concentration was prepared. This 

stock solution was used for preparing six different concentrations by serial dilution method. The 
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concentrations were 0.006, 0.005, 0.004, 0.003, 0.002, and 0.001 per cent with control for determining LC50 

values of insecticide under test. 

Observation Recorded 
The observations on mortality were taken 6, 12, 24, 48 and 72 hours after feeding. An adult is considered 

‘moribund’ or ‘dead’ if it fails to move in a coordinated manner when probed with a brush. 

The mortality data were subjected to Abbott’s formula (Abbott, 1925); LC50, heterogeneity and fiducial 

limits will be calculated using Probit analysis (Finney, 1971). 

 
Statistical Analysis 
Results of the dose mortality responses for insecticide (Lambda cyhalothrin) in the leaf-dip petridish, were 

analyzed by probit regression analysis using the OP STAT (Sheoran et al. 1998). Data are presented as 

LC50 values [mg (AI)/ml] with 95% confidence limits. Values were considered significantly different (P<0.05) 

if CIs did not overlap. The slopes and chi-squares were computed and are presented to provide additional 

information regarding the degree of heterogeneity in the mortality response (slope) and as an indication of 

how well the mortality data fit. (Palumbo et al. 2015). 

Results and Discussions 
The data presented in Table 2 and Fig 1 showed that the LC30 values were 0.002 % at 72 and 96 HAE. 

Whereas the LC50 values at 72 and 96 HAE were 0.006 % and 0.004 % respectively. Similarly, the LC90 

values at 72 and 96 HAE were 0.112 % and 0.116 % respectively.  

Our results are consistent with the findings of Palumbo et al. (2015) which looked at the susceptibility of 

Yuma, Imperial, and Coachella populations of B. hilaris adults by the leaf-dip petri dish bioassay, 2010–

2013, finally revealed that the LC50 value of lambda cyhalothrin 2.08 CS in adult stages of B. hilaris was 

0.88 to 2.08 mg [AI]/ml in different years (2010, 2011 and 2012). 

Table 1: Abbott’s corrected mortality: 

*HAF=Hours after feeding 

Table 2: Dosage mortality response of Lambda cyhalothrin 5 % EC against 5th instar nymphs of 

B. hilaris by leaf dip bioassay method: 

Abbott’s formula, 
Corrected percentage mortality   =                              % Mortality in treatment-% Mortality in control 
                in treatment 
                                                                        100 - % Mortality in control 

×   100 

Treatment No. of 

insects 

6 HAF 12 HAF 24 HAF 48 HAF 72 HAF 

Mortality % Mortality % Mortality % Mortality % Mortality % 

0.006% 15 20 33.3 60 71.39 92.26 

0.005% 15 20 33.3 53.3 57.14 84.60 

0.004% 15 20 20 40 42.85 76.92 

0.003% 15 13.3 13.3 33.3 35.71 69.22 

0.001% 15 13.3 13.3 26.6 21.42 61.56 

Control 15 0 0 0 0 0 

Insecticide Hours 

After 

Exposure 

(HAE) 

LC values in (%) Chi 

square 

χ2 

Regression 

equation 

Y= a + bX 

Fiducial Limit 

(LC 50) 

  LC30 

(%) 

LC50 

(%) 

LC90 

(%) 

  Upper Lower 

Lambda 

cyhalothrin 5 

% EC 

24 0.002 0.006 0.112 0.636 y = 0.2042 +  

0.0654x  

 

0.002 0.018 

48 0.002 0.004 0.116 0.694 y = 0.1513 + 

0.1023x   

0.002 0.008 
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Fig 1: Dosage - mortality response of Lambda cyhalothrin 5% EC against 5th instar nymph of B. 

hilaris by leaf dip method. 

Statistical Analysis 
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Life cycle of B. hilaris 

References 
1. Abbott, W. S. (1925). A method of computing the effectiveness of insecticides. Journal of   Economic Entomology, 18: 265-267. 

2. DPPQS (Upto-30/11/2020) - Major uses of pesticides (Registered under the insecticides act, 1968). Government of India, 

Ministry of Agriculture & Farmers Welfare, Department of Agriculture, Cooperation & Farmers Welfare, Directorate of Plant 

Protection, Quarantine & Storage, Central Insecticide Board & Registration Committee N.H.-IV, Faridabad-121 001 

(Haryana). 

3. Finney, D. J. (1971). Probit analysis. Cambridge, MA: Cambridge University Press. 

4. IRAC. (1990). Proposed insecticides/acaricides susceptibility tests. EPPO Bulletin, 20: 388-404. 

5. Joshi, F. L. and Sharma, J. C. (1973). Efficacy of different insecticidal treatment schedule against the pests of cabbage. Lab. 

Dev J. Sci. Tech., 11 (1/2): 1-5. 

6. Kalasariya, R. L. and Parmar, K. D. (2019). Management of painted bug, Bagrada hilaris (Burmeister) in mustard with 

different spray schedules. Journal of Entomology and Zoology Studies, 7(3): 1157-1163. 

7. Palumbo, J. C., Prabhaker, N., Darcy, A. R., Perring, T. M., Castle, S. J and Huang, T. I. (2015). Susceptibility of Bagrada 

hilaris (Hemiptera: Pentatomidae) to Insecticides in Laboratory and Greenhouse Bioassays. J. Econ. Entomol, 1–11 (2015). 

8. Prasad, S. K. (1963). Quantitative estimation of damage to cruciferous crops caused by cabbage worm, cabbage looper, diamond 

back moth and cabbage aphid. Indian Journal of Entomology, 25(3): 242-259. 

9. Ratnoo, S. D., Pandey, S. and Joshi, N. (2018). Efficacy of insecticides against painted bug Bagrada cruciferarum kirkaldy in 

mustard. Journal of Entomology and Zoology Studies, 6(4): 121-122. 

10. Sheoran, O. P; Tonk, D. S; Kaushik, L. S; Hasija, R. C. and Pannu, R. S (1998). Statistical Software Package for Agricultural 

Research Workers. Recent Advances in information theory, Statistics & Computer Applications by D.S. Hooda & R.C. Hasija 

Department of Mathematics Statistics, CCS HAU, Hisar (139-143). 

11. Tabashnik, B. E. and Cushing, N. I. (1987). Leaf residue vs topical bioassays for assessing insecticide resistance in 

diamondback moth, Plutella xylostella L. FAO. Plant Proection Bulletin, 35: 11-14. 

12. Taylor, M. E., Bundy, C. S. and Mcpherson, J. E. (2015).  Life history and laboratory rearing of Bagrada hilaris (Hemiptera: 

Heteroptera: Pentatomidae) with Descriptions of Immature Stages. Ann. Entomol. Soc. Am, 1–16. 

13. Thomas, D., Rizvi, P. Q., Nisar, S. and Mustkeem, M. (2018). Impact of nanoformulations on Bagrada bug, Bagrada hilaris 

(Burmeister) (Pentatomidae: Heteroptera) in Indian mustard under controlled condition. Journal of Entomology and Zoology 

Studies, 6(1): 380-383. 
  



 

 
Volume 04 - Issue 04 - April 2022       197 | P a g e  
 

Pesticides and its Appliances 
Article ID: 36570 

Poornima G1, Ratnamma2 
1Senior Research Fellow, Centre for Agro-climatic Studies, 

2Senior Research Fellow, Pesticide Residue and Food Quality Analysis Laboratory, 

University of Agricultural Sciences, Raichur-584104, Karnataka. 

 
 

Introduction 
Pesticides are any substance or mixture of substances intended for preventing, destroying, or controlling 

any pest, including vectors of human or animal disease, unwanted species of plants or animals, causing 

harm during or otherwise interfering with the production, processing, storage, transport, or marketing of 

food, agricultural commodities, wood and wood products or animal feedstuffs, or substances that may be 

administered to animals for the control of insects, arachnids, or other pests in or on their bodies (FAO).  

In general, a pesticide is a chemical (such as carbamate) or biological agent (such as a virus, bacterium, 

or fungus) that deters, incapacitates, kills, or otherwise discourages pests. Target pests can include insects, 

plant pathogens, weeds, birds, mammals, nematodes and microbes that destroy property, cause nuisance 

or spread diseases or disease vectors. 

Importance of Pesticides 
Pesticides can be considered as gift to reduce the global hunger by efficient use of chemicals against the 

pests such as insects, fungi, bacteria and viruses etc., which increases the yield by reducing the damage by 

pests. The pesticides give the immediate results and helps in required food production to meet the 

requirement of the food. 

Advantages of pesticides: 

1. Improving productivity. 

2. Protection from yield reduction/ crop losses. 

3. Improves the quality of food.  

4. Easily available and durable, economical. 

5. Application of pesticides are easy. 

Types of Pesticides - Based on the Type of Pest 
1. Algicides: Control algae in lakes, canals, swimming pools, water tanks, and other sites 

2. Biopesticides: certain types of pesticides derived from such natural materials as animals, plants, 

bacteria, and certain minerals 

3. Fungicides: Kill fungi (including blights, mildews, molds, and rusts) 

4. Herbicides: Kill weeds and other plants that grow where they are not wanted 

5. Insecticides: Kill insects and other arthropods 

6. Miticides: Kill mites that feed on plants and animals 

7. Molluscicides: Kill snails and slugs 

8. Nematicides: Kill nematodes (microscopic, worm-like organisms that feed on plant roots). 

9. Rodenticides: Control mice and other rodents. 

Importance of Pesticides 
Pesticides are essential tools to reduce the global hunger by efficient use of chemicals against the pests 

such as insects, fungi, bacteria and viruses etc., which increases the yield by reducing the damage by pests. 

The pesticides give the immediate results and increase food production to meet the requirement of the 

growing population. There has been a tremendous change in the discovery of pesticide chemistries wherein, 

in the early 1970’s farmers were using organochlorines later these were replaced by organo-phosphorous 

compound and carbamates chemicals in 1980’s. Due to over dependence on these the latter two groups were 

superseded by pyrethroids but due to their quicker knockdown effect farmers relayed more hence caused 
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resurgence and resistance problems. All these have paved the way for development of microbial derivatives 

and other green molecules hence the quantum of chemical usage has drastically reduced. But the cost of 

plant protection is still increasing. 

Importance of Pesticide Appliances 
Role of pesticide appliances is important as pesticides. Since, the quantity of chemical required to distribute 

is very less which needs to be applied on larger area coupled with its higher cost hence, their uniform and 

effective application is needed. 

Pesticides Application Appliances/ Equipment 
1. Dusting equipment (solid formulation). 

2. Spraying equipment (liquid formulation). 

3. Aerial application. 

Dusting Equipment: Dusters 
1. Hand operated dusters: Rotary type/ crank dusters/ fan type dusters, plunger type dusters, bellow 

type dusters, traction dusters, knapsack dusters. 

2. Power operated dusters. 

 

Spraying Equipment: Sprayer 
1. Hand operated hydraulic sprayers: Syringes, bucket or stirrup sprayers, knapsack sprayers, foot 

pump sprayers, rocker sprayers, wheel barrow sprayers. 

2. Hand operated compression sprayers: Pneumatic hand sprayers and pneumatic knapsack sprayers 

3. Air blast sprayers: Hand atomizers and spray blowers 

4. Power operated sprayers: Hydraulic spray, spray blowers, electrodyne/ electrostatic sprayers, 

controlled droplet application sprayer (CDA). 

Aerial Application 
Air crafts are used for aerial application of pesticides. 

Use of Unmanned Aerial Vehicles (UAVs) 
An unmanned aerial vehicle is commonly defined as a “powered, aerial vehicle that does not carry a human 

operator, uses aerodynamic forces to provide vehicle lift, can fly autonomously or be piloted remotely, and 

can carry a lethal or nonlethal payload”. Unmanned Aerial Vehicles (UAVs) specially, with the use of 

DRONES has opened new opportunities in plant protection. 

Drawback of Pesticides Application Technologies at Present 
1. Maintenance cost is more. 

2. Over the period of use the equipment has to be replaced.  

3. Drift problem. 

4. Hazardous for the applicators. 

5. In aerial application, degree of risk is more to pilot due to low flying and possible crashes. 

6. Aerial application dependent on optimum weather conditions: wind produces drift, high temperature 

produces conventional currents carrying the pesticides upwards. 

Conclusion 
There are many problems associated with pesticide application techniques. The main problem is labor 

shortage/ unavailability at the right time. Hence, there is need for alternative method or technique for the 

management of pests which would result in overcoming the existing challenges. 

Reference 
FAO, Food and Agriculture Organization of the United Nations,2002 “International Code of Conduct on the Distribution and Use 

of Pesticides” 
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Abstract 
From the past, edible wild fruits have played a very vital part in supplementing the diet of the people. They 

are edible and having nutritional food value, which provides the minerals like sodium, potassium, 

magnesium, iron, calcium, phosphorus etc.  Apart from this, wild fruits are source of different resistant 

genes. Crop wild relatives are wild plant species that are genetically related to cultivated crops. They are 

a critical source of genes for resistance to diseases, pests and stresses such as drought and extreme 

temperatures. The potential of wild species as a source for genetic variation to bring about crop 

improvement was recognized early in the twentieth century. Wild ancestors of most crop plants can still be 

found in their natural habitats and germplasm centres have been established to collect and conserve these 

resources. 

Wild Species 
1. Typical form of an organism, strain, gene, or characteristics as it occurs in nature, as distinguished from 

mutant forms that may result from selective breeding. 

2. A crop wild relative (CWR) is a wild plant closely related to a domesticated plant, it may be a wild 

ancestor of the domesticated plant. 

3. CWRs have contributed many useful genes to crop plants, and modern varieties of most major crops now 

contain genes from their wild relatives. 

Significances of Wild Species for Crop Improvement 
1. Wild species represent a vital source of untapped genetic diversity.  

2. Crop wild relative (CWR) have traits allowing them to be successful at the current extremes of a crop’s 

range and beyond, wild relatives can be extremely important in adapting crops to climate change.  

3. Display characteristics - such as heat and drought tolerance, pest and disease resistance and the ability 

to thrive in saline soils which would allow crops to cope with a wider range of environments and stresses. 

Mango 
1. The genus Mangifera contains several species that bear edible fruit. The other edible Mangifera species 

generally have lower quality fruit and are commonly referred to as wild mangos.  

2. In mango, screening of 80 accessions for their reactions to anthracnose using virulent isolates of C. 

gloeosporioides over the past four seasons (2006 to 2009) resulted in the identification of source of resistance 

in M. laurina accession ‘Lomboc’ (artificial inoculation) which could be used for interspecific hybridization. 

3. Species of mango resistant to different traits: 

Species Traits 

Mangifera laurina Resistance to anthracnose 

Mangifera mangifica Fibreless 

Mangifera rufocostata and mangifera 

swintonioides 

Off season bearing habit 

Mangifera pajang and mangifera foetida Good quality fruits 

Mangifera casturi A prolific bearer, small black sweet fruits 

Mangifera altissima Resistance to hoppers, Tip and seed borers 

Mangifera zeylanica Salinity Tolerance 
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Banana 
1. Cultivated banana are derived from intra or interspecific hybridisations between two wild diploid species, 

Musa acuminata and Musa balbisiana. 

2. Banana is infected by different Diseases like Sigatoka leaf spot (Mycosphaerella musicola), Black leaf 

streak (Mycosphaerella fijiensis), Fusarium wilt (Fusarium oxysporum f. sp. cubense), Banana bunchy top 

virus (BBTV) and pest like Black weevil of banana (Cosmopolites sordidus). Aphids (Pentalonia 

nigronervosa), Nematodes (Radopholus similis and Pratylenchus sp.).   

3. So to increase production, the first goal of banana breeding is to confer resistance to diseases and pests.  

4. Development of sigatoka leaf spot resistant banana hybrids with improved fruit quality using diploid 

wild accessions ‘Malaccensis’, ‘IDN110/AAcv Rose’ and Musa balbisiana with ‘Kunnan 4X’ resulted in the 

development of new superior hybrids with sigatoka leaf spot resistance at Guadeloupe. 

5. Species of banana resistant to different traits: 

Species Traits 

Musa acuminata ssp. Malaccensis Resistance to sigatoka leaf spot 

Musa acuminata ssp. Burmannica Resistance to black leaf streak 

Musa haekkinenii Dwarf plants (1 to 1.5 m high) 

Musa ornata and Musa veluntina Ornamental plants 

Musa textilis  Fiber 

Ensete superbum Medicinal and ornamental plant 

Papaya 
1. India stands first in the production of papaya in the world. Diseases are the major problem. Among all, 

viral diseases are the limiting factors of papaya cultivation particularly papaya leaf curl and papaya ring 

spot virus. Papaya ring spot cause heavy loss of 40–90 percent.  

2. Evaluation of F2 intergeneric population of the combination from Carica papaya (var. Pusa Nanha, CP 

50 and CO7 as female parents) and Vasconcellea cauliflora for Papaya Ring Spot Virus (PRSV) resistance 

under laboratory (challenge inoculation) as well as field condition resulted in the identification of eighteen 

plants from the cross Pusa Nanha × V. cauliflora, five plants from the cross CP 50 × V. cauliflora and one 

plant from the cross CO 7 × V. cauliflora.  

3. These were found to be promising based on the disease intensity score, reaction to the papaya ring spot 

virus and mean performance for morphological, yield and quality attributes. 

4. Possible Sources of Resistance in different wild species of Papaya: 

Diseases Resistant / tolerant Species 

PRSV – P V. cundinamarencis, V. cauliflora, V. quercifolia and V. 

stipulate 

Phytophthora V. goudotiana 

Paw paw die back (Mycoplasma) Blackspot V. parviflora cundinamarencis (syn. V. pubescens) 

Bacterial Canker (Erwinia papayae) V. goudotiana and V. cauliflora 

5. List of Wild Relative Species in Pineapple, Sapota & Custard Apple: 

Species Traits 

Pineapple 

A. comosus var. annanasoides Tolerant to wilt, crown rot and nematodes 

A. comosus var. erectifolius Resistant to heart rot and root rot 

A. macrodontes Source of fibre, resistant to drought 

A. comosus var. bracteatus Vigorous, resistant to heart rot &root rot 

Sapota 

Manilkara hexandra (Rayon) Vigorous rootstock 

Manilkara kauki Rootstock 

Custard apple 

Annona crysophella Medicinal 
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Annona glabra Drought tolerance 

Annona puprea Insect tolerance 

Annona atemoya Frost tolerance 

Conclusion 
1. Thus, it is concluded that the wild species of the fruit crops constitute an increasingly important 

resources for improving horticultural production and for maintaining sustainable agro-ecosystems. 

2. Therefore, conservation, exploration, and use of the wild genetic diversity underlying horticultural 

production represent a critical piece of collective global potential for sustainable productivity and increased 

crop quality. 
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Introduction 
Onion (Allium cepa L.) is one of the most important vegetable crops commercially grown in the world. It 

probably originated from Central Asia between Turkmenistan and Afghanistan where some of its relatives 

still grow in the wild. Onion from Central Asia, the supposed onion ancestor had probably migrated to the 

Near East. 

It has high amount of carbohydrates, calcium, phosphorus, vitamins, and volatile substances. Moreover, it 

has antibacterial and anti-fungal properties as well acted as remedy of coughs, asthma, bronchitis, blood 

pressure. It can prevent cancer cell growth, heart attacks or strokes (Doijode, 2001; Sampath et al., 2010) 

In the current trends we can see the augmented of technology, using the smart resources to the human 

style. In these days humans are adapted to go in easy and smart way, as we see that in farming as well, 

and also day to day farming land is decreasing due to industrialization and urbanization. Hydroponics is 

the new path for solving the problems in future trends. 

Most vegetables can be grown in hydroponics system, by using nutrient water to roots of the crop. But there 

are some limitations in hydroponics, which require a special treatment for growing it. And also, some crops 

are suitable for it, even if it is suitable, it difficult to make high yield. For example: Onion, Potato. Etc.  

Besides, hydroponics is not quite popular for onion cultivation yet. Likewise, onion had great economic and 

cultural value, experimental studies involve genetics and agronomy, and few limited due to practical 

challenges gives as an experimental subject. 

Media and Nutrient Requirement for Hydroponic Cultivating Onions 
No matter which of these systems you select and regardless of whether you purchase a premade unit or 

build one yourself, you’ll also need growing media and nutrients for plant growth. Onions are easy going 

when it comes to their nutrient needs, they don’t need a lot of fertilizer. Though, you can supercharge their 

growth by adding some nutrients. 

Nitrogen is necessary you want to avoid adding too much as it will create lush foliage rather than bulbs. If 

you add fertilizers, do this later on in the growing cycle rather than at the beginning, as it can stunt the 

growth of seedlings by burning them. 

There are several options for growing mediums in hydroponics. You can use composite plugs, rock wool, or 

perlite. This depends on which system are you going to use and the Kratky system is the simplest one. 

Then, place the nutrient solution as it is inside the jar. No more steps are required; you have to just leave 

the Onion as it keeps using the nutrient solution till it fully grows. 

When using a DWC hydroponic system, make sure to regulate the nutrient solution level so that it is not 

too high or too low. Avoid adding the nutrient solution to the newly transplanted Onion seedlings during 

the first period. This promotes more root growth that will later support Onion in further and will increase 

plant growth. 

The balancing of nutrients can be tricky for Onions. Nitrogen is essential to plant growth but adding too 

much of it will neglect the Onion bulbs for the benefit of the foliage. And too little nitrogen will reduce the 

plant stamina and plant growth. 

Also, the supplying of proper nutrients is characterized by supervising the pH levels and electrical 

conductivity. The nutrient solution must be changed once every 3 weeks. 
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Materials and Methods 
Plant Material, Water Sources and Timing: This experiment used Taherpuri variety of onion as model 

species. As water supply, nutrients containing ground water of Barishal (GWB) (collected through tab 

water), Kirtankhola River water (KRW) and nutrients less deionized water (DIW) were used. DIW was 

used to compare the nutrients performances of GWB and KRW. 20 days seedlings were transplanted to 

this experiment at 1st week of December 2019. After 60 days of transplantation, mature onions were 

harvested before tops started falling over. 

Hydroponics Installation: Custom-made hydroponic units were installed by plastic tanks (80 × 60 × 40 

cm) as main containers, polystyrene foam boards (75 × 25 cm) as floating trays on top of the containers, 

plastic cups as seedling holders and water input-outlet pipes. The seedlings were transplanted to the 

holders and supported by few inert types of gravels. Each tray contained 10 holders for 10 seedlings 

designed by same size and gap. A hand propelled mixture wheal was attached for ensuring nutrients 

homogeneity throughout the unit. Then the units were placed to the University Net House in natural light 

environment. The average temperature and relative humidity were 20 to 26 °C and 65 to 52%, respectively 

during these 60 days. 

Water Management: The experimenting ground water, River water and deionized water were supplied 

to the three units separately. To avoid other nutrients interaction in the results of the presents nutrients 

and elements of these waters, we did not use any hydroponic nutrients solution. After every 10 days, the 

waters had been changed from containers to avoid nutrient toxicity or scarcity. And regular irrigation was 

done to maintain fixed root-water level all time. All management procedures were performed equally for 

three waters. 

Statistical Analysis: The outdoor hydroponic units were placed followed by randomized block design, and 

the experiment was performed by four replications. All obtained data were subjected to analysis of 

variance according to Snedecor and Cochran, and analysis was carried out using JMP computer software 

package (Snedecor & Cochran, 1980). The treatment means were compared by the Least Significant 

Difference (LSD) test at 5% level. 

Best Onion Varieties for Hydroponics System 
You have to choose the right Onion variety for the hydroponics system. There are mainly three groups that 

determine Onion varieties; Short-day Onions Intermediate Onions Long-day Onions Short-day Onion 

varieties are the most suitable Onion variety to grow using any hydroponic system. If you are planning on 

growing Onions using a hydroponics system, then you are probably going to use grow lights and heating 

systems as well. Appliances like this tend to consume too much electricity that might cost you a fortune at 

the end of the month, particularly when you are trying to grow a large volume of Onions. 

Short-day Onions need less daylight time to transfer from the vegetative stage to the bulbing stage. So, 

instead of growing long-day Onions and having the need to keep the growing lights running for 16 hours 

every day, you will only open them from 10 to 12 hours. Another benefit of growing a short-day variety in 

hydroponics is their ability to tolerate cold. This Onion variety is originally grown in the southern regions 

where temperatures are low. Short-day Onion varieties are a huge money saver that will still grow large 

despite the shorter light time. 

The short-day varieties for hydroponics that you should choose from are: 

a. Texas Super Sweet 

b. Yellow Garnex 

c. White Garnex 

d. Texas Sweet White 

e. Sweet Red 

f. Georgia Sweet. 

Conditions Required for Hydroponic Onion Farming 
1. Nutrient pH level – 6.0-6.7 

2. EC level – 1.4-1.8 

3. PPM 980-1260 
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Onion Cultivation Through Hydrophonics 

Conclusion 
Finally, it was concluded that, it is possible to produce onions mass production through hydroponics using 

the ground water which is able to minimize the need of nutrients solutions and it is mandatory to enrich 

the nutrients availability by adding commercial or other cheap nutrients sources. 
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Abstract 
Agriculture has special significance for low income, poor and vulnerable sections of rural society. Because 

of these reasons agriculture is at the core of socio-economic development and progress of Indian society, 

and proper policy for agriculture sector is crucial to improve living standards and to improve welfare of 

masses. Rising private participation in Indian agriculture, growing organic farming and use of information 

technology are some of the key trends in the agriculture industry. All these factors governing agricultural 

growth are affected by agricultural policy of the Government of India. Agricultural policy describes a set of 

laws relating to domestic agriculture and imports of foreign agricultural products. Agricultural policy 

includes input and output policies. Agricultural policies don’t only regulate utilization and management of 

land and water resources for agriculture but also regulate supply, marketing, import and export of 

agricultural products. This seminar is based on current status of agricultural policies in our country and 

emphasis the major initiatives taken in this context. 

Introduction 
India is a largely agrarian economy - with 52.1% of the population estimated to directly or indirectly employ 

in agriculture and allied sectors in 2009-10. The combined efforts of Central Government, State 

Governments and the farming community have succeeded in achieving record production of 244.78 million 

tons of food grains during 2010-11. This record production has been achieved through effective transfer of 

newly developed crop production technologies to farmers under various crop development schemes, which 

is run under the direction of the Department of Agriculture & Cooperation. Other causes behind record 

production include remunerative prices for various crops through enhanced minimum support prices. 

Present Market Size of Agricultural Products 
Over the recent past, multiple factors have worked together to facilitate growth in the agriculture sector in 

India. These include growth in household income and consumption, expansion in the food processing sector 

and increase in agricultural exports. Rising private participation in Indian agriculture, growing organic 

farming and use of information technology are some of the key trends in the agriculture industry. As per 

the 4th Advance Estimates, food grain production is estimated at 308.65 million tonnes (MT) for 2020-

21. Production of pulses estimated at 25.72 million tonnes.  With an annual output of 198 MT, India is 

the largest producer of milk. It also has the largest bovine population. India is the second-largest producer 

of sugar with 13 MT productions. India's spices production has surged 60 per cent to 10.7 million 

tonnes in 2020-21 from 6.76 MT in 2014-15, Union Agriculture Minister Narendra Singh Tomar said while 

releasing the “Spice Statistics at a Glance 2021”, published by the Directorate of Betel Nut and Spices 

Development under Ministry of Agriculture. India is the world's largest producer of milk, pulses and jute, 

and ranks as the second largest producer of rice, wheat, sugarcane, groundnut, vegetables, fruit and cotton. 

It is also one of the leading producers of spices, fish, poultry, livestock and plantation crops. The total 

production of horticultural produce, such as fruits, vegetables and nuts in India is estimated to be 326.58 

MT. 

Agricultural Policy 
Agricultural policy describes a set of laws relating to domestic agriculture and imports of foreign 

agricultural products. Governments usually implement agricultural policies with the goal of achieving a 

specific outcome in the domestic agricultural product markets. Outcomes can involve, for example, a 

guaranteed supply level, price stability, product quality, product selection, land use or employment. 
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1. New agricultural policy: The Three Agri Reforms: In September 2020, three agri reform bills—The 

Farmers 'Produce Trade and Commerce (Promotion and Facilitation), the Farmers' (Empowerment and 

Protection) Price Assurance and Farm Services Agreement and the Essential Commodities (Amendment) 

Act—were introduced by the government as a step to raise farmers' incomes in the coming years. 

a. The Farmers' Produce Trade and Commerce (Promotion and Facilitation) Bill, 2020: 

The new bill provides a favourable environment wherein farmers and traders can enjoy the freedom 

of choice regarding selling and purchasing of produce; this will facilitate remunerative prices 

through competitive, alternative trading channels to promote efficient, open and barrier-free 

interstate and intrastate trade. 

b. The Farmers (Empowerment and Protection) Agreement of Price Assurance and Farm 

Services Bill, 2020: This law would shift the risk of market unpredictability from the farmer to 

the sponsor and allow the farmer to access new technologies and better inputs. It will reduce the 

marketing costs and increase farmers' earnings. Farmers can participate in direct marketing so that 

the intermediaries are eliminated, resulting in maximum price realisation. Through this bill, 

farmers have been given adequate protection, and with clear timelines for redress, an efficient 

dispute resolution process has been established. 

c. The Essential Commodities (Amendment) Bill, 2020: The new bill aims to exclude items—

from the list of essential commodities—such as cereals, pulses, oilseeds, edible oils, onions, and 

potatoes. This will alleviate concerns of undue regulatory intervention by private investors in their 

business operations. The ability to grow, keep, transport, distribute and supply will harness the 

economies of scale and draw direct private sector/foreign investment into the agricultural sector. 

The law would help accelerate investments in cold storage and food supply chain modernisation. It 

will benefit farmers and customers alike, while at the same time bring in price stability. It would 

create a favourable business climate and avoid wastage of agri products due to the lack of storage 

facilities. 

2. Policy Related to Agricultural Education, Research and Extension: 

a. The Department of Agricultural Research and Education (DARE)  

b. The Indian Council of Agricultural Research (ICAR): Agricultural Extension system of 

India comprise of: 

i. First line extension system of ICAR and SAU’s 

ii. Extension system of Ministry of Agriculture 

iii. Extension system of Ministry of Rural Development 

iv. Extension work by NGOs and VOs. 

3. Agricultural Credit Policy: Agricultural credit is disbursed through multi-agency network consisting 

of Commercial Banks (CBs), Regional Rural Banks (RRBs) and Cooperatives. There are approximately 

121225 million village level Primary Agricultural Credit Societies (PACS), 371 District Central Cooperative 

Banks (DCCBs) with 13327 branches and 31 State Cooperative Banks (SCBs) with 1028 branches providing 

primarily short-term and medium-term agricultural credit in the country. The long-term cooperative 

structure consists of 19 State Cooperative Agriculture and Rural Development Banks (SCARDBs) and 755 

Primary Cooperative Agriculture and Rural Development Banks (PCARDBs) with 1219 branches and 689 

branches respectively, which are catering to the requirement of investment credit. Besides, there are 45957 

rural and semi-urban branches of Commercial Banks, 14462 branches of RRBs and more than 7 million 

micro finance institutions.  

4. Product Specific Support Policy: 

a. MSP- Minimum Support Price: Minimum Support Price is the price at which government 

purchases crops from the farmers, whatever may be the price for the crops.  Following are the 24 

crops covered by MSP: 

S. No. Crop MSP (Rs. per quintal) 

Kharif Crops 

1.  Paddy Common 1940 

Grade ‘A’ 1960 

2. Jowar Hybrid 2738 
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Maldandi 2758 

3. Bajra 2250 

4. Maize 1870 

5. Ragi 3377 

6. Arhar(Tur) 6300 

7. Moong 7275 

8. Urad 6300 

9. Cotton Medium Staple 5726 

Long staple 6025 

10. Groundnut 5550 

11. Sunflower Seed 6015 

12. Soyabeen 3950 

13. Sesamum 7307 

14. Niger seed 6930 

Rabi Crops 

15. Wheat 2015 

16. Barley 1635 

17. Gram 5230 

18. Masur (Lentil) 5500 

19. Rapeseed/Mustard 5050 

20. Safflower 5441 

21. Toria 4650 

Other Crops 

22. Copra Milling 10335 

Ball 10600 

23. De-Husked Coconut 2800 

24. Jute 4500 

b. Public Distribution System (PDS). 

c. Targeted Public Distribution System (TPDS). 

d. National Food Security Mission (NFSM). 

5. Agricultural Insurance Policy: 

a. Agriculture Insurance Company of India Limited (AIC) 

b. General Insurance Corporation of India 

c. National Bank for Agriculture and Rural Development (NABARD) 

d. National Insurance Company Limited 

e. The New India Assurance Company Limited 

f. The Oriental Insurance Company Limited. 

Following Agricultural Insurance Schemes has been Provided Throughout the Country 
1. National Agriculture Insurance Scheme (NAIS) or Rashtriya Krishi Bima Yojana” (RKBY) 

2. Weather-based Crop Insurance Scheme (WBCIS) 

3. Bio-fuel Tree/Plant Insurance Policy 

4. Cardamom Plant & Yield Insurance 

5. Potato Crop Insurance 

6. Pulp Wood Tree Insurance Policy 

7. Rain Fall Insurance Scheme for Coffee (RISC) 

8. Rubber Plantation Insurance 

9. Varsha Bima / Rain Fall Insurance 

10. Coconut Palm Insurance Scheme 

11. Weather Insurance (RABI) 
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Conclusion 
Basic objectives of India’s agricultural policy are to protect the livelihood of farmers and balancing the 

interests of consumers, provide support particularly to small and marginal farmers, and to alleviate 

poverty.  While economists cannot accept the concept of self-sufficiency, the current long-term outlook on 

the international food prices front provides the political context for the continuing efforts in India to achieve 

maximum possible self-sufficiency in the production of food grains.  Needing to feed a population of 1.2 

billion, a large country like India cannot be expected to depend substantially on trade for its food supplies. 

However, the instrumentalities must be efficient and effective in achieving these objectives and must also 

fulfill the attainment of sustainable development goals. 

References 
1. The Economic Survey 2020-21, Agricultural and Processed Food Products Export Development Authority (APEDA).  

2. Department of Commerce and Industry 2014–15 

3. Union Budget 2015–16, Press Information Bureau. 

4. Ministry of Statistics and Programme Implementation 

5. Review paper. Planning Commission of India. Retrieved from 

http://www.planningcommission.nic.in/reports/genrep/bkpap2020/24_bg2020.pdf 

6. Chand, R. 2015.  Retrieved from http://www.spandan-india.org/cms/data/ Article/A201533016293_20.pdf. Dated 20/11/2015. 

7. Dantwala, M.L. 2007.Agricultural Policy in India since Independence. Retrieved from 

http://ageconsearch.umn.edu/bitstream/182350/2/IAAE-CONF-051.pdf. 

8. Rao, C. H. (2000). Watershed Development in India: Recent Experience and Emerging Issues, Economic and Political Weekly. 

35:3943-3948. 

9. Radhakrishna, R. 1993. Indian Agriculture: Growth, Employment and Equity, in Tapas Majumdar (ed) Nature, Man and the 

Indian Economy, Oxford University Press, Delhi. 

10. https://www.wto.org/english/docs_e/legal_e/14-ag.pdf 

11. http://agricoop.nic.in/imagedefault/policy/NPF2007ENG.pdf 

12. http://dare.nic.in/node/185 

13. http://www.icar.org.in/en/agricultural-education.htm 

14. http://www.rakeshmohan.com/docs/AgricreditBulletin.pdf 

15. http://agricoop.nic.in/imagedefault/credit/agriculture-credit-overview.pdf 

16. http://www.usitc.gov/publications/332/EBOT_IndiaAgSubsidies.pdf 

17. Directorate of Economics and Statistics. 2015. 

18. http://eands.dacnet.nic.in/MSP.htm 

19. http://ebrary.ifpri.org/cdm/ref/collection/p15738coll2/id/125189 

20. http://ageconsearch.umn.edu/bitstream/182350/2/IAAE-CONF-051.pdf 

21. http://www.cuts-citee.org/pdf/BP06-DI-4.pdf 

22. http://www.economicsdiscussion.net/articles/highlights-on-national-agriculture-policy-2000/2086 

23. http://digitalcommons.kennesaw.edu/cgi/viewcontent.cgi?article=1007&context=jekem 

24. http://www.spandan-india.org/cms/data/Article/A201533016293_20.pdf 

25. http://agropedia.iitk.ac.in/content/national-agricultural-policy 

26. https://en.wikipedia.org/wiki/Agricultural_policy 

27. https://www.fao.org/india/fao-in-india/india-at-a-

glance/en/#:~:text=India%20is%20the%20world's%20largest,poultry%2C%20livestock%20and%20plantation%20crops. 

28. https://economictimes.indiatimes.com/news/economy/agriculture/food-grain-output-to-touch-new-record-of-308-65-million-

tons-in-2020-21-says-government/articleshow/85243856.cms 

29. https://www.google.com/search?q=pulses+estimation+in+2020-21&oq=pulses+estimation+in+2020-

21&aqs=chrome..69i57.14354j1j7&sourceid=chrome&ie=UTF-8 

30. https://farmer.gov.in/mspstatements.aspx 
  

http://ageconsearch.umn.edu/bitstream/182350/2/IAAE-CONF-051.pdf
https://www.wto.org/english/docs_e/legal_e/14-ag.pdf
http://agricoop.nic.in/imagedefault/policy/NPF2007ENG.pdf
http://dare.nic.in/node/185
http://www.icar.org.in/en/agricultural-education.htm
http://www.rakeshmohan.com/docs/AgricreditBulletin.pdf
http://agricoop.nic.in/imagedefault/credit/agriculture-credit-overview.pdf
http://www.usitc.gov/publications/332/EBOT_IndiaAgSubsidies.pdf
http://eands.dacnet.nic.in/MSP.htm
http://ebrary.ifpri.org/cdm/ref/collection/p15738coll2/id/125189
http://ageconsearch.umn.edu/bitstream/182350/2/IAAE-CONF-051.pdf
http://www.cuts-citee.org/pdf/BP06-DI-4.pdf
http://www.economicsdiscussion.net/articles/highlights-on-national-agriculture-policy-2000/2086
http://digitalcommons.kennesaw.edu/cgi/viewcontent.cgi?article=1007&context=jekem
http://www.spandan-india.org/cms/data/Article/A201533016293_20.pdf
http://agropedia.iitk.ac.in/content/national-agricultural-policy
https://en.wikipedia.org/wiki/Agricultural_policy
https://www.fao.org/india/fao-in-india/india-at-a-glance/en/#:~:text=India%20is%20the%20world's%20largest,poultry%2C%20livestock%20and%20plantation%20crops
https://www.fao.org/india/fao-in-india/india-at-a-glance/en/#:~:text=India%20is%20the%20world's%20largest,poultry%2C%20livestock%20and%20plantation%20crops
https://economictimes.indiatimes.com/news/economy/agriculture/food-grain-output-to-touch-new-record-of-308-65-million-tons-in-2020-21-says-government/articleshow/85243856.cms
https://economictimes.indiatimes.com/news/economy/agriculture/food-grain-output-to-touch-new-record-of-308-65-million-tons-in-2020-21-says-government/articleshow/85243856.cms
https://www.google.com/search?q=pulses+estimation+in+2020-21&oq=pulses+estimation+in+2020-21&aqs=chrome..69i57.14354j1j7&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=pulses+estimation+in+2020-21&oq=pulses+estimation+in+2020-21&aqs=chrome..69i57.14354j1j7&sourceid=chrome&ie=UTF-8
https://farmer.gov.in/mspstatements.aspx


 

 
Volume 04 - Issue 04 - April 2022       209 | P a g e  
 

Role of Silicon in Crop Improvement 
Article ID: 36574 

S. Mobeena1, N. Thavaprakaash1, G. Yamuna Devi1, M. Ajith Kumar1 
1Department of Agronomy, Tamil Nadu Agricultural University, Coimbatore-641 003, Coimbatore Dt, 

Tamil Nadu, India. 

 
 

Silicon is one of the most useful elements to mankind. It is the second most abundant element in the earth 

crust after oxygen, with soils containing approximately 32 % silicon by weight. Silicon dioxide comprises 

50-70 % of the soil mass. However, the role of silicon in plant growth and development was overlooked until 

the beginning of the 20th century. It occurs generally in the form of silicates, including ferro magnesian 

silicates (e.g. olivines, pyroxenes and amphiboles), alumino silicates (e.g. feldspar, mica and clays) and 

silicon dioxide (e.g. amorphous silica and quartz). Silicon flows in a cyclic pattern between the environment 

and plants, resulting in a biogeocycle that contributes to environmental and ecological phenomena. 

Multiple functional benefits of silicon have been identified in many monocots, which are considered as high 

silicon accumulators (Devanna et al., 2021). In cereals, the absorbtion of silicon from soil even exceeds the 

uptake of nitrogen, phosphorus and potassium (Epstein, 1994). The bio stimulatory effect of silicon 

fertilization in plants are observed in stressful conditions such as salinity, deficiency or excess of water, 

high and low temperature and strong pressure of diseases and pests, etc. 

Functions of Silicon in Plants 
1. Increase resistance to lodging: Lodging can be bending (or) breaking of the stem and also the failure 

of the root system to support the plant. It is permanent displacement of stem from its upright position 

causes grain shattering thereby reducing the yield of the plants (Dorairaj et al., 2017). The length of lower 

internodes, the strength or stiffness of elongated internodes and the strength and tightness of the leaf 

sheath all have a significant impact on the stem's breaking strength. It could be minimized by increasing 

the physical or mechanical strength of the culm. Application of silicon to plants promotes the silicification 

in thick-walled cells which forms part of ground tissues and provide mechanical support and strength to 

the plants. It is also known to trigger the lignification process that plays a significant role in the cell wall 

by cross-linking with cellulose and hemicellulose and it is crucial for mechanical support, water transport 

and defense against pathogens in vascular plants. Silicon also provides rigidity and roughness to the walls 

of plant cells which increases the plant resistance to lodging. 

2. Maintain erectness of leaves: Leaf erectness is an important factor affecting light interception in 

dense plant population and hence, photosynthesis. Silicon tends to maintain erectness of plant leaves and 

clumps there by increasing the photosynthesis because of better light interception. The effect of silicon on 

leaf erectness is mainly a function of the silicon deposition as silica gel or phytolith in the epidermal layer 

of the leaf panicle. It also increases lignin and hemicellulose content of cell walls. These structures are very 

resistant to decomposition and hence, maintenance of erectness of the leaves.  

3. Increase the tolerance of plants to drought: The silicon deposited beneath the cuticle of the leaves 

forms a Si-cuticle double layer thereby reducing the transpiration of the plants by 30 %. This effect is 

followed by a reduction in the diameter of stomatal pores and as a result, a decrease in leaf transpiration 

rate. Silicon fertilization to plants enhanced the K/Na selectivity ratio, enzyme activity and concentration 

of soluble substances in the xylem, resulting in limited sodium adsorption by plants (Meena et al., 2014). 

It is possible that silicon-fortified trichomes act as antennae that absorb shortwave radiation and emit long-

wave radiation to aid in the cooling of leaves thereby reducing transpiration of the plants. Hence, silicon 

nutrition has a prominent role under water stress conditions.  

4. Ameliorate heavy metal stress in plants: In plants and soil, there are different mechanisms and 

pathways by which silicon scavenges reactive oxygen species and ameliorate heavy metals. 

a. Reduction of heavy metal uptake by plants: Silicon increases the tolerance of plants to heavy 

metal toxicity (Mn and Cd) by immobilising the metals in the cell walls of the roots and inhibiting 

their transport from roots to aerial organs where they cause severe damage to plants.  
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b. Change in pH value in soil and plant: Silicon application increases the pH values that lead 

to immobilization and unavailability of heavy metals such as Cd and Mn. The application of the 

silicon rich materials such as fly ash and steel slag resulted in an increase in the soil pH (>1 unit), 

which decreased the phyto availability of Cd, Cu, Pb and Zn by 60 % and eventually reduced the 

uptake of the heavy metals in rice (Gu et al., 2011). 

c. Formation of silicon heavy metals: Silicon detoxifies the heavy metals in plants with solution 

chemistry mechanism. In this, silicon forms a compound by forming silicates and oxides with heavy 

metals.  

d. Stimulation of enzyme activities: Under heavy metal stress, silicon application decreased 

reactive oxygen species generation and enhanced the activities of antioxidant enzymes activities i.e., 

Superoxide dismutase (SOD), Peroxidase (POD), Catalase (CAT), Guaiacol peroxidase (GPX), 

Ascorbate peroxide (APX) which helps to ameliorate heavy metals in plants. 

5. Protects plant against diseases: The mechanism for silicon induced resistance to diseases is due to: 

a. Act as a physical barrier: The deposited silicon beneath the cuticle forms a cuticle-Si double 

layer that mechanically prevents fungus from penetrating the cuticle, disrupting the infection 

process. 

 
b. Act as a modulator of host resistance to pathogens: After a fungal infection, silicon promotes 

chitinase activity as well as the rapid activation of natural defence chemicals such as peroxidases 

and polyphenoxidases. When a pathogenic fungus attacks a plant, silicon triggers a broad quick 

response in the plant, releasing natural defensive chemicals to prevent the development of pathogen.  

6. Protects plants against insect and pests: The deposition of silica on epidermal layers provides a 

physical barrier thereby reducing the insect attack on plants. Sucking pests and leaf eating caterpillars 

have a low preference for the silicified plant tissues (Meena et al., 2014). However, silica treatment also 

increases the abrasiveness of leaves and it also acts as a feeding deterrent that reduces the growth 

performance of folivorous insects. Silicon fertilisation increased the activities of defensive enzymes such as 

phenylalanine ammonia-lyase (PAL), poly phenol oxidase (PPO) and peroxidise (POX) that are involved in 

lignification process and responsible for the oxidative catalysis of phenols to quinones.  

7. Increases nutrient uptake of plants: Silicon fertilization improves mineral nutrient uptake by (i) 

enhancing water uptake and transpirational driving forces, that increases nutrient movement from soil 

into roots (ii) increasing ion mobilization in roots (iii) stimulating membrane H + -ATPase activity driving 

mineral nutrient uptake (iv) regulating ion transporter genes (v) enhancing the translocation of metabolites 

which contribute to root/shoot ion transport.   

8. Increases the growth and yield of different crops: The growth and yield increment of different 

crops by silicon fertilization may be attributed not only to the positive effects of silicon such as growth 

promotion, lodging resistance and biotic and abiotic stress resistance but also, to some indirect effects such 

as pH adjustment and acquisition of macro and micronutrients contained in the silicate fertilizers, 

especially when silicon containing mineral ores are used as sources of silicate fertilizer (Liang, 2015). 
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1. Plant growth and yield production in the absence of Si application (-Si) 

2. Plant growth and yield production in the presence of Si application (-Si) 

Conclusion 
Silicon nutrition management strategies plays a critical role in reversing declining yield trends in crop 

production by possible mechanisms such as increasing lodging resistance, erectness of leaves, tolerance to 

biotic and abiotic stress conditions and uptake of nutrients. Such nutrient management strategy should be 

introduced into plant production as a standard in the cultivation of crops. 
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Introduction 
Globally, the increased population have increased the energy demand due to which the cost of fossil fuels 

has raised drastically. There are several other sources of energy with more advantages than fossil fuels, 

one among them is biogas. The biogas production is done with the help of bio-waste, which is available in 

tons every day. 

Municipal solid waste (MSW) is one of the major source of bio-waste and its disposal is a significant problem 

in many locations. As per Ministry of Housing and Urban Affairs Annual Report for the year 2016-17, it is 

estimated that the total generation of solid waste is approximately 1,50,000 T/day. Out of the total, 

approximately 90% (1,35000 MT/day) is collected. Out of the collected waste, 20% (27,000 MT/day) is 

processed and the remaining 80% (10,8000MT/day) is going to the dump sites. Rather than dumping the 

waste which is creating disturbance in the environment the MSW can be used in generation of energy. Here 

comes the technology called land fill gas technology where, the MSW is used as raw material for generation 

of biogas. 

The anaerobic digestion of the biodegradable solid waste takes place inside the land which is filled with 

waste and covered with soil. The gas obtained from this land fill constitutes of 50% methane and 50% 

carbondioxide. The methane produced by landfills is of environmental significance because methane is a 

potent greenhouse gas (GHG), and its ability to trap heat in the atmosphere, called its “global warming 

potential,” is more than 20 times greater than that of carbon dioxide. 

Stages of Land Fill Gas Formation 

 

The above flowchart depicts the municipal solid waste processing, where last stage of disposal is done at 

land fill location and systematic arrangement of waste is done.  

Bacteria decompose landfill waste in four phases. Gas composition changes with each phase and waste in 

a landfill may be undergoing several phases of decomposition at once. The time after placement scale (total 

time and phase duration) varies with landfill conditions. 

 

                      Collection point 1 Transfer &  
      transport  
     

Solid waste  Waste handling  Disposal 
   

 Collection point 2 Separation 
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Phase I: Aerobic bacteria—bacteria that live only in the presence of oxygen—consume oxygen while 

breaking down the long molecular chains of complex carbohydrates, proteins, and lipids that comprise 

organic waste. The primary byproduct of this process is carbon dioxide. Phase I continues until available 

oxygen is depleted.  

Phase II: Using an anaerobic process—does not require oxygen—bacteria convert compounds created by 

aerobic bacteria into acetic, lactic and formic acids and alcohols such as methanol and ethanol. As the acids 

mix with the moisture present in the landfill and nitrogen is consumed, carbon dioxide and hydrogen are 

produced.  

Phase III: Anaerobic bacteria consume the organic acids produced in Phase II and form acetate, an organic 

acid. This process causes the landfill to become a more neutral environment in which methane-producing 

bacteria are established by consuming the carbon dioxide and acetate.  

Phase IV: The composition and production rates of LFG remain relatively constant. LFG usually contains 

approximately 50-55% methane by volume, 45-50% carbon dioxide, and 2-5% other gases, such as sulfides. 

LFG is produced at a stable rate in Phase IV, typically for about 20 years. 

Land Fill Gas Collection 
LFG collection systems can be configured as vertical wells or horizontal trenches. The most common method 

is drilling vertical wells into the waste mass and connecting the wellheads to lateral piping that transports 

the gas to a collection header using a blower or vacuum induction system.  

Horizontal trench systems are useful in areas of active filling. Some landfills use a combination of vertical 

wells and horizontal collectors. The most common method of LFG collection involves drilling vertical wells 

in the waste and connecting those wellheads to lateral piping that transports the gas to a collection header 

using a blower or vacuum induction system. Another type of LFG collection system uses horizontal piping 

laid in trenches in the waste. Horizontal trench systems are useful in deeper landfills and in areas of active 

filling. 

 

Treatment of LFG 
Primary Treatment removes moisture as the gas passes through a knockout pot, filter, and blower.  

Secondary Treatment involves the use of an after cooler or other additional moisture removal (as 

necessary), followed by siloxane/sulfur removal and compression (as needed). After the impurities are 

removed in the Secondary Treatment stage, the LFG can be used to generate electricity or as a medium-

Btu fuel for arts and crafts or boilers.  

Advanced Treatment removes additional impurities (CO2, N2, O2, and VOCs) and compresses the LFG into 

a high-Btu gas that can be used for vehicle fuel or injected into a gas pipeline. Waste/tail gas is sent to a 

flare or thermal oxidizer. 
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Conclusion 
As compared in economic and ecological point of view the use of fossil fuels are high in cost and creates 

damage to the environment which led to climate change. Utilising the municipal solid waste which is 

available almost for free to generate energy and make the surroundings less harmful gives the best returns. 

The major out gain from this project is employment for many with single unit of LFG plant. 
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Introduction 
1. If you are someone like me who grows a garden solely to produce fresher and healthier vegetables & 

fruits for me and my family, you probably want to keep chemicals out of your garden as much as possible. 

2. Using of botanicals instead of chemicals is one of the recent approaches for plant protection, as chemicals 

may cause health hazard and may directly increase environmental pollution. 

What is a Spice? 
A spice is a seed, fruit, root, bark, or other plant substance primarily used for flavoring, coloring or 

preserving food. Spices are distinguished from herbs, which are the leaves, flowers, or stems of plants used 

for flavoring or as a garnish. Many spices have antimicrobial properties. 

What are Protectants and Botanicals? 
1. Substances that provide protection are called as protectants and botanicals are fibre, juice, oil, pulp, 

tissue, or other components derived from plants and used in cosmetics, food supplements, personal care 

products or pharmaceuticals. 

2. The concept of management of pests and diseases employing eco-friendly materials gained momentum 

as mankind became more and more environment conscious. 

Why Botanicals? 
1. Pave way for sustainable agriculture  

2. Reduce crop losses  

3. Eco-friendly  

4. Easily bio-degradable  

5. Organic farming  

6. Cheaper. 

Characters of Pest Managing Plants 
1. Effective at the rate of maximum of 3-5 % plant material based on their dry weight 

2. Easy to grow, require less space and time for cultivation 
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3. Perennial, recover quickly after material is harvested 

4. Not become weed or host to insect pests and plant pathogens 

5. Complimentary economic uses. No hazard to non-target organisms. 

6. Easy to harvest, preparation should be simple, less time consuming. 

7. Application should not be phyto-toxic or decrease the quality of the crop. 

Production of Antimicrobial Compounds in Plant Tissues 
1. Plants produce thousands of compounds like glycosides, sulphur containing compounds, phenols etc. 

2. Stored in different plant parts (heartwood & epiderm) & in different organs (cytoplasm, lysigenous 

glands, ducts). 

3. Mechanical or pathogenic injuries to tissues bring these compounds in contact with seperately stored 

enzymes. 

4. Enzymatic actions on these compounds leads to production of antimicrobial compound. 

Preparation of Plant Materials 
1. Plant part to be used is washed in tap water  

2. Crush the plant part in pestle and mortar by adding sterilized distilled water 

3. Extract is filtered using muslin cloth or filter paper 

4. Extract is centrifuged at 1000 – 5000 rpm for15 – 30 mins 

5. Supernatant obtained is sterilized for 15 mins or passed through millipore filter paper 

6. This is standard plant extract solution (100 %). 

Some of the Spices Used as Plant Protectants are 
Garlic (Allium sativum): 

a. The whole garlic plant (including all the parts: flowers, bulbs and leaves) can be used as a 

biopesticide in plant protection. Biopesticide made by garlic is effective because of its repellent, 

insecticidal, fungicidal, nematicidal, and antibiotic properties. 

b. The natural pesticide (garlic) has a strong aroma that can provide an olfactory camouflage against 

insects, masking their normal host-finding or feeding cues. 

c. Aphids, ants, termites, whiteflies, beetles, borers, caterpillars, slugs, and armyworms are some of 

the pests that can be suitably controlled using garlic  

d. Garlic oil spray has a wide range of effects. It is not recommended for controlling aphids because 

it kills the natural enemies of aphids. Its applications should be confined to home and garden 

settings where natural controls are scarce. 

Turmeric (Curcuma longa): 

a. Curcuma longa is a plant with incredible properties that can be beneficial both medicine and in 

agriculture and gardening. 

b. Because of the natural antifungal, antiseptic, and antibacterial substances discovered in 

turmeric, it can become a viable replacement for a list of synthetic pesticides and fungicides that 

are extremely harmful to the environment. 

c. Turmeric contains curcumin which can stop the fungal development and control fungal infections 

like powdery mildew, downy mildew, early blight, leaf blight, brown stem rot, and other plant fungal 

diseases. 

d. It is commonly applied after pruning roses, tree grafting, and on the incision of the cuttings of the 

plant you want to propagate before inserting it into the potting mix. 

Ginger (Zingiber officinale): 

a. Ginger also shows antimicrobial and other biological activities due gingerol and paradol, shogaols 

and zingerone.  

b. An important finding showed that 10% ethanolic ginger extract was found to possess 

antimicrobial potential against pathogens.  

Cinnamon (Cinnamomum verum): 

a. Cinnamon and its compounds effectively hinder bacterial and fungal growth, and the phytotoxic 

effects of cinnamon make it a possible herbicide. In particular, it can be used in organic farming as 

https://backgarden.org/tomato-early-blight/
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a promising alternative to chemical pesticides for use in plant protection, especially in preventive 

treatments. 

b. Various forms of cinnamon for the control of plant diseases and pests in crops and during storage 

of fruit and vegetables. It acts on pests mainly as a repellent, although in higher doses it has a 

biocidal effect and prevents egg-laying. 

Clove (Syzygium aromaticum): 

a. The clove essential oil may also be employed as insecticide to control the japanese terminte 

Reticulitermes speratus. 

b. In the same way clove essential oil at 5% posses 100% of repellent activity against the chigger 

Leptotrombidium imphalu which could be a safer and cheaper alternative to synthetic repelents 

commonly associated to harmful side effects. 

c. Eugenol, eugenol acetate and beta-caryophyllene were effective in repellency of red imported fire 

ants Solenopsis invicta. 

Conclusion 
1. Spice extracts are capable of replacing chemicals from agriculture. 

2. Safeguards soil, plant and human health. 

3. Helps in production of quality food. 

4. Eco friendly, sustainable and residue free. 

5. Need to standardize the commercial formulations of spice extracts. 
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Introduction 
In recent years, the adoption of digital technologies in precision agriculture has been adjusting the ways 

that farmers treat crops and manage fields. One doesn’t have to be an expert to see how the technology has 

changed the concept of farming making it more profitable, efficient, safer, and simple. Among other 

technologies, farmers have picked five they deem to be the best: 

1. GIS software and GPS agriculture. 

2. Satellite imagery. 

3. Drone and other aerial imagery. 

4. Farming software and online data. 

5. Merging datasets. 

As a result, modern farms get significant benefits from the ever-evolving digital agriculture. These benefits 

include reduced consumption of water, nutrients, and fertilizer, reduced negative impact on the 

surrounding ecosystem, reduced chemical runoff into local groundwater and rivers, better efficiency, 

reduced prices, and many more. Thereby, business becomes cost-effective, smart, and sustainable. Let’s 

discuss some of these agricultural technologies. 

GIS-Based Agriculture (GIS Based Harvesting) 

 

Since fields are location-based, GIS software becomes an incredibly useful tool in terms of precision 

farming. While using GIS software, farmers are able to map current and future changes in precipitation, 

temperature, crop yields, plant health, and so on. It also enables the use of GPS-based applications in-line 

with smart machinery to optimize fertilizer and pesticide application; given that farmers don’t have to treat 

the entire field, but only deal with certain areas, they are able to achieve conservation of money, effort, and 

time. 

Another great benefit of GIS-based agriculture is the application of satellites and drones to collect valuable 

data on vegetation, soil conditions, weather, and terrain from a bird’s-eye view. Such data significantly 

improves the accuracy of decision-making. 

Satellite-Derived Data 
Predicting yields, as well as conducting almost real-time field monitoring, with a view to detect a variety 

of threats with satellite data in service has never been so easy. 

The sensors are able to give imagery in various spectra, allowing for the application of numerous spectral 

indices, such as the Normalized Difference Vegetation Index (NDVI). NDVI allows for the detection of 
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vegetation content, the number of wilting plants, and overall plant health. Next is the Canopy Chlorophyll 

Content Index (CCCI) that helps with nutrient application. Then, the Normalized Difference Red Edge 

(NDRE) detects Nitrogen content. And lastly, the Modified Soil-Adjusted Vegetation Index (MSAVI) is 

designed to minimize soil background impact at the earliest developmental stages of plants; the list goes 

on. 

 

Data from the Sky – Drones 

 

With the assistance of drones’ farmers have an opportunity to define crop biomass, plant height, the 

presence of weeds, and water saturation on certain field areas with high precision. They deliver better and 

more accurate data with higher resolution in comparison to satellites. When they are locally operated, they 

provide valuable information even faster than scouts. Drones are also considered to be unrivaled aides in 

the battle against insects; the invasion is prevented by applying the insecticide on the hazard areas using 

drones, all while reducing the likelihood of direct exposure leading to chemical poisoning. Despite the fact 

that drones are easy to use and are capable of collecting large amounts of data within short time frames, 

there are still challenges when using them on a constant basis as they don’t come cheap. Drones are almost 

helpless where mapping or monitoring of large areas is required, and it is better to complement the 

technology with satellite monitoring among already mapped areas, where specific zones need to be cross-

checked. 

Online Data – The Key to Precision Farming 
To simplify field observation, EOS has designed EOS Crop Monitoring – a digital Platform that employs 

satellite monitoring in order to speed up a farmer’s decision-making so that he does not miss a crucial point 

of field treatment. Here are some of the features available in the platform: 

1. EOS Crop Monitoring allows the use of the Normalized Difference Vegetation Index (NDVI) for tracking 

crop health. This index monitors the amount of chlorophyll in plants which makes it possible to obtain 

information about their condition. When you have higher NDVI values, you have healthier vegetation, since 

the more chlorophyll available to the plant, the healthier it is. 
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2. Another important feature of EOS Crop Monitoring is a Scouting app. It is both a mobile and desktop 

app that employs digital field maps. While using this app, a farmer is able to assign multiple tasks to scouts 

in few clicks. Add a field, drop a pin, set a task. Once the task is assigned, a scout moves directly to the 

selected location and checks problem areas at the site, inspects pest activity, performs weed management 

activities etc., immediately making records in the app. This allows inspection of the problem areas only 

when needed, thereby saving ample time to take necessary preventative actions.  

3. Weather analytics. By analyzing weather data in-line with the data on plant condition obtained from 

satellite imagery, farmers can precisely apply irrigation and prevent frost or heat damage. For example, 

one of the best methods to avoid drought issues is drip irrigation with automatic or manual valve control, 

thus the farmer can apply the required amount of water to dry areas. 

4. The strongest benefit of EOS Crop Monitoring is the fact that it is based on satellite imagery. It helps to 

analyze field conditions or the state of specific areas and extract valuable information on-the-fly, thereby 

speeding up optimal reaction time as well as making reliable decisions – what crops to plant, when to 

harvest, how to effectively plan for the next season, what amount of nutrients and fertilizers apply, and 

many more. 

Combining Data 

 

Occasionally EOS Crop Monitoring has to mash various data sets in order to get valuable insights for your 

fields. For a start, the user is able to compare the performance of his field with the average performance of 

all fields in the given district. To face this challenge, multiple datasets obtained from all of the fields in 

your district are compared. For now, such comparisons are only available using the NDVI vegetation index, 

but in the near future we will expand the analytical opportunities of the Platform by adding new indices. 

The next valuable feature that employs numerous data sets is weather data analysis. It is comprised of the 

following options: 

1. “Winter kill” notifies you about low temperatures that threaten your winter crops 

2. “Cold stress” highlights the days when the temperature dropped below -6℃ to assess the damage to early 

crops from frost 

3. “Heat stress” reflects the days with temperatures above +30℃ to assess the damage from heat stress 

The feature provides the ability to monitor precipitation and temperature as well. 
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The Findings on Precise Agriculture 
Promising agricultural technologies are moving into the future by leaps and bounds. They offer substantial 

help for farmers in their endeavor for optimizing inputs, simplifying farm management, and increasing 

productivity. Increased yields, as well as reduced maintenance costs, help boost profit margins. In the 

context of smart solutions, precision agriculture offers a Swiss army knife of farming techniques for today’s, 

and tomorrow’s farmers. 
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Introduction 
The current environmental ramifications due to industrial agriculture, climate change, and pathogens have 

destructed the habitat and loss of biodiversity. These ecological modifications have threatened the 

apiculture including the bees and wild pollinators which plays a vital role and are indispensable in the 

terrestrial ecosystems. This article presents the foundational space of apiculture, challenges, and emerging 

techniques of the apiarists in bee keeping including precision apiculture, and a low-cost IoT and remote 

sensing technology deployed for data gathering and monitoring the vigor and productivity of beehive 

colonies. The system has redundancy components and utilized the three-level hierarchical model including 

wireless mode, local information server, and the cloud data server. The system also consists of sensors 

deployed across distinct locations to capture the beehive’s temperature, relative humidity, loads of the hives 

and honeycombs are stored to the local and cloud server. This system will complement the urgent need to 

countervail the honeybee colonies’ collapse by helping the apiarists, apiculture subsector, and agriculture 

sector to embark emerging precision apiculture technologies. Precision Apiculture is recently defined as a 

scientific direction where Information Technologies (IT) and beekeeping are combined. Precision 

beekeeping (PB) or remote hive monitors will enable us to monitor the status of honeybee colonies and 

apiaries from any Internet enabled device such as a smartphone, tablet. Thus, enabling rapid reaction by 

the beekeeper in case of necessity. 

Why Precision Apiculture? 
There are different tasks for PB at the bee colony and apiary scales both in passive and active periods of 

honey bee colony development. 

1. Developmental states of bee colonies 

2. Events that may require the beekeeper's action, including swarming/pre-swarming state, extreme nectar 

flow, queen less state, brood less state, dead colony and starving. 

3. Diseases, including colony collapse disorder (CCD). 

Precision Beekeeping can Also be Split and Analysed in Three Phases 
1. Data collection- measurements from bee colonies 

2. Data analysis - conclusions regarding bee colony behaviour and activity trends based on measurement 

data, predefined models and expert knowledge 

3. Application- decisions are made and actions undertaken based on data analysis for improving apiary 

performance. 

Major Parameters Covered in Precision Bee Keeping 
1. Temperature and Humidity 

2. Video and Audio recording  

3. Hive weight 

4. In and out Activity. 

Temperature 
Based on temperature information, beekeepers and researchers have tried to detect colony states such as: 

1. Increased food consumption. 
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2. Start of brood rearing. 

3. Pre-swarming states. 

4. Death of the bee colony. 

5. Brood volume and winter cluster volume can also be identified by monitoring colony temperature.  

Measurement of temperature and humidity with sensors (Sanchez et al., 2015). 

Transforming physical magnitudes into electrical signals. Two types of sensors are used: 

a. Sensor LM35 by National Semiconductor which generates an output whose voltage value is 

proportional to the temperature, with a ratio of 10 mV per each Celsius degree. The output signal 

of the sensors is amplified so as to obtain a 0.10C accuracy within the range from 00C to 500C. 

b. Sensor SHT15 which measures the value of relative humidity through a capacitive sensor, with 

an error of ± 2% regards as relative humidity. 

Video and Audio Monitoring of the Colony 
Bee colonies can be monitored using direct video observations and it is possible to monitor the hive entrance 

for the flight and other activities of a honeybee colony, which is an important indicator of the strength and 

condition of the hive. Video monitoring of the colony can be used to count incoming and outgoing bees which 

can help in the discovery of unusually active or inactive colonies and swarms (Campbell et al., 2008). 

Big brother for bees (3B) – energy neutral platform for remote monitoring of beehive imagery 

and sound. Fully autonomous beehive monitoring system Big brother for bees (3B) which provided 

image and sound monitoring of the internal chambers of the hive, as well as a warning system for 

emergency events such as possible piping, dramatically increased hive activity, or physical damage to the 

hive. 

Camera: A system comprising of a Raspberry Pi, an infrared camera and an array of IR LED’s was 

developed which provides a clear picture in the low-light hive, without disturbing the bees. A thermal 

imaging camera mode with a Raspberry Pi was also developed to provide the keeper with an image that 

describes the activity of the colony within the hive. 

To implement both cameras into the design, the software deployed on the Raspberry Pi modules takes a 

picture five times per day and stored them on an SD card with a time stamp. 

Sound detection: The microphone used was the spark fun electret microphone accompanying the 

microphone was a circuit with an op amp (OPA344) which was used to amplify the sound from the 

microphone so that the analogue input pins of the wasp mote microcontroller could sample them effectively. 

Software filters were used to detect elevated sound levels in the hive and software was implemented on the 

Libelium Waspmote. Monitoring of swarming sounds in bee hives for early detection of swarming period: 

a. The recording devices consisted of three microphones (ECM 3005, Monacor) with frequency 

response from 50 Hz to 16,000 Hz connected to a PC. 

b. The recorded signal was digitalized with a soundcard soundscape SS88IO 3. 

c. Pre-amplifiers were also used that allowed the regulation of the sensors for the signal inputs. 

Hive Weight 
1. The hive scale is an important tool and gives a good assessment if food consumption has been high over 

a longer period and whether there is a need for feeding. 

2. The weight of an inhabited hive can be measured to monitor the different states of the colonies or to 

identify several colony events 

3. The occurrence of nectar flow during the foraging season (start and end of nectar flow) 

4. Consumption of food during non-foraging periods 

5. Occurrence of swarming events through a decrease in the hive weight 

6. Estimating the number of foragers. 

Automated weighting system: Weight monitoring system with GSM/GPRS external interface for packet-

based communication with remote server. The system is based on one main module, which is placed on the 

hive and consists of temperature sensor, 4 strain gauge load cells for weighting purposes, RF transceiver 

and GSM/GPRS modules, photovoltaic cell array, battery, charge controller. 
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An Imaging System for Monitoring the In-And-Out Activity of Honey Bees 
Imaging system consists of 

a. An infrared LED light source. 

b. An infrared CCD camera and a personal computer for image acquisition and processing. 

c. An acrylic passageway to temporarily confine the bees within the image-capturing range of the 

camera.  

Recent applications for beehive monitoring: 

a. Beehive microcontroller (Arduino ATmega328P): 

i. The benefit of the microcontroller is that serial communication is an extremely easy 

protocol which is time-tested and USB makes connection with modern computers and makes 

it comfortable. 

ii. Its co-ordinates all the sensors together and give accurate and reliable results in real – 

time. 

b. Temperature and humidity sensor: 

i. The sensor DTH22 is compatible with the development board Arduino ATmega328P that 

was used in the system.  

ii. The sensor utilizes thermistor and a moisture resistor to evaluate temperature.  

iii. The element is linked to the digital pin ATmega328 and placed inside the machine to 

monitor the beehive’s temperature and humidity. 

c. Load Cells (HX711) information: 

i. HX711 is a precision 24-bit analog-to-digital converter (ADC) developed for weighing scales 

purposes that can be used in small scale to industrial application by having it interfaced with 

a bridge sensor. In this design, a 200 kg maximum weight can be measured. 

ii. The load cells are connected to the HX711 sensor, and the HX711 sensor was connected to 

the Arduino development module so that Arduino can evaluate the incoming information and 

transmit to the server. 

d. Wi-Fi module: 

i. Serves the connectivity services between the IoT devices and the IoT platform. 

ii. ESP8266 is a low-cost SOC with TCP/IP protocol stack which allowed the Arduino module 

to access the iii. Wi-Fi network and provide services and connection points between the 

temperature and humidity sensors, and load sensors to the Beehive online and mobile 

application. 

e. Buzzbox. 

Key Features: 

a. Honey bee health monitor: automatic hive health updates via real-time colony audio analysis. 

b. Track your bees from your smartphone (android and iOS). 

c. Receive smartphone security alerts to prevent theft or invasion. 

d. Monitor internal and external temperature and humidity, barometric pressure. 

Major Colony-Based Decision Support Rules in PB 
1. Pre-swarming: Principal components analysis-based detection by vibration measurements (Bencsik 

et al., 2011). Frequency content shifts from about the range of 100-300 Hz to a higher 500-600 Hz detected 

by sound and temperature measurements (Ferrari et al., 2008). 

2. Intensive brood rearing: Summer temperatures above the bee nest of at least 300 C during day and 

night indicates an intensive brood rearing state of the colony, detected by temperature measurements 

(Stalidzans and Berzonis, 2013). 

3. Death of colony: No buzz sound/vibration from the colony by sound measurements and no moving bees 

at hive entrance during the active summer period for one day detected by video observation or bee counting 

(Struye et al., 2014) 

4. Intensive brood rearing: Changes of ambient temperature more than ±10 0C do not cause temperature 

changes above the bee nest more than ±2 0C. 
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5. Low nectar flow: All measured colonies at the same location have no increase in weight between two 

nights, detected by scales. 

6. Unspecified problems at individual colony: No increase in weight between two nights just in one 

colony when other colonies at the same location have weight increase detected by scales. 

7. Hive damage (demolition, theft, storm): Fast and simultaneous convergence of temperature above 

the bee nest to the ambient one in some colonies detected by temperature measurements. 

Challenges & Future Perspectives in Precision Beekeeping 
1. Existing solutions are targeted to observe one hive with a video system and it is not economically feasible 

to equip all hives with video cameras due to the huge amount of data generated. 

2. Collaboration in the use of metrological stations 

3. Application of rotating camera and zooming option to observe all colonies in the apiary. 

4. Temperature monitoring seems to be developing towards wireless technologies and alternative energy 

sources such as solar energy may be utilised effectively for usage of these systems. 

5. The high costs and low accuracy of continuously loaded electronic scales limit their application. Moreover, 

the manual weighing of colonies is too laborious to perform at the industrial scale. 

6. As the dynamics of weight changes is most important, less precise indirect weight determination methods 

like vibration response analysis could be developed. 

7. Generally, sound seems to be a promising research direction in the analysis of insects and similar 

organisms and more research on sound analysis in beekeeping-related issues seems to be necessary.  

8. The energetic demand of different solutions may play an important role if a centralised electrical supply 

is not available. 

Conclusion 
1. Real-time surveillance of the defined ambient parameters of a bee colony that has become a popular 

instrument for both research and practical beekeeping 

2. Wireless beehive system allows apiarists to monitor the temperature, relative humidity, and weight 

monitoring non-intrusively. Hence, it promotes beehives to become healthy and increase honey’s 

productivity, and effectively perform the overall aspects of apiary management using the Bee Watch mobile 

application 

3. The recently defined Precision Apiculture branch as a sub-branch of Precision Agriculture is still in 

developing stage. Nowadays, there are several wired and wireless systems developed to monitor several 

honey bee colonies parameters, but systems for honey bee colony data analysis still to be developed.  

4. Further research has been proposed for the combined measurements of sound, temperature and humidity 

for the detection of pre-swarming condition. 
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Introduction 
Lamarck was the first to invent the name Azolla in 1783. The genus Azolla belongs to the Pteridophyta 

division, Polypodiopsida class, and Salviniales order. It was also a member of the Salviniaceae family, with 

two subgenera and six surviving species (Lumpkin & Plucknett, 1980). There were four species in the 

EuAzolla subgenus, each with three megaspore floats and septate glochidia: A. filiculoides Lain., A. 

caroliniana WiUd., A. microphylla Kaulf., and A. mexicana Presl. Azolla, also known as mosquito fern, 

duckweed fern, fairy moss, or water fern, is a small free-floating aquatic fern found in Asia, Africa, and 

North America. It can be seen growing in marshes, ditches, and even lakes and rivers when the water is 

calm (Lumpkin and Plucknett, 1980). The name Azolla is a combination of two Greek words, Azo (to dry) 

and Ollyo (to kill) thus reflecting that the fern is killed by drought. The endophytic blue-green algae 

Anabaena zollae resides within the leaf cavities of the water fern, forming the Azolla-Anabaena symbiotic 

complex Azolla. 

Distribution 
Azolla is a freshwater plant that thrives in tropical, subtropical, and warm-temperate climates around the 

world. Azolla caroliniana is found in eastern North America and the Caribbean, Azolla filiculoides in the 

Americas from southern South America to Alaska, Azolla microphylla in tropical and subtropical America, 

Azolla mexicana in the Americas from northern South America to Alaska, Azolla nilotica in East Africa 

from Sudan to Mozambique, and Azolla pinnata in most of Asia and tropical Africa's coast (Sculthorpe, 

1967; Lumpkin & Plucknett, 1980, Van Hove, 1989; Wagner 1997). Azolla caroliniana, Azolla microphylla, 

and Azolla pinnata are three Azolla sp. that are often found in the Indian subcontinent. 

Morphology 
The macrophyte of Azolla is called a frond, which can range in length from 1 cm to 2.5 cm in species like 

Azolla pinnata to 15 cm or more in species like Azolla nilotica (Raja et al., 2012). It contains a primary 

rhizome that branches out into subsidiary rhizomes, all of which have tiny leaves grouped alternately. 

Numerous unbranched, adventitious roots dangle from nodes on the ventral surfaces of the rhizomes into 

the water. The roots acquire nutrients directly from the water, and in shallow water, they may come into 

contact with the soil and absorb nutrients from it. Each leaf has two lobes: an airborne chlorophyllous 

dorsal lobe and a somewhat submerged ventral lobe that produces buoyancy and is colourless and cup-

shaped. The inside surface of each leaf cavity is lined with an envelope and covered by an unknown 

composition mucilaginous layer packed with Azollae filaments and permeated by multicellular transfer 

hairs, requiring 20-30 kg/ha. The use of Azolla boosts rice output by 20 to 30% (Raja et al., 2012). 
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Reclamation of Saline Soils Using Azolla 
Azolla is salt sensitive, and two years of cultivation in a saline environment reduced salt content from 0.35-

0.15, and the desalinate rate (71.4 percent) was 1.8 times faster than through water leaching and 2.1 times 

faster than Sesbania. It also reduced electrical conductivity, acidic soil pH, and increased calcium content 

of soil (Anjuli et al., 2004). 

Bioremediation Using Azolla 
A. pinnata and Lamna minor were discovered to remove the heavy metals iron and copper from 

contaminated water (Jain et al. 1989). Pollutants with low concentrations can be treated by running them 

through ponds and utilised for agricultural purposes. 

Arora et al., (2006) discovered chromium tolerance and phyto-accumulation in three Azolla species, and 

Cohen-Shoel et al., (2002) discovered biofiltration of hazardous elements by Azolla biomass. Azolla has a 

unique ability to concentrate metals such as Cu, Cd, Cr, Ni, Pb, and nutrients from pollutants and sewage 

water. 

Azolla in Biogas Production 
Anaerobic fermentation of Azolla (or a mixture of Azolla and rice straw) produces methane gas, which can 

be used as a fuel, and the remaining effluent can be used as a fertilizer because it contains all of the 

nutrients originally incorporated in plant tissues, with the exception of a small percentage of nitrogen lost 

as ammonia, as Van Hove (1989) suggested. 

Das et al., (1994) blended cow dung and Azolla residues and discovered that the optimal ratio was 1:0.4, 

which produced 1.4 times the amount of gas produced by cow dung alone. 

Azolla and Bioenergy 
When Azolla-Anabaena is cultivated in a nitrogen-free environment and/or a water medium containing 

nitrate in the symbionts, instead of fixing nitrogen, it produces hydrogen utilizing water as a source.  

According to Hall et al., (1995) the rate of hydrogen production can be boosted by exposing cells of 

Anabaena-Azollae isolated from the fern to a micro aerobic environment, a partial vacuum, argon-enriched 

or carbon dioxide-enriched atmosphere, or immobilization of cells of Anabaena-Azollae. 

Azolla as a Space Diet Ingredient 
Katayama et al., (2008) in partnership with the Space Agriculture Task Force, proposed Azolla as a 

component of the space diet during residence on Mars, and discovered that Azolla met human nutritional 

needs on Mars. 

Conclusion 
Azolla fixes nitrogen from the atmosphere and stores it in its leaves. As a result, it is used as a green 

manure. Rice farmers have noticed and appreciated the fact that cultivating Azolla in paddy fields increases 

rice production by 20%. 

Azolla is an excellent cattle feed. If you take proper care of your Azolla Pond, you can collect good grade 

weed every day, lowering your feed and fertilizer costs significantly. 
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Abstract 
Conversion of tradition farming to modern farming to achieve self-sufficiency in food grain production in 

country due to green revolution technologies (GRTs) such high yielding variety, mechanization and supply 

agricultural input (fertilizers and pesticide). Sustainability of natural resources is under threat due to 

various factors: lower nutrients use efficiency, multiple nutrient deficiency, land degradation (physical and 

chemical soil properties), depletion of groundwater, pollution associated with air, water and soil, GHGs 

emission etc. All these problems are addressed by adaptation of site-specific nutrient management (SSNM). 

Introduction 
A lucrative, 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 

environmental quality. 

Soil is a valuable resource, and how it 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 approaches, 

impact these functions. 

The usage of different fertilisers on a global scale has made a significant contribution to increasing food 

production. Nutrient inputs are thought to be responsible for 30–50 percent of crop output. However, factors 

like low NUE and the pollution it causes, as well as global warming, have raised severe questions about 

current nutrient management approaches. 

The recovery efficiency of fertiliser nutrients is around 20–40%, 15–20%, and 40–50% for N, P, and K, 

respectively, whereas it is significantly lower for secondary and micronutrients ranging between 5–12%. 

Continuous nutrient mining from the soil due to unprovoked nutrient use (7:2.8:1 NPK) leading to depletion 

of NPK, Ca Mg S and Zn, Mn, Fe, B, decreasing use of organic nutrient sources like FYM, compost, and 

integration of green manures/grain legumes in cropping systems leading to deficit reduction of some of the 

major, secondary, and micro nutrients. 

Site Specific Nutrient Management 
Site specific nutrient management is a set of nutrient management principles combined with good crop 

management practices that realize high yield high profitability both in the short and medium-term will 

help to farmers. The principles of SSNM have been basic and also applicable to rice, wheat, maize and other 

crops. 

SSNM provides an approach for the timely application of fertilizers at optimal rates to fill the deficit 

between the nutrient needs of a high yielding crops and the nutrient supply from naturally occurring 

indigenous sources, including soil, crop residues, manures and irrigation water. 
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Applying the right nutrient source, at the right rate, at the right time, in the right place is essential to 

nutrient stewardship. 4 R nutrient stewardship for best management fertilizer practices is an approach 

that considers economic, social and environmental dimensions of nutrient management. The site-specific 

mode takes into account the spatial variations in nutrient status cutting down the possibilities of over use 

or under use of the costly inputs. 
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SSNM in Enhancing Nutrient Use Efficiency 
1. Nutrient usage efficiencies (NUE) might be enhanced by making nutrient management 

technologies/practices adaptable to various production systems as outlined in the domains for scaling up 

and out accessible. 

2. Capturing contemporary tools and technology, as well as farmer improvements on traditional nutrient 

management approaches, may aid in improving fertiliser usage efficiency. 

3. Based on the concepts of SSNM, the new decision support technologies (Nutrient Expert, Green Seeker, 

remote sensing, etc.) assist extension staff in swiftly developing fertiliser recommendations in the presence 

or absence of soil test data to improve nutrient usage efficiency. 

4. These technologies give crucial nutrient management help to resource-poor small and marginal farmers 

who do not have access to soil testing, allowing them to boost their productivity. 

5. If smallholder farmers are given timely and appropriate information, information and communication 

technologies (ICTs) can help them optimise the return on agricultural inputs. Several private service 

providers, such as Tata Kisan Sansar and IFFCO Kisan Sanchar Ltd, are using such decision-making 

support tools based on modern communication platforms as a "one-stop solution" for effective last-mile 

delivery, ensuring the availability of the right products at the right time and at a fair price, as well as free 

farm advisory services. 

6. IFFCO Kisan Sanchar Ltd has its own Agriportal where farmers may get localised text messages (SMS) 

and voice warnings about weather and crop management alternatives via their registered mobile phones. 

7. Information on various crop management strategies is also available on demand via mobile phones via 

Interactive Voice Response Systems (IVRS), which are activated by a farmer's coded SMS. 
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Conclusion 
Site specific nutrient management (SSNM) is a viable option for nutrient management practice in intensive 

farming. The SSNM approach provides idea to need based feeding of crops with nutrients while recognizing 

the inherent spatial variability. 

References 
1. Dobermann, A., Witt, C. and Dawe, D. (eds). (2002). Increasing the productivity of intensive rice systems through site-specific 

nutrient management. Science Publishers and International Rice Research Institute (IRRI), New Delhi, India and Makati 

City, Philippines.  

2. Stewart, W.M. 2002.News &Views–A regional Newsletter.  Canada, USA:  Potash & Phosphate Institute (PPI) and the Potash 

&Phosphate Institute of Canada (PPIC); 2p. 

  



 

 
Volume 04 - Issue 04 - April 2022       233 | P a g e  
 

Ozone as Microbial Sanitizer for Vegetable Crops 
Article ID: 36581 

Bandela Santhosha1 
1Department of Vegetable Science, College of Horticulture, Sri Konda Laxman Telangana State 

Horticultural University, Rajendranagar, Hyderabad. 

 
 

Introduction of Ozone 
Ozone is triatomic oxygen that naturally occurs in the earth’s atmosphere where it is found in gaseous form 

and in very low concentrations. In the stratosphere, it results from the photo dissociation of dioxygen 

molecules under the action of solar radiation. This phenomenon leads to the formation of the ozone layer, 

which represents almost 90 % of the total atmospheric ozone and protects terrestrial organisms against 

harmful UV radiation (characterized by wavelengths between 200 and 300 nm) from the sun. At the same 

time, ozone degrades organic matter in the lower layers of the atmosphere. 

Brief History of Ozone 
1840- Christian Freidrich Schonbean was discovered the Ozone in Germany. 

1906- Ozone was used in drinking water purification in France. 

1909- Used for cold storage of meat in Germany. 

1940- Ozone was used US Naval academy pool purification. 

1976- Ozone was approved as antimicrobial agent by Environmental Protection Agency (EPA). 

1982- FDA approved ozone in bottled water. 

1984- Olympic games pool water purification. 

2001- Ozone in gas and aqueous phases was approved by the US Food and Drug Administration (FDA) as 

an antimicrobial additive for direct contact with foods. 

2002- FDA food safety approval. 

Significance of Ozone in Food Industry 
Ozone is a safe, powerful disinfectant as well as the strongest commercially available oxidant, it can be 

used to control biological growth of unwanted organisms in products and equipment used in the food 

processing industries. Ozone is particularly suited to the food industry because of its ability to disinfect 

microorganisms without adding chemical by-products to the food being treated or to the food processing 

water or atmosphere in which food are stored. Ozone is 52 % stronger than chlorine and it provides a more 

effective sterilization than chlorine without any residual taste or smell. It is highly effective sanitizer at 

concentrations of 0.5 to 2 ppm. Ozone’s disinfectant activity is only marginally affected at a water pH from 

6 to 8.5.  

In the vegetable handling process, ozone can be applied in two forms: 

1. Gaseous ozone: It is added continuously or intermittently to the storage atmosphere of the harvested 

product. In gaseous form, ozone helps to sanitize and preserve vegetables during storage. 

2. Aqueous ozone: It is added immediately after the vegetable harvest or during the washing treatment. 

In liquid solution, ozone can be used to disinfect processing water and vegetables. 

Ozone Sterilizer 
Machines that generate ozone are known as ozone sterilizer machines. There are basically two types of 

machines. They both work under the same concept as they differ only in the method of ozone delivery. They 

are:  

1. Water-based machine. 

2. Air-based machine. 

Water-Based Ozone Sterilizer 
For this particular type of ozone sterilizer, ozone gas is pumped into a basin where the target items such 

as meat, vegetable and fruits are submerged in water. The activity of ozone occurs in the water itself leaving 
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coagulation of impurities like pesticides, herbicides and bacteria clump floating on the surface and further 

being discarded. This is the most preferred type of machine as it is multifunctional (also capable of 

sterilizing water), clean and simple to be used. 

Air-Based Ozone Sterilizer 
Unlike the water-based type, the delivery method used in air-based ozone sterilizer is rather simple. Food 

items are placed directly into the enclosed chamber of the machine and ozone gas generated is shot directly 

onto the surface of the target allowing the disinfection activity to occur in the air. This machine uses less 

power compared to a water-based machine. 

How it Really Works on Micro Organisms 
Ozone destroys microorganisms by the progressive oxidation of vital cellular components. The bacterial cell 

surface is the primary target of ozone and formation of ruptures in the cell wall with consequent cellular 

disintegration that can occur as a result of the oxidation process. 

 

Difference of Chlorine and Ozone 

Conclusion 
As ozone is an environment friendly disinfectant, so it can be used as an alternative to chlorine sanitizers 

in many segments of the food industry. Since ozone produces on-site, so eliminates the need for personnel 

to handle, mix and dispose of harsh chemicals sanitizers. Hence ozone is directly reversed back to oxygen 

so no residual by-product will remains on food products. Ozonated water can be recycled easily and will 

improve overall plant sanitation by reducing microbial load. An alternative in post-harvest processing of 

organic vegetables. 

Future Thrust 
Since the ozone dosage, treatment time and temperature could impact the efficiency in microbial 

disinfection; these parameters should be optimized for different vegetables in continuous and pulsed wave 

form. Research should be focused on development of improved devices for O3 gas production and application. 

Should investigate the feasibility of direct production of O3 containing water without prior production of O3 

gas. 

Chlorine Ozone 

1. Decrease in firmness, produce become more 

prone to mechanical injury  

1. No change in firmness, crisp look 

2. Fruits & vegetables life extend: 10 days  2. Fruits & vegetables life extend: 21 days  

3. Chlorine will cause off-flavor in food  3. Ozone will not cause any off- flavor  

4. Chlorine has harmful effect on health & 

environment (ex. THM formation)  

4. No harmful effect on health & nature as ozone will 

revert back to normal oxygen  
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Rice is India's most important crop. It has the world's largest rice harvesting area, encompassing 44 million 

hectares. India is also one of the world's leading producers of white rice, accounting for 20% of global output. 

Rice is the staple food of around 60% of India's population and accounts for 40% of the country's overall 

food production. More than 50 million households rely on rice-based agricultural systems for their primary 

source of income and employment. Rice necessitates a considerable amount of water. In India, irrigated 

rice accounts for around 52% of total rice production. In India, irrigated rice utilizes 40% of all irrigation 

water resources. The water crisis has been exacerbated by climate change. There has been a drop in the 

number of rainy days, an increase in dry spells, and a decrease in wet spells; though overall precipitation 

has remained relatively constant, more rainfall has been received in a shorter period of time, resulting in 

greater drought and flood frequency. Most of the water applied to the rice crop lost by deep percolation. 

This frightening situation is projected to worsen as a result of climate change. Aerobic rice water-efficient 

rice cultivation technologies exist, which entail cultivating rice with less water than traditional systems. 

Technologies such as aerobic rice, rice intensification system, and dry direct-seeded rice use 20-60% less 

water than traditional rice production methods. 

Aerobic Rice 
Rice is one of the most important but inefficient users of water in India (3.7 kg ha mm-1) and requires about 

1 cm of water each day. Aerobic rice production system saving up to 30-40 percent of the total water applied 

to the rice crop. Under the climate change is projected to worst result of a crop to be obtained. However, 

aerobic rice water-efficient rice cultivation technologies exist, which entail cultivating rice with less water 

than traditional systems (Maiti et al., 2018). There could be a yield loss of 20-40%, which could be mitigated 

by better crop management practices:  

1. Rice varieties grown under aerobic condition such as Shabhagi Dhan, CR Dhan 200, CR Dhan 202, CR 

Dhan 203, CR Dhan 205, CR Dhan 206, CR Dhan 207, CR Dhan 209, Apo, and MTU 1010.  

2. Continuous seepage and percolation losses are reduced, water productivity is increased, and labour, 

energy, and greenhouse gas emissions are reduced with an aerobic rice production system.  

3. Aerobic rice, on the other hand, is not ideal for locations with excessive rainfall and no control over water.  

4. When compared to continuously flooded rice, an on-station trial of rice grown under different soil water 

potential-based irrigation management showed that there was a significant saving of irrigation water 30-

50 percent (Lal et al., 2016). 

System of Rice Intensification 
The rice intensification system (SRI) is a collection of enhanced rice-growing practices. Father Henri 

Laulanie came up with the idea in Madagascar in 1983. It's essentially a water-saving technique that can 

save up to 50% of water. In the wet season, irrigated medium and favourable bunded uplands, rainfed 

shallow lowlands with water control, and irrigated boro/rabi rice are all suited for SRI. It consists of a set 

of five simple principles that work together to increase yield:  

1. Transplanting at a young age, particularly seedlings of 8-12 days, when the plant only has two little 

leaves and before the fourth phyllochron.  

2. A single seedling per hill is transplanted, with larger spacing in square fashioned. Planting at a grid 

point indicated by a marker, seedling still attached to the seed, transplanted at 1-2 cm, roots horizontal.  

3. Weeding using a mechanical weeder (rotary hoe/conoweeder) is advised 2-3 times. The initial series of 

weeding should be conducted 10 days after transplanting, with subsequent weeding occurring every 10-15 

days after transplanting.  
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4. During the vegetative period, wet soil under non-saturated conditions is maintained, resulting in the 

growth of additional tap and primary roots and apply organic manures to promote maximum biological 

activity and continuous nutrient release.  

5. Lower seed requirements (5-7 kg ha-1), water savings (20-50%), very high yields (35-40%), enhanced soil 

health, improved input usage efficiency, and lower methane emissions are some of the primary advantages 

of this method. 

Direct Seeded Rice 
Direct seeded rice (DSR) is a rice crop establishment technique in which seeds are directly sown in the field 

rather than transplanting seedlings from the nursery to the main field. Direct seeding is accomplished by 

spreading pre-germinated seeds into a puddled soil (wet direct seeding) or a well-prepared non-puddled 

seedbed (dry direct seeding). In India's north-eastern region, both dry sowing and wet seeding are widely 

used (Das et al., 2012). Weed infestation is the most common issue with DSR. Yield losses of up to 85% may 

occur if adequate weed management is not implemented. One of the promising techniques to combat poor 

crop establishment is seed priming with water and KCl. 

1. In upland and medium land, short and medium duration rice cultivars are chosen for DSR. During the 

important stages of seedling emergence, vigorous tillering, panicle initiation, and blooming, water stress 

must be avoided.  

2. When compared to transplanted rice, the crop's overall duration is reduced by about ten days. Major 

advantages include lower labour costs for nursery bed raising and transplanting, as well as lower methane 

emissions. 

Dry Direct-Seeded Rice (D-DSR) 
Dry seeds are sown directly in the main field in dry direct-seeded rice (D-DSR). During the rainy season, 

dry direct seeding is common in rainfed uplands, medium low land, lowland, and deepwater ecologies. Land 

preparation in D-DSR is accomplished by ploughing the soil twice with a rotavator/cultivator, followed by 

crop establishment using a variety of methods, including: 

1. Broadcasting of dry seeds on un-puddled soil after either zero tillage or conventional tillage dibbled 

method in a well-prepared field, drilling of seeds in rows after minimum tillage (MT) with a in both 

conventional tillage (CT) and zero tillage (ZT), seed-cum-fertilizer drill is employed. 

2. Weed is a serious threat with this technique of establishment; however, it can be controlled with post-

emergence herbicide. Additionally, this strategy requires less labour, increases seedling emergence, and 

lowers the risk of lodging. 

 
Zero till seed drill 

3. When compared to traditional transplanted rice, the D-DSR saves up to 30% on water. When compared 

to standard puddled transplanted rice, this approach helps to reduce CH4 emissions by 18-20% (Kumar et 

al., 2019). 

4. In comparison to random transplanted rice, dry direct seeded rice (Dry-DSR) produced 25% better yield. 

In comparison to transplanted rice in the farmer's field, dry DSR had 30% higher water productivity. 
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Direct seeded rice 

5. Although wet direct-seeded rice (W-DSR) does not conserve as much water as D-DSR, it is advised when 

farmers are unable to plant the crop in time due to the late arrival of monsoon rain.  

6. The utilisation of irrigation water and sprouted seeds can aid in the timely sowing of crops using the 

direct seeding method, which consumes less water than traditional transplanting. 

Wet Direct-Seeded Rice (W-DSR) 
W-DSR entails broadcasting or using a tractor-drawn drum seeder to sow pre-germinated seeds into 

puddled soil. The seed environment is predominantly aerobic when pre-germinated seeds are shown on the 

surface of puddled soil, and this is known as aerobic W-DSR. When pre-germinated seeds are sown/drilled 

into puddled soil, the seed environment is mostly anaerobic and this is called anaerobic W-DSR. The W-

DSR under aerobic and anaerobic, seeds can either be broadcasted or sown in-line using a drum seeder or 

an anaerobic seeder with a furrow opener and closer. The yield in W-DSR rice crop was found to be equal 

to transplanted rice when proper management practices are followed. It also increased water productivity 

by 0.3 to 0.4 kg rice m-3 water. 

Alternate Wetting and Drying (AWD) 
AWD (alternate wetting and drying) is a controlled and intermittent watering strategy. It is a water-saving 

technology that can save up to 15-30% of water while causing little or minimal production loss (up to 5 

percent). Irrigation water is applied from 10 DAT or 20 DAS only when ponded water has vanished from 

the soil surface in this operation. The most effective and precise technique to execute AWD is to use a 30 

cm long and 7-10 cm diameter 'field water tube' or 'pani pipe' to monitor the water depth. When the water 

level goes below 15 cm from the soil surface after a few days of irrigation, the area should be re-irrigated. 

However, a thin coating of water of around 5 cm is usually recommended throughout the sensitive stages 

(flowering). AWD increases water efficiency while lowering greenhouse gas emissions by 30-50%. 

Irrigation Scheduling 
Scheduling irrigation refers to the use of irrigation water in relation to time and place based on the 

evaporative demand of the crops. In rice crop irrigation is scheduled utilising saturated soil culture, 

alternating watering and drying (AWD), tensiometer based irrigation, and critical stage-based lifesaving 

irrigation in water-scarce places. Tillering, panicle initiation, booting, heading, and flowering/anthesis are 

the five crucial stages of rice. 

Moisture stress affects yield by 30% and 50%-60% during the active tillering and reproductive phases, 

respectively. When compared to continuous submergence with no yield loss, applying water in saturated 

soil culture, alternating watering and drying up to tillering followed by maintaining 5-8 cm standing water 

saves around 50% of water. During kharif, water application might be postponed for up to 3-4 days after 

ponded water has vanished in the vegetative stage, whereas in rabi, water application could be delayed for 

up to 1-2 days after ponded water has vanished completely. This strategy saves between 10% and 25% of 

irrigation water. 
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Conclusions 
Rice is one of the least water-efficient crops. This terrifying predicament is likely to worsen as a result of 

climate change. Water management technologies such as agronomic practices for higher water use 

efficiency, improved irrigation methods, a water-efficient rice production system, and proper irrigation 

scheduling, combined with low water requiring aerobic rice varieties, can improve water use efficiency and 

save a significant amount of irrigation water with minimal or no grain yield loss. Some of these highly 

preferred technologies include co-benefits that meet the climate-smart technology criterion. 
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Introduction 
Finger Millet, also known as Ragi is an important millet grown extensively in various regions of India and 

Africa. It is also a staple food in many parts of the world. Its scientific name is Eleusine coracana. It is an 

important cereal crop amongst the small millets and ranks sixth in production after wheat, rice, maize, 

sorghum and bajra in India. The most economically significant among these at present is finger millet, but 

the other small millets like little millet, barnyard millet, proso millet, foxtail millet and kodo millet are 

also having their own importance to the tribal farmers who grow them. In India, finger millet is mostly 

grown and consumed in Karnataka, and to a limited extent in Andhra Pradesh, Tamil Nadu, Maharashtra, 

Uttarakhand, Goa, Gujarat, Odisha, Jharkhand and Bihar. Finger millet is gaining popularity worldwide 

because of how easy it is to grow and how adaptable it is as a food. 

It has different names in local languages. In India, finger millet is commonly called by various names like 

Ragi in Kannada, Telugu and Hindi, also Mandua/Mangal in Hindi, Kodra (Himachal Pradesh), Mandia 

(Oriya), Taidalu (in Telangana region), Nagli (in Gujarati), Kezhvaragu (in Tamil, etc. 

 
Fig. 1: Pictures of Finger millet and its 

Nutritive Value 
Finger millet is considered as an important 'nutricereal'. It contains about 65–75 % carbohydrates, 15–20 

% dietary fiber, 5–8 % protein, 2.5–3.5 % minerals and 1–2 % ether extractives. Of all the cereals and 

millets, finger millet has the highest amount of calcium (398 mg/100g) and potassium (430-490 mg/100g) 

(Ramashia et al., 2019). The cereal has low fat content (1.3 %) and contains mainly unsaturated fat. 100 

grams of finger millet has roughly on an average of 336 K.Cal of energy in them. 

However, the millet also contains neutraceuticals viz. phytates (0.48 %), polyphenols, tannins (0.61 %), 

trypsin inhibitory factors, which were once considered as ‘anti-nutrients’ due to their metal chelating and 

enzyme inhibition activities (Thompson, 1993). 

Finger millet is rich in amino acids (Tryptophan, Lysine, Threonine, Valine, Isoleucine and Methionine). It 

is also rich in niacin, which plays an important role in more than 400 enzyme reactions and maintaining 

the health of skin, blood, and organs. Therefore, it is frequently added to foods as a supplement. 

Food Products of Finger Millet 
Millet can be found in a variety of different forms. Dried millet, ground millet, and puffed millet are all 

common styles that can be found in supermarkets and health food stores. Many recipes can be made with 

red wonder grains like bhakri or roti (flat breads), idli, vada, dosa, pudding, porridge, biscuits, papad. Both 

ragi millet (the entire grain) or ragi flour can be used to make variety of recipes. 
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Fig. 2: Different food products prepared from finger  

Health Benefits 
Loaded with Calcium: Finger millet is an excellent source of natural calcium which helps in 

strengthening bones for growing children and aging people. Finger millet contains thrice the amount of 

calcium as milk (Shobana et al., 2013) and almost 8 times the amount found in other cereals (Pradhan et 

al., 2010). Bioavailability of calcium from meals prepared from finger millet is higher than from other 

wheat- and sorghum-based meals2. Regular consumption of finger millet is good for bone health and keeps 

diseases such as osteoporosis at bay and could reduce risk of fracture. 

Reverts Skin Ageing: Ragi works wonders for maintaining young and youthful skin. Vital amino acids 

like Methionine and Lysine present in it make the skin tissues less prone to wrinkles and sagging. Ragi is 

also one of the very few natural sources of Vitamin D which is mostly derived from sunlight. Vitamin D is 

a carrier molecule for calcium, which accounts for vitality. Phytates, polyphenols and tannins are 

neutraceuticals which can contribute to antioxidant activity of the millet foods, which is an important factor 

in health, aging and metabolic diseases. 

Helps in Controlling Diabetes: Finger millet contains phytochemicals which helps in slowing digestion 

process leads to control blood sugar level in condition of diabetes. It has been found that a diet based on 

finger millet helps diabetics as it contains higher fibre than rice and wheat. Whole finger millet-based diet 

has lower glycemic response due to presence of factors in finger millet flour which lower digestibility and 

absorption of starch. 

Battles Anemia: Finger millet consumption helps in recovery of anemia as it is a very good source of 

natural iron. The Ragi based foods are highly suited for expectant mothers and elders due to its high 

calcium and iron content. 

Helps in Weight Loss: The high amount of dietary fiber combine keeps the stomach full for a longer and 

prevents unwanted cravings. This in turn leads to a minimized appetite and weight loss. Ragi lowers your 

blood sugar levels in the body by activating insulin. 

Fighting with disorders: Green ragi is recommended for conditions of blood pressure, liver disorders, 

asthma and heart weakness. Green ragi is also recommended to lactating mothers in condition of lack of 

milk production. 

Easy to digest: Being non-glutinous, non-acid forming and hence easy to digest, finger millet is safe for 

people suffering from gluten allergy and celiac disease. If consumed regularly, finger millet could help in 

fighting with malnutrition, degenerative diseases and premature aging. 

Ragi cake Ragi biscuits 

Ragi porridge Ragi upma Ragi roti 

Ragi dosa 
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Relaxes the Body: Regular consumption of Ragi is highly beneficial in dealing with conditions of anxiety, 

depression and insomnia. The presence of antioxidants, mainly Tryptophan and amino acids, helps as they 

work as natural relaxants. Ragi consumption is also useful for migraines. 

Good for baby food: The high levels of nutrients such as carbohydrates, proteins and calcium make finger 

millet-based complementary foods appropriate weaning foods for babies. 

Conclusions 
Increased nutritional awareness challenges the food industries to develop new food products having health 

benefits. Finger millet is an extremely nutritious cereal and is very beneficial for maintaining a good health. 

The dietary fiber and polyphenols in finger millet offers several health benefits such as antidiabetic, 

antioxidant, hypocholesterolaemic, antimicrobial effects and protection from diet related chronic diseases 

to its regular consumers. The non-starchy polysaccharides of the millet form bulk of its dietary fiber 

constituents and offer several health benefits including delayed nutrient absorption, increased faecal bulk 

and lowering of blood lipids. Therefore, have received attention for their potential role as functional foods. 

However, its high consuption could increase quantity of oxalic acid in the body. Therefore, it is not advised 

to patients having kidney stones (Urinary Calculi). 
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Introduction 
Climate change has a significant impact on agriculture. It is now at the top of policymakers' agendas in 

every country on the world. The demand for cereals will rise by 70% by 2050 in many low-income countries, 

doubling primarily to rising population and increased per capita consumption as wages rise (FAO, 2006). 

It poses a threat to mankind as a whole. However, in many nations around the world, initiatives to reduce 

climate change's impact on agriculture and food security are limited and inconsistent. Climate change 

refers to shifts in the earth's overall climate patterns, such as changes in average temperature and 

precipitation patterns.  

Climate changes were caused by natural and human. Changes in the earth's orbit, the amount of energy 

coming from the sun, and volcanic eruptions are all natural causes. The combustion of fossil fuels such as 

coal, oil, and natural gas, which emits greenhouse gases such as carbon dioxide into the atmosphere, is one 

of the human causes of climate change. Cook (2013) reported that the 97 per cent of climate scientists agree 

that climate change due to human activity- notably, emissions of carbon dioxide. "The human influence on 

the climate system is clear and is evident from increasing greenhouse gas concentrations in the atmosphere, 

positive radiative forcing, observed warming, and understanding of the climate system," was concluded by 

Intergovernmental Panel on Climate Changes (IPCC) Fifth Assessment Report (2007). 

Weather and Climate 
Weather refers to the set of meteorological conditions that exist at a certain time and location, such as 

wind, rain, snow, sunshine, temperature, and so on. Climate, on the other hand, refers to the overall long-

term features of a location's weather. A region's ecosystems, agriculture, livelihoods, and settlements are 

all heavily influenced by its climate. As a result, the climate can be regarded of as a long-term summary of 

weather conditions, taking into account average circumstances as well as variability. The climate 

variability includes year-to-year swings as well as statistics on extreme events such as severe storms or 

extremely hot seasons. 

The temperature of the Earth has changed dramatically in the past, as evidenced by geological evidence of 

ice ages and sea level variations, as well as human history records spanning hundreds of years. Past 

variations have been linked to changes in ocean currents, solar activity, volcanic eruptions, and other 

natural processes, though the causes are not always apparent. The difference now is that global 

temperatures have risen at an unusually fast pace in recent decades. There is considerable evidence of 

rising worldwide average air and ocean temperatures, as well as widespread melting of snow and ice, which 

results in rising global average sea levels. The Fourth Assessment Report of the IPCC says that global 

warming is unmistakable. Temperatures in the atmosphere and oceans are greater than they have been in 

at least five centuries, and perhaps for millennia. Scientists have long known that the greenhouse gases in 

the atmosphere function as a blanket, trapping incoming solar energy and keeping the Earth's surface 

warmer than it would be otherwise, and that an increase in atmospheric greenhouse gases would result in 

even more warming. 

Climate Change and Agriculture 
One of the major deciding factors influencing human's future food security on the planet will be the impact 

of climate change on agriculture. Agriculture is not only vulnerable to climate change, but it is also one of 

the major contributors to it. Understanding weather changes over time and adjusting management 

practises to achieve a better harvest are both challenges to the agricultural sector's overall growth. 

Agriculture's climate sensitivity is unknown due to regional differences in rainfall, temperature, crops and 
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cropping systems, soils, and management approaches. Inter-annual temperature and precipitation 

variations were far greater than projected changes in temperature and precipitation. Crop losses may 

worsen if expected climate change worsens the situation. 

As a result of the complicated impact of global warming on agriculture, different crops will behave 

differently. The tropics are more reliant on agriculture since 75 percent of the world's population lives in 

the tropics, and agriculture is the primary activity of two-thirds of these people. Any influence on tropical 

agriculture will harm their livelihood due to low levels of technology, a wide range of pests, illnesses, and 

weeds, land degradation, unequal land distribution, and rapid population expansion. Rice, wheat, maize, 

sorghum, soybean, and barley are the six major crops grown in 40% of the world's farmed area, accounting 

for 55% of non-meat calories and 70% of animal feed (FAO, 2006). As a result, any impact on these crops 

will affect food security. 

Conclusion 
Global climate change is linked to an increase in greenhouse gases and human-caused aerosols, and the 

imbalance between these may lead year-to-year monsoon behaviour over India to be unpredictable. As a 

result, both developed and developing countries must work together to make industrialization more 

environmentally friendly by lowering greenhouse gas emissions. Climate change awareness programmes 

and their effects on a variety of sectors, including agriculture, health, infrastructure, water, forestry, 

fisheries, land and ocean biodiversity, and sea level, as well as human interventions in climate change, 

must also be prioritised. As a result of this process, people's behaviours should alter so that greenhouse 

gases and CFCs are not pumped into the atmosphere, inflicting harm to the earth's atmosphere continuity. 

In terms of agriculture, the effects of extreme weather events on crops must be documented on a regional 

level so that planners can avoid harmful consequences in the future. In order to lower the risk in the 

agricultural sector, farmers must also be educated about the projected effects of climate change and 

informed about possible mitigation and adaptation techniques. 
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Introduction - What are Essential Oils? 
1. Essential oils are the odorous, volatile, secondary metabolites produced by diverse group of plants. 

2. Aromatic plants are referred as “natural biochemical factories” or “chemical goldmines”. 

3. They are present in different parts of the plant like roots, stem, bark, flowers, fruits, seeds and leaves. 

4. Majority of essential oils constitute mixture of monoterpenes and sesquiterpenes. 

Properties of Essential Oils 
1. They are liquid at room temperature. 

2. Volatile in nature.  

3. Less dense than water. 

4. They have high refractive index. 

5. Insoluble in water, but soluble in alcohol and organic solvents. 

Why Plants Produce Essential Oils? 
1. Act as the immune system of the plant by: 

a. Protecting the plants from bacterial, fungal and viral infections. 

b. Recovers the breaks in plant tissues. 

c. Provide self-defense against insects.    

2. Among 4 lakh plant species in the world, essential oils are found in only about 2000 species belonging to 

60 families. 

Aromatherapy 
1. Aromatherapy is the use of fragrant volatile plant oils and herbs for psychological and physiological well-

being. 

2. Rene Maurice Gattefosse is father of aromatherapy and coined the term aromatherapy. 

3. Dr. Jean Valnet used essential oil to treat soldiers during second world war. 

How Aromatherapy Works? 
1. Inhalation: 

a. Receptors in the nose receive the aroma molecules and sends the signals to the limbic area of the 

brain, which is related to emotions and memory. 

b. Brain gets stimulated and releases powerful neurochemicals into the body system and brings 

desired change of relief on the mind and body. 
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2. Massage technique:  

a. The oils or the aroma chemicals penetrate through the microscopic pores in the skin. 

b. They are carried by body fluid to the main body systems like nervous and muscular system for 

healing effect. 

Mode of Application 
1. Inhalation - Oils are added to hot water and vapours are inhaled. 

2. Massage oils - The essential oils are added to almond oil and then massaged on skin.               

3. Lotions and oils - Oils are mixed in carrier oil and applied on the skin. 

4. Bath oil - The few drops are added to the warm water and used for bathing. 

5. Vaporization - Oils are added to hot water and the vapours are allowed to spread in the area. 

6. Compresses - A small towel soaked in water containing oils and they are placed   over the area of 

treatment. 

Benefits of Aromatherapy 
1. Enhances mood and general feeling of well-being.  

2. Strengthen the immune system by killing bacterial and fungal infections.  

3. Reduces the pain. 

4. Encourage a rest full sleep. 

5. Improves the digestion. 

Essential Oils Used in Aromatherapy 
Essential oil Therapeutic properties 

 1. Clary sage Ease tension and muscle cramps 

 2. Eucalyptus Activate nervous system, boosts immunity 

 3. Geranium Controls emotions, anxiety, stress  

 4. Lavender Sedative and narcotic actions 

 5. Lemon Rejuvenates dull skin 

 6. Pepper mint Anti-inflammatory, carminative 

 7. Roman Chamomile Ulcer, muscle spasms, wounds 

 8. Rosemary Constipation, tonic to liver and gall bladder 

 9. Tea tree Herpes, burns, dandruff. 

10. Ylang ylang Depression, anxiety, hypertension 

Conclusion 
1. Aromatherapy is possibly the simplest of all complementary therapies to integrate because when we 

inhale air, we inhale aroma, although we are usually unaware of it. However, aromatherapy is rarely 

presented in a cogent, scientific way, as a result, it has been difficult for physicians, nurses, and others in 

healthcare to take the field seriously or to understand how we could integrate it into our practice.  

2. But, still there is a need for extensive research for further refinement with respect to their practical 

applicability and standardization of the concentration to be use. 
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Abstract 
Rice-Wheat cropping system (RWCS) is a major cropping system dominant in Indo-Gangetic Plains (IGP), 

in India. This cropping system plays an important role in food security in India. Sustainability of RWCS is 

under threat due to various factors: decline in factor productivity, stagnation of system productivity, lower 

nutrients use efficiency, more soil compaction and penetration resistant, poor water holding capacity and 

infiltration rate, more soil erosion loss, depletion of groundwater and water pollution, GHGs emission, 

decline organic matter and organic carbon, raises salinity and sodicity problems, increase the cost of 

cultivation and decline farmer profitability etc. All these problems are addressed by adaptation of 

conservation tillage to improve all the physical properties of soil in RWCS. 

Introduction 
Rice-Wheat cropping system is one of the most important cropping systems, which contributes to food 

security in India. Rice-Wheat cropping system (RWCS) are occupied about 10.5 Mha area in Indo-Gangetic 

Plains (IGP) India, which is the largest cropping system followed by the Rice-Rice cropping system in India. 

The RWCS contributed 32 percent of the total rice area and 42 percent of the wheat area in the countries. 

(Ladha et al., 2000). It has emerged as the major cropping system in IGP, leading to the green revolution 

in Punjab, Haryana, and Western Uttar Pradesh (UP). Wetland rice cultivation leading to destruction of 

soil structure and development of poor physical condition for the succeeding wheat crop, resulted from 

decrease wheat yield, limiting root growth and distribution. For rejuvenation and upkeep of soil structure 

in RWCS, retention of crop residue plays a very significant role to improve physical soil health but most of 

the crop residue is burned by farmer's community in this region. Due to the burning of residue decline soil 

health, nutrients loss, soil, and moisture and air pollution are happening. Beside this deterioration of soil 

health, low wheat yields in RWCS are also obtained due to a short gap period between rice harvesting and 

delayed sowing of wheat crop. It is due to various factors, such as delayed rice transplanting resulting in 

delayed rice harvest, high soil moisture content after the rice harvest and delay in the removal of rice straw 

etc. 

 
Fig. 1. The major sustainability concerns in the RWCS 
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In conservation tillage practices generally resulted significantly in the addition of high amounts of soil 

organic matter (OM), reduce soil erosion, increased infiltration, increased water-stable aggregates and 

greater microbial biomass carbon (MBC) when compared to conventional tillage systems (Reeves, 1997). 

 
Fig.2. Conservation tillage can provide environmental and other benefits 

Conservation Technology Information Center (CTIC) (1995) defined a range of conventional tillage systems 

included under CRM (Crop Residue Management System) as follows: 

 
(CTIC) (1995) Fig. 3. Type of Conservation tillage 
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Effect of Conservation Tillage on Soil Physical Properties 
Table 1. Effect of conservation tillage on soil physical properties under RWCS: 

Physical properties Significant changes under conservation tillage References 

Bulk density Several studies have reported higher bulk density under 

zero tillage at the soil surface compared with tilled soil. 

(Bajpai and 

Tripathi, 2000) 

 

Soil hydraulic 

conductivity 

Increased earthworm activity in no-tillage treatments, 

associated with a system of continuous macrospores, 

improved water infiltration rates. 

Tebrugge and 

During, (1999) 

The pore continuity in the soil system was possibly 

maintained due to better aggregate stability and pore 

geometry under Zero tillage. 

(Bhattacharyya et 

al., 2006) 

Soil aeration/air 

permeability/ 

temperature 

Air permeability decreases with an increase in soil bulk 

density in no-tillage just beneath the depth of tillage. 

Soil temperature is lowered by the plant residues left on 

the soil surface in no-tillage 

(Rasmussen, 1999) 

 

 

Soil moisture content 

Zero tillage achieved a 28% increase in plant-available 

soil water at sowing as compared to conventional tillage 

and an associated increase of 1.2 t/ha/year wheat grain. 

(Mc Garry et al., 

2000) 

The available water plant content was significantly 

higher under zero tillage than conventional tillage in 

RWCS. 

(Bhattacharyya et 

al., 2008) 

Soil erosion 

 

Conversion from conventional to zero tillage, reduced 

erosion. 

(Wright et al., 

1999) 

Avoided surface sealing because of crop residue cover on 

the surface and higher aggregate stability under zero 

tillage, which protected soil fertility 

(Rasmussen, 1999) 

Conclusion 
This is concluded that, an adaptation of conservation tillage in RWCS to improve the physical properties 

of soil viz. soil structure, soil porosity, bulk density, decrease compaction, decline penetration resistance, 

moisture-holding capacity, reduced soil erosion, regulate soil temperature. In conservation tillage, 

minimum disturbance of soil and permanent residue retention on the soil surface to improve all the physical 

properties of soil under RWCS. 
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Introduction 
Silk is a natural fiber composed of continuous strand of two filaments cemented together to form the 

silkworm cocoons. Silk is produced by silk worms such as Bombycidae, Saturnidae and Lasiocampidae 

(Nagaraju, 2008) and spiders (Humenik et al., 2011). Silk fiber available commercially as a continuous 

filament having wide range of textile properties such as fineness, strength, elasticity, dyeability, softness, 

flexibility, gloss, elegance, and high properties (Khan et al., 2010; Ude et al., 2014). Silk fiber is mainly 

composed of two proteins: fibroin (70-80%) and sericin (20-30%), and other minor components such as 

carbohydrates, waxes and ash (1.0-2.0%) (Takasu et al., 2002; Mondal et al., 2007). Fibroin is a fibrillar 

protein having semicrystalline structure that provides stiffness and resistance to silk fiber whereas, sericin 

is an amorphous protein used as a binder to nourish the structural integrity of the cocoon. 

Sericin 
Sericin is a family of glycoproteins that contains 25-30 of the cocoon weight. The sericin is a natural polymer 

that has adhesive property and it acts to join two fibroin filaments in order to form silk yarn. Sericin, the 

globular or gummy protein is a cold-water insoluble protein, hydrophilic in nature that contains 18 amino 

acids. Serine (32%), aspartic acid (18%), and glycine (16%) are the more significant compounds of sericin 

and it also composed of 45.8% of hydroxy amino acids (serine and threonine), 42.3% of polar amino acid, 

and 12.2% of non-polar amino acids (Shaw & Smith, 1951; Voegeli et al., 1993; Zhang, 2002). On the basis 

of their solubility, sericin can be categorized into sericin A, sericin B and sericin C. Sericin A is the 

outermost layer, insoluble in hot water while sericin B is the middle layer, yields amino acids of sericin A 

on acid hydrolysis. Besides, sericin C is the innermost layer, insoluble in hot water and it can be removed 

from fibroin by treating with hot dilute acid or alkali. 

Properties 
Solubility: Solubility is associated to its amorphous and crystalline structure. Sericin is a partial soluble 

protein that can be dissolved in hot water. It quickly transformed from random coil to β-sheet in aqueous 

solution. When sericin molecules are transformed from random coil to β-sheet, solubility of sericin in water 

decreases. The crystalline region, called β-sheet, is more difficult to dissolve (Dash et al., 2007). Addition of 

poly (Na acrylate) increases the solubility of sericin whereas; addition of polyacrylamide, formaldehyde and 

resin finishing agents decreases the solubility of sericin. 

Gelation:  Based on the sericin solution concentration, temperature and pH, the gelling property of sericin 

has been observed under different conditions. An aqueous solution of sericin forms a gel when random coil 

structure of the protein changes to β-given sheet (Aramwit et al., 2012). In mulberry sericin, the gelation 

formed quickly at higher concentration of sericin solution. The rate of gelation increases at high 

temperature of 40-degree celcius and decreases at lower temperature. At pH 6, the gel setting time becomes 

faster while it becomes lower at higher pH. In non-mulberry sericin, gelation was observed while cross 

linking between Antheraea mylitta sericin and polymers. An aqueous solution of sericin forms a gel when 

random coil structure of the protein changes to β-given sheet (Aramwit et al., 2012). According with Kweon 

et al. (2000), gel strength of sericin increases with decreasing surface tension and the gelation time 

decreases with the addition of high concentrations of poloxamer gel. The reason behind this is that the 

hydrophilic parts of latter gel absorb the water that surrounding sericin. 

Thermal stability: Sericins extracted from mulberry and non-mulberry silkworms were studied for its 

stability to temperature and were found that non-mulberry sericin was reported to present more stability 

than mulberry sericin.  
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Isoelectric point: The pH at which a molecule carries no net electrical charge is called isoelectric point. 

The isoelectric point of sericin has been reported between 3.5 and 4.0. It is due to greater amount of acids 

amino-acid (Voegeli et al., 1993) 

Ultraviolet protection: Sericin has the property of protecting cells from UV radiation. The study of the 

photo protective properties of Bombyx mori reported that sericin was effective in reducing skin oxidative 

stress (Zhaorigetu et al. 2003). Non-mulberry sericin from A. assamensis and S. ricini was reported to 

increase cell viability against UVA and UVB more than B. mori sericin (Kumar et al. 2018). Additionally, 

as compared to mulberry sericin, non-mulberry sericins have more photo protective properties.  

Adhesion property and electrostatic interaction: The adhesion property of the sericin facilitates 

cementing cocoon scaffolding and attachment of the cocoon to the branches of the tree by floss or peduncle. 

The adhesion property was facilitated by the high contents of charged amino acid in ser2 proteins, which 

provide the electrostatic interactions between the wooden surface and ser2 proteins. (Kludkiewicz et al. 

2009). 

Applications of Silk Sericin 
Sericin is disregarded as a waste material in textile industry but several studies have reported that the 

silk sericin has potential applications in the field of biomedical, pharmaceutical, cosmetics and food 

industries. The application of sericin could have a powerful economic, social, and environmental result, 

especially in countries where sericulture is being practiced.  

Biomedical and pharmaceutical industries: Sericin has both antioxidant and anticoagulant properties 

(Kundu et al., 2008). It has wide applications in anticarcinogenic and healing products, and in tissue 

engineering. The antioxidant effect of sericin allows reduction in the oxidative stress and a number of 

cancer cells. Sericin has good hydrophilic properties, it is also biocompatible and biodegradable, it actives 

the collagen production in wounds, and induces epithelialization (Aramwit et al., 2010). It is also reported 

that sericin promotes both attachment and proliferation of fibroblasts and keratinocytes in the human skin 

(Aramwit et al., 2013). Hence, sericin can be utilized as a wound healing agent. The healing properties of 

sericin have facilitate for the development of new wound dressing materials Silk sericin is a biomaterial 

and can be potentially used for the development of contact lenses. Besides, using a mixture of gelatine and 

sericin extracted from silkworm Antheraea mylitta, films and scaffold have been made. Sericin can be 

immensely utilized for the development of bio-polymeric grafts.  

Cosmetic industry: Sericin's properties such as biocompatibility, biodegradability and wettability allow 

the development of cosmetic products for skin, nails and hair (Padamwar & Pawar, 2004; Voegeli et al., 

1993). Sericin used in the form of moisturizers is mainly utilized to prevent and delay the dehydration of 

the top layer of the skin. It increased the skin elasticity, antiwrinkle and antiageing effects. Moreover 

wetting properties of sericin have been assessed in various cosmetic solutions and found that a powder 

mixture of silk fibroin (70-95%) and sericin (5-30%) has antistatic characteristics and capacity to absorb 

moisture (Kirikawa et al., 2000); and both detection and UV filtration are enhanced (Yoshioka et al., 2001). 

Food industry: Sericin has been proposed as functional food due to having antioxidant properties. 

Besides, FDA has included sericin and its derivatives in the “Generally Recognized as Safe - GRAS” list 

(Food and Drug Administration, 2001). Sericin has the ability to suppress peroxidation of lipids and inhibit 

tyrosinase enzyme activity. This enzyme catalyzes the tyrosinase oxidation, which is the amino acid 

responsible for the skin melanin biosynthesis, and the enzymatic browning in foods (Norihisa et al., 1998). 

According to Padamwar & Pawar (2004), sericin has a synergic effect during the intestinal absorption of 

minerals such as iron, zinc, magnesium and calcium. It helps to modular both fermentation and barrier 

processes (Okazaki et al., 2011). These properties of sericin have made it possible to be used in developing 

fortified foods and nutritional supplements. Takechi et al. (2011) reported the emulsifying effect of sericin 

when added to salad dressing which revealed that high molecular weight protein enhances the emulsion 

stability up to two days. 

Conclusion 
Silk sericin is considered as a waste in the field of sericulture. However, due to having different properties 

sericin can be widely utilized in various aspects and has immense potential in the development of 
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biomedical, pharmaceutical, food and cosmetic industries. Also, further investigations can be done to know 

the other potential applications of sericin as high added value products to generate a potential 

environmental, social and economic welfare to farming families. 
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Introduction 
The population of India, as well as the rest of the world, is growing at a rapid rate, putting pressure on 
agricultural lands and other resources to meet the growing need for food. According to the 15th Census of 
India in 2011, the population of India is 121 million, with a decadal growth rate of 17.64 percent and a 
rural population of 68.84 percent. As a result, the most difficult issue at the moment is to raise food 
production from increasingly declining per capita agricultural area. 
Conventional agriculture plays an important part in satisfying the food demands of an expanding human 
population, but it has also resulted in a greater reliance on chemical fertilisers and pesticides. Chemical 
fertilizers are man-made compounds containing known amounts of nitrogen, phosphorous, and potassium, 
and their use pollutes the air and ground water by causing eutrophication of water bodies. The growing 
demand for biologically based organic fertilizers as an alternative to agro-chemicals is attracted by the new 
approach to farm production. 
Encourage alternative soil fertilization methods that rely on organic inputs to optimize nutrient delivery 
and conserve field management in agriculture.  Bio-fertilizer could be a good choice for making agriculture 
sustainable by implementing a balanced and fair use of nutrients that is both cost effective and 
environmentally beneficial. Bio-fertilizers also have a longer shelf life and do not have any negative effects 
on the environment. 
By nitrogen fixation, phosphate and potassium solubilization or mineralization, release of plant growth 
regulating chemicals, creation of antibiotics, and biodegradation of organic materials in the soil, bio-
fertilizers keep the soil environment rich in all kinds of micro and macronutrients. 
When administered as seed or soil inoculants, bio-fertilizers multiply, participate in nutrient cycle, and 
increase crop productivity. In general, 60 percent to 90 percent of the fertilizer applied is wasted, with the 
remaining 10% to 40% being taken up by plants. 
Microbial inoculants are critical in integrated nutrient management systems to maintain agricultural 
production and a healthy environment in this regard (Bhardwaj et al., 2014; Barman et al., 2017). 

Biofertilizer and its Mode of Action 
A biofertilizer is a product that contains living microorganisms that colonize the rhizosphere or inside of 
plants and boost plant growth by increasing the supply of nutrients to the host plant when applied to seeds, 
plants, or soil (Malusá & Vassilev, 2014). Biofertilizers are extensively used to speed up microbial processes 
that increase the availability of nutrients that the plant can easily absorb. 
They exhibit plant growth-promoting properties and increase yield through a variety of mechanisms, 
including nitrogen fixation, P-solubilization, P-mobilization, K solubilization, micronutrient solubilization, 
plant growth promotion, prevention of soil organic matter depletion, and preservation of the soil's natural 
habitat. (Santhosh Kumar et al., 2018). 
They also exhibit some indirect mechanism for plat growth promotion like production of Hydrolytic 
enzymes and Exopolysaccharides, Induced system resistance and bioremediation of heavy metals, etc. 
(Mahanty et al., 2017). 
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Types of Bio-Fertilizers 
Different type of Bio-fertilizers is used there in agriculture; they are classified on the basis of their nature 
and functions. A chart given below contains a brief information regarding the various bio-fertilizers. 

 
The plant rhizosphere is home to a variety of microbial species from the genera Azospirillum, Arthrobacter, 
Bacillus, Burkholderia, Enterobacter, Erwinia, Pseudomonas, Rhizobium, and Serratia, all of which can 
aid plant growth. Plants play a key role in microbe selection and enrichment through the contents of their 
root exudates. 
As a result, the microbial community in the rhizosphere develops in response to the nature and 
concentrations of organic elements in exudates, as well as the microbe's ability to use these as energy 
sources. 
In the soil rhizosphere, rhizoplane, and interior plant tissues, microbial presence is continuous. In the table 
below, some of the most regularly used biofertilizers are listed in order of their suitability for the specific 
crops: 
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Sr. No.  Name of fertilizer  Function/Contribution  Beneficiaries (crops)  
1.  Rhizobium  Fixes 50–100 kg N per hectare. 

Increases production by 10–30% 
and leaves residual nitrogen in 
the soil. 

Pulse legumes, oilseed legumes, 
fodder legumes, forest legumes.  

2.  Azotobacter  Fixation of 20–25 kg of nitrogen 
per hectare. An improvement in 
yield of 10% to 15% is possible. 
Growth-promoting chemicals are 
created. 

Wheat, maize, cotton, sorghum, 
sugarcane, pear, millet, 
vegetables and several other 
crops.  

3.  Azospirillum  Fixes 10-25 kg of nitrogen per 
hectare. An improvement in yield 
of 10% to 15% is possible. Growth-
promoting chemicals are 
produced. 

Wheat, maize, cotton, sorghum, 
sugarcane, pear, millet, 
vegetables and several other 
crops.  

4.  Blue Green Algae  Fixation of 20 – 25 kg N/ha.10–
15% increase in yield. Production 
of growth promoting substances.  

Flooded rice, banana 

5.  Azolla  Fixation of 30 – 100 kg N / ha. 
Yield increases 10 - 25 %  

Only for 
flooded rice. 

6. Phosphate 
solubilizing bacteria 
and fungi 

Solubilizes about 50-60% of the 
fixed phosphorus of the soil 

All Crops 

Benefits from Biofertilizers 
1. They are environmentally friendly, pollution-free, and low-cost, increasing agricultural output by 10-
40%. 
2. They improve the structure, pH, as well as other soil qualities. 
3. They bring the soil's natural nutrient cycle back to life. 
4. They increase soil organic matter, and biofertilizer protects the soil from drought. 
5. They make compounds that help plants thrive, such as IAA amino acids and vitamins. 

Precautions 
1. Because they are live organisms, they must be handled with care. 
2. Biofertilizers must be utilized before their expiration date. 
3. Because they are species specific, a specialized biofertilizer should be utilized for a certain crop plant. 
4. It is necessary to apply the recommended dose of biofertilizer. 
5. They should be kept out of direct sunlight. 

Conclusion 
Our reliance on chemical fertilizers and pesticides has fueled the growth of industries that produce life-
threatening substances that are not only harmful to humans but also disrupt the natural balance of the 
environment. 
In fact, due of the detrimental consequences that these foods have on the body when consumed, the focus 
is now shifting from consuming food cultivated with chemical fertilizers to consuming food grown with 
organic fertilizers. Biofertilizers can assist in addressing the challenge of the world's ever-increasing food 
need. 
It is critical to recognize the benefits of bio-fertilizers in order to incorporate them into modern agricultural 
practice. Crop production is boosted to a considerable extent by the use of bio-fertilizers containing 
beneficial microbes. As 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 protecting the environment. A low 
input system can help to achieve farming sustainability by using biological and organic fertilizers. 
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However, one of the few limiting aspects to bio-fertilizer use is a lack of knowledge on enhanced bio-
fertilizer application techniques in the field. 
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Fungi are the 2nd largest group of organisms after insects. We know only about some of these. According 

to an estimate, there are about 15 lakhs fungi in the world. However, we have not been able to study all 

and scientists have studied only 1.1 lakh fungi out of which 14000 are considered as mushrooms. All 

mushrooms are not edible. Some are even poisonous. Out of these, only 3000 have been considered to be 

truly edible. However, it is not possible to cultivate all of these. Despite all the efforts we succeeded to 

cultivate only about 200 species experimentally out of which 60-70 are cultivated commercially and about 

10 are cultivated on industrial scale. Mushrooms like wood ear, winter mushroom and shiitake were 

cultivated in China on wood logs more than a thousand year ago while button mushroom was cultivated in 

France about four centuries ago. In 1960, when mushroom production was low, white button mushroom 

cultivation was about 80 percent of world mushroom production, shiitake contributed 15 % and others were 

only 5%. Six mushrooms, namely shiitake (Lentinula), oyster (Pleurotus), wood ear (Auricularia), button 

(Agaricus), winter mushroom (Flammulina) and paddy straw mushroom (Volvariella) account for 90% of 

the total world mushroom production. The total estimated mushroom production in India in 2016 was 

around 1.3 lakh tonnes, of which button accounted for 3/4th of the production. Some of the mushrooms like 

morels are still collected from forests and we have not succeeded in cultivating these in our country. 

Mushroom production in India was only 5000 tonnes in 1990 that increased to over 1,00,000 tonnes in 2010, 

and to 1.30,000 tonne in 2016. At present (2019) the total mushroom production is estimated to be 1,90,000 

tonnes. Button mushroom is cultivated throughout the year by commercial units and also during winter 

months by seasonal growers. The cultivation is more in Maharashtra, Gujarat, Goa, Haryana, Punjab, 

Uttrakhand, and Himachal Pradesh. Cultivation of paddy straw mushroom is localized to Orissa while 

milky mushroom is more popular in southern part of India. Oyster is more popular in East, even though it 

is cultivated in many other parts of the country. There are many species of oyster and globally maximum 

numbers of species of this mushroom are under cultivation. 

 

Why to Grow Mushrooms? 
1. The 21st century is going to be a century of functional foods, that is, the foods that not only meet our 

calorie needs but also have compounds beneficial for our health.  

2. Mushrooms are not only a quality food but also a way of utilizing agricultural wastes and generating 

wealth from the waste. The material left after growing mushrooms, commonly referred as spent mushroom 

substrate (SMS), can be processed into manure. Thus, mushroom cultivation is an important method to 

promote sustainable manure-based farming. Addition of spent mushroom substrate is also reported to 
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improve the soil health. The very fact that mushrooms can be cultivated on paddy straw and number of 

other agricultural wastes, many of which are just burnt, is sufficient reason to grow mushrooms.  

3. By growing mushrooms, we are not only producing a quality food but are also creating a healthy 

environment. More importantly, it leads to employment generation and women empowerment.  

4. With increasing population, the land is shrinking and mushroom cultivation utilizes vertical space and 

requires minimal land making it possible to promote mushrooms in peri-urban and urban areas also. 

Why to Eat Mushrooms? 
1. Mushrooms are low in calories, high in fibre and contain many important vitamins and minerals. Some 

also have medicinal properties such as complex carbohydrates. 

2. They are excellent source of protein; in some regions they are known as vegetable meat for their high 

protein content. They contain all the essential amino acids needed for your body. 

3. The percentage of protein in dry mushroom could be between 10% and 30% of the total mushroom weight. 

4. They have a high concentration of carbohydrates at 57% and 14% raw fiber. Most of those carbohydrates 

are complex sugars that will help you regulate insulin. 

5. These are also a very good source of vitamins especially vitamin B complex. Mushrooms are the only 

vegetarian source of vitamin D. If we expose mushrooms to UV light after harvest for some time or expose 

to sunlight, the vitamin D content increases many folds. 

Cultivation 
The mushroom is cultivated through different methods:       

1. Strain selection: Strain sholud be high yielding per jar i.e RUP, Shanghai. 

2. Media preparation: Picking a good media recipe is a crucial step to any cordyceps cultivation methods. 

During all trials we used the formula below, recommended by William Padilla-Brown.  

a. 1 gallon water. 

b. 1/2 cup starch. 

c. 1/4 cup nutritional yeast. 

d. 2 tbsp sugar. 

e. 2 tbsp azomite. 

f. 5 scoops baby food. 

This makes 72-pint jars. 2 TBSP rice was placed in wide-mouth pint jars. Next, all other ingredients were 

mixed in a large mixing bowl until they were dissolved. Finally, a ¼ cup of the liquid was poured into each 

Mason jar. The lid with a polyfill filter is placed on top of the jar and screwed on. The jar is then sterilized. 

4. Inoculation: Currently, cordyceps spawn is not available through the internet or typical spawn   

providers. To inoculate, we used wedges from fully grown petri plates. After the jars were cooled overnight, 

they were moved in front of a flow hood in a positive pressure lab. The flow hood filters all airborne 

contaminants out so the sterilized media can be safely open and inoculated. Petri plates were cut into 8 pie 

slices and one slice was placed into each jar. Once the wedge was placed into the jar the top was closed and 

the jar was moved to incubation.  

5. Pinning and fruiting regardless of the cordyceps cultivation methods: A 16 hour on and 8 hour 

off light cycle is ideal for fruiting cordyceps, they are extremely phototropic and will grow towards any 

source of light. Temperature should not rise above 80 degrees Fahrenheit as this will fry and kill the 

fruiting bodies. Ideally, temperatures during fruiting should stay between 60-70 degrees Fahrenheit. The 

jar is left as is, so oxygen levels and humidity do not need to be monitored or maintained during cordyceps 

fruiting. 

6. Harvest for all Cordyceps cultivation methods: Fruiting can take anywhere from 4-6 weeks. 

Harvesting should occur when the mushrooms are done growing or reach maximum height in the container. 

Both the grain medium and fruiting bodies can be harvested and utilized. The grain medium is extracted 

for any health benefits that can be found in the mycelium/substrate combination. The fruiting bodies can 

be used fresh for culinary purposes, for example to make delicious broths, or they can be extracted with hot 

water and alcohol.  
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a. With the Shanghai strain, jars averaged about 12 grams of fruiting bodies.  

b. The average weight of substrate and cordyceps mycelium was 51 grams. 

Medicinal Uses 
1. Antitumour and anticancerous Property: Cordyceps can be used as a source of new anti-cancer 

drugs. Cordyceps is currently being recommended and used by a growing number of doctors worldwide as 

adjunct to chemotherapy, radiation and other conventional and traditional cancer treatments. It has shown 

remarkable progress in not only inhibiting the growth of and in some cases even dissolving certain types of 

tumours, but also as a means by which the immune system and indeed the body in general may be kept 

strong and vital as it is being devastated by the effects of chemotherapy and radiation treatment. 

2. Immuno modulating Property: When Cordyceps is given to a patient in an immune-deficient state, 

such as cancer, hepatitis or HIV infection, the number and activity of the white blood cells increase. 

Conversely, if the same Cordyceps is given to someone in a hyper-immune state such as is found in Lupus, 

Lymphoma or Rheumatoid arthritis, the number and activity of the white blood cells drop, while the red 

blood cells often increase in number. This immunomodulation-at-the-differentiation level is like nature's 

smart bomb against disease  

3. Hypoglycemic effect: Cordyceps has been shown to help both diabetics and alcoholics. The caterpillar 

fungus is found to lower the blood sugar levels by the conservation of hepatic glycogen and improving 

glucose metabolism. Cordyceps has been tested in a number of animal and human trials for the potential 

as a blood sugar regulation agent, and it has performed very well in this roll indeed. It is efficient in 

lowering blood sugar levels in genetically diabetic animals and in those with chemically induced diabetes.  

4. Improvement in Kidney Functioning: Cordyceps sinensis extract might be one novel therapeutic 

drug for chronic kidney diseases. Traditional views of the Cordyceps mushroom held that its consumption 

strengthened the Kidneys. C. sinensis has been found to accelerate the regeneration of tubular cells, protect 

the sodium pump activity of tubular cells and also reduces the content of calcium in certain tissue 

5. Treatment of Respiratory Disorders: The traditional Chinese medicine Cordyceps sinensis improves 

pulmonary function and is used to treat respiratory disease. C. sinensis has proved to be highly useful in 

alleviating other symptoms of several respiratory illnesses such as chronic bronchitis, etc. Much of its 

reputation for protecting the lungs is believed to come from its ability to promote enhanced oxygen 

utilization efficacy and the use of Cordyceps as an effective treatment for Bronchitis, Asthma, and Chronic 

Obstructive Pulmonary Disease (COPD).  

6. Improvement in Heart Functioning: The Cordyceps have the ability to stabilize the heart beats and 

correct heart arrhythmias. Cordyceps has been used traditionally for heart disease and stroke patients. 

7. In Liver Disorders: Cordyceps is commonly used as an adjunct in the treatment of chronic hepatitis B 

and C. In one study, Cordyceps extract was used in combination with several other medicinal mushroom 

extracts as an adjunct to lamivudine for the treatment of hepatitis B.  

8) Hypercholesterolemia: Hypercholesterolemia is not a disease in true sense but is a clear indicator of 

dysfunction of the metabolic system and indicates high risk of cardiovascular attack and helps in lowering 

the total cholesterol level and also the level of triglycerides. It also helps to increase the ratio of HDL-

cholesterol (good cholesterol) to LDL cholesterol (bad cholesterol).  

10. Reduction of Fatigue: Cordyceps is a remedy for weakness and fatigue and is often used as an overall 

rejuvenator for increased energy while recovering from serious illness.  

11. Made Human Organ Transplants: Possible Cyclosporin is an antifungal drug developed from 

Tolypocladium inflatum, which is the asexual stage of Cordyceps. It was quickly realized that when this 

drug was used, the patients did not have as much of a tendency to reject their new organs. This appears to 

be a down-regulation of the immune system or perhaps the cyclosporin is acting somehow as an anti-

recognition factor. 
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Abstract 
The current study was carried out in Assam's Morigaon area. Assam is one of India's north-eastern states, 

where paddy agriculture is common. Paddy is the state's primary food, and it is an important element of 

the people's lives and culture. Paddy-cum-fish culture is a novel agricultural technique in which paddy is 

the primary crop and fish fingerlings are used as a secondary source of revenue. Taraporewala Marine 

Biological Research Station in Mumbai has conducted multiple paddy-cum-fish cultivation trials during 

the previous three decades. Monsoon and summer trials were included. Paddy-cum-fish culture is a 

centuries-old tradition that is still maintained in India and many Far East Asian countries. According to 

Tamura (1961), the method originated in India and was later adopted by countries in Far East Asia, where 

it attained a high level of technical excellence. 

Introduction 
In Assam, fish are purposely introduced and also found naturally in paddy fields that were accidentally 

flooded by nearby water bodies. In Assam, paddy species that grow in low-lying or flood-prone locations are 

referred to as "Baudhan." Some of the most widely grown paddy species in the state are Negeribau, Dolbau, 

and Panijirika. Paddy-cum-fish agriculture can increase the profitability of farming because it is 

economically viable and provides more food and cash to the people. Unfortunately, due to a lack of 

competent scientific intervention in paddy-fish farming, the state's paddy-cum-fish yield per hectare is very 

poor. People in North-East India rely on a wide range of agricultural practices, including moving 

aquaculture systems, fallow systems, household gardens, and sedentary systems like wet-paddy cropping 

(Ramakrishna 1984, 1992). 

Paddy-fish farming systems have received a great deal of attention in the recent past because of the 

government's focus on sustainable rural development, food security, and poverty alleviation. In the last 

decade, several reviews on historical, socioeconomic, and ecological aspects of paddy-fish farming have been 

published, with a global or national focus (Li 1988, Halwart 1994, Choudhury 1995, Little et al. 1996). Fish 

culture in paddy fields generally promotes paddy agriculture by improving water aeration and increasing 

tilling due to fish movement. The excreta of fish increase the fertility of the soil. Fish also feed on harmful 

pest weeds and insect larva, which are harmful to paddy. The culture of fish concurrently with paddy during 

more or less the same production period is a most typical paddy-fish symbiotic farming system. As a result, 

specialized earthworks are required to adapt paddy fields to fulfill the needs of both paddy and fish.  

The most important management aspects in concurrent systems include water management and the use 

of pesticides and fertilizer. While meeting paddy requirements at various phases, a minimum water depth 

of 30-50 cm for animal culture in trenches and pits should be maintained, depending on species and weather 

circumstances. Pesticides should not be used in the days leading up to a rainstorm. It is important to avoid 

pesticides getting into the water when spraying. Organic fertilizer is preferred if fertilization is needed. 

The use of ammonium fertilizers should be avoided as it often leads to a high ammonia level in the water, 

which is toxic to cultured animals. 

General Principle 
The following are some of the general ideas that apply to scientific paddy-cum-fish culture: 

1. In the paddy field, a strong and impenetrable bund is required. The bund should be at least 25 

centimeters above the field's level. 
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2. Channels should be built all along the sides of the field or across the field to allow fish to take shelter 

and migrate there if the water in the shallow portions of the field becomes too hot. 

3. The paddy kind that will be planted must be: 

a. Tolerating a two-column 'stagnant water' 

b. is resistant to a variety of pathogens. In the case of pests and diseases (as pesticides should not 

be used in fish-bearing streams). 

4. The fish used in this culture must be able to survive turbidity, low oxygen levels, and thrive in shallow 

water. 

Site Selection 
The availability of sufficient water for fish life and growth without causing damage to paddy crops is critical 

to the integration of fish farming with paddy production. As a result, the plot must be repaired so that it 

can hold enough water. 

This technology can be used to bring terrace paddy fields and low-lying fields with good water sources and 

spacious benches/plots under its control. At least 60 to 70% of the land is set aside for paddy production, 

with the remainder being used to dig tiny shelter ponds and embankments. Strong and stable dykes are 

built around the plot to keep the fish contained and to retain more water. The trenches are excavated in a 

trapezoid shape with a top width of 6 meters, a bottom width of 3.6 meters, and a depth of 1 to 1.2 meters. 

Fish Characteristics Appropriate for Paddy-Fish-Culture: 
The following features should be present in potential fish species for the Paddy-Fish-Culture agricultural 

system: 

1. Survive in shallow water. 

2. Tolerate temperature variations. 

3. Tolerate severe turbidity. 

4. Grow to marketable size in a short amount of time. 

Culture of Common Species 
A wide variety of fish species have been cultured including common carp (Cyprinus carpio), Indian Major 

Carp including, rohu (Labeo rohita), mrigal (Cirrhinus mrigala) and catla (Catla catla), Chinese carp such 

as silver carp (Hypophthalmichthys molitrix) and occasionally grass carp (Ctenopharyngodon idella), 

tilapia (Oreochromis niloticus) and silver barb (Puntius javanicus) (Gupta et al. 1998). Depending upon the 

availability and suitability for culture under local conditions, fingerlings of L.rohita, C. catla, C. mrigala, 

H. molitrix, C. carpio, L. gonius, L. calbasu, L. bata, and Puntius spp. farmers stocked them primarily in 

paddy fields. 

Paddy-Fish Culture's Benefits 
The bulk of people in the North-Eastern states is farmers, with low-income sources. Paddy cum fish 

cultivation allows them to make maximum use of their existing resources. It can also be used as an off-

season profession for farmers to increase production and income. 

Fish can also be used to help with integrated pest and weed management. By lowering the cost of fish 

production, fish culture in paddy fields increases soil fertility and promotes paddy yield. The paddy's intake 

of nutrients such as phosphate and nitrogen are increased by the fish recycling nutrients through feeding 

and depositing excrement in the soil. 

It boosts paddy yields and income from both paddy and fish farming while lowering fertilizer use. It can 

also provide a consistent supply of protein for farmers and their families, helping to offset the decline in 

wild fish availability in many areas. 

Scope of Paddy Cum Fish Culture in India's NE Region 
Paddy-fish farming in the region has a bright future ahead of it. Paddy-fish culture is a sustainable, 

ecologically friendly, low-cost, low-risk extra economic activity with various benefits, including improved 

income and greater availability of fish to the rural agricultural community, according to studies conducted 
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in Assam (Goswami et al., 2004). Modest use of 10% (0.26 million hectares) of the available land in Assam 

might yield 0.13 million t every season. 

Production varies from 2,100 to 2,300 kg of paddy/ ha and from 400 to 450 kg/ ha of fish in Assam (Baruah 

et al., 1999). Collective administration, rather than individually managed tiny installations, has yielded 

more benefits from paddy-fish farming. (Baruah et al., 2000) also looked at the prospects for fish farming 

on paddy fields in Assam, finding a possible production of 501.1 kg/ hectare in four months with a 17.65 

percent improvement in paddy productivity, with 10-20% of the plot used for dykes, refuge ponds, and 

ditches. 

The NE region of India is recognized as the most suitable zone for organic farming due to its negligible 

usage of chemical fertilizers, pesticides, and other chemicals. This current situation gives a fantastic chance 

to use broad swaths of paddy fields to cultivate a variety of fish to supplement regional fish output. 

(Munilkumar and Nandeesha, 2007) stressed the detailed study of paddy-fish culture practiced by the 

Apatani tribes in Arunachal Pradesh, India in depth to adapt these cultural techniques to other areas for 

sustainable fish production. 

Wild fishes gain access to some of the fields and are "caught" or harvested alongside paddy. However, in 

recent years, there have been instances of selective· stocking of fish in the paddy fields. Assam constitutes 

the largest area, but adequate information is not available· about the extent of utilization. 

Environmental Integrity and Food Safety Approach 
Many traditional food production systems, like paddy-fish culture, are facing new and greater challenges 

as a result of the public's growing concern about environmental integrity and food safety. The development 

of modern paddy-fish cultivation has centered on ways to produce high-quality and safe paddy and aquatic 

goods using ecologically friendly methods. Many new technologies were added to farming systems to assure 

environmental integrity and food safety, such as the use of formulated bio-fertilizer and micro agents for 

water manipulation. Traditional paddy-fish farming has gradually evolved into organic food production 

methods in many locations. Organic paddy and aquatic goods provide farmers with additional income while 

also contributing to holistic rural development. 

Conclusion 
Paddy is the major crop and staple food for over half the world's population. Over 90% of paddy produced 

in Asian countries is the livelihood for rural farmers. Collection of wild and indigenous fish from paddy 

fields for home consumption in the small family is an age-old practice as paddy cultivation by itself. India 

has the distinction of incorporation of fish in paddy fields for culture about 1,500 years ago. The planned 

paddy-fish system ensures higher productivity, an increase in farm income, and employment with a 

reduction of investment risk. In paddy-fish integration, paddy fields retain water for 3-8 months in a year. 

The culture of selected species of fish in the field which remains waterlogged even after the harvest of 

paddy crop provides an opportunity to grow fish and provide off-season occupation for farmers with 

additional income. The modern concept of paddy-fish integration with the paddy-fish plot, digging of 

peripheral trenches, construction of dykes, nutrient usage of pond refuge and seeding of improved paddy 

varieties, and release of fish in the trenches all contributed to increased paddy and fish yields. Crop wastes 

are used as pond input in fish ponds. The ecological benefits are weed control, consumption of some pests 

and mollusks, and bioturbation of the soil-water interface. Green leafy vegetables on the pond dyke in 

aerial system, cash crops such as banana and papaya provide a net income of 35,000-40,000/ha/year, which 

is higher than the tradition of paddy cultivation. In this integration, product yields are fish, paddy, seasonal 

horticultural crop, etc. 
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Summary 
The nation India is regarded as the "Land of Villages." Villages are home to over 67 percent of India's 

population. Agriculture as well as other agricultural-related activities are their primary occupations. 

Agriculture is the biggest sector of our economy, employing around 70% of India's people. Agriculture is 

extremely important in India's economy. Despite the fact that it now accounts for around one-sixth of 

India's GDP, it employs 56 percent of the country's workforce. In addition, the forward and backward 

linkage effects of agricultural growth have enhanced non-agriculture sector incomes. The expansion of some 

commercial crops has the potential to boost agricultural commodity exports and accelerate the development 

of agro-based sectors. 

Introduction 
Agriculture has long been the backbone of the Indian economy, and despite the concerns about 

industrialization in the last six decades, agriculture continues to be a source of pride for the country. 

Around 60% of the country's workforce is employed there. The development of agriculture is critical to the 

economic growth of the country. About 67 percent of India's population lives in villages, earning it the 

nickname "Land of the Villages." Agriculture and related activities are their primary source of income. 

Agriculture is the most important and dominant sector of our economy, employing over 70% of India's 

population. Agricultural produce has typically been the primary source of raw materials. This illustrates 

agriculture's importance and dominance in the Indian economy. In low-income developing countries, 

agricultural development is essential for economic growth, rural development, and poverty reduction. 

Agriculture productivity growth is a powerful driver of economic growth and poverty reduction in both the 

agricultural and non-agricultural sectors. India's agricultural sector is extremely large. While the sector's 

share of GDP has dropped to around 15% in the last 30 years, it still employs nearly half of India's 

population and is responsible for much of the country's economic volatility. 

The Concept of Agricultural Development 
In low-income developing countries, agricultural development is essential for economic growth, rural 

development, and poverty reduction. Agriculture productivity growth is a powerful driver of economic 

growth and poverty reduction in both the agricultural and non-agricultural sectors. Good rural 

infrastructure, well-functioning domestic markets, appropriate institutions, and access to appropriate 

technologies are all required for productivity increases. 

Importance of Agricultural Development 
For the global reduction of poverty and hunger, agricultural development and equitable distribution of the 

advantages of economic growth are important. Numerous studies have shown that the influence of 

economic growth on reducing hunger and poverty is dependent on the type of growth (industrial or rural 

economy-based) as well as the scale and speed of growth. Agricultural development is required to enhance 

agricultural production in order to sustain an ever-increasing population. Because economic growth in 

metropolitan centers is too slow to absorb the migratory labour force, the rural economy plays a major role 

in terms of employment. This is certainly relevant in transition countries. Although small semi-urban 

places play a significant part in economic growth, agriculture's contribution is understandable in rural 

areas where it is one of the key economic activities. 
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Roles of Agriculture in National Economy 
1. Agriculture and Industrial Development: Agriculture in India has been a major source of raw 

materials for our major industries. Agriculture is directly dependent on cotton and jute textile industries, 

sugar, flour mills, Vanaspati, and plantations. Many other industries rely on agriculture in some way, 

shape, or form. 

2. Agriculture and International Trade: The main goods of India's exports included agricultural 

products such as tea, sugar, oilseeds, tobacco, spices, and so on. In general, agricultural commodities made 

up the majority of our exports, with agricultural content. 

3. Agriculture and pattern of Employment in India: Agriculture has dominated the Indian economy 

to the point where it employs a large percentage of the working population. The agricultural sector, which 

employs 54.6 % of India's workforce and is the single largest private sector occupation, continues to expand. 

4. Agriculture in the National Income: The share of agriculture in GDP was around 55 percent. 

Agriculture contributed a major share of the national income in India at one time.  

5. Increases Agricultural Production and Productivity: Infrastructure in the agricultural industry 

improves the comparative advantages of the region where the infrastructure is built. When a region 

acquires a competitive edge in agricultural operations, the net outcome is an increase in the overall 

production and productivity of agricultural goods and services. According to the nature of the elasticity of 

demand for the product under consideration, increasing output and productivity produces a change in the 

supply curve higher, which has positive implications on the pricing. 

6. Increases the Regional Value: A significant benefit of agricultural infrastructure is that it contributes 

to the region's increased value added. Increased agricultural infrastructure in a given location would lead 

to increased investment in allied industries that can create high-value-added goods. Increased capital 

creation in a region as a result of agricultural infrastructure availability leads to derived demand for 

investment in value-added commodity-producing sectors.  The countryside Agricultural activities can play 

an important role in preserving natural resources. 

7. Reduces Cost of Production: The development of agricultural infrastructure up in a particular region 

not only improves agricultural production and productivity, but it also lowers the marginal cost of 

production in many circumstances. It's worth noting that the transaction fee. This is usually outside the 

cost of input prices, which can be one of the key components of the overall cost of production in the 

agriculture sector, and infrastructure plays a major part in lowering transaction costs. 

8. Social Benefits: The provision of a basic level of agricultural infrastructure, or the enhancement of an 

existing one, may result in a different cropping pattern than the current one, resulting in some indirect 

positive benefits that can be referred to as social benefits. These advantages are enjoyed not just through 

regional economic activity, but also by activities that take place outside of the region's administrative and 

political boundaries. 

9. Economies of Scale: Some types of agricultural infrastructure could lead to improved economies of 

scale, which would boost agricultural income. Whenever a firm's cost of production declines as a result of 

external benefits, economies of scale are obtained. The provision of a specific infrastructure for a particular 

objective may result in the achievement of several targets, resulting in increased economies of scale in the 

production activities. Rural electrification, for example, to provide electricity to the agricultural sector or a 

rural road network, may attract small-scale industrial units that use electricity and transportation in the 

production method. 

Conclusion 
Agriculture is extremely important in India's economy. Despite the fact that it now accounts for around 

one-sixth of India's GDP, it employs 56 percent of the country's workforce. In addition, the forward and 

backward linkage effects of agricultural growth have enhanced non-agriculture sector incomes. The 

expansion of some commercial crops has the potential to boost agriculture exports and accelerate the 

development of agro-based industries. As a result, agriculture not only contributes to overall economic 

growth, but it also helps to alleviate poverty by providing employment and food security to the majority of 

the country's population, making this one of the most inclusive growing sectors in the Indian economy. As 
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a result, we must adjust our priorities in view of the changing scenario. In the coming days, the farming 

sector will be expected to feed the world, not just India. The Indian government priorities reducing poverty 

by increasing agricultural productivity in order to encourage agricultural and rural development. To 

develop a solid foundation for a highly productive, internationally competitive, and diversified agricultural 

industry, policymakers will need to take significant action to move away from the current subsidy-based 

regime, which is no longer viable. 
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Summary 
"Nothing in biology makes sense except in the light of evolution."-Theodosius Dobzhansky. Darwinism is 

the theory of evolution through natural selection as explained by Charles Darwin in his 1859 book "Origin 

of Species". He confirmed the fact of evolution without a shadow of a doubt, and while the process, natural 

selection, was debated for many years, it is today recognized as the primary cause of evolutionary change, 

thanks to the support of contemporary genetics. He developed a new area of biology, evolutionary biology, 

in which he advocated for a secular life for human beings. 

Keywords: Darwinism, natural selection, evolution, traits, genetics. 

Introduction 
The term "Darwinism" refers to Charles Robert Darwin's theory of evolution, as described in his book "On 

the Origin of Species," published in 1859. The true cause of change, according to Charles Darwin's theory, 

is the natural selection of certain species over others: more organisms are born than can live and reproduce, 

others have attributes that aid them in the ensuing' struggle for survival,' and these are totally wiped or 

chosen to be the breeding stock for all subsequent generations. It's a wide label that encompasses all 

biological hypotheses on how organisms evolve through mutation and selection. Despite the various 

contrasts between Darwin's theory of evolution and other ideas, the term "Darwinism" is generally used to 

refer to all theories of evolution after Charles Darwin that feature natural selection and spontaneous 

change as key explanatory factors.  

Darwinism is more commonly used in a broader sense to express the idea of applying Darwin's theory to 

cultural features, cultural behavior, and human development. The term "Darwinism" was coined by 

English biologist Thomas Henry Huxley in April 1860. It was first used to denote evolutionary theories in 

general, particularly those advocated by Herbert Spencer, an English philosopher later on. Many 

Darwinists, including Huxley, were concerned about the idea of natural selection's importance at the time, 

and Darwin himself endorsed what became known as "Lamarckism." With the introduction of the modern 

synthesis, which merged natural selection, population genetics, and Mendelian genetics, Darwinism was 

resurrected in a revised form in the early twentieth century. 

Natural Selection 
The term "natural selection" became popular when it came to reasons or mechanisms in which Darwin 

believed he might make substantial scientific breakthroughs. Starting with the arguments made by the 

English priest Thomas Robert Malthus (1826) that population numbers will always surpass food resources 

and space availability, he proposed his well-known mechanism of evolution by natural selection brought on 

by a struggle for existence. 

Darwin proposed that there will always be naturally existing variation within populations, generalizing 

this to the animal and plant worlds: his observations of barnacles convinced him that this was true. As a 

result, Darwin concluded that success in the struggle would be based at least in part on natural differences 

between organisms. 

There will be a natural form of selection, similar to the artificial selection used so successfully by animal 

and plant breeders in the United Kingdom in the first half of the nineteenth century.  

More than that, Darwin believed that natural selection would result in a specific type of change (i.e., 

towards adaptive advantage as seen in Finches). Natural selection, Darwin believed, speaks to this 

characteristic of biological life, providing a naturalistic – that is, law-bound – the process of explanation 

(Ruse, 2003). 



 

 
Volume 04 - Issue 04 - April 2022       268 | P a g e  
 

Natural selection makes the following key observations:  

1. Traits are largely inherited. In living organisms, many qualities are inherited or passed down to 

offspring. Darwin realized that qualities were inherited through genes, even though he was unaware of the 

term, he called “factors”. 

2. Organisms can have more offspring than their environment can support. As a result, each generation 

competes for limited resources, and offspring's inheritable features vary. 

3. The offspring of each generation may differ slightly in terms of attributes (color, height, form, and so on), 

with several of these features being heritable. 

Huxley’s Program 
Following the publishing of the "Origin of Species", the concept of evolution no longer posed much of a 

barrier. The focus, however, was on Darwin's central theory of evolution. One of Darwin's numerous 

admirers, Aldous Huxley, had different notions about evolution beyond science, with selection as its 

foundation. In Victorian times, Huxley and his colleagues envisioned a secular society with open and 

accessible education free of religious bias, professionally trained civil servants, a military unaffected by 

social status or personal wealth, a society free of church power, and secularism as one of many 

developments. In such a culture, evolution was considered a one-size-fits-all solution. It has the potential 

to become a major notion for secular ideology and progressive thinking, ethical changes, and the like. The 

focus turned from Charles Darwin to his fellow countryman, Herbert Spencer, towards the end of the 19th 

century. His "synthetic philosophy" created a new set of lenses through which we may see the world as 

welcoming and accepting of all species, including our own. Evolution was envisioned as a future religion 

that championed moral and social ideals. However, Spencer and his followers, particularly businessmen 

John D. Rockefeller Sr. and Andrew Carnegie, called for a type of liberalism comparable to that seen in 

nature as a struggle for survival; survival and selection should be allowed in society as well. Surprisingly, 

the movement was known as "Social Darwinism," which arose from indications of such concepts in Darwin's 

writing, most notably in "The Descent of Man 1871." Despite Darwin's efforts to avoid promoting such a 

societal idea, evolutionism was already infiltrating the society at a rate that went against his intentions. 

The Synthetic Theory of Evolution 
As fascinating as Darwin's ideas about evolution were many, the mechanics of the concept remained a 

mystery. Later in the twentieth century, Genetics emerged as an effective theory of heredity that explained 

how and why organic traits are passed down through generations, resulting in occasional and spontaneous 

new variations. The notion was seen as a counter-theory to the natural selection mechanisms. However, 

the mathematical discoveries of classic biologists such as R.A. Fischer (1930) and J.B.S. Haldane (1932) of 

United Kingdom and Sewell Wright (1931) of United States demonstrated how Mendelian genetics may be 

used to support Darwinian selection in a smooth synthesis (Ruse, 2013). The evolutionary process now had 

a proper mechanism in place. Nonetheless, it necessitated a great deal of time-consuming investigation and 

in-depth analysis. Now, the next generation of evolutionists, Julian Huxley (1942) of the United Kingdom 

and Theodosius Dobzhansky (1937), a Russian-born American geneticist, collaborated to produce concrete 

evidence for population geneticists’ mathematical framework. Their work resulted in a full-fledged theory 

known as "synthetic theory of evolution" or "Neo-Darwinism" about 1950; Darwin's theory of natural 

selection, reinforced by Mendelian genetics, gave a complete and substantial knowledge of evolutionary 

changes. 

‘Darwinism’ - Meanings 
Darwinism has not been able to save itself from conflicting societal viewpoints as we progress through 

history. The scientific community continues to see the evolution through the lens of Darwinism. The only 

obstacle it encounters is religious views held by 'fundamentalists,' or radical Christian Protestants who see 

evolution as a direct violation of the Bible (especially Genesis). However, Darwinians (those who believe in 

philosophy) do not believe in any supernatural beliefs. In today's world, a generation of "new atheists" with 

a fresh set of lenses see religion as a source of pure evil, while Darwinism is promoted as an efficient 

remedy. All of this is not to say that this is a universal viewpoint, as many people who identify evolution 

with scientific territory believe in a broader spectrum of life and afterlife experiences that go beyond 

rationality. Many problems are answered logically by science, but Darwinism is not the answer to all of 
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them. If we believe philosophers like Karl Popper, a theory that explains everything is probably a theory 

that explains nothing, different viewpoints for a theory can never be fully rested. 

Conclusion 
As an explanation for organic transformation, Charles Darwin offered the Darwinism theory of the 

evolutionary system. It refers to Darwin's particular viewpoint that natural selection primarily affects 

evolution. The previous definition has been superseded by Neo-Darwinism, which has removed Darwin's 

residual relationship to the Lamarckian notion of acquired traits, which is based on newer experience. 

Because they have a greater grasp of inheritance processes, modern scientists can distinguish between non-

inheritable bodily variation and variation of a truly inheritable type more accurately than Darwin. 
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Summary 
Soybean is an important food legume and oilseed crop grown primarily for its oil (20%) and protein (40%). 

In India, this high valued crop ranks first among the oilseed crops both in area and production. During 

2021 kharif, soybean production of 11.89 mt from an area of 11.99 mha with a productivity of 991 kg/ha 

(As per Soybean Processors Associations of India). During the past decades there is a consistent increase 

in the cultivated area of soybean into new areas thereby improving the livelihood of marginal farmers. In 

Karnataka, soybean crop is becoming popular oilseed crop and its cultivated area is increasing from 16,000 

ha during 1987-88 to 3.82 lakh ha during kharif 2021. Currently, about 2.24% of total area and 1.94 % of 

total soybean production in the country is contributed by the state (Director’s Report, 2021). Major soybean 

cultivating districts are Belagavi, Bidar, Dharwad, Haveri and Bagalakote. However, there is a huge scope 

for expansion of soybean cultivation in new areas by developing suitable varieties and improved production 

technologies. Soybean is mainly grown during kharif season under rainfed and assured irrigated 

conditions. Sowing is done mainly during first week of June to second week of July. Due to luxurious 

growth, the crop is attacked by many diseases (Rust, Anthracnose and pob blight, root disease complex, 

YMV) and insect pests (Tobacco Caterpillar, green semilooper, beetles, pod borers) throughout the crop 

duration. In recent years, improved varieties have been developed with resistant/tolerant to major soybean 

diseases. For example, rust resistant varieties such as DSb 21, DSb 23 and DSb 34 were developed and 

released for cultivation in the soybean growing areas of the state. These varieties increase the economic 

returns by reducing application of costly chemical spraying thereby help farmers to strengthen their 

economic status. The varieties recommended for cultivation in Karnataka state are given in the Table 1. 

Table 1. Varieties recommended for cultivation: 

Variety Duration (days) Yield potential (q/ha) Salient features 

JS 335 85-90 25-30 Semi determinate growth habit; yellow 

seed coat; black hilum; tolerant to pod 

shattering upto 8-10 days after maturity; 

resistant to bacterial pustule 

JS 93-05 80-85 20-25 Yellow seed coat, black hilum; Resistant 

to purple seed stain disease;  

DSb 21 90-95 30-32 Semi determinate growth habit; yellow 

seed coat; brown hilum; tolerant to pod 

shattering upto 8-10 days after maturity; 

highly resistant to rust 

DSb 23 95-100 32-35 Semi-determinate growth habit; yellow 

seed coat; brown hilum 

DSb 34 85-90 30-32 Semi-determinate growth habit; yellow 

seed coat; black hilum; highly resistant to 

rust and moderately resistant to pod 

blight 
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Introduction 
India is the leading producer (25% of global production), consumer (27% of world consumption) and 

importer (14%) of pulses in the world. Despite various efforts of the Government of India, the pulse 

production from an area of 23.0 m.ha has stabilized at around 18–20 million tonnes against the 

consumption of 22–24 million tonnes, which necessitates imports of 4–6 million tonnes pulses each year, 

resulting in a loss of $ 2.3 billion foreign exchange each year (Indian statistics, 2015).  

Major pulse crops in India include pigeonpea [Cajanus cajan (L.)], urdbean [Vigna mungo (L.)], mungbean 

[Vigna radiata (L.)], and cowpea [Vigna unguiculata (L.)] grown during the rainy (kharif) season (June–

October) and chickpea [Cicer arietinum (L.)], lentil (Lens culinaris) and peas [Pisum sativum (L.)] grown 

during the winter (rabi) season (October–April). Pulses, being rich in protein, minerals and vitamins, play 

a significant role in the nutritional security of Indian people, especially those below poverty line, who can 

ill-afford animal food products. The productivity of pulses in India (764 kg/ha) is very low as compared to 

other countries. Biotic and abiotic stresses are the major barriers in realizing the yield potential, as about 

87% of the area under pulses is rainfed and mainly confined to marginal and sub-marginal lands. Losses 

due to biotic and abiotic stresses in pulses vary from 30 to 100% depending on the magnitude of their 

severity. To ensure sustainable pulse production under the impacts of changing climate, integrated package 

of practices is required for different regions of the country. 

Abiotic Stresses and their Effects on Pulses 
Abiotic stresses are primarily unavoidable and are the most harmful factor concerning the growth and 

productivity of crops, especially under un-irrigated areas. The ability to tolerate effectively by challenging 

these stresses is a complicated phenomenon stemming out from various plant interactions occurring in the 

specific environments. Abiotic stresses are occurring naturally and agronomists can only think of 

mitigation strategies for these stresses under varied climatic conditions. 

Abiotic stresses are: 

a. Drought/ moisture stress. 

b. Water logging stress. 

c. High temperature/ heat stress. 

d. Low temperature/ cold stress. 

e. Salinity/ alkalinity stress. 

f. Plant nutrients stress. 

 



 

 
Volume 04 - Issue 04 - April 2022       272 | P a g e  
 

Drought / Moisture Stress 
Impact of moisture stress depends on its intensity/ severity and duration; prevents the crops from reaching 

the maximum yield. Nitrogen fixation, uptake and assimilation by leguminous plants are reduced due to 

reduction in leghaemoglobin in nodules and number of nodules under moisture-stress conditions. 

Depending on the level of stress, legumes may suffer from grain yield losses to a larger extent than shoot 

biomass reduction. Drought induced loss in crop yields exceeds losses from all other causes (Farooq et al., 

2009). Reduction of chickpea seed yield due to terminal drought ranged from 26 to 61%. In addition, plant 

productivity under drought stress is strongly affected by dry-matter production and its partitioning 

(Krishnamurthy et al., 2010). According to Lopez et al. (1996), long-duration pigeonpea experiences all the 

3 types of droughts, viz., early, intermittent and terminal. Understanding the physiological processes that 

happen during moisture stress is needed to ameliorate the stress effects either by management practices 

agronomically or alter the cropping pattern of the regions. 

Waterlogging Stress 
Waterlogging affects a number of biological and chemical processes in plants and soils that can impact crop 

growth in both the short and long term. Germinating seeds/ emerging seedlings are very sensitive to 

waterlogging, as their level of metabolism is high. Pulses are more sensitive to waterlogging than other 

crops. Flooding may increase the incidence of soil-borne fungal diseases besides converting of SO-
4 to H2S 

by anaerobic bacteria. Under waterlogging, growth is arrested and death takes place principally because 

demand for Adenosine triphosphate (ATP) molecules exceeds the supply and self-poisoning by products of 

anaerobic metabolism. 

High Temperature / Heat Stress 
Optimum temperature of 10–25oC for cool season pulses and 15–30oC for kharif pulses is required for better 

growth and development. Temperature above 25o C caused heat stress in chickpea, field pea (Pisum sativum 

L.), faba bean (Vicia faba L.) and lentil. Temperature 35–40oC for rainy-season pulses, resulting 20–70 % 

yield reductions through flower drop and pod abortion (Kumar et al., 2016). Soil moisture stress coupled 

with high temperature affects the growth and development of crop plants to a larger extent in dryland 

areas. Maheshwari et al. (2015) reported that high temperature in general adversely affects photosynthesis, 

respiration, water relations and membrane stability, production of reactive oxygen species (ROS), and 

accumulation of anti-oxidants and adjustment of compatible solutes, etc. 

Low Temperature / Cold Stress 
Temperature lower than optimal growth temperature requirement causes low temperature or chilling 

stress. Stress due to temperature less than 15oC is known as chilling stress and this occurs in plants which 

grow at 25– 35o C. In majority of crops, chilling stress occurs at temperature less than 10oC but above 0oC. 

Chilling stress is most common in tropical and sub-tropical species, such as pigeonpea and beans. Cool/ 

winter season pulses are highly sensitive to low temperature stress during flowering and early pod-

formation stages. Kumar et al. (2016) reported average temperature range of 0–10oC to be considered as 

threshold level for cold stress in cool season crops. 

Salinity / Alkalinity Stress 
The arable land is continuously transforming into saline soils globally and up to 50 % land loss by salinity 

is predicted by 2050 (Hasanuzzaman et al., 2013). India has 6.74 million ha area under salt-affected soils, 

of which saline soils cover 1.71 million ha, alkali soils 3.79 million ha and costal saline soils 1.25 million 

ha. Area under pulse crops is declining gradually due to salinity stress, especially in Indo-Gangetic Plains 

of India. The decline in the chickpea area in the traditional chickpea-growing regions is partly due to 

increased soil salinity and increased use of brackish water for irrigation (Gowda et al., 2009). 

Plant Nutrients Stress 
Nutrient deficiency and excess stress occur when an essential nutrient is either not available to plant in 

required quantity or available in excess of plant needs. Unlike deficiency symptoms, toxicity symptoms are 

less common. In some cases, the presence of one element in excess concentrations may induce the deficiency 

of another element. Nutrient stress occurs due to lopsided use of fertilizer NPK, growing of high-yielding 
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varieties, intensive cropping without addition of secondary and micronutrients, no or less use of organic 

manures, leaching of nutrients like nitrogen (N), potassium (K), sulphur (S), calcium (Ca), boron (B) and 

manganese (Mn) under high rainfall and irrigation, conversion of nutrients to unavailable form in problem 

soils, use of high-analysis fertilizers, negative (–) interaction of micronutrients with other macro/ 

micronutrients and soil degradation like soil erosion, soil salinity, soil alkalinity etc. 

Biotic Stresses and their Effects on Pulses 
Biotic stress occurs as a result of damage to plants by other living organisms, viz. weeds, insect-pests, 

causal organisms of diseases, nematodes, allelopathic chemicals, etc. Among these, fungi and viruses are 

the largest and most important groups affecting all parts of the plant at all stages of growth of food legumes 

(Pande et al., 2009). The magnitude of biotic stress effect on the growth and development of plants depends 

on the ability of the plants to resist particular stresses under a particular environment. Intensive farming 

systems have become increasingly dependent on synthetic chemical pesticides for controlling pests and 

diseases and have become unsustainable over the times. Application of more and more pesticides leads to 

the development of resistance in the target pests, and has negative impacts on biodiversity. 

  
 

Fig.1: Insect Damage Fig.2: YMV Fig.3: Vicia sativa 

1. Weeds: Weeds are becoming the most serious problem and merit considerable scientific attention. 

Unchecked weeds cause 20–90% yield losses in different pulse crops (Pooniya et al., 2015). Initial vegetative 

growth stages are more prone to higher weed infestation due to slow growth habit in many pulses. 

Development of leaf area in cowpea, urdbean and mungbean is relatively slow during initial 3– 4 weeks 

and could extend to 6 weeks or more in pigeonpea, chickpea, peas and lentil. As a result of wider row 

spacing and initial slow growth, weeds pose a major problem to pigeonpea, reducing its productivity up to 

80% (Talnikar et al., 2008). 

2. Insect-pests and diseases: The losses in yield due to lack of plant-protection measures vary from 46 

to 96 % depending on the crop and varieties. Delayed onset of monsoon leading to late sowing of pulses in 

dryland areas also increases incidence of pests, especially pod-borer [Helicoverpa armigera (Hubn.)] in 

chickpea (Ali et al., 1998). Incidence of the sterility mosaic virus in pigeonpea plants when they are less 

than 45 days old, results in 95–100% yield losses, while older plants suffer only 26–97 % loss (Guptha et 

al., 2014). 

Abiotic and Biotic Stress Management 
In order to enhance and sustain the pulse production, system needs adoption and refinement of low-cost 

agronomic practices. Many chemicals have though proved effective in controlling biotic stresses, but these 

are not cost-effective. Various non-monetary inputs/ techniques, viz. selection of crops, selection of drought-

resistant/ tolerant/ early-maturing/ short-duration varieties, healthy and disease-free seeds, seed 

treatment need to be adopted for mitigating abiotic and biotic stress for maximizing productivity and 

profitability of the dryland farmers. Better crop-management practices like nutrient, water and weed 

management, insect-pest and disease management are essential to withstand these stresses. 

1. Selection of crops: Pigeonpea and chickpea are highly drought-tolerant crops because of deep root-

system and their indeterminate growth habit leading to higher ability to tolerate intermittent drought and 

respond to subsequent rainfall. Likewise, faba bean is relatively tolerant to waterlogging due to better root 

stature compared to lentil, field pea and chickpea (Kumar et al., 2016). Pulses are highly susceptible to soil 
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acidity; pH less than 5.5 leads to restricted root growth because of Al, Fe and Mn toxicity. Chickpea is 

highly sensitive to Fe and Zn deficiency, Zn in field pea under saline and alkali soils (Kumar et al., 2016). 

2. Selection of suitable varieties: Development and identification of biotic and abiotic stress-resistant 

varieties is essential to sustain the pulse production to cope up with the varied climatic scenarios. In 

general, plant response to abiotic and biotic stresses is crop- and cultivar-specific (Maheshwari et al., 2015). 

Development of stress-tolerant varieties is under genetic control, while selection of these varieties is the 

prime importance of agronomists to produce a satisfactory yield with high productivity potential under 

stress conditions. 

3. Agronomic practices for managing abiotic and biotic stresses: Better crop-management practices 

like tillage, planting time, planting geometry, quality seed, optimum seed rate, method of sowing, mulching, 

nutrient, weed and water management provide greater opportunities to increase in pulse productivity in 

India by mitigating the abiotic and biotic stresses. Tillage is necessary for obtaining ideal conditions for 

seed germination, seedling establishment and growth of crops (Das et al., 2014). For dryland pulses, deep 

ploughing results in better moisture conservation which leads to better root proliferation and higher 

productivity over shallow cultivation. The conservation tillage system is one such tillage option designed 

to conserve soil moisture in moisture-deficit areas. This could overcome both abiotic and biotic stresses in 

pulse crops. To achieve success of conservation agriculture in the long-run, cultivars need better water-use 

efficiency, improved soil health and pathogen resistance that would emerge from crop residues.  

4.Nutrient management: Nutrient requirement of legumes is much lower than cereals mainly because 

of biological nitrogen fixation. However, these respond favourably to higher doses of applied phosphorus 

(P), sulphur (S) and potassium (K). Efficient nutrient management, especially nitrogen along with 

biofertilizers can minimize the magnitude and duration of moisture stress in pulses. Application of 

arbuscular mycorrhizal (AM) fungi also holds great promises in imparting tolerance to water stress besides 

phosphorus nutrition in rainfed peas (Kumar et al., 2014). Application of balanced fertilizers (NPK) with 

micro-nutrients enhances the water uptake as well as the water relations in the plant tissues that helps 

increase tolerance to drought and heat stress.  

5.Water management:  

a. Moisture and water conservation: Since moisture conservation is the major constraint in 

dryland soils devoid of irrigation facilities, adoption of suitable cultivation techniques is the pre-

requisite for conserving moisture for maximizing pulse productivity where pulses are invariably 

grown under moisture-stress condition. Sub-optimal moisture in the soil at the time of sowing leads 

to poor germination and plant stand, hence greater emphasis should be given to water conservation.  

b. Irrigation management: In India, the irrigated area under pulses is only 12% (Reddy and 

Reddy, 2010). Pulse crops grown during rabi and summer season require irrigation when the soil 

moisture is limiting. Scientific scheduling of irrigation with deployment of water-saving irrigation 

methods can lead to enhanced pulse yield, higher water- and nutrient-use efficiency. In pea, 

sprinkler irrigation at an IW: CPE irrigation water: cumulative pan evaporation) of 1.0 (2 

irrigations) saved 4 cm of irrigation water against conventional flood method (Singh et al., 2013).  

6. Weed management: More than 70% area of pulses in India is cultivated under intercropping systems 

and is more productive, particularly under rainfed conditions. Pulses play a major role in intercropping 

systems with cereals, oilseeds and commercial crops for supplementing nitrogen requirement to the base 

crop, appreciable smothering effect on weeds, binding soil particle against soil degradation and having 

many more benefits (Dass and Sudhishri, 2010). Sugarcane trash mulching @ 8 t/ha is effective for control 

of weeds, increasing yield, conservation of soil moisture, and moderation of soil temperature in pigeonpea 

(Gajera et al., 1998).  

7. Integrated insect-pests management: Integrated pest management (IPM) includes use of resistant 

or tolerant varieties, crop rotation with ncrops, etc. in addition to pesticide application at the minimum 

doses. Set of packages like intercropping of chickpea + linseed (Linum usitatissimum L.)/ mustard [Brassica 

juncea (L.) Czernj. & Cosson] or chickpea + coriander (Corriandrum sativum L.) encourages natural 

enemies of pod-borers, use of bio-insecticide NPV (Nuclear poly-hedrosis virus) @ 250–500 larval equivalent 

(LE)/ha, neem-seed-kernel extract (5%) and sex-pheromone trap is also helpful in controlling pod-borers in 

chickpea (Pooniya et al., 2015). 
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Conclusion 
Based on the foregoing review, it is concluded that biotic and abiotic stresses are the major barriers in 

enhancing the productivity of pulse crops in India. There is an urgent need to minimize the adverse effects 

of these stresses on the pulse crops to enhance the productivity and production of pulses to meet the 

challenge of nutritional security in the country. In this attempt, an integrated approach needs to be 

followed which will include adoption of suitable crop/ varieties, agro-techniques, cultural/mechanical 

practices, bioagent and chemicals. There is also a need to lay greater emphasis on developing varieties 

having resistance/ tolerance to various types of stresses using biotechnology tools of crop improvement. 
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Abstract 
Rugose spiraling whitefly was first described by Martin in 2004. The scientific name of rugose spiraling 

whitefly is Aleurodicus disperses. The biology of Rugose spiraling whitefly is all about its adults are about 

three times larger (approx. 2.5 mm) than the commonly found whiteflies and are lethargic by nature. 

Whitefly has 5 developmental stages. The symptom of damage is Nymphs and adults suck the sap from 

leaves, Honey dew - development of sooty mould fungus and Yellowing of leaves. Field sanitation, Removal 

of host plants and Installation of yellow sticky traps are the management of Rugose spiraling whitefly. 

Keywords: Biology, Symptom of damage, Management. 

Introduction 
Rugose spiraling whitefly was first described by Martin in 2004 from samples collected in Belize on coconut 

palm leaves (Martin 2004). The scientific name of rugose spiraling whitefly is Aleurodicus dispersus the 

pest’s biology is still under study because this species was discovered relatively recently. Scientists at the 

University of Florida have conducted biological studies which show the life cycle is approximately 30 days 

at 27°C. It is an introduced pest, endemic to Central America, and was reported for the first time in Florida 

from Miami-Dade County in 2009. Since then, it has become an escalating problem for homeowners, 

landscapers, businesses, and governmental officials throughout the southern coastal counties of Florida. 

The presence of honeydew results in the growth of fungi called sooty mold, which then turns everything in 

the vicinity covered with honeydew black with mold. 

Rugose Spiraling Whitefly Biology 
1. Adults: Rugose spiraling whitefly adults are about three times larger (approx. 2.5 mm) than the 

commonly found whiteflies and are lethargic by nature. Although taxonomic identification is required for 

species confirmation, rugose spiraling whitefly adults can be distinguished by their large size and the 

presence of a pair of irregular light brown bands across the wings. Males have long pincer-like structures 

at the end of their abdomen 

2. Eggs: Females lay eggs on the underside of leaves in a concentric circular or spiral pattern and cover it 

with white waxy matter. Eggs are elliptical and creamy white to dark yellow in color. Adult females 

sometimes lay their eggs on non-plant surfaces such as cars, windows and walls. 

3. Immature stages: Rugose spiraling whitefly has 5 developmental stages. The first instar, known as the 

crawler stage (because it is the only mobile immature stage) hatches out of the egg, and looks for a place to 

begin feeding with its needle-like mouth parts used to suck plant sap. Crawlers molt into immature stages 

that are immobile, oval and flat initially but become more convex with the progression of its life cycle 

Nymphs are about 1.1 - 1.5 mm long but may vary in size depending on instars. The nymphs are light to 

golden yellow in color, and will produce a dense, cottony wax as well as long, thin waxy filaments. 

Symptoms of Damages 
1. Nymphs and adults suck the sap from leaves 

2. Honey dew - development of sooty mould fungus 

3. Yellowing of leaves. 

4. Dropping of affected leaves. 

5. Rugose spiraling whitefly excretes a sticky, glistening liquid substance (honeydew), which provides an 

excellent substrate for growth of sooty molds, which turn the shiny liquid into a black-colored viscous liquid. 

Honeydew also attracts ants and wasps that protect the whiteflies from their natural enemies. 

6. Egg spirals of rugose spiraling whitefly on the underside of leaves. 
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7. Presence of heavy white, waxy material. 

8. Leaf damage and early leaf drop (not evident on all types of plants). 

Rugose Spiraling Whitefly Infestation in Cheranmahadevi 
Management Measures to Control Rugose Spiraling Whitefly: 

a. Effective monitoring is extremely important in order to keep populations under a damaging level. 

At the initial stage of infestation, pressure washing with water can be effective in reducing pest 

populations; however, it must be repeated at regular intervals, removing many of the eggs and 

immature stages from the hosts 

b. Field sanitation 

c. Removal of host plants 

d. Installation of yellow sticky traps 

e. During heavy infestation - application of imidacloprid 200SL at 0.01% or triazophos 40EC at 0.06 

%. 

f. Spray neem oil 3% or NSKE 5% 

g. Release of predators viz., Coccinellid predator, Cryptolaemus montrouzieri 

h. Release of parasitoids viz., Encarsia haitierrsis and E.guadeloupae 

i. Release of Chrysoperla egg @ a rate of 25 per plant. 

Conclusion 
Rugose spiraling whitefly was first described by Martin in 2004 from samples collected in Belize on coconut 

palm leaves. The symptom of damage is Nymphs and adults suck the sap from leaves, Honey dew - 

development of sooty mould fungus and Yellowing of leaves. Field sanitation, Removal of host plants and 

Installation of yellow sticky traps are the management of Rugose spiraling whitefly. 

“Agriculture is the most healthful,most useful and most noble employment of man” 

-George Washington 
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Summary 
Biotic and abiotic factors contribute significantly to yield loss and economic loss. Endophytes, on the other 

hand, can play an important role in increasing plant tolerance. Endophytes are a type of microorganism 

that is associated with plants and has captured the interest of scientists. Endophytes are receiving 

increased attention due to their ability to benefit host plant growth and defence as well as produce a variety 

of potentially commercially valuable secondary metabolites. However, little is known about how plant-

endophyte interactions are regulated and how endophytes protect plants from pathogens. This review 

summarises current research on endophytes, including their behaviour, plant growth promotion, potential 

as a biocontrol agent against plant pathogens, and role in plant defence against pathogenic agents. 

Introduction 
Crops are colonised by complex microbial communities, some of which are harmful and cause disease, while 

others promote plant growth, nutrient acquisition, and tolerance to biotic and abiotic stresses through a 

variety of mechanisms (Brader et al, 2017). Endophytes are fungi or bacteria that grow inside plant tissue 

and do not harm the host. Anton de Bary was the first to coin the term "endophytes," which refers to 

organisms that live within the host tissue (De Bary,1866). The majority of endophytes have no known effect 

on the host plant, but many bacteria and fungi form mutualistic or pathogenic relationships with it. The 

outcome of interactions is primarily determined by environmental factors, as well as the genotypes of both 

the host and the interacting microorganism. Endophytes are a good source of secondary metabolites such 

as alkaloids, phenolic acids, quinones, saponins, and tannins, which have the potential to be antagonistic 

to microbes. Endophytes use a variety of mechanisms to promote plant growth and protect plants, including 

antibiosis, enzyme secretion, hyperparasitism, predation, competition, induced systemic resistance, the 

release of plant growth promoters, siderophores, biological nitrogen fixation, phosphate solubilisation, 

bioremediation, and others. 

Behaviour of Endophytes 
1. Fungal endophytes live in the intercellular space or inside the cells of the host plant, causing no visible 

harm (Saikkonen et al., 1998). Endophytes benefit from host plants by receiving organic nutrients, a 

protective sheath, and transmission to the next host generation; on the other hand, infected host plants 

become more resistant to invading pathogens. 

2. Endophyte and plant co-evolutionary equilibrium has been established over a long period of time. Thus, 

a true endophyte will exist once an equilibrium between fungal activity and plant reaction is achieved and 

maintained over time (Giménez et al., 2007). 

Mode of Action of Endophytes 
1. Growth inhibition of plant pathogens: 

a. Antibiosis: Altersetin, a novel alkaloid isolated from endophytic Alternaria spp., demonstrated 

antibacterial activity against a variety of pathogenic grame positive bacteria. (Hellwig et al., 2003). 

Gunatilaka, (2006) reported that some endophytes produce bioactive compounds like antibiotics that 

have antifungal & antibacterial properties. 

b. Production of lytic enzymes: Many endophytes produce lytic enzymes that can hydrolyze a 

variety of compounds such as chitin, proteins, cellulose, hemicellulose, and others. Streptomyces, 

for example, which produce lytic enzymes in vitro, play an additional role in cacao witches' broom 

antagonism. (Macagnan et al., 2008). 

c. Hyperparasitism: Fungal endophytes parasitize pathogen hyphae in various ways and secrete 

enzymes that decompose pathogen cell walls. Trichoderma, for example, can parasitize the hyphae 
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of the plant pathogen Rhizoctonia solani, and many of these observations are associated with 

biocontrol. (Grosch et al., 2006). 

d. Competition for niche and food resources: Endophytes and pathogens compete for the same 

ecological niche and nutrition. As a result, endophytes grow rapidly and inhibit the growth of plant 

pathogens within host tissues. 

e. Induced systemic resistance: Endophytes cause plant resistance by releasing compounds 

known as elicitors against pathogens, a process known as induced systemic resistance (ISR). 

Elicitors such as lipopolysaccharides, polysaccharides, and glycoprotein stimulate plant defence and 

induce the secretion of secondary metabolites, which effectively suppresses pathogen attack (Gao et 

al., 2010). 

2. Plant growth promotion mechanisms: 

a. Production of phytohormones: Plant growth may be influenced by compounds such as 

phytohormones produced by fungal endophytes. Endophytic fungus Colletotrichum sp. in Artemisia 

annua produces substances such as indole acetic acid (IAA) to regulate plant processes (Lu et al., 

2000). 

b. Biological nitrogen fixation: Different Rhizobium spp colonizes roots of various leguminous 

plants to fix appreciable amounts of nitrogen in soil. 

c. Phosphate solubilizing activity: Plant-associated endophytic bacteria can also convert non-

available phosphate to available phosphate, which improves plant growth and yield. (Sessitsch et 

al., 2004). 

d. Siderophore production: Bacterial endophytes such as Pseudomonas fluorescens produces 

siderophores which scavenges iron from environment and make it available to plants. 

e. Production of secondary metabolites: Endophytic fungi Fusarium spp. E4 and E5 were found 

to promote the growth of Euphorbia pekinensis and increase its terpenoids content, thereby aiding 

plant defence (Yong et al., 2009). 

3. Bioremediation: Endophytic bacteria have a high potential for xenobiotic degradation. Heavy metal 

degrading bacteria are more abundant in endophytic populations than in rhizospheric populations 

(Siciliano et al., 2001). 

Biocontrol Potential of Endophytes 
1. Epichloe typhina from Timothy-grass is the first record of pathogen control using fungal endophytes 

(Phleum pretense). When compared to non-endophytic plants, this fungal endophyte was able to reduce 

susceptibility to disease caused by the fungus Cladosporium phlei. (O’Hanlon et al., 2012). 

2. Trichoderma species have been shown to be antagonistic to Theobroma cacao (cacao) and Fusarium wilt 

of lentil diseases. (Larran et al., 2016). 

3. Sarocladium strictum is a cosmopolitan fungal endophyte that can benefit host plants in a variety of 

ways. In vitro, this endophyte inhibits hyphal growth and sporulation of Rhizoctonia solani, the causative 

agent of silver scurf disease in potatoes. Furthermore, it inhibits the nematode Meloidogyne incognita, 

which causes root knot disease in tomatoes (Clay et al., 2016). 

Conclusion 
So, we can clearly say from the above discussions that endophytes have been shown to influence host 

performance under stress by altering the plant's response to environmental change. They can act as a 

barrier while also interacting with pathogenic microorganisms and preventing them from taking 

advantage. Similarly, through antibiosis or induced systemic resistance, they can maintain plant health 

and contribute to increased growth and yields. On the other hand, they can induce disease resistance 

through a variety of mechanisms. Overall, endophytes are regarded as extremely important plant partners 

with the potential to reduce yield loss by providing improved stress tolerance to the host in an 

environmentally friendly manner, thereby increasing agricultural productivity. 
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Introduction 
The agriculture production is being reached to plateau and the climate irregularities are increasing day by 

day, which will make it difficult to meet the future food demands of enormously increasing population. This 

resulted in the transformation of agriculture from traditional to technology-based methods. As part of this 

transformation, it was identified that Nanoscale science and nanotechnologies had the potential to 

overcome many problems of agriculture. This gained the attention of nano technology and is being used in 

many areas of agriculture and allied sectors. 

Nano Technology 
The term "Nanotechnology" was first defined in the year 1974 by Norio Taniguchi of the Tokyo Science 

University which is also abbreviated to "Nanotech". It is the study of science which deals with the 

manipulation of matter at atomic and molecular level. The properties of the matter at nano level are new 

and different from those at macro level. This is to be brought about majorly by the reduced size and change 

in the pattern of interactions among the molecules. It majorly with understanding and controlling of matter 

at the dimensions of 1-100nm which will make novel applications possible. 

Nano Materials Vs Bulk Materials 
The nanoparticles have higher surface area, cation exchange capacity, ion adsorption, complexation, and 

many more functions of clays compared to particles of bulk size. In case of bulk particles, the surface had 

higher proportion of atoms which is different from the other. It is also observed that, the activity with 

respect to processes such as adsorption and redox reactions is different with each other, which can be 

utilised in synthesizing nanomaterials for use in agriculture. 

Applications of Nanotechnology 
1. Nanotechnology Based Herbicides and Pesticides: The increased biotic and abiotic stresses had 

increased the usage of pesticides and herbicides to a greater extent. It is detrimental to farmers in monetary 

terms and to the ecosystem by causing pollution. The chemical material of the pesticide is encapsulated 

inside the nano-particles which is released slowly or due to an environmental trigger. The myco-pesticides 

are relatively specific and act by contact. The use of nano formulations may offer new ways to enhance the 

stability of these biological agents. 

2. Nano-Fertilizers: Fertilizer consumption of India had increased from 12.4 kilograms per hectare in 

1969 to 175 kilograms per hectare in 2018 growing at an average annual rate of 5.96%. The excessive usage 

of fertilizers resulted in the increase of cost of cultivation and due to run off from the field resulted in the 

water pollution and eutrophication. So as to reduce the usage of fertilizers and also to meet the nutrient 

requirement, there is need to increase the fertiliser usage efficiency. Nano technology is one of the ways to 

achieve it. Nano fertilisers will make it available nano scale plant pores resulting increased efficiency. 

These kinds of fertilisers should possess the properties like effective concentration, enhanced targeted 

activity, less Eco toxicity and timely controlled release in response to certain stimuli. The mode of delivery 

should be harmless and with lest efforts. 

3. Biosensors Using Nanotechnology: The biosensors developed by using nanotechnology are called 

nano-biosensors. The receptor and transducer of nano-biosensors are made up of micro materials. The 

accuracy of these sensors is high, due to their ability to detect the changes happened at molecular level. 

The factors like assembly of bio-recognition element, the high surface area, high electronic conductivity 

increases the limit of detection. These are also used to detect the detect indicators or signalling compounds 
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of stress conditions of plants. The nutrient deficiency can be identified at individual level with high 

precision which helps in providing the required nutrients to the plant and also to reduce the excessive 

usage of fertilizers. These can sense the soil condition, irrigation requirement, pH of the water and soil, 

nutrient requirement, disease and pest incidence, soil temperature like many important parameters by 

scattering all over the field. Finally, Nano-biosensors contributed significantly in the journey of 

transforming the traditional agriculture to precision agriculture. 

4. Nano Materials as Growth Stimulators: The real effect of nanomaterials on plants depends upon 

various factors like composition, concentration, size, surface charge, physical and chemical properties, 

besides the susceptibility of the plant species. The nanoparticles of Au, SiO2, ZnO, and TiO2 can contribute 

in improving the growth of plants by enhancing elemental uptake and use of nutrients. The use of modern 

laboratory techniques like microscopy, magnetic resonance imaging, and fluorescence spectroscopy can be 

used to the complex interactions between plants and nanomaterial. 

 
Fig.1: Role of nano technology in the field of agriculture 

5. Nano Technology in Water Management: The use of nano technology can increase the efficiency of 

water delivery and it requires less energy for transporting in comparison to the other technologies. It is 

possible by the use of self-healing nanoscale coatings to repair leaky pipes. The use of nanotechnology 

requires less amount of water for other parts of system. In addition to efficient delivery there is also a need 

for efficient water monitoring system. With the advancement of technology, it is possible to use 

nanotechnology for monitoring the water usage. Affordable sensors with high sensitivity, accuracy, 

selectivity, and fast response are used for monitoring which can account each drop of water. 

6. Nanotechnology in Food Packaging: The process of food packing, storage and transporting should 

be done with at most care and hygienically. Along the developments various technologies, the advanced 

methods of food packaging are being made available. The use of nanotechnology-based packaging is one of 

the innovations of 21 century with harmless and effortless mode of delivery in the food processing industry. 

The major concerns of food processing industry such as food quality, safety and stability are addressed by 

the nano technology. In this type of packaging, there was controlled release of preservatives/antimicrobials 

due to which the shelf life of the products has been enhanced. 

7. Nanotechnology in Genome Editing: The production of various crops been declined enormously due 

to the increased biotic and abiotic stress. With the advancement of science and technology in the field of 

agriculture genome editing is being emerged as a potential tool to overcome those factors. However, the 

genome editing technology had some restrictions like time-consuming, complicated protocols, including 
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potential tissue damage and low transformation efficiency. The use of nanotechnology can overcome these 

factors and deliver the gene with high transformation efficiency. 

Challenges and Technological Constraints 
The toxicity issues and environment concerns associated with the use of nano technology must be discussed 

and resolved. It is also reported that nanoparticles crossed the biological barrier and entered the cells and 

organs. The nanoparticles are synthesized using various chemical methods which had adverse effects on 

the due to generation hazardous by products. There is a need for thorough research on interaction of 

nanoparticles with the living organisms before using them commercially. 

Conclusion 
The exploitation of the properties of nano material made many things possible in the field of agriculture 

which ultimately benefitted the farming community. This innovative technology assisted in handling many 

challenges faced due to the insufficiency of land, water, resources, nutrients e.tc. The application of nano-

technology in the field of agriculture will be highly successful in future, because its applications are able to 

remove various existing barriers which are averting the journey towards sustainable agriculture. 
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Summary of Article 
The Green Revolution of the 1960s led to unprecedented human population growth all over the world, 

especially in the African and Asian countries. The revolution made the fine cereals like wheat, maize and 

rice preferable among people. Consequently, the coarse cereals or millets which were earlier staple food for 

majority of people of these continents became less prevalent in their plate. However, over a period of time 

it has been realized that food security is not determined by just the quantity of food but also the quality of 

food. 

Introduction 
Currently, the world population is about 7.9 billion, out of which three-fourth population is in Asia and 

Africa. According to the reports from FAO (Food and Agriculture Organization of the United Nations), 

around 11 % of the world population is undernourished and 17 % suffer from micronutrient deficiencies. 

Most of these people live in South Asian and Sub-Saharan African countries and they are extremely poor 

and live below the poverty line.  

The Green Revolution which started in the middle of the 20th century, led to increased production of major 

cereal crops like maize, wheat and rice. However, it also decreased the value of other minor cereal crops 

like millets. Millets, also known as coarse grains, had been part of the staple diet of majority of people in 

Africa and Asia since ancient times. These crops are well adapted to arid and semi-arid regions of these 

continents. But in the post-green revolution period, these crops had been overlooked by agriculturists. For 

a long time, this trend of producing major cereal crops has been helpful to fill up the empty stomachs of the 

human population. But now the problem of malnourishment is becoming conspicuous to the researchers in 

the fields of agricultural and medical sciences. And millets have been found as the answer to this problem. 

What are Millets? 
Millets are a diverse group of small-seeded annual cereal and forage grasses, belonging to the family 

Poaceae. On the basis of grain size, they are mainly classified as major and minor millets. Another category 

called pseudo millets (which do not belong to Poaceae) is included in this group owing to their similar 

nutritional value and consumption ways. 

Category Common Name Scientific Name Vernacular Name 

Major Millets Sorghum/Great Millet Sorghum bicolor Jowar 

Pearl Millet  Pennisetum glaucum Bajra 

Finger Millet Eleusine coracana Ragi/Mandua 

Minor Millets Foxtail Millet Setaria italica Kakum 

Barnyard Millet Echinochloa esculenta Sanwa 

Kodo Millet Paspalum scrobiculatum Kodon 

Proso Millet Panicum miliaceum Chhena 

Little Millet Panicum sumatrense Kutki 

Pseudo Millets Amaranth Amaranthus caudatus Ramdana 

Buckwheat Fagopyrum esculentum  Kuttu 

Why Millets are Considered Superfoods? 
Millets are rich in various nutrients. They have very high percentage of dietary fibre and are good for 

maintenance of digestive system as well as for reduction of bad cholesterol in the blood. They have healthier 

carbohydrates and are gluten free. 
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Gluten intolerance is an allergic condition which is common in European people (Caucasian race). Millets 

are rich in antioxidant phenolic compounds which boost the immune system and reduce the risk of cardiac 

diseases and certain cancers. Along with these benefits, millets are rich source of vitamins, especially 

vitamin B-complex, and minerals viz. iron, phosphorus, calcium, magnesium, potassium, zinc, manganese, 

etc. 

 
Comparison of nutrient composition and dietary fibre of millets with fine cereals (per 100 g) 

 
Comparison of B-complex vitamins in millets with fine cereals (per 100 g) 
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Comparison of minerals in millets with fine cereals (per 100 g) 

Conclusion 
Owing to their nutritional benefits, it has been found that in recent times, people are gradually including 

millets in their diet. Low-income groups prefer them too, especially in the rural areas. Multigrain products 

made from millets are in demand by high income group consumers. Keeping in view the aforementioned 

facts, it is the need of the hour to focus research on them for assuring nutritional security for the human 

population. India celebrated 2018 as the National Year of Millets and on the country’s proposal, the UN 

FAO has approved 2023 as the International Year of Millets. Thus, millets which have been yesterday’s 

coarse grains are now unquestionably today’s nutri-cereals. 
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Introduction 
Globally exploding population together with changing climate pose a risk to the availability of food for 

mankind. Looking at this scenario, it becomes essential to increase the crop yield to satiate the daily 

requirement for food. Increasing yield from a limited area of land using chemicals compromises with the 

nutritional qualities of food. To solve this problem and to meet the standards for food and nutritional 

security a balanced diet requiring a food-based approach that can nourishes the populace is needed. 

Bambara groundnuts stand out the among the crops because of its nutritional properties and climate smart 

features. Vigna subterranean commonly known as Bambara groundnut is a leguminous crop originated in 

West Africa. It is third most important legume crop of semi-arid Africa. 

 
Bambara groundnut 

Other name of Bambara groundnut is Bambara nut, Bambara bean, hog-peanut, congo-goober, Madagascar 

groundnut, ground bean and earth-pea. Its seeds contain 63% carbohydrate, 19% protein and 6.5% fat, thus 

also referred as “complete food” (Tan et al.,2020). Globally, 0.2 million tonne of production was recovered 

from an area of 0.25 million ha in 2018 production year. Out of which 0.14 million tonne was solely 

contributed by the West African countries from an area of 0.18 million ha (FAOSTAT, 2018). 

It is highly drought tolerant crop which can be cultivated in areas where groundnut cannot be developed. 

Its cultivation is limited mainly to the African country’s despite of its nutritional and stress tolerant 

properties thus, it is a neglected and underutilised leguminous crop. The reason behind this includes its 

low market value, smaller number of germplasm accessions, less high yielding varieties, anti-nutritional 

factors such as tannins, knowledge gap, resource limitations like access to high quality seeds, cultural and 

religious beliefs, hard to cook phenomenon, inadequate and inconsistent supply and no proper agronomic 

package of practices etc. 

In India this was first introduced in 2002 by the university of Nottingham, UK, but till now it is not so 

popular crop. All the above-mentioned constraints in the production and consumption of Bambara 

groundnut can be solved by framing a sound breeding programme to develop high yielding varieties, use of 

advance modern processing technologies, advertising more about the pros and cons of the Bambara 

groundnut through articles like this one or through conducting more scientific experimentations. In this 

article we will majorly focus on the benefits of using Bambara groundnut. 
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Agronomic Management Practices 
1. This crop exhibit tolerance to soil acidity and less fertile soil. Sandy soil with light soil texture, 5-6.5 pH, 

50-100 cm soil depth is ideal for the cultivation of Bambara groundnut. 

2. The tropical wet and dry and subtropical dry summer zones are best suited for its cultivation. The optimal 

temperature requirement for Bambara groundnut is 19 degrees Celsius and 30 degrees Celsius with 

optimal annual rainfall between 750 mm -1400 mm. 

3. Intercropping is practised for the cultivation of Bambara groundnut. Crops such as sorghum, millet, 

peanut, yams and maize are the best suited intercrops. 

4. It is a hardy crop with high tolerance to draught, insect-pest stress conditions. It can be cultivated on 

areas where groundnut crop cannot be developed. 

5. In India, intercropping of groundnut and pigeon pea is popular but it has one drawback i.e., long duration 

of pigeon pea thus, pigeon pea can be replaced by the Bambara groundnut under rainfed conditions. This 

can stabilise the production in dryland areas. 

Role of Bambara Groundnut to Improve Our Food and Nutritional Securities 
1. Nutritional aspects: Nutritional quality parameters of Bambara groundnut: 

Carbohydrate 63-65 % Seed Mineral content (100g dry wt.) 

Protein 18-20 % Calcium 260mg 

Oil 17-18 % Potassium 1723.25mg 

Essential amino acid 

(EAA) 

32.71 % Iron 3.6mg 

Non-EAA 66.05 % Sodium 75.25mg 

(Source: Qudedrogo et al.,2008, Massawe et al., 2005 and Chandra et al., 2017) 

Cereals are rich in methionine and poor in lysine thus Bambara groundnut can be a complementary source 

to them because its seeds are rich in lysine and poor in methionine. Out of total essential amino acid 

content, lysine represents 10.03 per cent. Looking at the above table, it can be predicted that it is a complete 

food for human feedings. It can fulfil the regular demand of protein for the population which are vegetarian 

and where animal protein is less available due to its higher prices. Raw beans have more slowly digestible 

starch (SDS) and resistant starch than rapidly digestible starch (RDS). Cooking it can increase the RDS, 

thus improves its digestibility and carbohydrate availability. Lipid content 1.4-9.7 % has been reported in 

this. 

2. Medicinal properties: It shows antimicrobial activity against Klebsiella, pneumoniae, P. aeruginosa, 

S. aureus, C. albicans, E. coli, B. cereus and A Niger. The brown hull showed the highest concentrations 

of rutin and myricetin among flavonoids. Rutin and myricetin has anti -oxidant, anti-cancerous and anti-

inflammatory properties. It prompts the insulin hormones thus, has the ability to lessen diabetes due to its 

high potassium content (1723 mg/100g). Extracts of leaves can be use as anti-vomiting agents. It also 

decreases the risk of cardio-vascular diseases as its protective sodium to potassium ratio is <1 i.e., 0.04. 

3. Culinary use: The nuts are roasted and eaten as snack, processed into cakes, can be boiled similar to 

beans or to make pudding (Okpa). ‘Koose’ is savoury fried bean paste, ‘tubani’ is prepared steaming the 

bean paste in leaves, stiff porridge is made from the flour of the beans, boiled seeds called as ‘mutakura’ 

can be turned into relish and soup. This can be eaten with maize in the form of thin porridge, salted stiff 

dough ball. 

4. Other benefits: Its leaves are rich in nitrogen and potassium; thus, it is an excellent source of animal 

feed. The shells of seed and other by-product can be use as animal feed under dry season. The plant of 

Bambara ground can be used for soil improvement due to its nitrogen fixing roots which can replenish the 

soil nutrients. This crop is best option in intercropping and rotational farming for the poor farmers who 

cannot spend more on the synthetic fertilisers as this crop can fix the atmospheric nitrogen and replenish 

the soil nitrogen content. In addition, this will also break the cycle of pest and diseases.  

5. In India, protein malnutrition is a major problem, mutant of Bambara groundnut like Mutant 11 can 

serve as national food security crop in semi-arid regions (Alayande et al., 2012). 
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Conclusion 
Being a minor crop, it can play a potential role in combating malnutrition situation. It has high adaptability 

towards adverse climatic conditions such as draught, soil acidity, and less fertile soil. It is a leguminous 

crop thus can replenish the soil nitrogen content by fixing the atmospheric nitrogen into the soil and, is a 

best option for intercropping as it breaks the cycle of pest and diseases as well as improves the soil health. 

Its nutritional content makes it a “compete food”. The hard to cook phenomenon and food safety is the major 

constraint of this crop which can be overcome with the application of more advance technologies in near 

future. 
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Introduction 
The composition and dispersion of the surrounding plant community frequently affects the number of insect 

herbivores attacking a host plant. There are thousands of plants which have been eaten by a number of 

insects while some are beneficial for the activity like pollination. There are a number of insects of Phylum 

Arthropoda which cause damage to the plant, insects belonging to Coleoptera, the largest order not only of 

insects but also of entire animal kingdom are one of them. The name Coleoptera is derived from a Greek 

word koleon, means “Sheath” and pteron, means “Wing”. It refers to beetle’s wing. The subfamily 

Epilachninae (Coccinellidae: Coleoptera) contains phytophagous beetles representing about one sixth of 

coccinellids. Most epilachnines belong to the world-wide genus Epilachna that contains about 500 described 

species. In India, this subfamily is represented by 74 species of which 29 have been recorded from West 

Bengal (Shankar et al., 2010). Among them, the most serious and destructive one is the Epilachna 

vigintioctopunctata (Fab.) also called spotted leaf beetle or hadda beetle. It is the key-pest of the 

solanaceous, cucurbitaceous, fabaceae, convulvulaceae and malvaceae family such as brinjal, tomato, 

potato, tobacco, melon, cucumber, gourds and pumpkin plants. Every crop season, significant economic loss 

occurs as a result of its infestation, affecting both the quality and quantity of crop output. The grub and 

adult feeds on the leaves, retarding the plant growth, which leads to 60% loss of fruit production (Mall et 

al., 1992). The simultaneous presence of many host plants existing in a particular agro-ecosystem plays an 

important role in bionomics, distribution of the pest and also in its management. The basic requirement is 

to study the biology of the pest by taking in to consideration longevity, fecundity, development, survival 

and morphometrics. Although different practices can be used for the management of hadda beetle 

population but mostly farmers prefer the use of chemicals, which cause negative impact on the 

environment, leading to the serious hazardous effects to the human health. So, we have to focus on 

environmentally friendly and more sustainable approaches for the management of these pests. 

Biology 
The life cycle of pest is very essential for effective management. This pest is very efficient and can cause 

serious damage to brinjal and bitter gourd in many regions. Factors determining oviposition choice include 

quantity and/or quality of resources, plant morphology, natural enemies, inter- or intra-specific 

competition, and allelochemicals. Study of lifecycle of Epilachna vigintioctopunctata showed complete 

metamorphosis with four different stages; Egg, Grub (Larva), Pupa and Adult (Beetle) which is completed 

in 17-18 days in summer but in winter it may prolong up to 50 days. 

  
(Fig.1) (Fig.2) 
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(Fig.3) (Fig.4) 

1. Egg: In the months of March and April, females begin depositing eggs after copulation. A female lay 

about 120-180 eggs. On the lower surface of the leaves, eggs are laid in clusters of 45 (on average). The eggs 

are cigar-shaped and yellowish in colour (fig.1), arranged side by side on the surface of the leaf in an upright 

position. 

2. Grub: After hatching (3-4 days in summer and 4-9 days in winters) the grub emerges which are oval, 

fleshy, and yellow in colour bearing hairs and spines on the body surface (fig.2). The larval period lasts for 

9-18 days during which it passes through four different stars. 

3. Pupa: Pupation occurs on the leaf surface, the stem, or at the plant's base. During pupation, the larva 

uses sticky secretion to attach its last abdominal segment to the surface of the host plant. The final larval 

skin serves as the pupal case (Fig. 3). Pupa has an oval shape and a dark colour. The pupal period lasts 3-

6 days, but it can last longer in some cases. 

4. Adult: This pest can be easily recognized by 28 spots on the elytra, 14 on each elytron (fig 4). Adult 

beetles are about 8 mm in length and 5-6 mm in breadth. Adults are good fliers and moves from plant to 

plant 

Life Cycle 
The pest completes 7-8 generations during March-October. During the hot summer days, their population 

plummets dramatically, whereas in the winter, the beetle hibernates within the soil or in a heap of dry 

leaves around the field. Adults are voracious eaters and can live for one to two months. 

 

Conclusion Nature of Damage 
Both adult and grub are the damaging stage. The grubs restrict their feeding to the epidermis of the leaves. 

Both, adult and grub are destructive and damage the plant by scrapping the green tissue of the leave and 
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skeletonize it. Both adults and larvae start feeding by producing a trench around the leaf tissue that they 

intend to consume. The trench is thought to reduce the plants’ ability to excrete sap and chemicals that 

would hinder feeding. Larvae often trench in a semi-circular pattern at the leaf edge, or in a circular pattern 

in the middle of the leaf, and then consume the lower leaf tissue leaving the upper leaf surface (Fig. 2). 

Adults feed in a similar fashion but consume all the leaf tissue except for the small leaf veins (Fig. 4), and 

produce a lacy or skeletonized feeding patch. 

Host Plant 
To better understand E. vigintioctopunctata and crop-plant interactions, the role of wild hosts on grub and 

adult biology, the effect of grub to adult host switches on adult biology, polyphagy/host plant sequences, 

and specific feeding habits must be determined. 

All of the aforementioned elements are important components of E. vigintioctopunctata nutritional ecology, 

bionomics, and management. The increasing pest status and abundance of hadda beetle on brinjal and 

bitter gourd is very common in Uttarakhand regions. 

Although it is reported to feed on many other host plants like sweet potato, tomato, tobacco, melon, 

cucumber, gourds and pumpkin and wild cucurbit weeds. Adults may also occasionally attack lima beans, 

cowpea pods, or even feed on corn silk. 

Integrated Pest Management (IPM) 
Integrated pest management is the integration of all the management tactics to improve the management 

program and to reduce the chemical use. It includes integration of cultural practices, mechanical/physical 

practices, biological and chemical practices. Some practices used to manage this pest are as follows- 

1. Cultural practices: 

a. Development of resistant or tolerant varieties. 

b. Use recommended dose of fertilizer. 

c. Irrigation of infested crop can minimize the increase in pest population. 

d. Intercropping of brinjal with marigold, French bean in this order- brinjal+marigold > 

brinjal+French bean > sole crop of brinjal. 

2. Mechanical Practices: 

a. Collect damaged leaves with grubs and egg masses and destroy them. 

b. Shake plants to dislodge grubs, pupae and adults and destroy. 

3. Biological Practices: 

a. Conserve natural enemies in brinjal ecosystem 

b. Introduction of Tetrastichus ovulorum Ferr. and Achrysocharis appannai to the crop to parasitize 

the eggs of hadda beetle.  

c. The grubs are parasitized by Solindenia vermai, Pleurotropis epilachinae, Tetrastichus sps, Uga 

menoni. 

d. Pupa is parasitized by Pleurotropis foveolatus. 

4. Chemical Practices: 

a. Spray Cypermethrin 25% EC @150-200ml in 500 lit of water per ha. 

b. Emulsify 1 lit of Neem oil with 60 g of soap dissolved in ½ L. of water, dilute emulsion by adding 

20 lit of water, then mix about 400 g of well crushed garlic and spray. 

c. Mix diflubenzuron invariably with chlorpyriphos 1.0 L /ha and spray on the crop which reduces 

the population by nearly 95% in field. 

d. Soil application of insecticide @ 1.0 kg ai/ha coupled with need-based spray of chlorpyriphos 20 

EC @ 1000 ml/ha. 

e. Microbial insecticide, Beauveria bassiana (Bals.) Vuillemin (commercial formulation available in 

India in the name of Biorin 107 conidia /ml) @ 1.0 mL/L; two botanical extracts (Pongamia pinnata 

fruit extract @ 1.0% and 5.0% and Nicotiana tabacum leaf extract @ 5.0% and 10.0 %) and a neem 

insecticide (Azadirachtin- commercial formulation available in India in the name nemactin) 1500 

ppm @ 2.5 ml/L. 
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Conclusion 
Various studies have been done on the activity of this pest on different plants and results in the better 

quality and management ways for this pest. The use of IPM was significantly effective in suppressing the 

incidence of the insect pest and enhancing the yield of marketable fruits of brinjal. Different chemical 

stimuli and physiological factors in host plants influence the food consumption rate of Epilachna beetle. 

Observations on morphometrics and lifecycle parameters may also prove helpful in identification of 

biotypes of this pest and their management. 
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Concept of Organic Farming 
In discriminate use of chemical fertilizers and pesticides during the green revolution period resulted in 

several harmful effects on soil, water and air causing all pollution. This reduced the productivity of the soil 

by deteriorating soil health in terms of soil fertility and biological activity. The excess use of pesticides has 

led to the entry of harmful compounds into food chain, death of natural enemies and development of 

resistance to pesticides. Hence, enhancement and maintenance of system productivity and resource quality 

is essential for sustainable agriculture. It is believed that organic farming can solve many of these problems 

as this system is believed to maintain soil productivity and pest control by enhancing natural processes 

and cycles in harmony with the environment. Organic farming relies mainly on organic sources to maintain 

soil health, supply plant nutrients and minimize insects, weeds and pests. 

Organic Farming and Crop Productivity 
Among the organic sources it was found that grain straw ratio was lower in glyricidia and found higher 

under vermicompost and FYM application along with glyricidia recorded significantly higher grain yield of 

rice (2.71 t ha-1) over application of FYM alone (2.56 t ha-1) and vermicompost alone (2.39 t ha-1). Organic 

nutrition had increased grain, straw and biological yields of rice. Proper selection of a variety and 

appropriate nutrient management are important in organic rice production. 

Sridhar et al. (2011) stated that the modern agriculture depends on chemicals, which cause several 

environmental concerns and problems posed by modern agriculture paved the way for rebirth and renewed 

interest to organic farming. Moreover, science behind organic farming is to adopt farming practices in 

harmony with environment, and to enhance soil fertility, promote soil microorganism, to manage pests, 

diseases and weeds in an eco-friendly manner and to promote livestock and human health. 

Life Cycle 
The pest completes 7-8 generations during March-October. During the hot summer days, their population 

plummets dramatically, whereas in the winter, the beetle hibernates within the soil or in a heap of dry 

leaves around the field. Adults are voracious eaters and can live for one to two months. 

Effect of Green Manuring on Growth, Yield Components and Yield of Rice 
Rice yield of 2.8 t ha-1with application of 5.0 t ha-1 of sun hemp and 2.8 t ha-1with 10 t ha-1 of FYM. 

Application of 100 per cent NPK along with green manure at 3.7 t ha-1 recorded the maximum grain yield 

of 5.7 t ha-1. The different sources of nitrogen substitution, higher yields of rice (6.3 t ha-1) and wheat (3.8 t 

ha-1) were obtained with 50 per cent N substitution through green manure during rainy season. S. aculeata 

produced higher biomass compared to other two green manure crops, i.e., Vigna radiate and Mimosa invisa. 

Effect of FYM on Growth, Yield Components and Yield of Rice 
The basal incorporation of FYM at 10 t ha-1 resulted in more rice yield against the control, which was 27.5 

per cent higher than the control. Farmyard manure favoured a greater number of effective tillers, heavier 

test weight, a greater number of filled grains per panicle and higher straw yield. the combined and 

individual effects of FYM, green manure along with fertilizer N on rice. The crop under both the organics 

ensured higher N uptake (55.50 kg ha-1), apparent N recovery (38.32 per cent) and N-use efficiency (29.50 

kg grain kg-1 N applied). Tilahun Tadesse et al. (2013) reported the combined application of 15 t ha-1 FYM, 

120 kg ha-1 N and 100 kg ha-1 P2O5 resulted in improvement of most soil physical- chemical properties and 

nutrient balances. 
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Effect of Vermicompost on Growth, Yield Components and Yield of Rice 
The highest grain and straw yields were recorded with the application of 60 kg N ha-1 plus azolla. The 

combined application of fertilizer N, vermicompost and azolla sustained the productivity even at lower rate 

of N fertilizer application. Application of 50 per cent RDN in combination with vermicompost at 10 t ha-1 

improved the growth and yield attributes of rice. The highest grain and straw yields were recorded when 

crop was supplied with 50 per cent RDN along with 10 t ha-1 vermicompost. The application of 

vermicompost and Karanj cake could not only help realize higher grain yield but also to minimize problem 

due to biotic stresses under organic rice cultivation. Incorporation of these components in organic farming 

helped to manage insect pests and diseases in rice, apart from their role as nutrient sources. 

Conclusion 
In situ green manuring with Sesbania aculeate followed by FYM + Neem cake + Vermicompost at two splits 

at AT and PI stages increased yield with improvement of soil chemical and biological properties. 
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Introduction 
Changes in climate are a cyclic process that influences worldwide air temperature, sea temperature, 

rainfall, wind, and solar radiation quality. Because of expected increases in the concentrations of all 

greenhouse gases by the end of the twenty-first century, global circulation models estimate a rise in world 

temperature of 1.4 to 5.8 degrees Celsius (Intergovernmental Panel on Climate Change [IPCC], 2007). A 

rise in NT is expected to account for a large portion of the increase in average daily temperature.  

During night time temperatures are projected to rise quicker than daytime temperatures as a result of 

reduced radiant heat loss due to increased cloudiness. As a consequence of global warming, long- and short-

term heat stress is expected to become more common, impacting many aspects of agricultural growth and 

development, reducing crop production and diminishing crop quality. Rice, wheat, and corn, as well as 

cowpea, soybean, and sunflower, tomato, fruits, and pineapple, and fibres have all been known to suffer 

from high night temperatures. 

The Effects of High Night Temperatures on Crop Physiology 
Photosynthesis is a complicated process in which leaf chlorophyll and nitrogen concentration, 

photosystems, stomatal properties, and enzyme activity all play a role. Environmental pressures have a 

direct and indirect influence on leaf photosynthetic rates via their effects on leaf chlorophyll and nitrogen 

content, stomatal features, and enzyme activities. HNT had a negative connection with rice leaf 

photosynthetic rates. In rice, the reduction in photosynthetic rates caused by HNT was accompanied by a 

reduction in leaf chlorophyll and nitrogen content. Many crop species have experienced premature 

chlorophyll loss as a result of heat stress. Damage to photosynthetic electron transport, especially at the 

photosystem 2nd site, and suppression of photosynthetic CO2 assimilation as a result of heat stress can 

also lower photosynthetic rates, resulting in a reduction in yield.  

Increased respiration rates, in addition to decreased photosynthetic rates, can reduce crop output. When it 

comes to understanding plant growth and development under stress, one of the most crucial processes to 

consider is plant respiration. Because respiratory activities utilise a bigger amount of total photosynthates, 

an increase in respiration caused by climate change is a severe problem. Within a single plant, the carbon 

lost during respiratory metabolism accounts for 30 to 70 per cent of the carbon obtained by photosynthesis. 

To better comprehend the influence of the environment on respiratory processes, respiration is usually 

divided into three functional components: construction (growth), maintenance, and ion uptake. The 

turnover of proteins and lipids, as well as the maintenance of ion concentrations across membranes, are all 

part of maintenance respiration.  

The cost of maintenance rises at high temperatures to promote protein turnover and maintain active ion 

fluxes across membranes, resulting in increased maintenance respiration. The generation of reactive 

oxygen species is an inevitable side effect of aerobic respiration, with mitochondrial electron transport 

chain activity producing the bulk of ROS in photosynthetic tissue (mainly leaves) in the dark. Many plants' 

mitochondrial production of reactive oxygen species has been demonstrated to increase as a response of 

biotic and abiotic stressors. ROS disrupts photosynthesis and respiration by altering membrane stability, 

which disrupts water, ion, and organic solute transit across plant membranes. Because destabilised 

membranes leak, the quantity of electrolytic leakage from the membrane can be utilised as a measure of 

cell membrane stability. The stability of membranes affects the features of the photosynthetic system, 

including important enzymes and thylakoid membrane functions. 



 

 
Volume 04 - Issue 04 - April 2022       297 | P a g e  
 

Effects of High Night Temperature on Crop Production 
In many crop species, the reproductive phase is more vulnerable to heat stress than the vegetative stage. 

By reducing crop growth time, limiting floral bud formation, and reducing pollen production and 

survivability, the HNT can reduce agricultural yields. Reduced crop length owing to HNT reduces the time 

available for carbohydrate buildup, lowering yield. Due to carbohydrate supply and activity levels of 

enzymes involved in starch and sugar metabolism, dramatic yield loss occurred during grain loading at 

high temperatures. Furthermore, under HNT, floral buds and blooming were suppressed due to a lack of 

photosynthetic assimilates provided to the floral buds, as well as the floral buds' inability to mobilise 

carbohydrates under heat stress. Many crop species have experienced reduced pollen germination as a 

result of heat stress.  

Pollen reproduction is reduced at high temperatures due to inadequate anther dehiscence and pollen 

reception, as well as reduced pollen swelling and anther pore size. Spikelet fertility, defined as the ratio of 

filled grains to total grains in most cereal crops, declined when pollen germination decreased. Rice spikelet 

fertility was reduced by 70% when the temperature was raised from 27 to 32 degrees Celsius. The ability 

of plants to withstand heat stress varies by species, genotype, and developmental stage. The PGR provides 

a way to shield plants from heat stress, ensuring agricultural output for the long term. 

Plant Growth Regulators 
Are natural or manmade chemical substances that stimulate or hinder plant growth and development, as 

well as affect particular physiology or metabolic variables. Several PGRs have been created in recent years 

to improve crop productivity under stress circumstances. Some agrochemicals that can produce stress-

tolerance (thermotolerance, drought tolerance, cold tolerance, and/or salt tolerance) in diverse agricultural 

plants include glycine betaine, SA, vitamin E, proline, and choline. 

Glycine betaine is an amino-acid derivative that is spontaneously generated and accumulates in certain 

plants under stress circumstances, making it a significant osmoprotectant. It improves stress tolerance by 

safeguarding the plant's enzymes, photosystem II, membrane integrity, and antioxidant status. Glycine 

betaine's involvement in signal transduction and ion homeostasis may help protect plants from 

environmental challenges indirectly. It protects plants from oxidative damage by detoxifying superoxide 

radicals and changing antioxidant capacity and antioxidant enzyme activity. 

Plant Growth Regulators' Effects on Growth and Development in High-Temperature 

Environments 
Through its impacts on crop physiology, glycine betaine and SA have a significant impact on crop 

productivity. Rice leaf photosynthetic rates are increased by foliar application of GB or SA, whereas 

internal CO2 concentration, respiration rates, and membrane damage are decreased. Other crop species 

and growing circumstances showed similar findings, with GB or SA increasing photosynthetic rates while 

decreasing respiration rates and membrane damage. Application of GB or SA to rice leaves had no effect 

on leaf chlorophyll or nitrogen levels. Exogenous use of GB, on the other hand, has been proven to stabilise 

pigments and inhibit water oxidation and photo oxidation. 

Effects of Plant Growth Regulators on Yield and Yield-Related Parameters Under High 

Night Temperature 
Exogenous administration of GB or SA did not affect rice phenology under high night temperatures, as 

evidenced by the first panicle emergence date. Rice spikelet fertility was boosted by exogenous application 

of GB or SA. 

Enhanced photosynthesis, reduced respiration, and membrane damage as a result of GB or SA treatment 

resulted in increased spikelet fertility. Exogenous administration of GB or SA improves membrane 

integrity by increasing the antioxidant capacity of the plants. 

Greater photosynthesis and lower respiration are the results of improved membrane stability, which leads 

to increased crop output. In a nutshell, exogenous GB or SA treatment have been found to improve stress 

tolerance, plant growth, and final crop output. 
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Conclusion 
Due to high night temperatures, yield, the final expression of all physiological processes, reduced. Crop 

yields were reduced as a result of HNT because of increased respiration, decreased photosynthesis, and 

impaired membrane stability. As a result of HNT, photosynthesis was reduced, as were photosynthesis-

governing factors such as stomatal conductance, internal CO2 concentration, leaf chlorophyll content, and 

leaf nitrogen. Furthermore, under HNT, decreased crop growth time, pollen output, and viability all led to 

lower yields. Exogenous treatment of PGRs such as GB and SA, on the other hand, has a wide range of 

responses in various plant species. This varying reaction is due to plant quantitative response to exogenous 

administration of PGRs such as GB and SA at various stages of plant growth, and plant manifestation of 

diverse responses to PGRs such as GB and SA at various phases of plant development. 
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In Tamil Nadu, rice is cultivated under rain-fed, semi-dry and flooded ecosystems. Semi- dry is the method 

of growing rice as rainfed crop during its initial growth stages, then it is converted into a lowland crop 

whenever there is assured irrigation source. It is mainly followed in water scarce southern districts of Tamil 

Nadu. One of the effective ways to increase water use efficiency under such conditions is Safe Alternate 

Wetting and Drying Irrigation (SAWDI). 

Direct Seeded Rice 
Direct seeding is an age-old practice of rice cultivation where farmers totally exclude nursery preparation, 

puddling and transplanting. Rice is either grown as dry seeded on moist/dry soil or wet seeded under 

puddled condition. 

In dry seeding, dry rice seeds are drilled or dibbled or broadcast in unpuddled soil either after dry or zero 

tillage or in a raised bed condition. Dry-seeding reduces the overall water requirement by reducing losses 

due to water required for puddling, evaporation, leaching, percolation, etc. The advantages of direct dry 

seeding are quick and easier planting, requires less labor, and increased water use efficiency. 

Alternate Wetting and Drying Irrigation 
Alternate wetting and drying irrigation (AWDI) consume less water and also a water saving tool in rice. In 

AWDI, irrigation is given by flooding the field after the disappearance of ponded water (5 or 7 cm). the 

AWDI technique had reduced water use in rice by 7–25 per cent. less water consumption and higher water 

productivity of rice grown under saturated soil conditions as compared to the traditional flooded rice 

system. 

Ishfaq et al., (2020) recommended that AWD irrigation technique can reduce the total water inputs (25–70 

%), CH4 emission (11–95 %) while maintaining similar or better paddy yield (10−20%) than continuous 

flooding depending upon weather conditions, soil type, degree of dryness, crop duration and crop growth 

stage. 

Safe AWDI Method of Irrigation 
The field water tube developed by IRRI can be used to monitor the water level beneath the soil surface. 

Half perforated field water tubes can be made by using PVC pipes having a diameter of 10−20 cm. The tube 

is inserted vertically into a depth of 20 cm inside the soil in a leveled area in the field, close to a bund for 

easy monitoring. Irrigation (to a depth of around 5 cm) is applied and then until the perched water table 

falls to a certain limit beneath the soil surface due to percolation, drainage and evapotranspiration. The 

fields are then re-irrigated when field water level (FWL) reaches 15 cm (in water pipes) below the soil 

surface, and re-flooding at this FWL is termed as “safe AWD”. 

Effect of Alternate Wetting and Drying Irrigation on Growth Parameters of Rice 
Irrigating the field when the water table in the porous tube at 10 cm depletion of water recorded maximum 

number of total tillers. AWDI method was effective by recording a high LAI than aerobic and flooded rice. 

Mild- AWD conditions based on FWL (field water level in water pipes below the soil surface 15 and 20 cm) 

along with the normal application of nitrogenous fertilizers increased the root and shoot growth as well as 

root density and biomass (Pascual and Wang 2017). 
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Effect of Alternate Wetting and Drying Irrigation on Yield of Rice 
Irrigation after 10 cm and 15 cm drop in water tables recorded increased level of yield found a maximum 

grain yield of (5.9 - 6.2 t ha-1) when the water level reached 15 cm below ground level which was on par 

with continuous standing water (5.7-6.0 t ha-1). Alternate wetting and drying irrigation recorded the 

maximum number of panicles plant-1 (28.8) and the number of grains panicle-1 (183.6) and straw yield (6.97t 

ha-1) and grain yield (5.65 t ha-1) in rice. Irrigating at 5 cm depth when the water level dropped to 15 cm 

below ground level gave the higher yield (5.69 t ha-1) compared to continuous submergence. AWDI in 

lowland rice areas with heavy soils saved water to the tune of 15 to 20 per cent without any adverse impact 

on yield. AWDI can save a noteworthy quantity of irrigation water 28 per cent without loss in grain yield 

compared to continuous flooding. 

Conclusion 
The highest grain yield and straw yield were fetched with irrigation when water level drops to 10 cm below 

soil surface in semi-arid rice. 
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Introduction 
The plant family Musaceae is well known for economically important bananas and plantains. Bananas are 

the most popular fruit in the world, which are grown in more than 150 countries and plays a major role in 

terms of food security. However, there are many other types of bananas known for their ornamental flowers 

or foliage but not their fruit.  These ornamental types are easy to grow and flower and add lush tropical 

look to any garden. 

South East Asia and Africa are considered as a primary and secondary center of diversity (Simmonds, 1962, 

1966) for banana. This monocotyledonous herbaceous perennial belongs to order Zingiberales and family 

Musaceae; Musa along with Musella and Ensete are the three genera of the family Musaceae. Each genus 

is further divided into sections based on basic chromosome number, inflorescence orientation and 

arrangement of the flowers. 

Classification Pattern of Family "Musaceae" 
Family Genera Sections Uses/ Economic interest 

Musaceae Musa 

(2n=2x=14,18,20,22) 

Eumusa(2n=22) This is the largest of the five sections with 

13-15 species. It is the most diversified, 

most ancient and widely distributed 

section 

    Australimusa(2n=20) Fiber producing species M. textilis Nees 

(Abaca) and edible Fe’i bananas of the 

Pacific belong to this section 

    Callimusa (2n=20) This section contains species of 

ornamental interest only and do not 

produce edible fruits 

    Rhodochlamys(2n=22) Section Rhodochlamys is closely related to 

Eumusa based on genetic affinity 

(Shepherd 1999). Comprises several 

valuable ornamental bananas of 

commercial importance 

    Incertaesedis 

(2n=14,18) 

Under defined species are put together in 

this group. Largest member of Musaceae 

family Musa ingens Simmonds and M. 

boman added to this 

  Musella (2n=2x=18)   Musella is the most fascinating and unique 

member of the family and this genus 

comprising two species Musella lasiocarpa 

and M. splendida. 

  Ensete (2n=2x=18)   The genus Ensete contains as many as nine 

species. Among the species in this genera 

Ensete glaucum, Ensete superbum, Ensete 

ventricosum and its sub species like E. 

ventricosum Maurrelli and their dwarf 
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types are suitable for ornamental 

gardening 

Botany 
The banana plant (Musa, Musella, and Ensete) is a herbaceous perennial. The tree "trunk" is called a 

pseudostem because it does not lignify or undergo secondary growth. The pseudostem is a cylinder of tightly 

bound leaf petioles that arise directly from an underground stem, or rhizome. The pseudostem color may 

be green, red, or purple/black and can contribute to the ornamental quality of the plant. The pseudostem 

of Musella is swollen at the base whereas the pseudostems of Musa and Ensete tend to be the same width 

over their entire length. Each pseudostem will produce a single terminal inflorescence which hangs down 

beneath the leaf canopy on a long flower stalk in Musa and Ensete, but faces upward on a short flower 

stalk in Musella. 

Bananas grow from underground storage organs called rhizomes. Musa and Musella, form offsets freely 

from the rhizome (suckers) but Ensete almost never forms any, the main pseudostem of bananas is 

monocarpic (it dies after flowering) after which the next oldest sucker grows to replace it. As a result, 

bananas tend to move around in the garden a few feet over the course of several years. With most bananas, 

many pseudostems will grow at the same time and form a colony covering a small area. Since Ensete plants 

do not sucker it dies after flowering. 

The leaves are the main ornamental feature of the banana plant and impart a bold tropical look to the 

garden. The smooth, waxy leaves are generally quite large, reaching up to 6" wide by 2' long on dwarf 

plants, and up to 2' wide by 9' long on large ones. The leaves are normally dark green color, but variegation 

is quite common. Variegation appears as white, red or purple/maroon splotches or sectors on the leaf blade. 

The leaf midrib may have a contrasting color, which is usually red contrasting with the green leaf. Often, 

the color of the reverse side of the leaf contrasts with the front side and on windy days viewers are treated 

to flashes of color. 

Banana flowers are very exotic looking. In temperate gardens some ornamental bananas may not flower 

because the season is too short. Each species has a set number of months that the pseudostem must grow 

in order to flower. Musa velutina, the pink velvet banana, is the only species that can die to the ground in 

winter and flower and fruit the following season, requiring only 20 weeks to complete its life cycle. Musella 

lasiocarpa takes several seasons to produce a pseudostem large enough to flower, but when it does, the 

inflorescence lasts several months. Other bananas must retain a pseudostem for more than one growing 

season in order to flower and produce fruit. Some species like Musa basjoo pseudostems will remain viable 

at 150 F and subsequently flowers in the following season. 

Technically, the "flowers" are inflorescences (clusters of flowers on a single structure), and a single 

inflorescence forms on a spike at the top of the plant. Musa and Ensete flower stalks are long and hang 

down beneath the leaf canopy, but Musella inflorescences are borne on short stalks and face upward. 

Bananas generally will not flower until there are 9-12 leaves on the pseudostem. The individual florets are 

slim and tubular and are subtended by very large, brightly-colored bracts that may be red, purple, orange, 

or yellow. The inflorescence starts off as a large purple tapered bud. The bud elongates as it opens up, 

revealing bracts which surround whorls of florets. Banana plants are monoecious meaning separate male 

and female flowers are produced on the same inflorescence. The female florets are grouped together in 5 to 

15 rows at the basal end of the inflorescence, followed by a region of hermaphrodite or neuter flowers. 

Finally, there is a zone of male flowers near the tip of the inflorescence. The flowers open sequentially from 

the basal end to the apical end. The male flowers are shed a few days after they open, leaving the apical 

tip of the flower stalk bare, except for the growing point. The female flowers grow into bunches of bananas. 

Propagation 
This plant can be propagated through suckers or corms and seeds. Sword-suckers with a well-developed 

rhizome, conical in shape with lanceolate leaves and actively growing central buds, weighing 500-750g, 2-

4 months age plants are generally used. Cut rhizomes called bits and peepers are also used successfully. 

Some genera like Ensete pare ropagated by seeds. Some of the seeds germinate readily after harvesting; 

shows no sign of dormancy and others become dormant after drying. Dormancy can be removed by giving 



 

 
Volume 04 - Issue 04 - April 2022       303 | P a g e  
 

pre-sowing treatments - scarification of seeds with sulphuric acid, chipping of testa, softening testa by 

soaking, use of alternating temperatures, etc. 

Banana propagated through tissue culture is cost effective for the production of disease-free plants. Micro 

propagation has been preferred over conventional propagation owing to its faster multiplication, uniformity 

in planting material and disease-free material from transmissible pests and diseases. 

Climate 
Banana is well suited for cultivation from humid subtropical to semi-arid subtropics up to 2500 m above 

mean sea level (Hill banana, M. sikkimensis, Musell lasiocarpa) with a temperature of 15-350C and rainfall 

of 500-2000 mm/year. Most of the species are susceptible to low temperature except genera like Musella 

and some of the Eumusa species like M. sikkimensis, Musa basjoo. 

Soil and Planting Site 
It can be grown in all kinds of soils having good drainage. In sandy soils, plants grow faster compared to 

vertisol or clay loam. Though soil pH of 6.5-7.5 is optimum, banana can be grown in soils having a pH up 

to 8.5 with suitable amendments. 

The planting site should be chosen for protection from wind and cold weather, if possible. The warmest 

location in the home landscape is near the south or southeast side of the house. 

Planting 
Pot and Pit methods are generally followed in case of banana. Pits of 60 cm3 size are dug, and filled with a 

mixture of soil, sand and farmyard manure with a ratio of 1:1:1. Sucker or seedling is planted in the center 

of pit and the soil around the pit is compacted. Ornamental purpose bananas can be planted as close as 2-

3’ apart. Dwarf statured plant species like Musella species and some dwarf types can be grown in 

containers. 

Repotting can be done once in three years by replacing the old soil with the nutritive potting mix.  Bananas 

will grow, fairly slow in the indoor conditions. So, care should be taken to provide plenty of light and 

humidity. Plants can be protected from the extreme temperatures and water logging. In temperate areas, 

gardeners may also elect to let their plants go dormant by slowly withholding water as the weather cools. 

Remove the main stem and place the container in a cool dark place till favourable weathers conditions 

prevails. 

Use of Growth Regulators for Dwarfing of the Bananas 
Most of the bananas are highly vigorous and not suitable for container gardening. Application of growth 

retardants significantly reduces the plant height; this effect improves the appearance of banana and 

increases the use of plant for ornamental gardening. Application of PP333 0.25 mg/plant (Gaspar et al, 

1999) at end of hardening stage reduce the plant height two months after application. The incorporation of 

growth retardants (GR) such as Ancymidol (ANC) or Paclobutrazol (PBZ) in liquid culture media during 

multiplication stage of bananas decreases the excessive growth of stems and leaves. Soil application of 

Paclobutrazol also reduces the plant height by 25% without any adverse effect on the flowering. 

Classification of Ornamental Bananas and its Description 
Sections Callimusa and Rhodochlamys belong to Musa genera contain most of the potential ornamental 

forms of banana. Some other ornamental species belongs to genera’s Musella and Ensete are also briefly 

described here. 

Genera Ensete (2n=18, x=9) species belongs to this genus and are found throughout Africa and southern 

Asia. It contains as many as nine species. Among the species in these genera ar - Ensete glaucum, Ensete 

superbum (Rock banana), Ensete perrieri, Ensete ventricosum and its sub species like E. ventricosum 

Maurrelli (Abyssinian banana) and their dwarf types are suitable for home gardening. 

Genera-Musella (2n=18, x=9) is the most fascinating unique member of the family. This genus 

comprising of two species (Musella lasiocarpa, M. splendida) is native to South East Asia including 

southwest china, Vietnam, Laos and Myanmar. 
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a. Musella lasiocarpa (Chinese dwarf banana, Golden lotus banana) is native of Yunnan Province, 

China. It grows in high mountain regions up to an altitude of 2500m. Ornamental nurseries in 

western countries have extolled for its beauty, hardiness and resistance to cold temperatures.It is 

known for its yellow erect flower generally appearing during the second year of cultivation, which 

can last a few months. Just before opening, the flower resembles a lotus - from which the plant gets 

one of its names “Golden lotus bananas". The plant is small less than 60 cm tall with persistence 

leaf sheaths on pseudostem. Leaf blades are elliptical, up to 50cm long and 20cm wide with pointed 

tip. Inflorescence is erect, densely arranged, 20 to 25 cm long. Bracts are yellow, each subtending 4 

to 5 flowers. A new and attractive variety ‘Musellalasiocarpa var. rubribracteata’ found by Ma Hang 

et al in the 2011 differs from the original species by its orange-red to red bracts and reddish to 

purple-red coloration of the leaf petiole and midrib. 

b. M. Splendida slightly differs from Musella lasiocarpa which is of nearly 1 to 1.2m height. The 

fruits of Musella splendida are seedless and parthenocarpic but those of Musella lasiocarpa bear 

viable seeds. 

Improvement of Ornamental Banana 
Somaclonal variations: Mass propagation of bananas through in vitro techniques can lead to a high 

percentage of non-true type plants. The percentage of Somaclonal variants in banana ranges from 5 to 50% 

or even higher in some cases. Variation has been found for plant height, leaf shape and colour, pseudostem 

morphology and colour, reproductive organs morphology and sucker emission rate. Some of these 

Somaclonal variants such as extra-dwarf or variegated types, might be interesting for their use in 

landscaping or for indoor pot cultivation.  

Mutation Breeding: suitable variations for some of the characters can be created by using chemical as 

well as physical mutagens in case of banana. Suitable variants for disease resistance, dwarf stature were 

created in different edible varieties of banana. Same methods can be useful for creation of ornamental types 

too.  

Development of ornamental hybrids: most of the edible and ornamental types of the bananas are 

evolved as a result of natural hybridization which occurred in their natural growing areas. Still enormous 

scope is there for the improvement of ornamental, edible or dual type cultivars by artificial hybridization 

techniques. 

a. Hybridization between Rhodochlamys and Eumusa: Sections Rhodochlamys and Eumusa 

are closely related having similar chromosome number (2n=22, x=11) and provide potential source 

of exploitable new genes.  Dual purpose varieties can be created through these hybridization 

techniques. The products of hybridization and introgression involving the Rhodochlamys are likely 

to be attractive, and will therefore have ornamental potential along with drought resistance nature. 

b. Hybridization between musa species with different basic chromosome number: very 

limited phenotypic information is available for inter-sectional hybridization between species with 

2n=22 (Sec-Eumusa and Rhodochlamys) and 2n=20 (Sec-Callimusa and Australimusa). Sec-

Australimusa (T-genome) has been reported to have very limited compatibility with A-genome 

species 

Hybridization with species from other genera: Limited number of studies were conducted to 

investigate the intergeneric hybridization Musaceae. Some of the studies were conducted between the 

Ensete superbum (2n=18) and Musa balbisiana (2n=22) with no successful results. 

Major Pests and Diseases 
In banana, major diseases are caused by fungi, bacteria as well as virus. Some major diseases are Fusarium 

wilt, sigatoka leaf spot, bacterial wilt, bunchy top and mosaic virus. Banana weevil, burrowing nematode 

(Radophilus similes) and root-knot nematode (Meloidogyne spp) are some of the major pests cause severe 

damage to these plantations. 
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Introduction 
Plant Genetic Resources (PGR) can be cited to germplasm or genetic diversity of actual or potential value 

that exists among individuals or groups of individuals belonging to a species. The compass of PGR is made 

up of a diverse type of collections such as those derived from the centers of diversity, centers of 

domestication and from breeding programmes. Plant genetic resources (PGR) makes the valuable 

components of agro-biodiversity (Ashok Kumar, 2010). Genetic diversity evolved in the farmers’ fields over 

millennia, enriched by the diversity present in wild relatives of crops, provides the raw material for 

improving crop productivity through plant breeding. Plant genetic resources comprised of i) Land races and 

primitive cultivars, ii) Obsolete Farmer's named and old released varieties, iii) Recently released varieties, 

iv) Parental lines of released hybrids, v) Genetic stocks with known desirable attributes, vi) Wild and weedy 

relatives of cultivated crops. Plant Germplasm is a live genetic resource such as seeds or vegetable 

propagules such as roots, tubers, whole plants, or tissues that are maintained for the purpose of plant 

breeding, preservation, and other research uses. These resources provide useful traits and desirable genes 

for food, feed, fiber, medicinal, aesthetic, industrial, and energy uses. 

India has a tremendous heritage of biodiversity, surrounding a wide spectrum of habitats from tropical 

rainforests to alpine vegetation and from temperate forests to coastal wetlands, among the 18 biodiversity 

hot spots identified in the world, India has four hotspots, i.e., Western Ghats, Eastern Himalaya, Western 

Himalaya, and Nicobar Islands. Amongst the total number of species of higher plants that have been 

identified universally, PGR comprises 40% of these species, while the crop plants (cultivated as agricultural 

or horticultural species) cover only 2.8% of the species. even so, it is more often asserted that at most 30 

species "feed the world" and providing more than 90% of calories or protein to human nutrition (FAO, 2010).  

Plant genetic resources management mainly involves five stages, viz. exploration and collection, 

characterization and evaluation, conservation, exchange and utilization, and documentation as well as it 

is also concerned directly or indirectly with the plant quarantine practice. 

Plant genetic resources are finite but Intensive modern breeding efforts for higher yields resulted in 

narrowing of the gene pool by concentrating more on favourable alleles. Furthermore, genetically uniform 

crop varieties accomplished with climate change effects makes crops more vulnerable to various biotic and 

abiotic stresses. PGR are therefore essential for maintaining genetic diversity and avoiding such losses, 

which might arise serious consequences for food, nutrition and environmental security. 

Exploration and Collection 
The explorations are carried out in the hot spot’s areas for collection of plant species and germplasm. 

Earlier experience and previous literature were useful for these. Now the satellite or UAV base imagery 

and database are used for identification of species diversity in a target locality or region. 

The primary aim of collection of plant genetic resources is to tap germplasm variability in different agri-

horticultural crops, their wild relatives and related species. Capturing the maximum amount of genetic 

variability in the smallest number of samples is the prime objective of collecting PGR. (Marshall and Brown 

1975).  

Germplasm collecting missions are mainly of two types: Specific missions for collecting variability in a 

particular crop or cultigen, or material of specific attributes and the other kind of are used to collect 

maximum diversity in different crops (multi-crop collecting missions) occurring in the explored region, and 

maturing almost at the same time known as Broad based missions. 
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Sampling Strategy 
The sampling strategy primarily depends upon the type of exploration (multi crops/ region specific crop 

specific/trait specific), objectives of the collection (gene pool/ specific), reproductive system of the crop 

(Whether cross pollinated/ self-pollinated/ vegetatively propagated), extent of gene exchange between the 

populations and the pattern and distribution of genetic variations. The following methods of sampling are 

generally followed for the collection of diversity during plant explorations. 

Random Sampling 
Banana is well suited for cultivation from humid subtropical to semi-arid subtropics up to 2500 m above 

mean sea level (Hill banana, M. sikkimensis, Musell lasiocarpa) with a temperature of 15-350C and rainfall 

of 500-2000 mm/year. Most of the species are susceptible to low temperature except genera like Musella 

and some of the Eumusa species like M. sikkimensis, Musa basjoo. 

Biased Sampling 
Infrequent phenotype variants or observable spontaneous mutants occurring in the determined population 

can be sampled through this. The attention is given to identify specific variants for direct utilization. 

Clustered Sampling 
Wild relatives or weedy species can be collected by using this method. Many evenly spread clusters are 

created to divide collection site. Randomly samples are collected from each cluster and bulked together to 

form a multiple sample. 

Coarse Grid Sampling 
Random bulk samples from a site by harvesting parts/plants from several spots of the site can be sampled 

by this method. 

Fine Grid Sampling 
This sampling technique is used in interested or intensive areas of variation identified after the coarse grid 

survey. 

Sampling Frequency and Size 
The number of samples per site and size of the sample is governed by the extent of genetic diversity and 

the agro ecology of the site. The optimum size of sample per site would be the number of plants required to 

obtain 95 percent certainty. The general sample size may be 200-250g seed/sample but large seed crop 500g 

seed/sample may be collected while small seeds 50-100g seed /sample is may be optimum. 

Collection Sites 
There are four main collecting sites i.e. (i) farmers field, (ii) kitchen garden (iii) market and iv) wild habit. 

Among these, farmer’s fields are most important as it provide a larger wealth of cultivated and primitive 

cultivars. 

Characterization 
The characterization of plant genetic resources involves the understanding and recording of highly 

heritable traits which are generally expressed in every environment; therefore, it can be performed in a 

single environment. The main aims of germplasm characterization are to describe accessions and establish 

accessions diagnostic characteristics, classify accessions into groups using sound means, assess inter- 

relationships among accessions or among traits also among geographic groups of accessions, find the degree 

of variation in the gene bank collection, locate duplicates in a collection. The initial stage of acquisition of 

germplasm is an ideal stage for characterization and may be completed preferably at a site which is nearest 

to the site of collection of the germplasm or under parallel agro-climatic conditions. Observation should be 

recorded using the internationally/nationally accepted descriptors and descriptor states. Statistically sound 

experimental design should be applied for conducting the experiment depending upon the quantity and 

number of germplasm accessions running the trial. Augmented block design (ABD) can be practiced if the 
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planting material is less in quantity or the number of accessions is more than fifty (Federer, 1956). 

However, for a smaller number of accessions randomized block design (RBD) may be followed.  

The characterization of plant genetic resources for purposes of identification and evaluation of plant 

varieties includes morpho-agronomic characterization, biochemical characterization and molecular 

characterization. 

Morpho-Agronomic Characterization 
It is the analysis of germplasm, using specific descriptors developed by IPGRI (Biodiversity International), 

the UPOV or other international consortia, and subsequent morphometric analysis. Phenotyping of the 

characterized germplasm is done with the help of recorded data, in assessing diversity and variability of 

biological resources. 

Biochemical Characterization: Characterization is performed using processes such as protein fractions 

(storage proteins) or other biochemical markers (antioxidants). 

Molecular Characterization: Molecular characterization is performed using different molecular 

markers (microsatellites, ITSs or SNPs). These descriptors are proposed by IPGRI to assess the genetic 

variability of germplasm, allowing detection of specific markers for identification of regional varieties or 

misrepresentation of material through genetic modification (GMO Detection). 

Conservation 
Conservation of genetic resources is of prime importance to maintain the broad-based genetic diversity 

within each of the species (i.e., intra-specific genetic diversity) with a known or potential value in order to 

check the availability for exploitation by present and future generations. Mainly two basic approaches are 

applied for genetic resources conservation, namely, in-situ and ex-situ conservation (Tripathi, 2017).  

In- situ conservation: In-situ means the fixing aside of natural reserves, where the species are allowed 

to remain in their natural ecosystems. The natural biosphere reserve is a useful solution for species that 

are endangered and nearly on the point of extinction. Particularly, this conservation method is useful to 

the wild relatives of crop plants and a number of other crops, especially tree crops and forest species where 

there are restrictions on the efficacy of ex-situ methods of germplasm conservation.  

Ex- situ conservation: The ex-situ form of conservation includes field gene banks, botanical gardens and 

storage of seed or vegetative material in gene banks or other complementary methods of conservation such 

as pollen cryopreservation, in- vtiro conservation, DNA conservation etc The field gene banks need a large 

amount of space and labour to maintain a small proportion of diversity. The field gene banks have the 

potential risk of germplasm being lost due to disease, stress or disaster. 

Types of Collections 
Base collection: The set of accessions, which in terms of genetic integrity, is as close as possible to the 

sample provided originally is defined as base collection, which is preserved for long future. It performs as 

a backup to an active collection hence users can obtain seeds directly from the base collection. 

Active collection: The accessions which are readily available for multiplication and distribution for use 

includes in an active collection. Accessions are stored for short to medium periods of time (generally up to 

20 years) as is often the case for breeder’s collection.  

Working germplasm: It is the genetic material held by the breeders to carry out comprehensive 

evaluation, testing, section and hybridization. 

Germplasm utilization: Germplasm conserved at gene bank has become an important source of diversity 

available to researchers in both public and private sectors throughout the world. The conserved germplasm 

collections serve the purpose of regeneration of germplasm when germplasm is lost due to natural 

calamities, civil strife or by any artificial aid etc.  

Evaluation Germplasm: Evaluation acts with assessing the agro-morphological potential of an accession 

together with quality parameters and response to various abiotic and biotic stresses. Evaluation of 

germplasm resources is mandatory to identify the pertinent germplasm with a target trait for their further 

exploitation (Upadhyaya, 2008). Germplasm accessions which are characterized already and have enough 
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quantity of planting material is available are suitable for evaluation. Multi-disciplinary approach is the 

prerequisite for evaluation of germplasm hence should practice in collaborative mode involving germplasm 

curator, plant breeder, physiologist, entomologist, pathologist, biochemist etc.  

After evaluation, the promising accessions should be further validated through multi-locational, multi 

season and multi-year evaluations. Maximum agronomic descriptors are polygenic in inheritance and 

highly influenced by the environment. Therefore, evaluation of germplasm should be carried out in at least 

three diverse environments to minimize Genotype x Environment (G x E) interaction. 

Evaluation for Biotic Stresses 
Evaluation of crop germplasm against diseases is very crucial as degree of expression of diseases depends 

upon both the germplasm, virulence of pathogen and the environmental conditions. Since, there are many 

biotic stresses that are of economic importance so priority of evaluation should be set for germplasm. 

Evaluation for Abiotic Stresses 
Global changing climate has put the abiotic stresses in focus. Well-defined controlled environment is 

needed so that the optimum stress can be imposed at the desired stage to evaluate the germplasm for 

tolerance to different abiotic stress. Such as, for drought tolerance experiment should be undertaken in 

drought plots with rain out shelters and with well-defined moisture conditions. 

Evaluation for Quality Parameters 
Quality evaluation plays an important role for in identification of value rich germplasm keeping in view of 

the nutritional and health security (oil, fatty acids, protein, phenols, sugar, amino acids, vitamins, minerals 

and antinutritional factors). 

Conclusion and Future Outlook 
For sustainable agriculture and crop improvement programs degree of variability available for different 

economically important traits in germplasm is a prerequisite. Fundamental requisite of the plant breeder 

is trait-specific genetically diverse parents for trait enhancement. The exploration and collection of plant 

genetic resources yielded in accumulation of enormous genetic diversity of crop plants in the gene banks. 

Therefore, united efforts need to be made for its characterization, evaluation and identification of trait 

specific accessions especially from unexplored/exotic germplasm using field phenotyping coupled with 

modern genomic tools to trace the underlying gene. So identified alleles can be effectively utilized in crop 

improvement programmes through targeted introgression using molecular marker assisted/genomic 

assisted breeding. 
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Summary 
Drumstick or Moringa oleifera belonging to the family of Moringaceae, native to India mostly cultivated in 

tropical and subtropical regions of the world and impart good potency against malnutrition. Drumstick is 

commonly known as ‘horseradish tree’. Moringa oleifera is a trending vegetable in developing countries and 

its importance is increasing day by day. It is cheap and potential source of bio-fortified nutrient source is 

developing popularity. It is the rich source of nutrients with essential phytochemical presence in leaves, 

pods and seeds with medicinal values. It is use as potential anticancer, antioxidant, antimicrobial agent 

and antidiabetic. Its seeds have a natural coagulant and extensively used in water treatment. The scientific 

effort of this research provides intuition on the use of moringa as a medication for diabetes, cancer and 

fortification of moringa in commercial products. 

Introduction 
World health organization initiates Moringa as a healthy and malnutrition food in Africa. Moringa pods, 

leaves and flowers are seldom consumed after cooking in all parts of India (Fig 1). Moringa leaves are 

abundant source of minerals, vitamins and other essential phyto-chemicals. Leaf extract are used to treat 

malnutrition in pregnant mothers, enhance breast milk in lactating mothers. It is used as potential 

anticancer, anti-inflammatory, antidiabetic, antioxidant and antimicrobial agent. M. oleifera seed which 

are inside moringa pods which acts as a natural coagulant is broadly used in water treatment (Rockwood 

et al., 2013). In fact, moringa is easily cultivated in African countries like Benin and Senegal as a 

sustainable remedy against malnutrition (Kasolo et al., 2010). Moring is a rich source of secondary 

metabolites as like, kampesterol, sitosterol, and stigmasterol which are the precursor of harmones which 

enhance the estrogen production and augmented the mammary gland to produce milk (Mutiara and 

Estiasih, 2013). The importance of the different parts of drumstick enlisted in Table 1. 

Table 1: Nutritional and medicinal potency of Moringa oleifera: 

Tree Parts Nutritional attributes Medicinal values Reference 

Floral parts Flowers are abundant in 

calcium and potassium and 

amino acids 

Having anti-arthritic 

hypocholesterolemic activity which used 

to treat the urinary problems. 

Sutalangka 

et al., (2013) 

Leaves Moringa leaves contain 

Vitamins A, B, B1, 

riboflavin, nicotinic acid and 

ascorbic acid. It is rich in 

fibre, fat, proteins, amino 

acids and minerals like Ca, 

Cu, Mg, K, Fe, P, and S. are 

present. Phytochemicals like 

tannins, phenolics, 

kaemfericitin, saponins, 

trepenoids, alkaloids etc are 

present 

Moringa leaves are known to cure 

hyperglycaemia, dyslipidaemia, asthma, 

flu, heartburn, pneumonia, diarrhoea, 

syphilis, malaria, scurvy, skin diseases, 

and bronchitis, eye and ear infections. 

Moringa leaves reduce blood pressure 

and cholesterol and acts as an 

anticancer, antioxidant, and anti-

diabetic agents. Moringa decreased 

acidity in gastric ulcers by a percentage 

of 86.15% and 85.13% at doses of 50mg 

and 350 mg, respectively.  

Jung, (2014); 

Monera and 

Maponga 

(2012) 

Pods Rich in lipids, fatty acids, 

carbohydrates, fiber, protein 

and ash.  

Use effectively for liver and spleen 

problems, diarrohea and joint pain. 

Fuglie, 

(2005) 

https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/moringa
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/moringaceae
https://www.sciencedirect.com/topics/nursing-and-health-professions/coagulating-agent
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/moringa
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Seeds Seeds are rich in antibiotic 

called pterygospermin, oleic 

acid (Benoil), and fatty acids 

like linolenic acid, behenic 

acid, secondary metabolites 

like tannins, saponin, 

phenolics, phytate, 

flavanoids, terpenoids and 

lectins. 

Seeds mostly use for the treatment of 

Chrohn’s disease, antiherpes – simple x 

virus arthritis, treating 

hyperthyroidism, rheumatism, and 

sexually transmitted diseases, can act 

as antimicrobial and anti-inflammatory 

agent. 

Thurber and 

Fahey, 

(2010) 

Conclusion and Future Prospects 
M. oleifera is having potential importance to combat malnutrition and treatment of diseases. But the 

importance in India is very limited and need to be exploited for various purposes, as having great anti-

diabetic and anti-cancer properties and other medicinal and nutritional values. Though some questions are 

unanswered, as research on the anti- cancerous properties of moringa aqueous extracts need to be studied 

further.  Studies have proven that moringa causes reactive oxygen species (ROS) in cancer cells that leads 

to cell death termed as apoptosis. However, the aqueous extracts also have antioxidants present in them. 

The exact mechanism of this irony is yet to be explored. Moringa has a market values and drumstick 

fortification in snacks is an ideal for the malnutrition eradication. It also helps to augmented milk 

production. This moringa can be an ideal source of national income because of its potency and contributed 

significantly to the national income. 
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Introduction 
Safflower is most commonly known as ‘kusum’ in India, derived from the Sanskrit, ‘kusumbha’ (Chavan 

1961) and as kardi in Marathi. Its use as a less costly substitute for saffron is indicated by the names false 

saffron, thistle saffron and dyer’s saffron (Weiss 1983). Safflower is the oldest cultivated oilseed crop which 

contains 24-36% oil. Safflower is largely used for cooking purposes. Its decorticated cake is useful for feeding 

cattle. In India Maharashtra and Karnataka are the major safflower producing states. The following are 

the important management practices for different safflower growing areas of the country. 

Soil 
Safflower requires moderate to highly fertile, fairly deep, well drained and moisture retentative soil. 

Safflower is well grown in drained, sandy loam soil and the soil which is rich in organic matter. Water 

logging conditions due to poor drainage prolonged rains even for relatively short periods predisposes the 

crop to damage from wilt and root rot and causes significant yield loss. 

Seed Bed Preparation 
In monocropped black soils of rabi areas, 3 to 4 harrowings during kharif season is as effective as deep 

ploughing to keep the field weed free. 

Varieties 
S.N. Variety Flowering 

stage (days) 

Maturity 

stage (days) 

100 seed 

weight (gm) 

Seed 

colour 

Oil content 

(%) 

Yield/ha 

(Qtl) 

 

 

1. 

2. 

3. 

4. 

Improved 

Variety: 

AKS-207 

Bhima 

NAARI-6 

PKV Pink 

(AKS-311) 

 

 

70-75 

75-80 

80-85 

75-80 

 

 

125-130 

130-135 

135-137 

130-135 

 

 

6.5 

6 

4.3 

3.8 

 

 

White 

White 

White 

White 

 

 

 

30 

30 

31 

32 

 

 

14-20 

12-20 

10-15 

15-21 

 

1. 

Hybrid 

NAARI-

NH-1 

 

75-79 

 

135-140 

 

4.3 

 

White 

 

31 

 

15-18 

(Krushisanvadini, 2021) 

Sowing Time 
Second fortnight of September to second fortnight of October is the optimum time of sowing. 

Seed Rate and Spacing 
Required seed rate is 7.5 to 10 kg/ha with spacing of 45 cm row to row and 20 cm plant to plant. 

Seed Treatment 
The seed should be treated with Carbendazim 2g or Thiram 3g/kg seed before sowing to protect from soil 

borne diseases. 

Thining 
Thin the excess seedlings within 10-12 days after emergence and maintain plant to plant spacing 20 to 30 

cm. 
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Intercultural Operations 
Give 1 or 2 hand weedings and hoeing at 25-30 and 45-50 days after sowing. 

Fertilizers 
For adequate and balanced fertilization, incorporate 5t/ha of well decomposed FYM or compost 2-3 weeks 

prior to sowing. It is desirable to apply fertilizer based on soil test values. The recommendation of inorganic 

fertilizers (kg/ha) is as follows; Safflower gives better response to chemical fertilizers. In rainfed conditions 

at the time of sowing apply 40 kg nitrogen (@ 200 kg Ammonium sulphate or 85 kg urea) and 25 kg 

Phosphorus (150 kg single super phosphate) per hectare. 15-30 kg S/ha gives higher seed and oil yield in 

Sulphur deficient soils. 

Water Management 
Give a light pre-sowing irrigation if the soil moisture in the seed zone is not adequate for seed germination. 

If there is provision for one irrigation, provide it before soil moisture becomes very critical for crop growth. 

Intercropping Systems 
Some intercropping systems are Safflower + Chickpea (6:3) rows or safflower + linseed (3:3) rows. 

Insect Pests 
The major insect pests are aphids, leaf eating caterpillars in Karnataka and gujhia weevil in the Akola 

region of Maharashtra. 

Management of Insect Pests 
Sow moderately aphid resistant varieties like Bhima and A1 and avoid late sowing. For controlling aphid, 

spray Dimethoate 30 EC @ 2ml/l or Imidachloprid 17.8SL @ 0.4 ml/l or Thiamethaxam 25 WG @ 0.25g/l or 

clothianidin 50 WDG @ 0.2 ml or Acetamaprid 20 SP @ 0.2g/l at 15 days interval depending upon aphid 

infestation. For safflower caterpillars controlling, spray Indoxacarb 15 EC @0.3ml/l or Spinosad 45 SC 

@0.15ml/l as soon as larvae are observed. For controlling gujhia weevil, apply Phorate 10 G @10kg/ha to 

soil and two to three times spray with Chlorpyriphos @ 2ml/l depending on the level of infestation. 

Diseases of Safflower 
The major diseases of safflower are wilt, root rot and leaf spot. 

Management of Safflower Diseases 
For management of wilt disease, grow resistant varieties A-1 and NARI-6 in endemic areas along with seed 

treatment of Trichoderma harzianum @10 g/kg seed and for controlling root rot disease treat the seed with 

Thiram or Mancozeb @ 3gm/kg seed. 

Harvesting and Threshing 
Cut the plants with the help of sickles from the basal part and stack them in the field in the form of small 

and pressed heaps until they are fully dried. Thresh it either by beating with sticks or by bullock drawn 

stone rollers or by tractor and the resulting material is winnowed to clean seeds. Combine harvester is also 

useful for safflower harvesting and threshing. 

Yield 
Seed yield potential ranges from 10 to 12 quintal/ha in medium soil and 14 to 16 quintal/ha in heavy soil. 

Under irrigation, yield levels of 20 to 25 quintal/ha could be achieved. 
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Summary 
Bael, Aegle marmelos (Linn.) belongs to family rutaceae, a medium sized tree with Indian origin and mostly 

found up to an altitude of 1200 meter. It named as Tree of Lord Shiva as it is sacred for Hindus offered in 

prayers. Bael is highly nutritious to overcome various deficiency disorders and composed of vitamins such 

as thiamine; riboflavin, vitamin C, vitamin A, calcium, niacin and minerals such as phosphorous. Apart 

from this fruit extract used for cancer treatment, seed extract for oral ulcer, leaf extract has anti 

spermatogenic activity and dried extract used against diarrhea and diabetes. Fruit having excellent aroma 

and used mostly for the processed products such as candy, panjiri, toffee, jam nectar or "squash" "sherbet" 

etc., with help of various post-harvest technologies which also helps to reduce the post-harvest losses and 

hence increases the shelf life which further helps in value addition and in generation a good income for a 

resource poor farmer. 

Phenology 
Bael (Aegle marmelos Corr.) originated in India belonging to family Rutaceae (2n=18) commonly known as 

Bengal quince, Indian quince, Golden apple, Holy fruit, Bel, Sriphal, Stone apple and Maredo in India. 

Aegle marmelos (L.) the bael tree is also known by the name Shivaduma as it is sacred by Hindus and its 

leaves offered to lord Shiva (The Tree of Shiva). The tree has an ability to grow in arid as well as high 

rainfall conditions. (Neeraj et al.2017) The Bael is a medium sized tree with large spikes on the branches. 

It can be deciduous.  The leaves are small and slightly toothed. New growth is tinted pink.  Flowers form 

in clusters on new growth.  At harvest fruits colour turns greyish yellow.  Inside the fruit the pulp is 

comparable to a mild cooked pumpkin. The bael fruit consist of shell which is very hard in nature and the 

pulp (edible) inside the fruit seen in yellowish or orange in colour which is sweet slightly and having a 

unique flowery aroma and pleasant flavor (Anshid 2018). 

Nutritional Facts 
In monocropped black soils of rabi areas, 3 to 4 harrowings during kharif season is as effective as deep 

ploughing to keep the field weed free. Bael fruit has tremendous source of carbohydrates and protein and 

has a lot of nutritional values. It contains protein, beta-carotene, and a precursor of Vitamin A, significant 

quantities of the B vitamins thiamine and riboflavin, having high calorific value (134) and it is also rich in 

oxalic, malic citric acid and a concentrated tannic acid. Bael fruit leaves have some astringent and 

carminative properties (Boning, Charles. 2006). In addition to fibres bael fruit composed of many minerals 

and vitamins such as thiamine, riboflavin, vitamin C, vitamin A, calcium, niacin and phosphorus. Because 

of the richness of amino acids, vitamins and minerals bael can give important contribution to maintain 

nutrient requirement and to prevent various deficiency disorders. Bael fruit contains anti nutritional 

factors that help in controlling blood sugar The bael leaves have been claimed to be traditionally utilized 

for the amelioration of numerous diseases or disorders mainly to treat inflammation asthma, hypoglycemia, 

febrifuge, hepatitis and is also used as analgesic (Anshid V. 2018) Cancer is one of the significant causes of 

death world- wide, required efficient treatments. A total of reported 187 plant species from 102 genera and 

61 families have proven antitumor properties. Bael has more considerable significance as it has many 

compounds with anticancerous properties (Chamila et al.2020). 

Pharmacological Properties 
Dried bael fruit powder is the best remedy against diarrhoea and dysentery. Diabetes is known to occur in 

the human body due to lack of insulin, so the treatment of diabetes bael can be replaced by enhancing the 

external glucose uptake ability. Cancer become most critical disease in the present day beal fruit extract 

can be used against cancer treatment. Ulcer is a very common disease of the gastrointestinal tract. Beal 
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seed can be used against ulcer. Bael leaf has anti spermatogenic activity. Beal leaf may decrease the 

motility of sperm. Bael fruit play an important role as an antigenotoxic effects against genetic material like 

DNA, RNA in cell may be damaged by different substances. Beal leaves have anti-asthmatic activity also 

beal leaf play an important role in anti-thyroid activity. 

Processed Product 
As a storage quality of whole fruit cannot be maintained for a long period of time, the improvement of post-

harvest processing will enhance the effective utilization of fruit. The fruit has an excellent aroma which is 

not destroyed even during processing. Therefore, there is a tremendous potential for processing this fruit 

into various products. (Anurag et al.2014). Beal fruit pulp is used to making a processed product like, Bael 

squash, RTS, Bael syrup, sherbet, murabba etc. Fruit pulp mixing with tamarind is used to prepare 

beverage. These drinks are consumed as refreshment. Mature but still unripe fruits are used to make a 

good quality jam, with the addition of preservative citric acid.  Fruit contains high amount of pectin which 

is used to prepare good quality processed product like jelly. Beal marmalade has a property that 

convalescing from diarrhea and dysentery. (Boning, Charles. 2006). 

Conclusion 
Aegle marmelos contains a large number of phytoconstituents and important beneficial nutrients hence it 

can be used for the treatment of various disorders in human being such as, diabetes, liver toxicity, fungal 

infection, microbial infection, inflammation, pyrexia etc. The Bael is a still being used only by unorganized 

sector and is not being given much emphasis for its commercial utilization in terms of value-added products. 

Different parts of this fruits are to be processed and formulated to prepare number of products. Researchers 

aim to obtain increased production with higher nutritional value and greater plant resistance to adverse 

weather, pathogenic agent and pests. 
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Abstract 
Since last two decades, there has been a sense reduction in safflower area in India and elsewhere. The 

growth rate is negative and area is decreasing in India. There are lots of factors which are responsible for 

reduction in area of safflower, pests are among them. Safflower is susceptible to biotic and abiotic stresses. 

The Insect- pest and diseases comes under biotic stress. The major and most damaging pest in the safflower 

is aphid, Uroleucon compositae (Theobald) which causes 30 to 80 per cent yield loss. Other pests having an 

economic importance are gram pod borer, Helicoverpa armigera Hubner, safflower caterpillar, Perigea 

capensis Guinnee and the capsule/fruit fly, Acanthiophilus helianthi Rossi. Therefore, integrated pest 

management are very much important to handle the profitable production in safflower. Agronomic 

practices like summer ploughing, time of sowing, intercultural operations, application of balanced fertilizer, 

inter cropping, mixed cropping and clean cultivation minimizes the pest population. (A-1, Phule Kusume, 

NARI-H-15 and Bhima) Resistant varieties are also important components in IPM in safflower. Application 

of bio agents, bio-pesticides and chemical insecticides which have been consider for pest management. 

Identification, Damage Symptoms and Management 
1. Safflower aphid, Uroleucon (Dactynotus) carthami: In early growing stage i.e., before flowering 

both nymphs and adults form a black sooty mold by secreting honey dew like substance after sucking the 

cell sap from shoot apices, peduncles, leaves and stem, which hinders photosynthetic activity resulting in 

stunted growth. Finally, the plants dry up. The plants may dry and died in case of heavy infestation. An 

early Infestation may start even on 15 days old plant. Sometimes yield losses may about 40-50% are 

observed due to this insect. Infestation may occur in 30-45 days old crop. 

Management: 

a. Use of resistant varieties: Genotypes with spineless foliage, thick and succulent 

branches were more susceptible to aphids than varieties with thin, woody and thorny 

branches and foliage. Likewise, a high degree of resistance to aphids shows in dwarf plant 

type with thin and wiry peduncles, tiny capitula and small sized seeds (Karve, 1980). Entries 

viz., GMU-4608, GMU-46O9, GMU-4610, GMU-4625, GMU-4627, JLSF-295, SSF-139, SSF-

141, SSF-282, SSF-428, JSLF-406, JSLF-409, GMU-4625677-1, 713-1, X-23, X-24, X-21-2, 

Y/Y, JLA-21, 216, 219 457 and NS-488 have been identified as resistant to aphid, apart from 

the moderately resistant cultivars like Bhima and A-1, (Singh and Rao, 1981; Parlekar, 1987; 

Anon., 1998). 

b. Effect of date of sowing: Date of sowing is crucial for aphid management. Under drought 

prone conditions Sowing during mid or second fortnight of September are best also in 

irrigated conditions because of asynchrony between adequate aphid population and 

susceptible stage of the crop. September to mid-October is found effective to keep aphid 

population below economic threshold in India (Singh et al., 1999). 

c. Biological control: Endoparasite, Pseudendaphis spp. (Diptera: Cecidomyiidae) this are 

the parasite has been reported in safflower which minimizes aphid attacks by 66.6% in the 

first week of March (Bhumannavar and Govindan, 1979; Shivpuje and Raodeo, 1985). the 

Cecidomyiids was observed during January. Some of the Coccinellids have been reported 

predator on aphids i.e., Brumus suturalis Fabr., Coccinella septempunctata Linn., 

Menochilus sexmaculatus (Fab.) and Scymus nubilus (Singh et al., 1994). Other natural 

enemies viz., Sphacrophoria indiana (Big.), Coccinella arcuta (Fab.), Micromus cinearis 

(Hagen), Ischiodon scutellaris (Fab.), Harmonia octomaculata (Fab.) and Coccinella repanda 

(Thomb), Aphelinus sp.  
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d. Chemical control: Seed treatment with carbofuran at 60 g kg-1 seed provided good 

protection against aphids for six weeks without any adverse effect on seed germination (Naik 

et al., 1987). Neem seed kernel extract (NSKE 5%) one week after first aphid appearance 

followed by dimethoate 0.05% 15 days after first spray of NSKE (Devkumar et al., 1986; 

Anon., 1995). Spraying with oxy demeton methyl 0.025% which protected the crop against 

aphids for two to three weeks and was safe to the predators (Rathore and Pathak, 1983; 

Gargav and Verma, 1985; Singh et al., 1988). Likewise, spraying with quinalphos 0.03% 

twice at 20 days interval (Choudhary et al., 1983), or endosulfan 0.07% twice at fortnightly 

interval (Singh et al., 1988) or monocrotophos (0.04%) once at peak incidence of aphids 

(Karve, 1980) or cypermethrin 0.001% (Pawar et al., 1987) protected the crop against aphids. 

The aphid population under rainfed conditions effectively reduced by dusting with 

quinalphos 1.5 D at 20 kg ha-1. However, spray formulations found more effective than the 

dust insecticides in late sown conditions (Puri and Garshim, 1978; Ghule et al., 1987). 

2. Safflower Caterpillar, Perigea (Prospalta) capensis (Guinnee): Safflower caterpillar is seen as 

major defoliating pest throughout India (Singh et al., 1994; Singh et al., 1999). The moths are generally 

medium sized and dark brown in colour while caterpillars are smooth and stoutly built in appearance and 

green coloured which turn dark brown at maturity. The larval duration varies from 2-3 weeks. The pest 

pupates in soil and it last about a week (Sekhar and Rai, 1989). The female lays an green colored eggs in 

average of 345-371 either singly or in clusters on the crop foliage. The period of incubation varies from 4 to 

5 days. Enormous yield losses of 62.6 to 100% have been encountered due to excessive foliage feeding by a 

large number of larvae (Sekhar and Rai, 1989). 

Management: 

a. Biological control: Braconids i.e. Apanteles ruficrus Haliday, Rogas percurrens Lyle and 

Heterogamus sp. and the larvae of this pest are parasitied by the aulophid (Euplectrus 

euplexiae) (Rai, 1976). Eriborus argenteopilosus, Pteromalus sp., nematode (Mermis sp), the 

green muscardine fungus (Metarhizium anisopliae) and nuclear polyhedrosis virus were also 

reported to feed on this caterpillar (Paliwal and Jakuhmola. 1981), (Gaekwad and Pawar 

1978) observed 12 to 61.2% parasitization by Apanteles at Parbhani in Maharashtra under 

field conditions. 

b. Chemical control: Spraying with endosulfan 35 EC or quinalphos 25 EC at 800-1200 ml 

in 400 to 600 liters of water per hectare once or twice at 15 days intervals or dusting with 

endosulfan 4 D or quinalphos 1.5 D at 25 kg ha-1 once or twice were also found effective 

against the pest (Dhoble et al., 1985). 

3. Gram Pod Borer, Helicoverpa (Heliothis) armigera (Hubner): The gram pod borer, has been 

reported to cause severe damage to safflower as a highly polyphagus pest (Rai, 1976). When safflower was 

grown as an intercrop with chickpea infestation of gram pod borer becomes more abundant (Anon., 1995). 

In the drought zone areas of Maharashtra, the pest appears in serious form on safflower (Bilapate et al., 

1980). 

The females lay yellow-greenish spherical eggs on leaves or capsules with an incubation period of 4-5 days. 

Initially color of larvae is also greenish with broken dark gray lines on the lateral sides and turns brown, 

greenish or reddish towards larval maturity. Larval stage lasts for 3-4 weeks. Pupal stage lasts for about 

a week and it occurs in soil (Rai, 1976). The population increases at an intrinsic rate of 0.1343 and a finite 

rate of 1.1350 females per day. The mortality rate was 31% at the age interval of 45-50 days. At an interval 

of 0.5 day the life expectancy of the pest reduced to 1.99 days from 15.13 days (Karve, 1980). 

Management: Hand collection and destruction is the good way to minimize the pest population. A 

number of Hymenopterous viz., Compoletis chloridae, Enicospilus sp., Eriborus argenteopilosus, 

Microchelonus curvimaculatus and tachnids viz., Carcelia illota, Goniophthalmus halli, Sturmiopsis 

inferens and Palexorista solennis have been reported parasitising the pest. To keep its population 

under check HNPV and entomogenous fungal and bacterial diseases has been found. By means of 

chemicals, emphasis has not been given to the protection of the pest on this crop (Bilapate, 1981; 

Pawar et al., 1985). 

4. Capsule Fly/Fruit Fly, Acanthiophilus helianthi Rossi: The Capsule flies are active during the 

month of March and takes a week for infestation particularly on flower buds. The fly is occurring generally 
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in ash colour with light brown legs. The female lays eggs in clusters of 6 to 24 inside the young flower buds. 

The newly hatched maggots feed on the ovaries of florets and thalami of capitula and turn to pupa within 

a week duration. The Pupation takes place in flower buds. The infested buds give a derogatory smelling 

fluid from the apical region. From March to first week of May the flies may completed their three 

generations. The yield loss due to harshly infestation may ranging from 38.6 to 93.2%. 

Management: 

a. Effect of sowing time: The time of sowing are important regarding economic threshold 

the late sowing of safflower makes the crop susceptible to pest damage. However, the sowing 

in month of October is recommended for lower incidence of capsule fly (Singh et al., 1982). 

The removal of Infested plant where may lessen the pod fly damage (Singh et al., 1994). 

b. Biological control: The important bio control agents are reported such as Orymurus sp., 

Eurytoma sp., Stenomalus muscarum, Syntomopus spp. and Bracon sp. feeds on adults and 

Crysopa virgestes on maggots (Rai, 1976). 

c. Chemical control: Application of monocrotophos 0.05% reported effective for the control 

of pest attack which have been recommended four times at 10 days interval starting from 

capsule bud stage found effective (Jakhmola and Yadav, 1983). 
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Agricultural activities such as adding fertilisers, lime pesticides etc. can alter the physical and chemical 
property of the soil environment, affecting the quantity of organisms and their ratios. Because plant health 
is so intertwined with soil health, treating the soil in ways that conserve and increase the soil biota can 
boost crop yields and quality. Unfortunately, because soil biological responses were frequently neglected or 
ignored, the quick changes had undesired effects, particularly in terms of soil health and long-term 
agricultural viability. The soil biota is dominated by microorganisms. 

AMF in Root Rhizosphere and its Role in Aggregation 
The rhizosphere is a zone dominated by active microorganisms and directly influenced by plant roots. Plant 
roots influence microbial communities in the rhizosphere by depositing photosynthate and organisms that 
build up the plant's growth and development. The activity of bacteria and fungi is a relevant issue in the 
process of humification of organic matter and physical stability of the soil, standing out the role of 
arbuscular mycorrhizal fungi (AMF). AMF synthesize a recalcitrant glycoprotein called glomalin, with 
hydrophobic characteristics. Glomalin, a special glycoprotein secreted by the hyphae and spore walls of 
AMF. They are located mainly on the surface of the filaments and spores of the AMF fungi, and as water-
repellent, they probably cover the mycelium and protect it against degradation caused by other 
microorganisms. AMF belong to Glomeromycota phylogeny, previously Zygomycota. These fungi present 
symbiotic relationship with more than 80% of terrestrial plants, including major commercial species such 
as wheat, corn, sorghum and forage species. Plant-AMF symbiosis induces physiological changes to 
increase photosynthetic rate, redistributing carbon and increasing root activity as a sink of carbonaceous 
substances in soils. Likewise, these soil organisms are responsible for a significant increase in the 
acquisition of nutrients. At plant community level, it was demonstrated that AMF mediate competition 
between plants and co-factors determinants of plant diversity, and finally at the ecosystem level AMF are 
relevant in nutrient cycling processes and soil aggregation. 

Nature of Glomalin 
Glomalins occur widely in the soil and constitute storage for carbon, the source of which is atmospheric 
CO2. It shows the recalcitrant behavior and hydrophobic characteristics, which prevent water and nutrients 
losses from hyphae and is a very stable biomolecule, with a half-life in soil between 6-42 years. The glomalin 
is not passively released or secreted in large quantities by growing mycelia; more than eighty percent of 
the glomalin produced by the AMF is strongly held and firmly embedded in the walls of the hyphae and 
spores, so that the main path of deposition in soil is through hyphae death and decomposition. The GSRP 
were found in relative abundance (2-15 mg g-1) in a wide range of soils, whether acid or calcareous and 
under various crops, such as vegetables, forage, cereals, and tree species. The soil GSRP presents a strong 
cementing ability inducing the formation of aggregates with an increased structural stability. 

Relation Between GRSP and Soil Organic Carbon Content 
SOC content (soil organic carbon) and N content (soil fertility-related properties) have great impacts on 
both GRSP concentration and composition (main functional groups, fluorescent substances, and elements). 
GRSP concentration was observed to be positively correlated with SOC and negatively with pH, polyphenol 
oxidase activity (but not with hyphal length or phosphatase activity), no significant correlation between 
GRSP (concentration and composition) and total P content (soil fertility-related property). With increase in 
soil organic carbon in soil, microbial activity will also increase. The higher the microbiota beneath the soil, 
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more the mineralization (conversion of organic forms of nutrients to inorganic forms) and hence more will 
be the amount of nitrogen liberated in soil. 

GRSP in Carbon Sequestration 
The role of GRSP amount in soil carbon sequestration, fertility recovery and degraded soil rehabilitation. 
The structure of the soil and its chemical characteristics have a significant impact on the mycelium growth, 
and thus on the glomalin content. Functionally, they are proteins connected with soil organic matter, 
belonging to glomalin-related soil proteins (GRSP). It improves soil physical, chemical and biological 
properties and as stable glue has an important role in soil aggregate stabilization, produced from some crop 
rotation cropping system could promote aggregate stability, binds to soil, producing a uniform aggregated 
structure composed of minerals and humus. Increasing organic matter increases cation exchange capacity 
of soils. Primarily, these aggregates permit the soil to retain water better and facilitate root penetration. 
In addition, the aggregates reduce soil erosion and compaction while facilitating root hair adhesion, 
enhancing nutrient and water uptake. 

Future Prospects 
At this time, it's probable that the most significant benefit of high AMF (Arbuscular mycorrhizal fungi) 
colonisation in crop plants is non-nutritional, as a result of the effects on soil structure and function, as 
well as plant defences. As a result, future research should focus on optimising AMF impacts on nutrient 
uptake in order to maintain yield while increasing output sustainability. Significant progress can be 
achieved toward future food security in more sustainable agricultural systems by discovering and 
enhancing features linked with AMF receptivity, functioning, and climate resilience within modern crop 
cultivars. 
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Summary 
Finger millet (Eleusine coracana (L.) Gaertn) is an annual cereal belongs to Poaceae family and mostly 
cultivated in Africa and Asia. It is highly nutritious in minerals like calcium, magnesium and iron content. 
It can grow well in water deficit conditions and therefore considered as drought tolerant grass. Millets have 
been proposed as nutritional foods for strengthening nutritional and health security in the developing 
countries of Asia and Africa. This crop has been underutilized as genomic studies are lagging behind due 
to the lack of wide genome association analysis. Finger millet could be the excellent cereals which can 
overcome the malnutrition. 

Phenology 
Finger millet (Eleusine coracana (L.) Gaertn) is annual cereal grass with a plant height up to  170 cm (FAO, 
2012; de Wet, 2006; Quattrocchi, 2006) with 4-19 finger like spikes inflorescence, carrying 4 to 7 small 
seeds and therefore named as finger millet. The seed pericarp can be easily removed from the seed coat as 
it is independent from the kernel (FAO, 2012). It is mostly cultivated in Africa and Asia and termed as 
helpful famine crop as easily it can be stored for ten years (FAO, 2012). It is the rich source of 
micronutrients and recommended for the infants and all age group people and also used for livestock 
feeding (de Wet, 2006). In India, it is sometimes used for feeding infant calves and growing animals 
(Sampath, 1986). 

Nutritional Attributes and Health Benefits 
It contains rich amounts of protein, mineral nutrient such as calcium content (0.34%) as compared to other 
major cereals like wheat, rice, and sorghum (Gupta et al., 2017; Sharma et al., 2017; Kumar et al., 2016). 
It is drought tolerant crop and most valuable in drought-prone areas of Africa (Latha et al., 2005). The crop 
can be incorporated in strengthening the nutritional security in the developing countries of Asia and Africa 
(Puranik et al., 2017). The recently released draft genome is expected to serve as a major resource for the 
accelerated studies for the improvement of finger millet in near future. It contains high amount of dietary 
fibers, iron, zinc, Ca, phosphorus, potassium, vitamin B, and essential amino acids than rice and wheat 
(Ceasar and Ignacimuthu, 2011).  It also contains anti-nutrients including phytates, polyphenols, tannins, 
trypsin inhibitory factors and dietary fibers. Finger millet’s dietary fiber and polyphenols offer various 
health benefits like antidiabetic, antioxidant, hypo cholesterol, antimicrobial, delayed nutrient absorption, 
increased fecal bulk, lowering of blood lipids effects (Devi et al., 2014). Finger millet’s phenolic compounds 
like gallic, protocatechuic, p-hydroxy benzoic, p-coumaric, vanillic, syringic, ferulic, trans- cinnamic acids, 
and quercetin exhibit major antidiabetic and antioxidant properties and also inhibit cataract effectively 
(Saleh et al., 2013). Finger millet possesses amino acids lysine, threonine, and valine, rich in antioxidants 
and phenolics. 

Breeding Objectives 
Plant breeding is an art and science for cultivar development, crop improvement and seed improvement 
method conventionally by selective mating or hybridization. The southern states in India viz., Tamil Nadu, 
Karnataka and Andhra Pradesh are largely confined early finger millet varieties breeding technique. As 
finger millet is self-pollinating in nature the Initial breeding efforts was limited. Development of 
emasculation and pollination techniques created the opportunity to improve the crop and create new 
hybrids. Various breeding approaches such as mutation breeding, pure-line selection and recombination 
breeding were generally used for the genetic improvement of finger millet.  
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Mutation breeding has been around since the 1930s. It is used as forcible tools to create a useful genetic 
variability. To treat the seeds with physical, chemical or a combination of both mutagens are the most 
common methods in mutation breeding. The desirable mutants which are superior to their parents are 
selected from the subsequent populations. Goud et al. (1969, 1971) studied the effects of gamma irradiation 
and EMS on cvs. Purna and Hamsa and several viable mutations of potential breeding value were produced 
in the cv. Purna. Various mutation breeding aspects were successfully tried and adopted in finger millet 
crop.  
Leslie C. Coleman initiated Pure-Line Selection for improvements of finger millets. He initiated the work 
on pure-line selections from indigenous cultivars such as Hullubele, Gidda and others in 1913 at the Zonal 
Agricultural Research Station, V.C. Farm, Mandya and Hebbal farms, Bangalore. He contributed the first 
finger millet cv. H-22 in 1918 and his concerted efforts resulted in the release of several other cvs. such as 
K-1, R0870, ES-11, ES-13 CO-1. Single superior plants are selected from a population and the superior 
progeny selected on the basis of characteristics such as earliness, high yield and disease pest resistance. 
The progeny superior to their existing parents is then released as a new pure-line cultivar. 
A hybridization technique gives a boost to Finger millet genetic improvement after several new cultivars 
were released. The combining of desirable genes found in two or more different plants or cultivars and to 
produce pure-breeding progeny superior to the parents is the main objective of hybridization technique. 

Conclusion 
Finger millet could be the excellent cereals which can overcome the malnutrition. It is the rich source of 
micronutrients and recommended to all age group people and also used for livestock feeding. It is a drought 
tolerant crop and easily grown in drought prone areas. Crop improvement has been one of the major priority 
areas of research in agriculture. Calcium deficiency is a well-known problem across worldwide; however, 
very little studies have been made to acknowledge the mechanisms of Calcium accumulation in finger 
millets. Mutation breeding, pure-line selection and recombination breeding approaches were generally used 
for the genetic improvement of finger millet. 
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Organic farming is a production system which avoids or largely excludes the use of synthetically 
compounded fertilizers, pesticides, growth regulators, genetically modified organisms and livestock food 
additives. It can increase farm productivity, repair decades of environmental damage and knit small farm 
families into more sustainable distribution networks leading to improved food security if they organize 
themselves in production, certification and marketing. 
Use of massive inputs of chemical fertilizers and toxic pesticides poisons the land and water heavily. 
Intensive dependence on these poisons has heavily polluted our natural reserves and it takes millions of 
years to replenish them. The after-effects of this are severe environmental consequences, including loss of 
topsoil, decrease in soil fertility, surface and ground water contamination and loss of genetic diversity. For 
an inch of soil to form, it takes nearly 800-1000 years. 

Introduction 
Organic agriculture can be defined as "an integrated farming system that strives for sustainability, the 
enhancement of soil fertility and biological diversity while, with rare exceptions, prohibiting synthetic 
pesticides, antibiotics, synthetic fertilizers, genetically modified organisms, and growth hormones". The 
principal methods of organic farming include crop rotation, green manures and compost, biological pest 
control, and mechanical cultivation. 
These measures use the natural environment to enhance agricultural productivity: legumes are planted to 
fix nitrogen into the soil, natural insect predators are encouraged, crops are rotated to confuse pests and 
renew soil, and natural materials such as potassium bicarbonate and mulches are used to control disease 
and weeds. Genetically modified seeds and animals are excluded. Organic agricultural methods are 
internationally regulated and legally enforced by many nations, based in large part on the standards set 
by the International Federation of Organic Agriculture Movements (IFOAM), an international umbrella 
organization for organic farming organizations established in 1972. 

States with their Organic Farming Perspective 
Presently, good awareness exists among farmers, researchers and policy makers about organic production 
but a lot more need to be done to streamline production, certification and marketing of organic produce. 
Greater environmental awareness, coupled with concerns over the health impacts of pesticide residues 
and consumption of genetically modified (GMO) crops, fostered the growth of the organic sector.  
Uttaranchal and some other state governments have already declared their states as “Organic” state 
and created special Export Zones like Basmati Export Zone. A large area of North eastern states and other 
states may be developed as commodity based “organic” production areas. With greater political will and 
investment in research, extension and marketing infrastructure more of this potential could be realized.  
Madhya Pradesh tops the list with 0.76 million ha of area under organic cultivation — that is 
over 27 per cent of India’s total organic cultivation area. 
The top three states — Madhya Pradesh, Rajasthan and Maharashtra — account for about half the area 
under organic cultivation. The top 10 states account for about 80 per cent of the total area under organic 
cultivation. Sikkim is the only Indian state to have become fully organic so far. 
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Assistance Provided by Different Government Schemes 
1. Paramparagat Krishi Vikas Yojana (PKVY):  The scheme promotes cluster based organic 
farming with PGS certification. Cluster formation, training, certification and marketing are supported 
under the scheme. Assistance of Rs.50,000 per ha/ 3 years is provided out of which 62% i.e., Rs. 31,000 is 
given as incentive to a farmer towards organic inputs. 
2. Mission Organic Value Chain Development for North Eastern Region (MOVCDNER):  The 
scheme promotes 3rd party certified organic farming of niche crops of the north east region through 
farmers producer organizations (FPOs) with focus on exports. Farmers are given assistance of Rs 25000/ 
ha/ 3 years for organic inputs including organic manure and biofertilisers etc. Support for formation of 
FPOs, capacity building, post-harvest infrastructure up to Rs. 2 crores are also provided in the scheme.  
3. Capital Investment Subsidy Scheme (CISS) under Soil Health Management Scheme: 100% 
assistance is provided to state government/ government agencies for setting up of mechanized fruit/ 
vegetable market waste/ agro waste compost production unit up to a maximum limit of Rs.190 lakh/ 
unit (3000 Total Per Annum TPA capacity). Similarly, for individuals/ private agencies assistance up to 
33% of cost limit to Rs 63 lakh/ unit as capital investment is provided. 
4. National Mission on Oilseeds and Oil Palm (NMOOP): Financial assistance at 50% subsidy to 
the tune of Rs. 300/- per ha is being provided for different components including bio-fertilizers, supply of 
rhizobium culture/ phosphate solubilising bacteria (PSB)/ zinc solubilising bacteria (ZSB)/ Azotobacter/ 
mycorrhiza and vermicompost. 
5. National Food Security Mission (NFSM):  Financial assistance is provided for promotion of bio-
fertilizer (rhizobium/ PSB) at 50% of the cost limited to Rs.300 per ha. 
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Abstract 
In rainfed agriculture, water is the primary driving source of agricultural development. Agronomists, plant 
breeders, plant physiologists, plant biotechnologists, water engineers, and others are needed to create 
innovative ways in water usage for improved water use in agriculture in water-scarcity environments. 
Water productivity or water usage efficiency (WUE) is an efficient strategy among the several ways. Water 
usage efficiency may be improved in two ways: by improving production or by conserving water. WUE is 
influenced by a variety of elements such as meteorological conditions, edaphic factors, plant type, and 
agronomic techniques. There are several agronomic strategies for improving water use efficiency, and the 
goal is to create more biomass with minimum amount of water. 

Introduction 
In India, agricultural production and productivity largely depends on the water availability. Unfortunately, 
irrigation facilities are quite inadequate. Hence, it is necessary to know the importance of irrigation and 
how careful the water is being used. For instance, gross irrigated area was only 17 % during 1950-1951, 
Even now gross cropped area of about 60 % depends on rain. Due to this, agriculture in India is called as 
gamble in the monsoon. The limited water availability necessitates the judicious use of water from the 
available resources to achieve higher water use efficiency. Further, increasing water scarcity and the 
improper use of available water are the major risks for sustainable agricultural development. 

Water Use Efficiency (WUE) 
The term can be defined as the ratio of amount of water used in metabolism of plant to the water lost by 
the plant via transpiration. More specifically, it is known as crop water use efficiency. Generally, lesser the 
water resource input requirement per unit of yield produced, higher the water use efficiency. 

𝑾𝑾𝑾𝑾𝑾𝑾 =  
𝒀𝒀𝒀𝒀𝒀𝒀𝒀𝒀𝒀𝒀 (𝑲𝑲𝑲𝑲)

𝑾𝑾𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝒀𝒀𝑬𝑬𝑬𝑬𝑬𝑬𝒀𝒀𝑬𝑬𝑬𝑬(𝒉𝒉𝑬𝑬.𝒎𝒎𝒎𝒎)
 

Further WUE is closely relatable to conservation of water. Thus, water use efficiency has a vital role in 
sustainable development i.e., the use of water resources by the people of today while assuring the later 
generations to have enough capacity to fulfill their water needs. 

Strategies to Enhance Water Use Efficiency of Crops 
Increases in water-use efficiency are often stated as a plant response mechanism to moderate to severe soil 
water deficiencies, and have been the subject of several projects aimed at increasing crop drought tolerance. 
However, there is considerable debate over the benefits of higher water-use efficiency of plants in 
agricultural systems, because the processes of enhanced yield production and lower transpirational water 
loss are fundamentally opposed (Bacon, 2004). 
Water use efficiency should be constant if yield is proportional to ET, however this is not the case. In reality, 
crop management and the environment both have an impact on yield and ET in distinct ways. Any strategy 
that increases plant growth and more effective utilisation of solar radiation in photosynthesis without 
increasing ET would improve water usage efficiency. Crop selection and genetic enhancement of 
productivity and adaptability to a specific environment, increase in water, air, and fertiliser availability to 
roots and sunlight and Co2 supply to leaves, all impact water usage efficiency. 
1. Crop Selection: There are significant variances amongst plant species in terms of producing a unit of 
dry matter per unit of water utilised, resulting in significantly varied WUE values. Crop plants are 
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classified into three groups based on their mode of growth (C3, C4, and CAM). In terms of WUE values, 
they differ from one another. C3 plants (pulses, oilseed crops, wheat, barley, oats, etc.) have a low 
photosynthetic rate and a lower WUE. C4 plants (maize, sorghum, pearl-millet, finger-millet, sugarcane 
etc.) have a greater rate of photosynthesis and a higher rate of WUE. CAM plants (Pineapple, Agave) which 
are commonly referred as desert plants have distinct process called as crassulacean acid metabolism. C4 
plants, which lack photorespiration, and CAM plants, which absorb CO2 at night, are more efficient than 
C3 plants in terms of carbon fixation per unit of water. The transpiration ratio for C4 plants is 300, whereas 
it is 600 for C3 plants and just 125 for CAM plants. 
Table1. Water use efficiency of various crops: 
Crop Water requirement (mm) Grain yield (kg/ha) WUE (Kg/ha mm) 
Rice 1200 4500 3.7 
Sorghum 500 4500 9.0 
Pearl millet 500 4000 8.0 
Maize 625 5000 8.0 
Groundnut 506 4680 9.2 
Wheat 280 3534 12.6 
Finger millet 310 4137 13.4 

Source: Reddi and Reddy (1995) 
2. Sowing time: Sowing at the right time enables appropriate temperatures, availability of soil moisture 
and soil physical parameters favouring optimal crop growth and development with increased potential to 
compete with prevalent weed flora, hence increasing WUE. According to Shavani et al. (2001; 2003), water 
usage efficiency was highest in punctually sown wheat and dropped by 4.6, 25.8, and 45.4 percent in 
moderately late, late and very late seeded wheat, respectively. 
3. Depth and Row orientation: The optimal depth of sowing influences seedling emergence, vigour, and 
ultimately, yield which enhances WUE. Further, N-S row orientation of crop rows enhances the 
interception and use of incident solar radiation, which influences crop production and enhances WUE when 
compared to E-W row pattern. 
4. Optimum Plant population: Optimal plant population encourages uniform and quick development of 
crop canopy without competing for growth resources such as light, nutrients, water, CO2 hence improving 
WUE. According to Singh et al. (2003), wheat's water usage efficiency was greater at higher population 
density (205 kg seed ha-1) than at low population density (140 kg seed ha-1). 
5. Fertilization: Fertilization of crops with inadequate nutrition under adequate soil water availability 
enhances crop production significantly with a very modest increase in crop evapotranspiration and, as a 
result, significantly improves WUE. According to Patil and Sheelavantar (2000), nitrogen application 
boosted sorghum yield, water efficiency, and yield component. 
6. Pests, diseases and weed control: Insect pests and diseases lower crop production as well as WUE to 
various degree based on the severity of infection, since ETc or water demand of crop will not alter to a 
substantial level unless in situations when plants die prematurely. Weed competition for water and the 
influence of weed development on yields are well known. The usage of herbicides can mitigate the impact 
of these issues. Singh et al. (2004) discovered that weed-free chickpea treatment had higher moisture 
utilization efficiency than weedy check. 
In addition to the above options, moisture conservation measures such as compartmental bunds, Ridge and 
furrows, mulches also enhance water use efficiency of crops to a greater extent and provide the plant with 
adequate moisture. Ali et al. (2018) investigated several soil management strategies and discovered that 
adding 5 t ha-1 of wheat residue with 350 mm of irrigation enhanced soil water availability compared to no 
residue and boosted grain production by 62 percent and WUE by 35 percent. They discovered that the 
presence of wheat residue improved rainfall-use efficiency by 50% owing to reduced soil water evaporation. 

Conclusion 
Approximately 75% of the total cultivated land in the nation is dependent on rainfall to support crop 
production and about 55% would still be rainfed. Despite advancements in increasing yield per unit of 
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water used, significant efforts are still required to address water scarcity in order to enhance food 
production, particularly in water-scarcity regions. Moisture conservation strategies, soil management, 
breeding new crop types for rainfed locations, crop selection for optimal water usage efficiency, optimum 
fertiliser use, plant protection measures, and other aspects all contribute to success in rainfed farming. As 
a result, it is crucial to maximizing WUE in order to enhance economic crop yield per unit of water. 
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The injudicious exploitation of chemical pesticides in the last few decades has posing serious threats on 
human and environment. It is causing adverse effect on the balance of the ecosystem and living 
organisms. This has necessitated to find an eco-friendly alternative to deadly poison to kill the arthropod 
pests. The biological control with entomopathogenic fungi (EPF) is one such attractive and sustainable 
approach for the pest management. Entomopathogenic fungi are diverse group of heterotrophic, eukaryotic, 
unicellular or multicellular (filamentous) microorganisms that reproduce via sexual or asexual spores, or 
both. They are ubiquitous and belong to Chytridiomycota, Zygomycota, Ascomycota, Deuteromycota and 
Oomycota. EPF show promising results as having broad host range and capacity to infect both sap sucking 
insects and chewing and biting insects. The idea of using entomopathogen to manage the pest came mainly 
from silkworm diseases studies. In 1835, Bassi first time formulated the germ theory using white 
muscardine fungus, later it was named as Beauveria bassiana in his honour.  
Entomopathogenic fungi are naturally found in their insect hosts. Their host comprises of Lepidoptera 
(mainly larvae of moth and butterflies), Hymenoptera (bees), Homoptera (aphids, scale insects, whiteflies 
and cicadas), Coleoptera (beetles) and Diptera (flies and mosquitoes). The mode of action of these 
biopesticides varies from direct killing of insect due to starvation or toxin production. The infection process 
involves several stages that consist of direct contact of the fungus with the surface of the cuticle of the 
attacked insect. The factors that determine the effectiveness of the infection process include lytic enzymes, 
secondary metabolites, and adhesins produced by EPF. Because of their high insecticidal effectiveness, 
these fungi are commonly used as biopesticides in organic farming. They produce various toxins and 
enzymes (chitinases, proteases) which helps in penetration of the host cuticle or exocuticle. The conidium 
germinate under the favourable condition and form appresoria, which attaches to the host’s surface and 
form infection peg. The hyphae penetrate the integuments by enzymatic dissolution and finally reach the 
haemocoel and internal organs. The insect is filled with the fungal mycelium and become firm to touch. 
Condiophores emerges through the cuticle and produce enormous amount of conidia which spreads and 
infect nearby hosts. Host die by choking of the tissues and toxins production by the fungus. Infected host 
loses its appetite, general to partial paralysis discoloured patches on integument and increased acidity in 
the blood. The body of insect become firm and dies in upright position on its legs. The insect may dies within 
24 hours to a week. 

EPF in Pest Management 
Undefined and unregulated use of conventional chemical insecticides has led to enhancement in developing 
resistance towards different chemicals present in the plant protection products, in the insects. More than 
500 species of the arthropods have become resistant to more than one type of synthetic pesticides. The use 
of entomopathogenic pathogenic fungi as biopesticide is the sustainable solution to manage the pest. 
Some of the commonly used EPF are as enlisted below: 
1. Beauveria bassiana: Used to manage sucking pests and caterpillars of yellow stem borer, pulses, 
tomato and cotton, sugarcane pyrilla, leaf folder of rice, white grub of groundnut, coconut rhinoceros beetle, 
diamond back moth, leaf eating caterpillars of tobacco and sunflower, etc. 
2. Lecanicelium lecanii: Used to manage aphids, whiteflies, thrips, brown plant hopper, scale insects, 
mealy bugs and other sucking pests, etc. 
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3. Metarrhizium anisopliae: Used to manage groundnut cut worm, diamond back moth, coconut 
rhinoceros beetle, early shoot borer, top shoot borer and internode borer of sugarcane, rice brown plant 
hopper, etc. 
4. Nomuraea rileyi: Used to manage cut worms, pod borers, cabbage borers etc. 
5. Hirsutella thompsonii: Used to manage various hoppers, bugs, red mites, whiteflies,etc. 
6. Paecelomyces fumosoroseus: Used to manage whiteflies, yellow and red mite, etc. 
The application of entomopathogenic fungi in myco-biocontrol of insects is of immense importance due to 
environmental and food safety concerns. However, there are a number of constraints on the use of fungi as 
insecticides, such as short shelf life, requires 2–3 weeks to kill the insects, need for a fungicide-free period, 
application needs to coincide with high relative humidity and the availability of high-cost commercial 
formulations. In addition, the possibilities of contamination with mycotoxins released by several 
saprophytic fungi cannot be ruled out. New techniques need to be developed that will help to manage the 
pests in a better way as the present pathogenesis mechanism of entomopathogens is slow and needs 
improvement. There is also the need for further understanding of the ecology of these entomopathogenic 
fungi as their performance in the field is inconsistent. There is demand to develop rationally designed 
strategies for these biopesticides to improve their effectiveness in field application. 
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Introduction 
The characteristics of individuals within a species are not “fixed,” i.e.,   they are not identical but vary from 
one individual to another. 
One of the major constraints to crop production is the biotic stress which is being caused by various fungi, 
bacteria and viruses. Successful management of plant disease is mainly dependent on the accurate and 
efficient detection of plant pathogens, amount of genetic and pathogenic variability present in pathogen 
population, development of resistant cultivars and deploying of effective resistance gene in different 
epidemiological region. In case of most of the fungal and bacterial diseases, the main reason for frequent 
―breakdown of effective resistances is the variability that exists in the pathogen population, which 
necessitates a continual replacement of cultivars due to disease susceptibility. Mechanism of variability in 
case of fungi includes mutation, recombination, heterokaryosis, parasexulaism, heteroploidy. The 
conventional methods for identifying the variability in the pathogens at species, subspecies and intra sub 
species level is being done by study of virulence reactions using disease rating scales on set of host 
differentials. Fungal genomics is a scientific discipline that concerns the genome, encompassing the entire 
hereditary information, of fungi. Fungal genomics can, for example, be used to study fungal evolution or 
outbreaks of fungal infections. 

Variability in Fungi 
Variability: It is the property or ability of an organism to change its characteristics from one generation 
to another. General mechanisms of variability in fungi Mutation are more or less an abrupt change in 
genetic material of an organism or a virus, which is then transmitted in a hereditary fashion to the progeny. 

General Mechanisms of Variability in Fungi 
Mutation: Mutation is more or less an abrupt change in genetic material of an organism or a virus, which 
is then transmitted in a hereditary fashion to the progeny. Mutations in nature are less frequent and are 
result of infrequent changes that take place during cell division and result in irregularities in replication 
or rearrangement of minute parts of genetic material of the cells. Mutation can be induced artificially with 
increased frequency by physical agents like ultra violet rays, X-rays, gamma-rays or by chemicals like 
alkaloids, phenols etc. Mutation has been reported in Cladosporium fulvum causing tomato leaf mould, 
Phytophthora infestans, Puccinia graminis and Melampsora lini, apart from the appearance of highly 
destructive race T of Heliminthosporium maydis. 
Sexual reproduction: Recombination occurs primarily during the sexual reproduction of plants, fungi, 
and nematodes whenever two haploid nuclei containing genetic material that may differ in many loci unite 
to form a diploid nucleus called a zygote. Recombination can be intraspecific, interspecific or even 
intergeneric; and the resulting hybrids may have different pathogenic abilities from the parental races. 
Often the hybrids are intermediate in pathogenicity between the two parental races, but some may be more 
pathogenic than others; and similar considerations apply to other inherited characteristics. Recombination 
of genes occurs in autoecious rusts, such as Melampsora lini. Similarly, evolution of new physiological races 
through meiotic recombination is common in many pathogenic fungi, rusts, smuts, powdery mildews apart 
from potato blight fungus. 
Gene flow: Gene flow is a process by which certain alleles move from one population to another 
geographically separate population. Population genetics, genetic drift and selection also bring about 
variability in the plant pathogens. 
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Mating system is considered in terms of the amount of inbreeding that occurs in a population of sexual 
organism. Outcrossing of individuals put together new combination of genes rapidly leading to many 
different genotypes within population. Watson, et. al. (1988) reported that migration and gene flow provide 
an efficient mechanism to introduce new combination of genes into population. 
Genetic drift: It is a random process that can lead to unpredictable changes in pathogen populations over 
a short period of time. Pathogens that exist in large populations have a greater potential for evolution than 
pathogens that exist in small populations. Cultural practices and chemical control, which regularly reduce 
pathogen populations in the field, are less diverse and much slower to adapt in populations that are allowed 
to maintain high populations year-round. 
Mycosphaerella graminicola causes septoria tritici leaf blotch on wheat (Zhan et al., 2003). Stripe rust of 
wheat (Puccina striiformis) in Australia shows evidence for a single founder event. P. striiformis was 
introduced into Australia in 1979 (Steele et al., 2001). 

Specialized Mechanism of Variability in Fungal Pathogens 
Hybridization: Hybridization as a mechanism of variability is common among fungi. Mating of different 
strains, varieties or, sometimes, species results in different kinds of recombination of genes. Thus, new 
biotypes and races are produced. 
Heterokaryosis: Heterokaryosis is occurrence of dissimilar or genetically different nuclei in a vegetative 
cell or spore or hypha as in basidiomycetes. It provides haploid organisms the ability or somatic flexibility 
with changing environment. It increases diversity as genetic recombination is brought about by 
interchanges of whole chromosome or through mitotic crossing-over. It plays an important role in 
homothallic and imperfect fungi.  
Heterokaryosis can arise by: 

a. Gene mutation. 
b. Fusion of vegetative mycelium. 
c. At the time of spore formation in many fungi such as Neurospora tetrasperma, Podospora sp. 

Parasexuality: Parasexuality is a process in which genetic recombination occurs in the vegetative thallus 
in absence of sexual stage. Sequence of events in parasexuality is as follows: 

a. Formation of dikaryotic mycelium. 
b. Fusion between two nuclei. 
c. Multiplication of diploid nuclei side by side the haploid nuclei. 
d. Occasional mitotic crossing over during the multiplication of diploid nuclei. 
e. Sorting out of diploid nuclei. 
f. Occasional haploidization of the diploid nuclei. 
g. Sorting out of the new haploid strain. 

Parasexuality has produced new races of Fusarium oxysporum f. sp. pisi, Ascochyta, Verticillium albo-
atrum etc. Saltation is appearance of morphologically different sectors in fungal colonies. This is one of the 
methods of producing variability of fungal pathogens. In majority of Deuteromycotina, true sexual cycle is 
absent but derive many of the benefits of sexuality through this cycle. 

Conclusion 
Genetic variability in a population is important for biodiversity because without variability, it becomes 
difficult for a population to adapt to environmental changes and therefore makes it more prone to 
extinction. In variability structure and evaluation of population of phytopathogenic fungi are affected by 
mutation recombination, genetic drift and parasexual cycle. Knowledge about extent, evaluation and 
frequency of variability in pathogen is important for sustainable disease management through host plant 
resistant or fungicides. 
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Introduction 
Strawberry (Fragaria x ananassa Duch.) is a popular berry plant that is widely grown and demanded all 
over the world (Garriga et al., 2015; Guerrero-Chavez et al., 2015). It was first introduced in India in the 
early 1960s, but due to a variety of factors, it was not a popular choice of grower (Sharma and Sharma, 
2004). However, owing of its great profitability and remunerative rates, it has become a popular fruit among 
producers during the previous decade. Furthermore, the availability of day-neutral and high producing 
cultivars, as well as the standardisation of plasticultural techniques, has caused in a massive growth in its 
area and productivity, particularly near cities (Sharma and Sharma, 2004; Paramanick et al., 2005). 
Mulching is an agricultural and horticultural method that involves the use of organic materials (straw, 
hay, groundnut hulls, leaf and compost, peat, wood products-saw dust and animal manures) as well as 
synthetic materials (paper, polyethylene, wax coated papers, aluminium and steel foils, and so on) with or 
without shallow tillage to increase soil productivity. Mulch is most likely derived from the German word 
"molsch," which meaning "soft to decay," and reportedly refers to gardeners spreading straw and leaves 
over the ground as mulch (Hutton and Handley, 2007).  
Mulch is commonly used in strawberry farming because it improves fruit quality and output. The following 
are some of the positive effects: providing clean fruits conserves soil moisture, increases soil temperature, 
increases yields, prevents weeds, improves soil physical properties, and prevents disease and pests (Gupta 
and Acharya, 1993; Birkeland et al., 2002; Plekhanova & Petrova 2002). Strawberries, unlike other fruit 
species, cannot compete with weeds for sun radiation, water, or root system (Shoemaker, 1975). Black 
plastic is the most often used agricultural mulch. Because of its increased soil warming properties, clear 
plastic mulch is employed in some places. When soil cooling is desirable, such as when planting fall crops 
during the summer heat, white or aluminium reflective mulch is employed. 

Mulches that are Commonly Utilised Includes 
1. Organic mulch (plant residues-straw): Straw, leaves, dung, or sawdust are examples of organic 
mulches. Over time, organic mulches disintegrate and return nutrients to the soil. Borthakur and 
Bhattacharya (1992) found that using organic mulches on a regular basis helps to improve soil microbial 
flora, organic matter content, and soil aeration. All of the organic mulches dramatically enhanced 
strawberry runner production. Paddy straw produced the most runners per plant, runner platelets per 
runner, and runner plantlets per plant, followed by sugarcane garbage. The length of the runner stolon, 
the quantity of leaves, and the leaf area of runner plantlets were all increased by organic mulches. 

 
Fig: Straw mulch in strawberry field 
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2. Inorganic mulch (Plastic mulches): It is possible to regulate the soil environment by selecting the 
right plastic mulch composition, colour, and thickness: 

a. Black plastic mulch: This type of mulch prevents sunlight from passing through the earth. As 
a result, in the absence of sunshine and in the presence of a dark film, photosynthesis does not occur 
in the soil. As a result, put a stop to weed growth. A black plastic cover aids with moisture 
conservation and weed control. It can, however, raise the temperature of the soil.  
b. Clear and transparent plastic mulch: Allowing sunlight to penetrate through and develop 
weeds, clear and transparent plastic mulch can be used to control weed growth by treating the inside 
surface with a herbicide. It works well as a solar-reinforcing coating to destroy germs in the soil and 
inhibit the spread of soil-borne diseases and weeds. In chilly winter conditions, invisible film works 
in hilly locations to raise soil temperature. 
c. Two-sided colour plastic mulch: Also known as wavelength selective/photo selective film, two-
sided colour plastic mulch is designed to absorb various wavelengths of sunlight, altering the 
spectrum of sunlight travelling through the film or being reflected back into the plant canopy. It has 
a significant impact on the development and growth of plants. Warming of the soil temperature and 
weed control are two of the impacts. 

 
Fig: Plastic mulch in strawberry field 

Effects of Mulching on Soil and Plant 
Conserve soil moisture: Mulching serves a variety of goals, one of which is to conserve soil moisture. The 
ideal degree of soil moisture has a positive impact on microclimatic conditions. Mulch on the soil surface 
helps to inhibit weed growth, reduce evaporation, and increase rainwater infiltration throughout the 
growing season. During dry years, plastic mulch helps reduce soil water loss, and during wet years, it sheds 
excess water away from the crop root zone. Surface soil moisture (0-15cm) was higher under plastic 
mulches, according to Pandey et al (2016), and both types of plastic mulch have a similar effect on soil 
moisture. The higher moisture content under plastic mulches could be attributable to a less exposed surface 
area, which means less evaporation.  
Soil Temperature: Mulching cools the soil in the summer and warms it in the winter. It protects against 
temperature extremes. Mulching conserves soil moisture during the summer by reducing evaporation. Root 
development is aided by the soil's cooling impact. On majority of the days of observation, soil temperature 
at a depth of 5cm was higher under plastic mulch and highest under black plastic, and was substantially 
lower under rice husk mulch Pandey, et al., (2016). The soil solarization method is based on the ability of 
clear mulches to produce soil temperatures high enough to control weeds, plant diseases, and nematodes 
(Stapleton, et al., 2005). 
Soil organic matter and Stimulation of soil micro-flora: An increase in the total content of soil organic 
carbon in organic mulch has been reported by Marinari et al., (2010). Several studies have documented the 
breakdown of organic mulches and their incorporation into the soil as a source of plant nutrients (Sharma 
et al., (1998); Bond and Grundry (2001); Gruber et al., (2008). Mulching stimulates soil microorganisms 
such as algae, mosses, fungi, bacteria, and other organisms such as earth worms, resulting in a more rapid 
breakdown of organic matter in the soil and release of plant nutrients for crop growth due to lose, well 
aerated soil conditions, uniform moisture, and temperatures. Earth worms thrive beneath the mulch layer, 
helping to increase soil aggregate stability, infiltration, and other factors. 
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Capacity to hold water: Pandey et al. found that rice husk mulch has the highest water holding capacity 
(46.4%), despite the fact that soil physical parameters are conservative (2016). This could be due to an 
increase in soil organic matter. According to Ramesh et al. (2008), the soil's water retention capacity 
increased along with the level of organic carbon and clay. Organic mulches are known to affect the physical 
qualities of soil by increasing soil organic matter, porosity, and cation exchange capacity (Merwin and 
Brown, 2009), as well as aggregate stability and structure (Smets et al., 2008). Mulch decreases surface 
runoff and retains rainwater at the soil surface, allowing it more time to soak into the soil. 
Reduce weed growth and maintain a clean crop: Mulching lowers the germination and nutrition of 
many weeds by creating a physical barrier. Weeds get pale and eventually die if they develop in any way. 
Weed management can be achieved with loose materials such as straw, bark, and composted municipal 
green waste. Saw dust is an excellent soil improver and weed suppressor because it conserves soil moisture, 
reduces run-off, increases infiltration and percolation, reduces evaporation, and so on. However, weed 
growth can be significant under clear mulch (Waterer, D.R. 2000). 
Plant growth and development: Mulching creates an ideal environment for plant growth. Pandey et al., 
(2016) discovered that different types of mulches influenced plant growth metrics such as number of leaves 
per plant, plant E-W spread and N-S spread (cm), plant fresh weight and dry weight (g), total chlorophyll 
content of leaves, root length, root weight (fresh and dry), and root volume. Better growth could possibly be 
due to the favourable alteration of hydrothermal regime and physico-chemical properties outlined in the 
previous section, since comparable findings were reported by Dwivedi et al., (2000) and Hira et al., (2003). 
Several research have found that strawberry plants grow better under plastic mulch (Fear and Nonnecke, 
1989; Gupta and Acharya, 1994; Mohamed, 2002). 

Conclusion 
Mulch types have various effects on soil characteristics and qualities. However, in terms of plant growth, 
yield, and quality, all mulches (rice husk, white polythene, and black polythene) outperformed no much. 
Black polythene mulch was most successful in boosting soil temperature, with temperatures rising by 1 to 
6°C, whereas white polythene mulch was equally effective in soil moisture conservation against 
evaporation. Under mulch, the highest plant spread, biomass, fruit size, fruit yield, total sugar, vitamin C, 
and anthocyanine content were observed, indicating a greater role of elevated soil temperature as a catalyst 
for root activities such as water and nutrient uptake, which was ultimately reflected in high biomass and 
yield. Except for clear and white types, all types suppress weed growth and thus eliminate the need for 
herbicides, as well as any associated growth checks. 
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Little Leaf of Brinjal 
Little leaf of brinjal is a mycoplasmal disease. It was first reported from Coimbatore. It is very widespread 
in India and can cause losses upto 90% in certain cases. 
Symptoms: 

a. In the beginning young leaves show chlorosis followed by axillary bud proliferation.  
b. Diseased plants show extreme reduction in size of leaves and node, giving a bushy appearance. 
c. In heavily infected plants, flower and fruit setting is negligible. 

 
Causal Organism: Prior to 1968, the causal agent of little leaf of brinjal was considered to be a virus. 
Later Varma et al. (1969) showed that this disease is caused by Mycoplasma like organism. 
Transmission: The disease is transmitted in nature by insects- leaf hopper such as Hishimonus phycitis. 
Diseases Management: No effective method of controlling the disease is known. Cultural practices like 
eradication of weed hosts, destruction of diseased plant and control of insect which are vector of disease. 

Phyllody - Phytoplasma 
Symptoms: The symptoms start with vein clearing of leaves. The disease manifests itself mostly during 
flowering stage, when the floral parts are transformed into green leafy structures, which grow profusely. 
The flower is rendered sterile. The veins of phylloid structure are thick and prominent. The plant is stunted 
with reduced internodes and abnormal branching. 

 
Pathogen: It is caused by pleomorphic mycoplasma like bodies present in sieve tube of affected plants, 
now designated as a phytoplasmal disease. 
Disease cycle: The pathogen has a wide host range and survives on alternate hosts like Brassica 
campestris var. toria, B. rapa, Cicer arietinum, Crotalaria sp., Trifolium sp., Arachis hypogaea which serve 
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as source of inoculum. The disease is transmitted by jassid, Orosius albicinctus. Optimum acquisition 
period of vector is 3-4 days and inoculation feeding period is 30 minutes. The incubation period of the 
pathogen in leaf hoppers may be 15-63 days and 13-61 days in sesame. Nymphs are incapable of 
transmitting the phytoplasma. Vector population is more during summer and less during winter months. 
Management: 

a. Remove all the reservoir and weed hosts. 
b. Avoid growing sesamum near cotton, groundnut and grain legumes. 
c. Rogue out the infected plants periodically. 
d. Spray Monocrotophos or Dimethoate at 500ml/ha to control the jassids 
e. Soil treatment with Thirnet 10G @ 10 kg/ha or Phorate 10 G @ 11 kg/ha at the time of sowing. 

Grassy Shoot Disease of Sugarcane 
Symptoms: 

a. Initial symptom appears in the young crop of 3 – 4 months age as thin papery white young leaves 
at the top of the cane. 
b. Later, white or yellow tillers appear in large number below these leaves (profuse tillering). 
c. The cane becomes stunted with reduced internodal length with axillary bud sprouting. 
d. This disease appears in isolated clumps. 

 
Pathogen: The disease is caused by Mycoplasma like organisms. Mycoplasma cells are physically small – 
less than 1 µm – and they are therefore difficult to detect with a conventional microscope. 
Management strategies: 

Cultural method: 
i. Growing resistant varieties viz., Co 86249, CoG 93076 and CoC 22 
ii. Avoid ratooning if Grassy Shoot Disease incidence is more than 15 % in the plant crop 
iii. If disease symptoms are visible within two weeks after planting, such plants can be 
replaced by healthy plants. 
iv. Uprooted infected plants need to disposed of by burning them. 

Physical method: 
i. Rogue out infected plants in the secondary and commercial seed nursery. 
ii. Treat the setts with aerated steam at 50°C for 1 hour to control primary infection. 
iii. Treating them with hot air at 540C for 8 hours and spraying twice a month with 
aphidicides. 

Chemical method: 
i. Spray dimethoate @ 1ml in 1 litre of water to control insect vector 
ii. Apply pesticide methyl-demeton @ 2ml/lit of water for controlling aphids. 
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Introduction 
Bioinformatics is a novel and emerging science that combines the power of computers, mathematical 
algorithms and statistics with concepts in the life sciences to solve biological problems. It is an emerging 
interdisciplinary area of science and technology encompassing a systematic development and application 
of information technology solutions to handle biological information by addressing biological data collection 
and warehousing, data mining, database searches, analyses and interpretation, modeling and product 
design. Thus, bioinformatics is the interdisciplinary science of interpreting biological data using 
information technology and computer science. Bioinformatics was invented by Paulien Hogeweg and Ben 
Hesper in 1970 as the study of informatics processes in biotic systems. Bioinformatics plays an essential 
role in today’s plant breeding with regards to the development of new plant diagnostic tools. 

Fields of Bioinformatics 
Bioinformatics have huge applications in various fields. Some major fields where bioinformatics is widely 
used are as follows: 
1. Alternative energy sources 
2. Antibiotic resistance 
3. Biotechnology 
4. Bio-weapon creation 
5. Climate change Studies 
6. Crop improvement 
7. Development of drought resistant varieties 
8. Drug development 
9. Evolutionary studies 
10. Forensic analysis 
11. Gene therapy 
12. Improve nutritional quality 
13. Insect resistance 
14. Microbial genome applications 
15. Molecular medicine 
16. Personalized medicine 
17. Preventative medicine 
18. Veterinary Science 
19. Waste cleanup. 

Bioinformatics Tool 
1. Biological databases: Biological databases are archives of consistent data that are stored in a uniform 
and efficient manner. There are two kinds of database; the primary and secondary database. Primary or 
archived databases contain information and annotation of DNA and protein sequences, DNA and protein 
structures and DNA and protein expression profiles. Secondary or derived databases are so called because 
they contain the results of analysis on the primary resources including information on sequence patterns 
or motifs, variants and mutations and evolutionary relationships. 
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2. Software and Tools: Bioinformatics uses different software that range from simple command line tools 
to more complex graphical programs and stand-alone web-services available from various bioinformatics 
companies or public institutions. BLAST (Basic Local Alignment Sequence Tool) is the one that is used for 
doing sequence alignment. 

Applications of Bioinformatics in Agriculture 
Bioinformatics is widely applied in agricultural research. Since agricultural data are of different types and 
huge in collection, its interpretation is difficult; thus, Bioinformatics play big role to analyze the data 
properly. Collection and storage of plant genetic resource and wisely application of bioinformatics help to 
produce stronger, more drought, disease and insect resistant crops and improve the quality of livestock 
making them healthier, more disease resistant and more productive. 
1. Crops: Comparative genetics consists of the model and non-model plant. Species can reveal an 
organization of their genes with respect to each other which further use for transferring information from 
the model crop systems to other food crops. Arabidopsis thaliana (water cress) and Oryza sativa (rice) are 
examples of available complete plant genomes. 
2. Renewable Energy: Plant based biomass is one of the best resources for obtaining energy by converting 
it into bio fuels such as ethanol which could be used to drive the vehicles and fly the planes. Biomass based 
crop species such as maize (corn), switch grass and lignocellulosic species like bagasse, and straw are widely 
used for bio fuel production. We could detect sequence variants in biomass-based crop species to maximize 
biomass production and recalcitrance. Recently, genome of eucalyptus grandis has been released which is 
also one of major resource of biomass components and all the genes take part in conversion of sugars into 
biomass components have already been deciphered, therefore bioinformatics provides great insight into 
mechanisms and pathways responsible for this conversion so that in future we can enhance production of 
biomass components in eucalyptus and their relevant plants. 
3. Insect resistance: Bacillus thuringiensis genes control a number of serious pests that have been 
successfully transferred to cotton, maize and potatoes. These crops are known as Bt crops. This new ability 
of the plants to resist insect outbreak may reduce the number of insecticides being used. 
4. Improve Nutritional Quality: Scientists have recently succeeded in transferring genes into rice to 
increase levels of Vitamin A, iron and other micronutrients. Bioinformatics tool helped to produce such 
golden rice that can fight against vitamin A deficiencies. This work could have a profound impact in 
reducing occurrences of blindness and anemia caused by deficiencies in Vitamin A and iron respectively. 
5. Grow in Poorer Soils and Drought Resistant: Progress has been made in developing cereal varieties 
that have a greater tolerance for soil alkalinity, free aluminium and iron toxicities. These varieties allow 
agriculture to succeed in poorer soil areas, thus adding more land to the global production base. 
6. Plant Breeding: The goal of plant genomics is to understand the genetic and molecular basis of all 
biological processes in plants. This understanding is fundamental to allow efficient exploitation of plants 
as biological resources in the development of new cultivars with improved quality and reduced economic 
and environmental costs. An omics data can now be envisioned as a highly important tool for plant 
improvement. The ability to examine gene expression allows us to understand how plants respond to and 
interact with the internal and external stimuli. These data may become crucial tool of future breeding 
decision management systems. 
7. Agriculturally Important Microorganism: Bioinformatics helps to understand the genetic 
architecture of microorganism and pathogens to check how these microbes affect the host plant by using 
meta genomics and transcriptomics approach, so that we could generate pathogen resistant crop and would 
identify those microbes which are beneficial for host. 
8. Accelerate Crop Improvement in a Changing Climate:  The change in climate and increase in 
population will increase pressure on our ability to produce sufficient food. The breeding of novel crops and 
the adaptation of current crops to the new environment are required to ensure continued food production. 
Advances in genomics offer the potential to accelerate the genomics-based breeding of crop plants. However, 
relating genomic data to climate related agronomic traits for use in breeding remains a huge challenge and 
one which will require coordination of diverse skills and expertise. Bioinformatics, when combined with 
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genomics has the potential to help maintain food security in the face of climate change through the 
accelerated production of climate ready crops. 
9. Bioinformatics in Plant Disease Management: Pathogen trait is considered as a primary interest of 
plant bioinformatics. The contribution of bioinformatics advances made possible the mapping of the entire 
genomes of many organisms in just over a decade. The current efforts to determine gene and protein 
functions have improved the ability to understand the root causes of plant diseases and find new cures. 
Furthermore, many future bioinformatics innovations will likely be spurred by the data and analysis 
demands of the life sciences. Bioinformatics have many practical applications in current plant disease 
management with respect to the study of host pathogen interactions, understanding the disease genetics 
and pathogencity factor of a pathogen which ultimately help in designing best management options. 
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Introduction 
People have long sought and used scientific knowledge to improve the conditions of human life. From 
breeding crops and the domestication of livestock to modern health care, the biological sciences underpin 
the possibility of human beings exercising ever greater levels of control over the biosphere, including their 
environment, the other living beings with which they share it and their own bodies. Contemporary 
molecular biology affords a particularly powerful set of tools that form the basis of a range of technologies 
in fields as diverse as medicine, agriculture, industrial production, and environmental management. What 
we will refer to as ‘genome editing’ is the practice of making targeted interventions at the molecular level 
of DNA or RNA function, deliberately to alter the structural or functional characteristics of biological 
entities. These entities include complex living organisms, such as humans and animals, tissues and cells 
in culture, and plants, bacteria and viruses. Characteristics of many kinds, from the colour or number of 
blooms in flowering plants, to some disease traits in animals and plants, can be altered, though the extent 
to which, and ease with which, such alterations can be made is highly variable. 

Gene Editing 
Gene-editing technologies use proteins, called enzymes, to cut targeted areas of DNA within a genome. 
Cells repair these cuts but if no instructions are provided for the repair, the repair process can make 
mistakes, resulting in altered DNA sequences. If specific DNA repair information is provided, however, the 
cell will use this to repair the cut in the way it is instructed. The use of this process provides an opportunity 
for researchers to modify the genome, by providing slightly different repair information from what was 
there before. 

What are the New Gene-Editing Technologies? 
The three main new gene-editing technologies which have been developed to do this are ZFNs and TALENs 
and CRISPRs 
ZFNs (Zinc-finger nucleases) used as a bacterial DNA cutting enzyme that has been combined with 
proteins called ‘zinc fingers’, which can be customized to recognize a specific section of DNA. In 2005, this 
technology was first used to edit DNA in human cells. 

 
Figure 1. Each Zinc Finger Nuclease (ZFN) consists of two functional domains: a.) A DNA-
binding domain comprised of a chain of two-finger modules, each recognizing a unique 

hexamer (6 bp) sequence of DNA. Two-finger modules are stitched together to form a Zinc 
Finger Protein, each with specificity of ≥ 24 bp. b.) A DNA-cleaving domain comprised of the 
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nuclease domain of Fork I. When the DNA-binding and DNA-cleaving domains are fused 
together, a highly-specific pair of ‘genomic scissors’ is created. 

Target Applications 
1. In Functional Genomics/Target Validation: Creation of gene knockouts in multiple cell lines and 
complete knockout of genes not amenable to RNAi. 
2. In Cell-based screening: Creation of knock-in cell lines with promoters, fusion tags or reporters 
integrated into endogenous genes. 
3. In Cell Line Optimization: Creation of cell lines that produce higher yields of proteins or antibodies. 
# TALENs (Transcription activator-like effector nucleases) again use a DNA-cutting enzyme combined 
with proteins from bacteria that target areas of DNA, in a similar way to the zinc finger proteins. TALENs 
can be designed with long DNA recognition sections, and therefore tend to have lower unintended off-target 
cut sites, which can occur when parts of a genome have an identical or near-identical sequence to the target 
site. 

 
Figure 2. Workflow of genome editing of Your Favourite Gene (YFG) using TALEN technology. 

The target sequence is identified, a corresponding TALEN sequence is engineered and 
inserted into a plasmid. The plasmid is inserted into the target cell where it is translated to 
produce the functional TALEN, which enters the nucleus and binds and cleaves the target 

sequence. 

Target Applications 
1. Edit genomes by inducing double-strand breaks (DSB) for repair mechanisms.  
2. Non-homologous end joining (NHEJ) reconnects DNA.  
3. Chromosomal rearrangement.  
4. DNA can be introduced into a genome through NHEJ in the presence of exogenous double-stranded DNA 
fragments.  
5. Homology directed repair can also introduce foreign DNA at the DSB as the transfected double-stranded 
sequences are used as templates for the repair enzymes.  
# CRISPR (Clustered Regularly Interspaced Short Palindromic Repeats), Bacteria possess an immune 
system which recognises invading viral DNA and cuts it up, making the invading virus DNA inactive. It is 
type of immune system. CRISPR, unlike ZFNs and TALENs allows for many DNA sites to be edited 
simultaneously and easily. It is also the most affordable and programmable genome editing technology. 
While much more accurate than earlier genetic modification technologies, there can still be unintended off-
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target effects, although these are detectable and new research is rapidly improving the technology’s 
accuracy. 

 
Figure 3. Workflow of CRISPR (Clustered Regularly Interspaced Short Palindromic Repeats) 

Target Applications 
1. Clustered regulatory interspaced short palindromic repeats (CRISPR) associated 9 (Cas9) bacterial 
endonuclease and a short guide RNA (gRNA) to target the Cas9 protein to a genomic region of interest.  
2. The target efficiency is 50% in human cells.  
3. The Cas9 system has been reported to have efficiencies up to >70% in zebrafish and plants. 
4. 2–5% in induced pluripotent stem cells.  
5. A widely used method to identify mutations is the T7 Endonuclease I mutation detection assay. This 
assay detects hetero-duplex DNA that results from the annealing of a DNA strand, including desired 
mutations, with a wild type DNA strand 

Conclusion 
The rapid development and improvement of genome-editing tools provide investigators with three well-
characterized options for experiments as diverse as forward genetic screens to correction of pathogenic 
mutations in iPSC-derived human cells. ZFNs, TALENs, and CRISPRs can all generate site-specific DSBs 
with varying degrees of specificity and efficiency. The early uses of these systems have demonstrated 
remarkable new possibilities and allowed for the creation of model systems in a wide variety of organisms. 
With each iteration, the technology has improved, and the prospects for the study and treatment of human 
disease with genome editing have never been better. 
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Introduction 
Hurdle technology is a concept that was developed to address the consumer demand for more natural and 
fresh foods. It is an intelligent combination of hurdles which secures the microbial safety and stability as 
well as retains the organoleptic, nutritional quality and economic viability of food products.  
Some of the hurdles such as temperature (high or low), water activity (aw), preservatives (nitrite, sorbet), 
competitive microorganisms (lactic acid bacteria) and acidity (pH) have been empirically used for years to 
stabilize meat, fish, milk and vegetables. Various novel hurdles that are being applied in various food 
products includes Nano-thermo- sonication, ultrahigh pressure, photodynamic inactivation, modified 
atmosphere packaging of both non-respiring and respiring products, edible coatings, ethanol, milliard 
reaction products. The basic concept is to apply combinations of existing and novel preservation techniques 
("hurdles") in order to eliminate the growth of micro-organisms. Hurdle technology has been developed to 
reduce the usage of preservatives in foods and consists of the combined effect of hurdles to establish an 
additional antimicrobial effect, thus improving the quality of the food. 

Objectives of Preservation 
Several objectives of preserving the foods are listed: 
1. To ensure the safety of food from microbes. 
2. To prevent the spoilage of food. 
3. To enhance the keeping quality of food. 
4. To control foodborne infections and intoxications.  
5. To extend the shelf life of food. 
6. To reduce economic losses. 

Aspects of Hurdle Technology 
The hurdle technology affects the physiology and growth of microorganisms in food. There are mainly 4 
major mechanisms by which hurdle technology affects the growth of microorganisms in foods:  
1. Homeostasis  
2. Metabolic exhaustion  
3. Stress relaxation  
4. Multi target preservation of food. 
Homeostasis: It is the process that maintains the stability of the living cell’s internal environment in 
response to the changes in external environment. Some of the examples of homeostasis in the body are 
regulation of temperature and balance between acidity and alkalinity (pH). These factors are prerequisite 
feature of living cells and this applies to higher organisms as well as microorganisms. Disturbing the 
homeostasis of the microorganisms by various hurdles eventually results in the death of the spoilage 
causing microbes thereby protecting the food product from microbial spoilage. 
Metabolic exhaustion: This aspect of hurdle technology deals with auto sterilization of food. It has been 
observed that the spore counts in hurdle technology treated food products actually decreases during storage 
especially at ambient temperature. The microbes in the hurdle treated stable products uses their energy 
for homeostasis thereby becoming metabolically exhausted. This leads to auto sterilization of food products. 
Thus, the microbiologically stable product becomes safer for storage at normal room temperatures. 
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Stress reactions: Some microbes acquire resistance or may become more virulent under stress conditions 
as they synthesize stress shock proteins. The synthesis of stress shock protein is affected by several factors 
like pH, water activity, ethanol, heat, etc. The different responses of microbes under stress conditions might 
hamper the food preservation. Exposure to multiple stresses simultaneously activates the energy utilizing 
synthesis of several stress shock proteins, in turn making the microbes metabolically weak. Therefore, 
multi target preservation of foods could be an efficient approach towards reducing the synthesis of stress 
shock proteins and in food preservation. 
Multi target preservation of food: It is a very important aspect for efficient and effective preservation 
of targeted food material. Hurdles applied in the targeted food material might not just have effects on 
microbial stability but they could act synergistically. Synergistic effect could be achieved in the targeted 
food, if the hurdles affect different targets such as pH, aw, eh, enzyme systems simultaneously within the 
microbial cell and thus disturb the homeostasis of the microbes rendering it difficult for the microbes to 
synthesize different stress shock proteins and to maintain their homeostasis. Therefore, the application of 
several hurdles simultaneously would lead to an optimal microbial stability and effective food preservation. 

Types of Hurdles 
The types of hurdles, namely (a) physical, (b) physiochemical and (c) microbial, which are used for the 
preservation of variety of foods, are briefly summarized. 
1. Physical: Ionizing radiation, low temperature (chilling, freezing), aseptic packaging, high temperature 
(blanching, frying, baking, extrusion, evaporation, pasteurization, sterilization), modified atmosphere, 
ultraviolet radiation, electromagnetic energy (radio frequency, high electric fields, pulse magnetic fields, 
microwave), ultrasonification, packaging films, ultra-high pressures, photodynamic inactivation 
2. Physio-chemical: Sodium nitrate, Sodium sulphite, sodium nitrite, potassium sulphite, phosphates, 
salt, spices and herbs, carbon dioxide, ozone, oxygen, organic acids, surface treatment agents, phenols, 
ethanol, lactic acid, low redox potential, low pH, low water activity, lactoperoxidase, smoking, Maillard 
reaction products  
3. Microbial: Bacteriocins, protective cultures, competitive flora, antibiotics. 

Applications of Hurdle Technology in Different Products 
Hurdle Technology is a novel concept which has several applications in the preservation of various food 
products such as: 
1. Dairy products: 

a. Hurdle technology has been applied in many dairy products to enhance their shelf life.  
b. Shelf stable paneer can be prepared by applying various hurdles such as pH, aw, preservatives 
and Modified Atmosphere Packaging.  
c. Another product brown peda, a traditional Indian heat desiccated milk khoa based product have 
also been prepared and preserved through hurdle technology. 

2. Fruits & Vegetables:  
a. Several hurdles are considered to be important in the preservation of various vegetables and 
fruits like carrot, pineapple, coconut & papaya to enhance their stability and shelf life.  
b. Hurdle technology can also be applied to develop shelf stable RTE (ReadyTo-Eat) intermediate 
moisture pineapple with increased shelf life.  
c. Osmotic dehydration, infrared drying and gamma radiation can successfully reduce the microbial 
load in pineapple slices increasing its shelf life up to 40 days.  
d. Hurdle technology in the preservation of fresh scrapped coconut. Additives such as humectants, 
acidulants and preservatives were used.  
e. Minimally processed shelf stable high moisture grated papaya is also prepared by hurdle 
technology using different hurdles like mild heat treatment, aw, pH reduction, and the addition of 
preservatives. 

3. Fruit derived products: 
a. Several conventional hurdle strategies are effectively used along with the novel ones for the 
preservation of various fruit products.  
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b. Some of the hurdles applied in fruit processing includes UV light, pulsed light (PL), ultrasound 
(US), and high hydrostatic pressure (HHP).  
c. Hurdle or combined technology is also applied in the preservation of high moisture fruit products 
such as peach, pineapple, papaya, mango and banana. The technology is based on the combination 
of heat treatment, aw and addition of antimicrobials. 

4. In Meat & Meat products:  
a. Hurdle technology has been applied to a number of meat products. The effect of different hurdles 
such as (pH, aw, vacuum packaging and post package treatment) in pork sausages at refrigerated 
temperature.  
b. Shelf stable ready to eat pickle type spiced buffalo meat products was also prepared and preserved 
by controlling different hurdles like pH, water activity, proximate composition, FFA, Soluble 
hydroxyl proline, TBA values, nitrite content, protein solubility. 
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Onion is an important vegetable crop grown commercially in different agro-climatic zones in India. India 
holds the second position in production in the world, but the average productivity (18.71 tones) of onion is 
still very low in comparison to the other onion producing countries. The productivity of onion is highest in 
Republic of Korea (66.16 t) followed by USA (56.26 t/ha), Spain (53.31 t/ha) and The Netherland (51.64 
t/ha). Out of the several factors, thrips and foliar diseases are the major threats which cause huge losses in 
yield. The reason for such huge losses in onion is mainly due to thrips and foliar diseases in the standing 
crop caused by pathogenic fungi. 

Important Foliar Diseases and Insect of Onion 
Onion crop suffers mainly from foliar diseases namely stemphylium blight (Stemphylium vesicarium), 
purple blotch (Alternaria porri), colletotrichum blight (Colletotrichum gleosporioides) and downy mildew 
(Peronospora destructor). Foliar diseases are intimately related to the plant health, production and 
productivity which causing considerable yield losses in onion.The farmers performed the spray of fungicides 
on appearance of visible symptoms of foliar diseases on onion. Thrips (Thrips tabaci) is well known major 
pest of onion throughout world. 

Needs for Adoption of Preventive Insect Pest and Disease Management Practice 
In needs for adaptation of appropriate preventive management practices based on the forecast and under 
prevailing weather conditions. Thrips and foliar diseases in onion are required specific congenial weather 
conditions for infection and further development. The weather parameters like rainfall, temperature, 
relative humidity, fog and cloud are playing the important role in occurrence of thrips, foliar diseases and 
their severity in onion. 

Weather Apps in Smartphone 

 
Smart phone showing the weather forecast 
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The growers could get the weather forecast report parameters like temperature, relative humidity, rainfall 
etc. through smart android phone by day to day and to be utilize for thrips and foliar disease management 
in onion by spray of insecticides/fungicides in advance. The farmers and progressive growers also could get 
the weather reports through smartphone. Most of the mobile apps will shows weather forecast for 10 coming 
days. The top seven weather apps in smart phone are Accu Weather, Windy, Over drop-Weather Widget & 
Weather Radar, The Weather channel, Geometric weather, Weather Underground, and Carrot Weather. 

Occurrence of Erratic Weather 
The occurrences of erratic weather are beyond human control and it is possible to adopt or minimize the 
effects of adverse weather, if a forecast of the expected weather can be made in time. Once the onion crop 
season start and the only option then left is to adopt preventive spray to minimize the effects of seasonal 
hazardous weather phenomena on the basis of advanced intimation of their occurrences of re-occurrences. 

Weather Forecast Help for Insect Pest and Disease Management 
The Weather forecasting is important since it helps determine future climate expectations. Unseasonably 
rainfall, high relative humidity of high temperatures may lead to lower plant productivity and more pests 
and diseases on the standing crop in field. Applying pest and disease control is important to protect the 
crops especially from the foliar diseases. Weather forecast helps the farmers to know when to apply the 
recommended fungicides/pesticides to avoid the crop damage. 
The present article contains the symptoms for diagnosis of foliar disease, congenial weather conditions of 
disease severity, dispersal or spreads, thrips infestation and their management in onion by preventive 
spray of insecticides as well as fungicides based on the weather forecast. 

Description of Important Insect and Foliar Diseases of Onion 

 
Thrips infesting onion plant 
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1. Thrips: Thrips (Thrips tabaci) is well known pest of onion throughout world. Hot and dry weather 
favours thrips population and severity of injury to onion. Both nymphs and adults attack all stages of onion 
plant. In the initial phase of attack, leaves show spotted appearance and later on appear as silvery patches. 
Severe infestation may result in reduced photosynthetic activity leading to premature senescence as well 
as distorted and undersized bulbs. It also acts as a vector for viral diseases like Iris Yellow Spot Virus 
(IYSV). Hot and dry weather favours to an increase in onion thrips populations and the severity of thrips 
injury to onion. The reason behind this is likely a combination of factors including a shorter generation 
time and a reduction in mortality from rain and plant pathogens. Heavy rains have been shown to wash 
onion thrips from plants. Additionally, water stress may impact the nutritional quality of onion plants and 
also increases the attractiveness of the plants to thrips. 
Management: 

a. Field sanitation by removal of weeds and destruction of culls of onion and garlic to reduce thrips 
population buildup. 
b. Avoid mono-cropping of onion and garlic or alternate hosts. Crop rotation with non-hosts 
minimizes the chance pest carryover. 
c. Conserve and augment the natural enemies like parasitoid and predators; coccinellids and 
spiders. 
d. Spraying of insecticides like Fipronil @ 1ml/L., spinosad @ 1 ml/L., profenophos @ 2ml/L. 
sequentially at 10-15 days interval gave best management of thrips. 

2. Stemphylium Blight: It is an important foliar disease of onion by Stemphylium vesicarium. The disease 
occurs severely in onion cultivated areas particularly in summer season crop. Initially small yellow to 
orange streaks developed on middle of the leaf which soon develops as spindle shaped to ovate elongate 
diffusate spots surrounded by pinkish margin. The spots turn gray at the centre, late turn dark brown with 
the development of conidia/conidiophores. The entire blighted leaves become fall down.  The symptoms 
develop only on dorsal side of leaf. 

 
Stemphylium blight of onion 

Congenial condition for severity: 
a. Relative humidity range from 78 to 91 % or more.  
b. Temperature range from 16.1 to 24.6oCfor disease development.   
c. Cool and humid climate during rabi season. 
d. Thrips infested leaves are most susceptible to disease.  
e. Leaf wetness duration of 8 hrs at 10-15o or 16 hrs at 15oC under moderate RH. 
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Management: The disease can be managed by preventive sprays of contact fungicides like Propineb @ 0.25 
%, or Chlorothalonil @ 0.2 %, and Mancozeb @ 0.25 % or systemic fungicide Propiconazole @ 0.1% or 
combined fungicide namely Trifloxystrobin+Tebuconazole @ 0.07% or Pyraclostrobin+Metiram @ 0.3% or 
Metalaxyl+Mancozeb @ 0.2% or Carbendazim+Mancozeb @ 0.2% when forecast matched with above 
congenial weather condition or initial symptoms noticed in the crop. 
3. Purple Blotch: Purple blotch is a major foliar disease of onion caused by Alternaria porri. The disease 
occurs in all the growing areas of onion particularly in rainy season crop i.e. kharif. Initially small white 
sunken spots developed on leaves and flowering seed stalk, in advanced stage these spots enlarge and eye 
shaped ultimately turn to purple in the center and surrounded by chlorotic margin. 

 
Purple blotch of onion 

Congenial condition for severity: 
a. Relative humidity 90 % or more and heavy rainfall.  
b. Temperature as optimum: 25oC (25-27oC) for disease development with maximum temperature of 
34oC.   
c. Warm and humid climate during kharif. 
d. Thrips infested leaves are most susceptible to disease.  
e. Leaf wetness duration 8 hrs at 10-25o during night hours under high RH. 

Management: The disease can be managed by preventive sprays of contact fungicides like Propineb @ 0.25 
%, or Chlorothalonil @ 0.2 %, and Mancozeb @ 0.25 % or systemic fungicide Propiconazole @ 0.1% or 
combined fungicide namely Trifloxystrobin+Tebuconazole @ 0.07% or Pyraclostrobin+Metiram @ 0.3% or 
Metalaxyl+Mancozeb @ 0.2% or Carbendazim+Mancozeb @ 0.2% when forecast matched with above 
congenial weather condition or initial symptoms noticed in the crop. 
4. Colletotrichum blight: This is an important seed borne disease of onion caused by Colletotrichum 
gleosporioides. The disease is also known as anthracnose or twister disease. The disease appears as small, 
pale yellow, water-soaked spots on leaf which increase and producing pin pointed, black, slightly raised 
structure in the central portion called ‘acervulli’. These acervulli arranged in concentric rings. Affected 
leaves shrivel, droop down and ultimately wither. Twisting, curling and chlorosis of leaves with abnormal 
elongation neck of onion plant at early stage. In advance stage roots become sparse and bulbs are slender 
in shape. 
Congenial condition for severity: 

a. Regular and heavy rainfall occurred at early crop stage i.e. 15 to 35 days of transplanting.   
b. Stagnation of rain water in onion field for longer period. 
c. Relative humidity range from 80 to 90 % or more.  
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d. Temperature as optimum 27o C and range from 20-27o C for disease development.   
e. Humid climate during cropping season. 

 
Colletotrichum blight of onion 

Management: The disease can be controlled by sprays of Carbendazim @ 0.1 % or propiconazole @ 0.1% 
or difenconazole @ 0.1% or Companion (Carbendazim+Mancozeb) a mixed fungicide @ 0.2% followed by 
Copper oxychloride @ 0.3 % when forecast matched with above congenial weather condition or initial 
symptoms noticed in the crop. 
5. Downy mildew: This is a serious disease prevalent in all sub-tropical and temperate regions of the 
world. The disease is caused by Peronospora destructor. In India, the disease was first reported on onion 
from hilly track of Jammu and Kashmir and later from northern plains. The pathogen is reported to cause 
infection in onion. Lesions are long and having pale yellow, glazed appearance on which thick grey to purple 
belt of conidiophores is produced. Symptoms are conspicuous in early morning, when dew is present on leaf 
or seed stalk. In severe cases, the leaf drops at the point of the lesions and the tip dies. Plants are seldom 
killed; however, bulb growth is reduced and bulb tissues are inclined to be spongy and poor keeping quality. 

 
Downy mildew of onion 
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Congenial condition for severity: 
a. The optimum sporangial germination takes place at 250C and 90-100% RH. 
b. Temperature as optimum 25o C and range from 20-25o C for disease development.   
c. Relatively cool and rather humid weather is required to build up an epidemic. 
d. Heavy dews occur repeatedly is congenial for rapid growth of disease. 

Management: The disease can be controlled by sprays of dithiocarbamate fungicides viz. zineb, mancozeb 
@ 0.25% and also combination of two fungicide namely ridomil+mancozeb@ 0.25followed by Copper 
oxychloride @ 0.3 % when forecast matched with above congenial weather condition or initial symptoms 
noticed in the crop. Commonly the sticker @ 0.06% must be added in each spray of fungicides for better 
impact on foliar disease management of onion. 
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Abstract 
The final year B.Sc., (Hons.) Agriculture students (2018-2022 Batch) of S.Thangapazham Agricultural 
College, Vasudevanallur, Tenkasi have undergone Village Stay Programme (VSP) as a part of the course 
Rural Agricultural Work Experience at Sivakasi block, Virudhunagar district of Tamil Nadu, India for 75 
days. In part of that programme, demonstration of solar light trap was carried out to the village farmers. 
The concept and working principle of the trap is briefed in this topic. 

Introduction 
The demand for energy is growing day by day in our world. The energy sources like petroleum, coal has 
been limited drastically. In future, the demand for these sources will be at its peak. In India more than 
70% peoples are involved in agriculture. The major problem for the farmers is the insect pests. These pests 
reduce the economic yield of the crop. To control these there are various methods available such as physical, 
chemical, biological. But at the same time this will causes residues in the soil which is very dangerous for 
the ecosystem. To prevent the residuals and to control the usage of limiting resource solar light trap can 
be used. 

What is it Exactly? 
Solar cells are an efficient way to harness the energy of sun, they convert the energy of the sun into 
electricity, when the sunlight irradiates the surface of solar panels, parts of the photon are absorbed by 
silicon and convert into electrical energy. Then the battery stores the power generated from the sunlight, 
and discharge the power through the controller to the lamps. 

Components 
Solar lights are made up of major main components viz.: 
1. Solar photovoltaic (PV) panel 
2. Battery  
3. Control electronics  
4. The light fixture 
5. Bulb holding funnel  
6. Insect collection chamber 
7. Battery box 
8. Adjustable three leg support-based frame. 

Working principle 
When the sun is out, the battery gets charged by Sun light absorbed by the solar panel and converted into 
electric power by the electronic circuitry and stored in the battery. During night time, this stored energy 
will be used by the light. 
The pest killing lamp uses the principle that UV light 365 -385nm has strong performance of photo tactic 
wave, chromo tropism, tropism for pests. 
And determines the wave length of induction, and a special optical source is developed to utilize low-
temperature plasma produce by lighting, and UV radiation will give birth to the effect of photo tropism and 
induce the pest to fly towards the light source, while there are 3 transparent impact screens outside the 
light source, the pest will be hit then drop into the pest basin and be drowned. 
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Percentage of insects attracted in blue light, yellow light and UV light: 
Sl. No Order Insect population percent (%) 

Blue light Yellow light Ultraviolet light 
1.) Hemiptera 50.52 50.28 51.92 
2.) Lepidoptera 44.36 44.77 41.00 
3.) Diptera 4.85 4.72 6.96 
4.) Coleoptera 0.24 0.21 0.10 

Diversified Applications 
It can widely use for agriculture farm, organic farm, forestry, vegetable store room, outdoor and indoor 
garden, orchard, tea estate, storage, urban greening, aquaculture backyard. etc. 

Suitable Field Crops 
1. Cereals: Paddy, maize 
2. Pulses:  Pigeon pea, chickpea 
3. Oilseeds: Groundnut, soybean, castor 
4. Cash crops: Sugarcane, tobacco 
5. Horticulture: Vegetables, fruits, spice crops, medicinal crops. 

Advantages 
1. Helps to catch all the flying nymphs and adult insects like leaf folder, stem borer moths, fruit borer 
moths, hoppers, fruit weevils and beetles etc. 
2. Traps both sexes of insects. 
3. Helps to identify the Pest and Insects pattern to develop Pest Management and control plan. 
4. Produced output has less chemical impact which makes people healthy and protects eco system.  
5. Pressure on other natural enemies due to chemical pesticides shall decrease.  
6. Portable across the crop area without any changes.  
7. No Major mounting or installation efforts required and easy to operate. 

Conclusion 
The solar insect light trap was found eco-friendly more effective for the control of different insect pests of 
all crops without any use of chemical pesticides in the agricultural fields in near future. The solar 
photovoltaic insect light trap was economically viable and could be used for controlling the insect and pest 
population in IPM technique. 
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Food Synergy 
Food synergy, a concept where non-random mixture of food constituents, combine and operate together for 
the better bioavailability of nutrients. It is mostly the understanding of the interaction between nutrients 
and its absorption along with bioavailability in the human body which is both positive and negative. Food 
synergy is the interaction of nutrient from combination of many foods from combination of many but not a 
single food. This interaction of food components is very important for prospective health benefits. The 
concept of nutrition which has functional properties, help in preventing diseases and in health betterment. 
The word Synergy is used regarding the food which is meant to give benefit of looking at the whole foods 
and their diet patterns. Different constituents of single foods and patterns are composed in such a way that 
it is very difficult to synthesize in a laboratory.  
Food synergy is fundamentally a good practice as it consists of good combinations of non-random mixtures 
of compounds. The mixture of foods helps in serving the consumed food and the life of the consumer. With 
the changing evolutionary trend, the consumption of foods in combination has also changed in different 
patterns. 

Significance of Food Synergy 
1. Immune boosting: Immunity, malnourishment and infections have always been interconnecting. The 
common complications of human immunodeficiency virus infection include many disorders like nutrient 
absorption, intake of food and intermediary metabolism which plays an important role in morbidity and 
mortality. Foods with synergetic effect like green tea, black pepper helps in enhancing the bioavailability 
of epigallocatechin gallate (EGCG), which thereby decreases resident time of EGCG and allows maximum 
absorption. Increased amounts of catechin, helps in improving the immune tolerance and reducing the 
incidences of cancers, cholesterol problems, cardio problems, etc. 
2. Prevent infections: Immunodeficiency and infections are the primary results of the malnutrition. 
Infections and malnutrition have a strong relation, which decreases the immune function. Food synergy 
plays an important role in infections. The ginger extract and curcumin help in inhibiting the cell 
proliferation, metastasis, invasion and also in different types of cancers. Turmeric also has the anti-
inflammatory effects and anti-cancer properties, helping in tumor fighting. Phenols and fatty acids in garlic 
and honey, helps in reducing the bacterial growth and help in preserving our immune system. 
3. Increased bioavailability: All the plant-based foods are abundant in micronutrients, but the 
bioavailability of nutrients is the primary aspect to be considered. The nutrients which are supplied to the 
human body mainly depends upon the bioavailability. Foods like garlic and honey helps in increasing the 
gastric juice production and enhances the iron absorption. Flavonoids with almonds help in enhancing the 
bioavailability vitamin C and E which protects the LDL oxidation. Vitamin C and Ascorbic acid present in 
green leafy vegetables helps in absorption of iron and enhances the dietary absorption of non-heme iron. 
Yogurts and banana helps in increases the good bacteria in the gut as they have the prebiotic and probiotic 
effects. 
4. Reduces chronic diseases: Combination of foods help in reducing many health problems and metabolic 
disorders. Combination of foods like honey and garlic help in decreasing the blood cholesterol and helps to 
maintain healthy heart. Garlic and fish help in boosting the immunity and in decreasing very low-density 
lipoproteins. Combination of onion and garlic helps in promoting the insulin secretion and maintaining 
healthy blood glucose levels. Foods like broccoli and tomatoes have anti-tumorigenesis and diminishes the 
cancer cells growth. Phytochemicals in apple and berry juices helps in preventing colon cancers. Rosemary 
spice when mixed with red meat while cooking can hinder the formation of carcinogens. Strawberries and 
blueberries are having protective effects of antioxidants which help in neuronal functioning as they reduce 
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the oxidative stress and inflammation and improves the signal processing. Synergic foods help in reducing 
the post-partum symptoms. Chickpea and beetroot decrease the anxiety-related symptoms during 
menstruation. 
Table 1: Combination of synergic nutrients and their health benefits: 
S.no Synergic food Supplements Health benefits 
1 Vitamin A, Zinc and micronutrients Improves the blood hemoglobin and anemia  
2 Vitamin K and D Improves the bone density, cardiovascular health and 

has the beneficial effects on oxidative stress 
3 Apple enriched dark chocolate and 

virgin olive oil 
Endothelial function is improved 

4 Calcium, Vitamin D and selenium Prevents the colorectal neoplasia, lowers the bone 
fractures, reduces prostate, lung and rectal cancers 

5 Vitamin A, zinc and vitamin E Enhances vitamin A absorption, increases the anti-
oxidant capabilities, protects from cancers, increases 
the intestinal gut health 

6 Magnesium and B6 Decreases the stress and anxiety problems in post-
menopausal women 

7 Zinc, vitamin C and D Improves immunity and protects from infection 
8 Iron and vitamin A Increases the bioavailability of carotenoids, iron 

absorption, decreases the iron deficiency anemia. 

Conclusion 
Food synergy is a combination of two or more foods with nutrient compounds when eaten together have 
many health benefits. The positive nutrient synergic foods have proved to have holistic improvement in 
health by increasing the bioavailability of important nutrients and antioxidants, by boosting the immunity. 
Synergic foods help in reducing the risk of infections, hinders the bacterial growth in the gut. The foods 
when taken in required quantities have positive effect on health issues by preventing the risk factors and 
by increasing the mental health. There are many more aspects which can be very useful to human kind. 
Elaborating on the health benefits of food synergy to people can help them to lead a quality and healthy 
life. 
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In modern era, where people are more concerned about cholesterol and coronary health conditions 
mushrooms offers a good diet supplement. The mushrooms are nature’s gift for vegetarian people and it is 
rich in various vitamins, minerals and proteins. Several kinds of edible mushrooms are available in the 
country, among them white button mushroom (Agaricus bisporus) is widely cultivated and contributes more 
than 40% of the total 4.0 million metric tonnes of mushrooms produced world-wide. Button mushrooms can 
be cultivated commercially anywhere in the valley as the essential environmental conditions required are 
easy to maintain and requisite raw material, both substrate and supplement, are readily and locally 
available.  
The process of mushroom cultivation can be divided into the following steps: 
1. Spawn production 
2. Compost preparation 
3. Spawning 
4. Spawn running 
5. Casing  
6. Fruiting. 

Spawn Production 
Spawn is produced from fruiting culture of mushrooms under aseptic conditions. Stock culture may be 
produced in the laboratory or may be obtained from other sources. Fruiting culture is mainly imported from 
various destinations including foreign countries which give higher yield compared to Indian strains and 
thereafter the spawn is produced in the lab. Apart from having high yield and longer shelf life, the spawn 
should be of good quality in terms of texture, flavor and size 

Compost Preparation 
The substrate for white buttom mushroom is mainly prepared from a mixture of plant wastes (cereal 
straw/sugarcane bagasse etc.), salts (urea, superphosphate / gypsum etc), supplements (rice bran/ wheat 
bran) and water. The 220 grams of dry substrate materials are required to produce one kg of the mushroom. 
It is recommended that each ton of compost should contain 6.6 kg nitrogen, 2.0 kg phosphate and 5.0 kg of 
potassium (N: P: K- 33:10:25) which would get converted into 1.98% N, 0.62% P and 1.5% K on a dry weight 
basis. The C: N ratio in good substrate should be around 25-30:1 at the time of staking and 16-17:1 at the 
time of final compost. There are mainly two methods for compost preparation: 
1. Short Method of composting: During the first phase of compost preparation, paddy straw is placed in 
layers and sufficient water is added to the stack along with fertilizers, molasses, wheat bran, etc. All the 
materials are is mixed thoroughly with the straw and made into a stack (almost 5 feet high, 5 feet wide 
and of any length can be made with the help of wooden boards). On second day, stack is turned and watered. 
The stack is again turned on the fourth day and gypsum and water are added. On the twelfth day, third 
and final turning of compost is carried out when compost colour changes into dark brown and it starts 
emitting a strong smell of ammonia.  
The second phase is the pasteurization phase. The prepared compost needs to be pasteurized so as to kill 
harmful microbes and to convert ammonia into microbial protein. This is done inside a steaming room 
where an air temperature of 600 C is maintained for 4 hours. The final compost thus obtained should be 
granular in structure, having 70% moisture content with pH of 7.5. It should be dark brown in colour, free 
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from ammonia, insects and nematodes and should emit sweet unobnoxious smell. The substrate is cooled 
down to 250 C after the completion of the process. 
2. Long Method of composting: The long method of composting is usually carried out in those areas 
where facilities for steam pasteurization are not there. In this method, the first turning is given about six 
days after preparation of the substrate for composting. The second turning is given on the tenth day 
followed by third one on the thirteenth day when gypsum is added. The fourth, fifth and sixth turnings are 
given on the sixteenth, nineteenth and twenty-second day. On the twenty-fifth day the seventh turning is 
given by adding 10% benzene hexachloride (125 g) and the eighth turning is given on the twenty-eighth 
day after which it is checked whether there is any smell of ammonia coming from the compost.  The compost 
is ready for spawning only when there is no smell of ammonia; otherwise, a few more turnings are given at 
an interval of three days till there is no smell of ammonia. 

Spawning 
It is the process of mixing spawn with compost. The spawn is mixed through the whole mass of compost at 
the rate of 7.5 ml./ kg. compost or 500 to 750 g/100 kg compost (0.5 to 0.75%).       
The various methods for spawning are enlisted below - 
1. Double layer spawning: Spawning is done in two stages, 1st by spreading the spawn on beds when 
half-filled with compost and then after the complete filling of containers. The spawn is pressed gently and 
containers are covered with newspapers.  
2. Top layer spawning: In this method, the spawn is spread just on the surface after filling the container 
with compost up to brim. Thereafter the layer of spawn is covered with a thin layer of compost. 
3. Through spawning: The spawn grains are mixed throughout the compost.  
4. Shake up spawning: In this case compost is thoroughly shaken up after one week of spawning and 
replaced in containers. After that either it is cased at once or few days later.  
5. Spot spawning: The grain spawn is put in the holes made at certain distance with a pointed sticks or 
fingers. 

Spawn Running 
The compost is filled in polythene bags, trays (mostly wooden trays 1x1/2 m2 accommodating 20-30 kg 
compost), shelves which are either covered with a newspaper sheet or polythene. The spawn run takes 
nearly 10 -15 days for the complete colonization of the compost and fungal bodies emerge out of the compost. 
The following environmental conditions are maintained for successful spawn run: 
1. A compost temperature of about 240 C. 
2. High relative humidity of about 23 ± 20 C to prevent the compost from drying.  
3. Carbon dioxide level up to 2% which can be achieved by re-circulating air within the spawn running 
room. 
4. Cropping room temperature of 22 to 25°C during spawn-run. 
5. Watering, if necessary. 

Casing 
After the complete spawn run, surface of the compost beds are covered with 4-5 cm layer of soil (casing) to 
induce fruiting of the mushroom. The casing material should have pH range between 7-7.5, have high 
porosity and water holding capacity. 
The following mixtures can be used as casing soil - 
1. Soil: peat mixture in 2: 1 or 3: 1 ratio  
2. Soil and sand mixture in 2: 1 ratio 
3. Well-rotten cow dung mixed with light soil in 3: 1 ratio.  
4. Garden loam soil and sand in 4:1 ratio. 
5. Decomposed cowdung and loam soil in 1:1 ratio. 
The casing soil should be sterilized before use either pasteurized (at 66-700 C for 7-8 hours), treated with 
formaldehyde (2%), and bavistin (75 ppm.) or steam sterilized. The sterilization should be done 15 days 
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prior to materials used for casing. After casing is over the temperature of the room is again maintained at 
23-280 C and relative humidity of 85-90% for another 8-10 days. The low concentration of carbon dioxide is 
required at this stage. 

Fruiting and Harvest 
The temperature of the room is reduced to 16 to 18°C and carbon dioxide concentration to about 1,000 ppm, 
once the fungal mycelium has reached the surface of the casing. The 70 to 80 % relative humidity should 
be maintained by fine spray of the water. The sporocarps of the mushroom comes in flushes, initially they 
appear in the form of pin heads and gradually develop into button stage. The first flush comes about 3 
weeks after casing and continue to do so at weekly intervals. The fruiting bodies of mushrooms are picked 
up by gently by twisting it clockwise and anti-clock-wise and then pulled very softly. If the pin heads are 
to be picked, they can be cut with the help of a sharp-edged knife. 
  



 

 
Volume 04 - Issue 04 - April 2022       361 | P a g e  
 

Cow Based Bioformulations for Pest Management 
Article ID: 36625 

Aditi Badiyala1, G.D. Sharma2, Dhanbir Singh3 
1Research Associate, Department of Organic Agriculture and Natural Farming, CSK Himachal Pradesh 

Krishi Vishvavidyalaya, Palampur, Himachal Pradesh, 176 062, India. 
2Professor, Department of Agronomy, CSK Himachal Pradesh Krishi Vishvavidyalaya, Palampur, 

Himachal Pradesh, 176 062, India. 
   3Assistant Soil Chemist, Department of Soil Science, CSK Himachal Pradesh Krishi Vishvavidyalaya, 

Palampur, Himachal Pradesh, 176 062, India. 
 

 
The tribulations created by the imprudent use of chemical insecticides calls for developing cost effective, 
environment friendly and safe pest control approaches to reduce the harm to ecosystem as a whole. 
Historically, organic wastes of animal origin were most commonly used for nutrition and plant protection, 
besides the herbs processed in liquid excreta of animals. Various workers have revealed that fortification 
of cow urine and/or cow dung with leaf extracts of various botanicals like neem, Ipomoea, Annona, Melia, 
Lantana, jatropha etc resulted in increased insecticidal property against various pests of crops and higher 
yields. Such formulations have proved eco-friendly substitute to hazardous pesticides. Therefore, we aim 
to discuss here few such cow based botanical formulations which can be used in pest management under 
organic/natural farming.  
1. Cow urine: Cow urine is known for its strong repellant action against pests since ages and 10% of 15-
day seasoned cow urine can be used as a protection to all crops in all the environments. The spray must be 
a mixture of 10 per cent cow urine and 90 per cent water. Cow urine is one of the best remedies to cure 
fungal and bacterial diseases. It has an excellent germicidal power, antibiotics and antimicrobial activity. 
Therefore, cow urine can kill varieties of germs and it also boosts immunity. Cow urine contains 95% water, 
2.5% urea, and the remaining 2.5% is mixture of salts, hormones, enzymes, and minerals. Mixing of cow 
urine with extract/decoction of plant parts after soaking, boiling or fermenting in water; prove more 
effective than spraying of cow urine alone.  
2. Beejamrit: A mixture containing 5 litres cow urine, 5 kg cow dung, burnt lime 250 g, 100 g soil around 
the tree and 20 litres of water. The seeds or planting material should be treated before sowing with 200ml 
beejamrita per kg seed.  The seeds of selected crop are spread on a tarpaulin sheet and beejamrita is 
sprinkled on the seeds to coat them uniformly. The seeds are then dried in shade and sown the next day. 
In case of vegetatively propagating crops, the tubers/rhizomes/sets/grafts of selected crop are put in a 
bamboo basket and the basket is dipped in a tub containing beejamrita for 15-20 seconds Beejamrit treated 
plants show increased resistance against insect-pests and diseases throughout their growth period. 
3. Jeevamrit: A solution containing cow urine 10 litres, cow dung 10 kg, live soil 1 kg, jaggery and gram 
flour each 2kg and 200 litres water. The solution should be kept for fermentation in shade for 5 -7 days 
while stirring intermittently and thereafter strained through the cloth and stored. The prepared solution 
should be used within 7 days. Drenching and spraying soil/transplants at 5 to 10% with this solution 
improve the soil beneficial fauna, fertigation and provide protection against pests. While applying 
jeevamrita, there should be enough moisture in the land. 
4. Panchagavya: Panchagavya is an organic formulation, which in Sanskrit means the blend of five 
dissimilar products viz., milk, curd, ghee, urine and dung obtained from Desi cow (all these products are 
individually called as “Gavya” and jointly named as Panchagavya). Take 5 kg cow dung, then add 3 litres 
cow urine, 2 litres milk, 2 kg curd, and 1 kg desi ghee/clarified butter and mix well. Keep the mixture in a 
shady place and cover with a wire mesh or plastic mosquito net for fermentation in an airtight vessel for 
10 to 15 days, while stirring every day. It offers excellent protection to different diseases and insect-pests 
of crops at 10% solution. It is also helpful as seed treatment or as drench in nursery and polyhouse. 
5. Fermented butter milk: Is commonly known as lassi or chhachh. It is a known strong repellant, 
antifeedant and cures many of the plant diseases/disorders. Only 10-20 times diluted 15-20 days old 
solution should be used in crops/any environment to avoid phytotoxicity to tender leaves. 



 

 
Volume 04 - Issue 04 - April 2022       362 | P a g e  
 

6. Neemastra: Boil 4 kg of crushed neem seeds/leaves/ chopped neem plant parts in almost equal amount 
of water till the contents reduce to half. Then add 2 litres of seasoned cow urine. The solution can be used 
after sieving and further diluting 15 to 20 times against wide variety of insect pests and diseases of crops. 
Its uses on crops provide the resistance to sucking insect-pests and caterpillars and increase the overall 
crop productivity due to the immune-stimulant stirring of the active principles in both the cow urine and 
neem leaf extract. 
7. Agneyastra: Put the chopped leaves of Ipomoea 1 kg, Melia azadarach 5 kg in 10 litres cow urine. Add 
crushed half kg each of red chilli and garlic in the suspension. Boil the mixture till quantity remains half. 
Dilute 10 times before spray for use in the field against pests like stem borers, fruit borers, root borers and 
leaf folders that are hidden inside stems, fruits, roots and leaves of plants. 
8. Dashparni: The word Dashparni contains two different words: ‘Dasha’ means ‘ten’ and ‘parana’ means 
the plant or tree leaf, meaning it constitutes leaves of 10 plants. Macerated leaves of plants viz. 400 g of 
Melia azardarach, 250 g of Allium sativum and 100g each of Ipomoea carnea, Polygonum hydropiper, 
Juglan spp, Solanum nigrum, Lantana camara, Eupatorium adenophorum, Tagetes spp and red chilli 
powder should be added in 2 litres of cow urine and 10 litres of water. Keep the solution for 10 days in a 
closed vessel. It is a known broad spectrum botanical insecticide with strong repellant and antifeedant 
action. It helps in developing immunity within plants and shows antiviral, antibacterial and antifungal 
properties. In Dashparni ark, the major components like alkaloids, steroid, tannin, coumarin, proteins, 
amino acids, flavonoid, phytosterol, phenol, glycosides, and carbohydrates are present, many of which show 
strong repellent activity. Its foliar applications have been reported to exert protection and strong repellence 
against sucking pests, pod/fruit borers, and some species of mosquitoes. 
9. Melia extract: Add 5 kg chopped Melia azadarach leaves and 2 kg cow dung in 5 litres cow urine. Mix 
well and store for at least 3 days. Stir the solution properly, sieve and dilute with 100 litres of water. The 
suspension is ready for use in the field. It has proved effective at 5-10% sprays at weekly intervals against 
the sucking pests of crops. 
10. Lantana extract: For preparing the extract, use 4 kg fresh leaves of Lantana camara in 12 litres of 
cow urine and equal amounts of water. After 15 days, sieve the solution which is ready for use as spray 
against crop pests. Dusting with dry powder mixed with 5 times of ash provides good results against 
defoliators.  
11. Ghaneeri extract: Take 2 kg crushed leaves of Polygonum hydropiper and add in 4 litres each of cow 
urine and water. Keep the mixture in an air tight vessel for 15-20 days for fermentation, later strain and 
use as 10 % solution against soft bodied insects at weekly intervals. It has been reportedly found quite 
effective against mustard aphid, jassids and whiteflies under organic conditions. 
Table 1: Some experiments on insect-pest management through cow based bioformulations: 
Sr. 
No 

Bioformulation Insect-pests managed Crop Place of study Reference 

 Neem Seed Kernel 
Extract 3% (in cow 
urine ) 

Mustard aphid, 
Lipaphis erysimi 

Mustard Madhya 
Pradesh 

Gupta 
(2005) 

 Cow Urine + water 
(1:1) 

Sucking bugs viz. 
Aspavia armigera, 
Decticoides brevipennis, 
Clavigralla 
tomentosiccollis 

Amaranthus  Nigeria Onunkun 
(2014) 

 Agneyastra 5% Brown plant hopper, 
Nilaparvata lugens, 
Whitebacked plant 
hopper, Sogatella 
furcifera, Leaf folder, 
Cnaphalocrocis 
medinalis 

Paddy Karnataka Ravichandra 
et al. (2014) 
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 Brahmastra 20 % Cotton aphid, Aphis 
gossypii, Cotton 
leafhopper, Amrasca 
biguttula biguttula, 
Thrips, Thrips tabaci 
and whitefly, Bemisia 
tabaci 

Cotton Gujarat Patel et al. 
(2017) 

 Panchagavya 3% + 
Cow Urine 3% 

Ash weevil. Myllocerus 
and bean leaf roller, 
Omoides diemensalis 

Soybean Meghalaya Das et al 
(2018). 

 NSKE 5% and 
Neemastra 20% 

Green leafhopper, 
Empoasca flavescens 

Castor Andhra Pradesh Kumar and 
Sarada 
(2020) 

 Darekastra 5% 
+Agneyastra 5% 

Tobacco caterpillar, 
Spodoptera litura 

Tomato Himachal 
Pradesh 

Badiyala 
and Kanwar 
(2021) 

 Darekastra 10%, 
Jeevamrit 10% 

Aphids, Aphis gossypii, 
leafhopper, A. biguttula 
biguttula 

Okra Himachal 
Pradesh 

Kaushal et 
al. (2021) 

 Darekastra 10% and 
Tamarlassi 10% 

Two-spotted spider 
mite, Tetranychus 
urticae 

Cucumber Himachal 
Pradesh 

Thakur and 
Sood (2022) 

The green bioformulations prepared by mixing either the cow dung or urine in distinct proportions with 
diverse botanicals, are being used by farmers and researchers as effective pest repellents in agriculture. 
Since nature has bestowed us with innumerable plant species, therefore, more research is needed in this 
direction to explore many such plants and to study their synergistic action with cow dung and cow urine so 
that more products can be developed to have enhanced efficacy against insect-pests infesting crops and at 
the same time obtaining residue free food. 

References 
1. Badiyala, Aditi and Kanwar, Sangeeta. 2021. Eco-friendly management of Spodoptera litura on tomato grown in polyhouse 

under natural farming conditions. Sixth National Conference on Biological Control: Innovative Approaches for Green India 
held on 3 - 5 March 2021. ICAR-NBIAR, Bengaluru. p 126 (abstract). 

2. Das A, Dey U, Baiswar P, Pande R, Ramakrushna GI, Layek J. 2018. Development of spray schedule involving commercial 
and indigenous biopesticides for insect pest and disease management in soybean crop. Innovative Farming 3(1):11-18. 

3. Gupta M.P. 2005. Efficacy of neem in combination with cow urine against mustard aphid and its  effect on coccinellid 
predators. Natural Product Radiance 4(2):102-106. 

4. Kaushal, Shruti, Sharma P. K, Sharma, P C and Joshi, M.K. 2021. Efficacy of natural products on sucking pests of okra. Indian 
Journal of Entomology 83(2021) Online published Ref. No. e20157 DoI No.: 10.5958/0974-8172.2020.00219.9 

5. Kumar, G. V. S. and Sarada, O. 2020. Evaluation of cow based fermented organic products for non-insecticidal pest 
management in castor. International Journal of Current Microbiology and Applied Sciences 9(10): 292-300. 

6. Onunkun O. 2014. Field trials using cow urine and dung as biopesticides against sucking bugs of Amaranthus cruentus. 
International Journal of Research in Agricultural Sciences 1(3):167-171. 

7. Patel, R. D.; Bharpoda, T. M.; Borad, P. K.; Bhatt, N. A. and Mahida, R. D. 2017. Efficacy of different bio-pesticides against 
sucking pests of Bt cotton. AGRES – An International e-Journal 6 (1): 171-180. 

8. Ravichandra Y. P., Sreenivas, A. G., Prabhuraj, A. Hiremath, G. M., Rachappa, V. and Vendan. K. T. 2014. Management of 
insect-pests of paddy by organic approaches. Journal of Biological Control 28(3): 166-176. 

9. Thakur, S. and Sood, A.K. 2022. Foliar application of natural products reduces population of two- spotted spider mite, 
Tetranychus urticae Koch on parthenocarpic cucumber (Cucumis sativus L.) under protected environment. Available at SSRN: 
https://ssrn.com/abstract=4012411 or http://dx.doi.org/10.2139/ssrn.4012411. 

  

https://ssrn.com/abstract=4012411


 

 
Volume 04 - Issue 04 - April 2022       364 | P a g e  
 

Golden Rice: A Boon or Ban to the Indian Society 
Article ID: 36626 

Aryaman Modak1, Lakshya Kumar Singh1, Nimisha Choudhary1 
1Department of Agriculture, School of Agriculture, Lovely Professional University, Jalandhar, India. 

 
 

Introduction 
Human body is the most complex machine present on the earth. As machines require fuel (petrol, diesel, 
electricity etc.) for working, in the same way the human body also requires several macro nutrients 
(proteins, carbohydrates, fats) and micronutrients (vitamins and minerals) for proper functioning. Out of 
these, Vitamin A (Retinol) is required by the human body, primarily for proper vision, immunity, growth 
and development etc. (Tariku et al., 2016). It is present in leafy vegetables like spinach, yellow fruits like 
mango, papaya etc., cheese, milk, fish oil etc. But according to reports, 21.1% pre-school children and 5.6% 
pregnant women suffer from Vitamin A Deficiency (VAD) worldwide (Rice et al., 2004). Out of the total 
VAD affected people, the maximum population resides in the South Asian and African countries. This 
problem is prevalent among this population due to economic constraints, socio-cultural limitations, 
insufficient dietary intake, and poor absorption (Akhtar et al.,2013). 
According to the reports, rice is one of the cheapest and most popular staple crops which is consumed by 
all sections of society in South Asia (Muthayya et al., 2014). Viewing the increasing number of VAD diseases 
(which leads to night blindness, measles, diarrhea etc.) and the food habits of South Asian people, the 
scientists came up with a unique idea and incorporated the β-carotene (precursor of vitamin A) synthesizing 
gene into the rice crop through genetic modification. This new variety of rice is known Golden Rice which 
is yellow or golden in colour and is believed to be helpful in fighting against the vitamin A deficiency (VAD) 
diseases. 

Development of Golden Rice 
Rice is endowed with many nutrients. It also possesses the whole machinery for the synthesis of β-carotene 
(precursor of Vitamin A) but not in its endosperm (the edible part) (Buu, 2003). Hence to produce β-carotene 
in rice endosperm, agrobacterium-mediated transformation technology is used (Baranski, 2013). 
In this technology, activation of β-carotene pathway requires four additional genes viz. phytoene synthase, 
phytoene desaturase, zeta carotene desaturase and lycopene β-cyclase. The phytoene synthase and lycopene 
β-cyclase are isolated from daffodil plant (Narcissus pseudonarcissus). Phytoene desaturase and zeta 
carotene desaturase can be circumvented by using a bacterial gene, carotene desaturase which is isolated 
from a bacterium Erwinia uredovora (Buu,2003). 
These genes, along with the segments of DNA, are inserted into the plasmids that occur inside 
Agrobacterium tumefaciens. In order to infect the endosperm and also to transfer the genes that activate 
the entire β-carotene biosynthesis pathway, the agrobacteria are then added to a petri dish containing 
immature rice endosperm (Beyer et al.,2002).  
In the β-carotene biosynthesis pathway, β-carotene biosynthesis begins with a small compound, isopentyl-
diphosphate (IPP) and its isomer dimethylally-diphosphate (DMAPP). With the help of GGPP synthase 
enzyme, the IPP/DMAPP is converted into geranylgeranyl-diphosphate (GGPP), which is an early 
precursor of beta carotene (Beyer et al.,2002). 
After introducing the phytoene synthase gene isolated from Daffodil plant, the GGPP molecules produces 
first colourless carotene i.e. phytoene. Phytoene under a series of desaturation reaction with the help of 
carotene desaturase (bacterial gene) or phytoene desaturase and zeta carotene desaturase, lead to the 
formation of lycopene, which is a red compound.  At last, with the help of lycopene β-cyclase gene (isolated 
from daffodil plant or naturally present in wild relative of rice), lycopene produces the precursor of Vitamin 
A i.e. β-carotene into the rice endosperm (Beyer et al.,2002). 
Then the plant cells are grown in culture medium and a transgenic rice plant is generated from the 
transformed cell. All of its endosperm carries beta carotene and expresses it in yellow or golden colour. 



 

 
Volume 04 - Issue 04 - April 2022       365 | P a g e  
 

 
Fig 1: Schematic diagram showing the steps for the development of golden rice strain 

Now, this transgenic rice plant produced should be crossed with the locally grown variety for its adaptation 
to the particular region’s climate and growing conditions. 
When the golden rice is consumed, the β-carotene present in the rice shall be absorbed in the stomach and 
converted to vitamin A. This vitamin A will be absorbed by the body thus solving the problem of vitamin 
deficiency. 

Nutritional Content and Effect on Health 
The white rice or the regular rice that we consume in our day-to-day life contains several nutrients. The 
amount of nutrient white rice is given below. 
Nutrients Amount/100 Grams 
Moisture 12mg 
Protein 6.7mg 
Fats 0.4mg 
Crude fiber 0.3mg 
Carbohydrate 80.1mg 

Table 1: Nutritional content of white rice per 100grams (Verma and Shukla, 2011) 
According to the reports of IRRI (International Rice Research Institute), the golden rice also contains the 
same amount of nutrients as that of white rice; but the only difference is that it contains β-carotene at the 
rate of 3.5mg per 100 grams (Tang et al., 2009). 
Golden rice being a rich source of vitamin A, when consumed, provides many benefits to the body viz. low 
risk of visual impairment and chronic disorders, reduction of gastro-intestinal problems such diarrhea, 
colitis etc. Also, golden rice helps in controlling blood pressure and cholesterol (Hamza et al., 2018). 
According to the IRRI reports, the golden rice has received safety approvals from only Australia, New 
Zealand, Canada, USA, Bangladesh and Philippines. Despite all the benefits of Golden Rice, shockingly, 
India has not approved the production or consumption of Golden rice though it contributes to 48% of total 
VAD cases of South Asia below the age of 5 (Akhtar et al., 2013). 

Reasons for Disapproval of Golden Rice in India 
The possible reasons for the disapproval of Golden Rice in India can be due to its low yielding character. 
When it was put to field trials, it was found that the yield from this was lower compared to the conventional 
rice varieties. Moreover, when the Indian scientists had introduced the genes of golden rice into the high 
yielding and superior variety of indica rice named Swarma, it showed detrimental side effects. The grains 
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of the indica rice turned pale, the growth of the plant had stunted, its flowering was delayed, there was 
abnormal root growth and the biggest drawback was that its yield had drastically reduced (Kelam). 
Besides the low yielding characteristic, the scientists also suspected that due to the cross pollination of 
pollens from the golden rice, there can be emergence of new hybrids. The hybrids may have an uncontrolled 
spreading nature which would cause interference in the growth of other crops; thus acting as a weed 
(Kelam). Also, when the golden rice is crossed with local variety, there are chances that the vitamin A 
content in the rice would fluctuate (Kelam). 
According to reports, European Union had earlier put allegations on India about traces of GM rice genes 
in the Basmati rice that was exported. Viewing this, the Indian Government had put a ban on cultivating 
Golden Rice in the Basmati belt as a safety precaution. 
Also, while cultivating Bt Rice in field trials, it was found that Bt toxin was being released from the roots 
of the plant which increased soil acid phosphate and decreased soil urease, thus hampering the growth of 
other crops (Hamza et al., 2018). Seeing this, the scientists anticipated that the same might occur with the 
Golden rice. 

Conclusion 
According to the Hindu, in 2016, the field trials for golden rice were approved in institutes like Indian 
Agricultural Research Institute (IARI), Tamil Nadu Agricultural University (TNAU), Bayer Bioscience and 
Mahyco. But in 2017, researchers reported that there was a decrease in production in the rice when it was 
crossed with Indian rice variety Swarma. 
Though the Golden Rice failed to meet the safety requirements, there are chances that India may again 
conduct field tests for the Golden Rice in future. If it manages to pass the safety requirements and the 
drawbacks of low yield successfully, then it is expected be a huge boon for the Indian market in reducing 
the VAD disorders. 
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Introduction 
The hydrogel/ super absorbants is a soil conditioner able to retain water and plant nutrients. Hydrogel is 
commercially available as stocksorb/Raindrop/agrosorb. Stockosorb releases water and nutrient to the 
plants, when surrounding soil near root zone of plants starts to dry up. Hydrogel polymers play a vital role 
in horticultural uses as structural materials for creating a climate beneficial to plant growth in arid and 
semi-arid regions; it could use as retaining ingredients in different forms. The application of hydrogel in 
arid and semi-arid regions improve soil properties, increases the water holding capacity of the soil, enhance 
of the soil water retention, improving irrigation efficiency, increasing the growth of various crops, and 
enhancement water productivity of the crop. It also provides a conducive atmosphere for the better growth 
of roots in well-drained soils and ultimately increases yield. 

Definition 
The hydrogel/ super absorbants is a soil conditioner able to retain water and plant nutrients. Hydrogel is 
commercially available as stocksorb/Raindrop/agrosorb. Stockosorb releases water and nutrient to the 
plants, when surrounding soil near root zone of plants starts to dry up.  
Various groups of Super absorbent Polymers:  
1. Starch-polyacrylo-nitrile graft polymers (starch copolymers)  
2. Vinyl alcohol-acrylic acid co-polymers (polyvinyl alcohols)  
3. Acrylamide sodium acrylate co-polymers-cross-linked polyacryl-amides (Woodhouse and Johnson 1991). 

Applications of Super Absorbents in Horticulture 
Hydrogel polymers play a vital role in horticultural uses as structural materials for creating a climate 
beneficial to plant growth in arid and semi-arid regions; it could use as retaining ingredients in different 
forms as follow:  

a. Seed additives to support seed germination or seed coatings.  
b. Dipping of seedling roots before establishment.  
c. Immobilizing plant growth substances.  
d. Coating protecting agents (herbicides and pesticides) for slow release.  
e. Polymeric Biocides and Herbicides.  
f. Water-insoluble polymers.  
g. Polymers for soil remediation. 
h. In particular, hydrogel absorbs soluble fertilizer, water and then releases it in proper time for 
plants.  

In greenhouse: The use of polymers was projected to increase the water holding capacity of soil and 
soilless mixes used in the production of floral and nursery crops in the greenhouse, many of the early 
recommendations were developed for various greenhouse crops. Growers were searching for methods that 
would increase the number of days between watering crops as well as reduce the total amount of water 
needed to grow their crops to maturity. Crop response to the addition of polymers in soil and/or soilless 
media appeared to be greatest when incorporated in sands or media with low organic matter.  
In fruit crops: Various research findings suggested that, the lower tree mortality in newly established 
orchards and sustained active growth in established orchards under stress conditions. Because of the 
interest in injecting hydrated polymers in orchards, several injection machines have been designed in the 
western United States. In addition to applying polymers in the hydrated state, the application equipment 
has been designed to apply dry polymer at four or more different sites located around the drip line of trees. 
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Initial reports from developers of equipment indicated good results with the equipment and with placement 
of the polymer in the drip-line area.  
In turf: Because of the turf has shallow root system of many in species (as compared to most other 
horticultural crops) and continual traffic that occurs on a daily basis, many researchers have reported that, 
in established turf, a uniform application of dry polymers can be difficult when knifed in at 9-inch spacing. 
However, it appears that injection of hydrated polymers in established turf is more successful and efficient 
than dry polymer application (Nus et al., 1993). 
Effect of the hydrogel in retaining the water: Hydrogel polymer improve water penetration rate, 
hydrogel polymer have been used as water retaining material in arid and semiarid region under limitation 
of supplementary irrigation sources and salinity conditions which affect negatively on gradual growth and 
productivity of crops, hydrogel used to increase a water reservoir near the root zone and increased the field 
capacity of different soils, also, increased both water available for plants and the period of its availability 
(Montesano et al., 2015).  
The effects of hydrogel on soil properties: Soil moister considered as a restricting factor for crop 
production in arid and semi-arid regions. The polymer as soil conditioners was recognized since the 1950s. 
Agricultural hydrogels can change the different soil properties through various mechanisms like:  

a. Implement water-holding capacity of the soil.  
b. Increasing soil permeability.  
c. Improving water retention on different soil types.  
d. Increase the water use efficiency.  
e. Increase irrigation intervals due to increasing the time to reach a permanent wilting point.  
f. Minimizing soil erosion and water run-off.  
g. Implement soil penetration and infiltration. 

Effect of hydrogel on in nursery management: The containers used for the production of rootstocks 
comprise small volume of substrate, which limits the availability of water to plants making necessary 
frequent irrigation, resulting in significant loss of some nutrients. Thus, the use of the hydrogel polymer 
on substrate is an alternative to improve the process of production of citrus rootstocks, because it keeps the 
substrate humid, minimizes nutrient leaching and increases growth of plants. The addition of hydrogel 
polymer to substrate showed satisfactory results for the rootstock ‘Cleopatra’ mandarin and propagation 
by cuttings of sweet passion fruit (Fonteno and Bilderback, 1993). 
Flowering and harvesting time: In banana increasing amount of applied polymer significantly 
shortened the flowering and harvesting time of plants. Time to flowering tended to decrease with increasing 
water quantity. High applying polymer dose (1500 gm mat-1 year-1) also high amount of irrigation (8000 
m3 fed-1 year-1) decreased the period of flower compared with the control (Rajiv et al., 2013). 
Yield: Reported that, the increased banana bunch weight (27.75 to 27.88 kg plant-1), hand number per 
bunch (11.00 to 11.21), net bunch weight (2.31 to 2.36 kg), number of fingers per bunch (189-194) and finger 
weight (123.98 to 133.70 g) was recorded by using 150 g plant-1 of hydrogel with irrigation by 80% of IR 
(Barakat et al. 2015).  
Fruit quality: The treatment 100 g stockabsorb resulted in highest reducing sugar content and was 
significantly higher than that of control. The fruit was of largest size. The ascorbic acid content in these 
fruits was also recorded highest i.e., 106.613 mg 100 g-1 (Pattanaaik et al., 2015). 
Effect of hydrogel on water saving: The Stockosorb/ Raindrop/ Agrosorb (soil conditioner) able to retain 
water and plant nutrients. Stockosorb releases water and nutrient to the plants when surrounding soil 
near root zone of plants starts to dry up. Planting on well drained, gravely and sandy soils of Pasighat and 
lack of supplementary irrigation and application of nutrients causes gradual decrease in productivity of 
crops. The soils added with 100 g of stockosorb granule per plant reduced the irrigation interval 
considerably for Assam lemon (Citrus limon) with an increased yield and quality attributes (Pattanaaik et 
al., 2015). 
Nutrition: Hydrogel application minimizes micronutrients from washing out to water tables and increase 
water consumption efficiency; also, they reduce the quantity of fertilization, since the nutrient leaching is 
prohibited by decreasing runoff. (El-Hady, 1981). 
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Conclusion 
The application of hydrogel in arid and semi-arid regions improve soil properties, increases the water 
holding capacity of the soil, enhance of the soil water retention, improving irrigation efficiency, increasing 
the growth of various crops, and enhancement water productivity of the crop. It also provides a conducive 
atmosphere for the better growth of roots in well-drained soils and ultimately increases yield. 

Future Thrust 
The demand within the global super absorbent polymer has been raising an account of advancements in 
the field of hydrogel testing and research. However, further researches are required to reach market 
availability and quality & precision of product. 
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Introduction 
Beyond good agronomic and horticultural practices, growers often rely heavily on chemical fertilizers and 
pesticides. However, the environmental pollution caused by excessive use and misuse of agrochemicals as 
well as fear mongering by some opponents of pesticides has led to considerable changes in people’s attitudes 
towards the use of pesticides in agriculture. A concomitant increase in the proportion of pests and diseases 
resulted in the increased use of toxic chemical for their management. previous training was associated with 
increased levels of farmers’ knowledge of pesticides and beliefs about pesticide hazard control, was 
accompanied by elevated safety behavior in farmers, and thus was connected with lower occupational 
exposure to pesticides. Interventions that facilitate knowledge and compliance with safety behaviors should 
become a priority for decreasing exposure to pesticides among farmers. 

Objective 
1. To provide knowledge regarding safe use of pesticide to the farmers. 
2. To provide knowledge regarding first aid measures for pesticide exposure to the farmers. 

Methodology 
Location of the study area: The present study was carried out at village Semariya (Dist.- Bemetara) in 
Chhattisgarh plains during the years 2020-21. The major criteria considered for the selection of the topic 
was that it should be new and need based one. Accordingly, “Awareness for Safe use of pesticide and first 
aid measures for pesticide exposure” was selected. 
Procedure: Group discussion and demonstration were carried out among farmers. Visual aids like 
pamphlets were used for raising awareness. 50 farmers were selected purposively from Semariya village. 

 
Fig. 1:  Group discussion at village. 
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Fig. 2: Pamphlet used to aware people for safe use of pesticide. 
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Fig. 3: Pamphlet used to aware people for first aid of pesticide exposure 
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Fig. 2: Demonstration and pamphlets distribution to farmers. 

Conclusion and Future Aspects 
The study concluded that farmers’ levels of awareness of the risks of pesticides to the environment and 
human health were low. This demonstration was played a vital role for awareness among rural people for 
safe pesticide usage and first aid measures of pesticide exposure. Furthermore, the safe management of 
pesticide use should be amplified through training which should be conducted by the Department of 
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Agriculture for farmers who use pesticides on their crops. The focus should be on inexperienced farmers, 
especially younger farmers. An incentive to younger farmers should be considered so that the awareness of 
the risks of pesticide to the environment and human health can be raised. 
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Abstract 
Tillage plays a crucial role in improving crop production. With the concept of conservation agriculture and 
no-till, the soil needs to be disturbed minimal and open only for seed placement. The amount of energy can 
be saved up to 37% by changing conventional to conservation tillage. Maize is a widely grown crop and 
requires a lot of labor and time. Farmers practice broadcast sowing of maize, which costs less, but final 
income is also less due to higher seed costs. The sowing methods which are mostly used are broadcasting, 
ridge sowing, bed sowing, and flat sowing. There are so many disadvantages of the broadcast method; 
irregular seed distribution, uneven seed depth, and seed picking up by the birds. Many mechanical planters 
are used for maize planting but have high chances of missing and multiples. 
Robotic spot-tiller cum planter is an advanced technology, the seedbed can be prepared just for planting in 
a seed zone, which reduces the moisture loss and prepares soil only in the vicinity of the seed, saves energy, 
fuel consumption, and provide a conducive growth environment for the root zone. achieved qualified seed 
rate was fulfilled the agronomic requirements of wheat sowing and it was observed as more than 93%. 
Keywords: Spot-tillage, robotic planting, precision sowing. 

Introduction 
Field crops depend largely on soil conditions for growth and yield. For improving soil conditions, tillage 
plays a crucial role in improving crop production. Among different crop production factors, tillage 
contributes up to 20% to crop production (Ahmad et al., 1996). Tillage is a very effective farm activity for 
improving the soil's physical condition and soil tilth, enhancing nutrient uptake, and ultimately higher 
crop yield. But tillage or seedbed preparation has a significant share of input energy in agricultural 
production systems. With the concept of conservation agriculture and no-till, the soil needs to be disturbed 
minimal and open only for seed placement. In a study, Lal et al. (1990) has reported that the amount of 
energy can be saved up to 37% by changing conventional to conservation tillage. The minimum tillage 
practice in cereal and leguminous crops consumes 7% and 10 to 15% of lesser energy than the conventional 
tillage (Hernanz et al., 1995). Fuel and energy decreased due to reduced tillage have been reported by 
different researchers. Still, a decrease in fuel energy and indirect mechanization had a different effect on 
energy efficiency. If the intensity of tillage operation decreases, the energy efficiency will increase (Zentner 
et al., 2004). 
Maize (Zea mays L.) is the third most important grain crop in the world. The total area of maize in India is 
over 9.47 Mha and production is 28.72 Million tonnes (2017-18). Ten states in India represent around 80% 
of the total area under maize (DAC&FW2019). The major factors responsible for low maize yield are low 
yielding varieties and inadequate cultural management practices, particularly in the area of fertilization, 
insect, diseases, weed control, and, most importantly, planting operation. The method of maize cultivation 
requires a lot of labor and time. Farmers practice broadcast sowing of maize, which costs less, but final 
income is also less due to higher seed cost, increase intercultural operational cost, and lower grain yields. 
Few farmers practice labor-intensive line sowing methods with higher labor costs, which encouraged the 
introduction of maize planters. Production practices currently used for maize planting in developing 
countries are labor-intensive and inefficient (Pradhan et al.,2011). 
As per agronomic requirements, maize has a 60 x20 cm crop geometry based on the root growth pattern. 
The sowing method is another key factor that has an important role in maize crop production. The sowing 
methods which are mostly used are broadcasting, ridge sowing, bed sowing, and flat sowing. There are so 
many disadvantages of the broadcast method; irregular seed distribution, uneven seed depth, and seed 
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picking up by the birds. Hill dropping is the sowing method in which two to three seeds are placed at a 
fixed spacing and the plant to plant spacing in a row is maintained. The agronomic performance of crops 
in hill drop sowing with a different number of plants per hole is similar to that of an equidistant distribution 
of plants (Esmael et al.,2018).  If space around the seed is tilled with adequate tilth and area with depth, 
it can result in proper germination and subsequent good growth. It can result in a reduction in tillage and 
energy-saving Many mechanical planters are used for maize planting but have high chances of missing and 
multiples. So, to overcome these problems, robotic planters are needed. There are many studies related to 
hill dropping and tillage for maize, but there is no study available on optimum tillage zone, area, and seed 
zone volume for maize crops. By using a Robotic spot-tiller cum planter, the seedbed can be prepared just 
for planting in a seed zone, which reduces the moisture loss and prepares soil only in the vicinity of the 
seed, saves energy, fuel consumption, and provide a conducive growth environment for the root zone. 
Robotic spot-tiller cum planter can automatically till the critical area for the seed and, at the same time, 
drop the seeds in hills.  
The robotic tillage is not suitable for heavy ploughing work in the field. Fig.1 shows the working unit of the 
robotic tillage with a track width of 1.5m. The whole unit was able to drive the 2 small tine units 
successfully with a working depth of 15cm in the field. Irrespective of the field conditions (dry or wet), the 
robot tillage system was able to perform its function without being stuck with the bare visibility of the 
tracks (Burud et al., 2017). 

 
Fig.1: robotic tillage 

Haibo et al. (2015), conducted an experiment on a wheat precision seeding robot to provide advanced 
support for increasing wheat crop yield. They designed a mobile robot and experimented in the various field 
operating conditions with the quadratic orthogonal rotation combination design method. 

 
Fig.2: Wheat precision seeding robot 

The achieved qualified seed rate was fulfilled the agronomic requirements of wheat sowing and it was 
observed as more than 93%. The technique has difficulty for its wider applications due to the lack of 
effective agriculture machines. 

Conclusion 
Precision sowing helps in optimal usage of resources. Robotics application in precision sowing will help to 
attain this criterion with advanced techniques. Thus, the robotic spot tillage with the planting attachment 
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acts as an alternative in this way to achieve better solutions in reducing drudgery and time-consuming 
sowing tasks. 
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Abstract 
Zabo is a unique and an indigenous type of cultivation which is being practised by the tribes Chakhesang 
in Phek district of Nagaland. The cultivation practice is quite significant as the water scarcity due to runoff 
in the sloppy areas of Phek district is coped up. It acts as a water harvesting system, soil conservation 
system and as an integrated farming system. This traditional practice comprises of cultivation of Tree 
crops, Horticultural crops, Animal Husbandry, paddy cultivation along with fish farming. 
Keywords: Water harvesting, Nagaland, Integrated farming, Chakhesang. 

Introduction 
In Nagaland, which is a vibrant hill state located in the extreme North East of India, there lived some 
tribal people named Chakhesang in Kikruma village, Phek district. Even though the village is under the 
rain shadow the demographic pattern of the land made it difficult for the tribal farmers to cultivate various 
crops. Such situation demands the tribes and paved the way to develop an innovative cultivation system 
named zabo.The practice helps in soil conservation, water conservation and increase in crop production 
“Zabo” a word from Chakhesang tribes Chokri dialect which depicts “impounding of water”. If this system 
doesn’t exist, the tribes might have faced some challenges in doing agriculture near hilltops due to runoff, 
soil erosion. 

Zabo - An Overview 
The farming system starts with a catchment area from where the rainwater is directly collected in a farm 
pond which is artificially constructed by the locals of Kikruma village. The catchment area is conserved 
with the forest crops in order to reduce the soil erosion due to runoff water. The water collected in the farm 
pond is then distributed through channels to meet the needs of different fields of the farming system. The 
channels may be of open type or made of bamboo pipes. The water from the pond initially reaches cattle 
shed where it collects yard waste like cow dung and urine. The yard waste consists of certain nutrients that 
boost the growth of the crops that are cultivated in the following fields. After collecting yard waste, the 
water reaches the field cultivated with horticultural crops. The crops can be vegetables or fruits. Finally, 
it reaches the paddy field which is located at the lowest part of the slope. In zabo, generally paddy is 
cultivated at lower elevation as it requires standing water. Also, it facilitates to do fish farming in the 
paddy sown region. As a whole it is a soil conservation, water harvesting and as an integrated farming 
system. 

 
Zabo farming system model 
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As a Soil Conservation System 
Soil erosion is a major constraint to practice farming in hilly areas due to surface runoff water. If the runoff 
water is not properly checked, may results in huge loss of soil. Thus, soil conservation is an essential one 
while doing crop cultivation at hilly areas. This aspect is considered by the tribes Chakhesang and the Zabo 
cultivation system is constructed accordingly. In Zabo, the catchment area is conserved with forest crops 
as they possess thick roots and makes fine root network within the soil. Thus, the soil surrounding the root 
is firmly held which prevents soil erosion. 

As a Water Harvesting System 
Components: Catchment area, silt retention tanks, farm pond. 
Being a hilly region, it is difficult to store water due to runoff. This demands a water harvesting structure 
for practicing agriculture. The water harvesting structure starts with a Catchment area. Between 
catchment area and farm pond, several silt retention tanks are constructed where the water is trapped for 
2-3 days. A farm pond is constructed along the waterway which is plastered to prevent seepage of water. 
This harvesting structure collects and supplies water to the field. Then it is drained to the cattle shed. 
There it is mixed with cattle wastes such as cow dung, cow urine which acts as a manure to the crops. 
Finally, the water from the cattle shed is reached to paddy field located at lower elevation. The water stands 
in the paddy field till harvest which facilitates farmers to practice fish farming. 

As an Integrated Farming System 
In Zabo culture, trees are conserved in the forest area that is the catchment area. Along the bank of the 
pond, fruits such as banana, citrus and vegetable crops such as chilli, cucurbits, colocassia. are cultivated. 
Livestock such as cattle, goat, poultry, and piggery are raised besides the pond. The yard wastes are 
collected along the channel and irrigates the paddy field which enhances soil fertility and supplies nutrients 
to the crops. Also, poultry waste feeds the fish inpaddy cum fish culture. 

Conclusion 
Zabo paves a way for sustainable agriculture. In this system water is harvested and used judiously. It 
prevents unnecessary water loss and soil loss. It fulfills the water requirements of the locals to do farming. 
Being a successful technique, it can be practised in other hilly regions. Besides water harvesting it 
maintains soil fertility. By innovating the technique the chakhesang tribes become a pioneer in practising 
agriculture in sloppy areas. 
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Abstract 
Now-a -days, family farming is having a great importance especially for rural communities who are 
expecting a healthy lifestyle. According to FAO Policies, family farming is a means of organizing 
agricultural forestry, fisheries, pastoral and aquaculture production which is managed and operated by a 
family and predominantly reliant on family labours including both women’s and men. The 66 th session of 
United Nations declared 2014 the International Year of Family Farming (IYFF) to recognize the 
importance of family farming to reduce poverty and to improve global food security. Family farming 
develops better environment. Through the family farming quality of the food is also enhanced. It also helps 
in enhancing the fertility of soil without damaging its nature. Thus, it helps in the prevention of soil 
pollution. Family farms are used to save water and the farms are take good care of it. Family farms are 
Eco-friendly. Family farming is the predominant form of agriculture. One can achieve self-sufficiency 
through family farming. 
Keywords: Self-sufficiency, Global security, Family farming, Eco-friendly. 

Introduction 
The more populous country like India is suffering from growth inequities, rural poverty, hunger and 
malnutrition. To alleviate these problems, one had to cultivate his own food. The small holder farms in 
India are family based and they contribute to the world’s food security. Now-a -days, family farming is 
having a great importance especially for rural communities who are expecting a healthy lifestyle. According 
to FAO Policies, family farming is a means of organizing agricultural forestry, fisheries, pastoral and 
aquaculture production which is managed and operated by a family and predominantly reliant on family 
labours including both women’s and men. To pursue the global people’s attention towards the importance 
of family farming the year 2014 was declared as the international year of family farming. This family 
farming provides food and nutrition security to the people thereby promotes sustainable development. 
Family farming comprises of all the agricultural activities that is family- based and it also links major parts 
of rural development. 

 

Ideas of Family Farming 
The ideas about family farming includes many perspectives viz., in Agronomy it is meant for residue 
management and effective use of land. In Business management studies, it will improve one’s risk bearing 
ability and entrepreneurial skills. On the other hand, it involves family members to work economically 
devoid of labours from outside the farm. 

The International Year of Family Farming (IYFF) 
The 66th session of United Nations declared 2014 the International Year of Family Farming (IYFF) to 
recognize the importance of family farming to reduce poverty and to improve global food security. The IYFF 
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paves a way towards the sustainable development of agriculture and rural economy. The family farming 
plays an important role in eradicating hunger and conserving natural resources. This decade (2019-2028) 
is recognized as a family farming decade to encourage family farming among the people. 

Objectives of IYFF 
1. To support the policies that will strengthen sustainable family farming. 
2. To create awareness about the needs and potential of the family farming. 
3. To create rural economic opportunities for family farmers which will provide an alternative to migration 
to urban areas. 
4. To increase the knowledge about the role played by the family farmers in agricultural sector. 
5. To recognize the role and rights of women in family farming. 

Importance 
Family farming has an important socio-economic, environmental and cultural role. This family farming is 
directly linked to the global food security. Family farming develops better environment. Through the family 
farming quality of the food is also enhanced. It also helps in enhancing the fertility of soil without damaging 
its nature. Thus, it helps in the prevention of soil pollution. Family farms are used to save water and the 
farms are take good care of it. Family farms are Eco-friendly. 

Boons of Family Farming 
1. Family farming provides income and food security to every family. 
2. It provides a major part of rural economy. 
3. It is a key to reduce rural poverty. 
4. It also guarantees global food security. 
5. It makes harmony with nature. Crop rotations and multiple-cropping systems help keep pests below the 
‘economic injury level’. 
6. It is a healthier way to get rid of chemical pesticides that are present as a residue in the food. 
7. It acts as a field for learning and knowledge gaining. 
8. It also serves as a platform for improving one’s risk bearing ability and entrepreneurial skills. 

Challenges 
1. To wrestle with climate change, soil erosion and loss of biological diversity. 
2. To meet with the rising demand for more food of higher quality. 
3. To adopt and learn new technologies. 
4. Rising interest rates, which reduce the ability to get and pay off loans. 
5. Lack of interest in family farming among youth. 
6. Reduction in yield due to pests and diseases attack results in lowering interests towards family farming. 

Conclusion 
Family farming is the one which relies on family labours for its operations and management. A family 
farming is understood basically by a farming practice done/run by the family. As theoretically family 
farming is done by the family, it will help the children to know the importance of farming. Through family 
farming, one can satisfy their food necessities. Family farming is the predominant form of agriculture. One 
can achieve self- sufficiency through family farming. 
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Abstract 
Indigenous Technical Knowledge (ITK) is the actual knowledge of a given population that reflects the 
experiences based on tradition and includes more recent experiences with modern technologies. Indigenous 
Technical Knowledge is the local knowledge that is unique to a given culture or society. It contrasts with 
the international knowledge system generated by universities, research institutions and private firms. ITK 
is the information base for a society, which facilitates communication and decision making. Indigenous 
Traditional Knowledge (ITK) is an integral part of the culture and history of a local community. It is evolved 
through many years of regular experimentation on the day-to-day life and available resources surrounding 
by the community. It is the basis for local-level decision in agriculture, health care, food production, 
education, natural resource management and a host of their activities in rural communities. Indigenous 
Traditional Knowledge is defined by people in different ways, but all have the common focus. It is the local 
knowledge, which has been institutionalized, built upon and passed from one generation to the next 
generation. 
Keywords: Panjakaviya, Jeevamurtham, Meenamilam, Agniasthra, Coconut buttermilk solution, 
Karpoora karaisal. 

Introduction 
The word ‘indigenous’ means native born originated or produced naturally in a country or in a specified 
area and the word ‘knowledge’ means assured belief, practical skill, that which is known learning 
enlightenment [8]. Indigenous Technical Knowledge (ITK) also called as Traditional Knowledge (TK), 
Local Knowledge (LK), Indigenous Knowledge System (IKS), Farmers Wisdom or Farmers Knowledge and 
can be defined as the knowledge that an indigenous (local) community accumulates over generations of 
living in a particular environment. 
It is a community based functional knowledge system developed, preserved and refined by generations of 
people through continuous interaction, observation and experimentation with their surrounding 
environment. ITK is a significant part of rural people's lives, particularly in farming communities. Despite 
the latest technologies and breakthroughs, the farming community still has a deep belief in their traditional 
knowledge. 
However, as time passes, the younger generation is losing faith in ITK since scientific procedures are 
significantly more 'tried and true' in terms of believability The knowledge about ITKs is stored in the minds 
of the people and it is usually difficult to explore. 

Characteristics of ITK 
1. It is based on experience and local knowledge acquired from observation over time. It is therefore, often 
argued that it may be most useful for local scale decision making. 
2. It shows an understanding of the complex relationships between the individual components and the 
dynamic ecosystems within which they act 
3. ITK often describes the symbiotic relationship and provides the basis for life sustaining decisions about 
how to relate to the environment. 
4. Sustainability, cultural survival and ITK are related through social organization, human interaction, 
institutional arrangements, values and moral codes of conduct. 
5. This is reflected in the belief of many indigenous people that they were put on the earth to care of the 
land, if they destroy it then themselves are destroyed. 
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List of ITK’S to Promote Organic Farming 
1. Panchagavya 
2. Jeevamrutham 
3. Fish amino acid (Meenamilam) 
4. Agniasthra 
5. Coconut buttermilk solution. 
6. Karpoora karaisal. 

Panchagavya 
Panchagavya is an organic product having the potential for promoting growth and providing immunity in 
plant system. 
Ingredients: 

a. Cow dung slurry- 4kg 
b. Fresh cow dung- 1kg 
c. Cow urine- 3L 
d. Cow milk- 2L 
e. Curd- 2L 
f. Cow butter oil- 1kg. 

 
Method of Application: 3l in 100 l of water. 
Preparation of Panchagavya: 

a. Collect fresh cow dung, mix it with ghee and keep it in a plastic barrel for 3 days.  
b. On the 4th day, add the other ingredients in the barrel and mix well.  
c. Cover the mouth of the barrel with wire net or khadi cloth and keep it for 15 days.  
d. Stir the content in clock and anticlockwise twice a day with a wooden stick.  
e. After 15 days, filter the content and apply. 

Jeevamurtham 
The word jeeva means living organism and the word amrutham stands for an elixir of life which has the 
capability to extend the life of any living organism. 
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Ingredients: 
a. Water - 200 l 
b. Desi cow dung - 10 kg 
c. Desi cow urine - 10 l 
d. Jaggery - 2 kg 
e. Pulse flour - 2kg 
f. Handful of soil. 

Method of Application: Application rate – 500l/ha. Three applications are needed one before sowing, 
second after twenty days of sowing and third after 45 days of sowing. 
Preparation of Jeevamurtham: 

a. Take 200 l of water in a barrel and add the ingredients one by one, first desi cow dung followed 
by jaggery, pulse flour, desi cow urine and collected soil. 
b. After adding each material, stir well in clock and anti-clockwise direction. 
c. Keep the barrel in shade covered with wet jute bag. 
d. Stir the prepared solution three times a day. 
e. The solution will be ready in 3 days. It should be used within 7 days from the preparation. 

Fish Amino Acid (Meen amilam) 
Fish extract helps us give green manure in the most natural way. This is widely used by organic farmers 
in Japan, Korea, etc. 
Ingredients: 

a. Desi Fish- 1kg (depends on availability)  
b. Jaggery- 1kg  
c. Clean cloth (to cover)  
d. Clean stick (to mix)  
e. Earthen pot/ Plastic drum. 

 
Method of Application: Add 5 ml of this with one litre water for spraying. It could also be mixed with 
irrigation water. 

 
Preparation of Fish Amino Acid: 

a. Remove the fish intestines and chop into fine pieces. (Using intestines is not harmful but it smells 
bad). 
b. Powder the jiggery and add it. 
c. Add the two to broad-mouthed glass jar (best) or plastic jar that is just the right size (not too big), 
cover the jar with the lid (cap), tighten it. 
d. Mix it well by shaking the jar and don’t add water. 
e. In thirty days this will be fermented. 
f. Filter it using nylon mesh to get 300-500 ml solution changed into honey-like syrup. 
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Agniasthra 
Indians named it as AGNIASTRA which is used to kill all pests (like white worm, leaf worm and so on) 
from plants or crops. It is a complete organic product prepared with the Indian traditional methodology. 
Ingredients: 

a. Cow urine – 1 lit 
b. Neem leaves – 500g 
c. Tobacco leaves – 100g 
d. Green chilies – 50g 
e. Garlic – 50 g. 

 
Method of Application: 2-3 lit extract diluted to 100 lit is used for one acre. 

 
Preparation of Fish Amino Acid: 

a. Grind all the ingredients into fine paste using cow urine. 
b. Take this mixture in a mud pot  
c. Boil the suspension 5 times till it becomes half 
d. Keep it undisturbed for 48 hours. 
e. After 48 hrs, filter it. Add 100 litres of water to the filtrate and use for 1 acre. 

Coconut Buttermilk Solution 
It enhances plant growth, repels insects, and increases resistance to fungal diseases. Also, it enhances 
flowering in plants. This solution as the same growth enhancing potential as cytozime / biozime. 
Ingredients: 

a. Buttermilk -   5L 
b. Tender coconut - 1L 
c. Coconuts - 1 to 2  
d. Juice from waste fruit - 500 ml to 1L. 

 
Method of Application: 1L of this solution diluted with 10L of water before spray. 

 
Preparation of Coconut Buttermilk Solution: 

a. Break the Coconuts and collect the Coconut water in a vessel and Add Tender Coconut. 
b. Add Buttermilk to this and mix well. 
c. Grate the Coconuts, add to the mixture, and let it soak. 
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d. Mix grated Coconut and fruit (if not in juice form), put the mixture in a nylon mesh and tie it and 
immerse it in the Buttermilk solution. 
e. This solution ferments well in seven days. 
f. The contents of the nylon bag could be reused a few times in subsequent solutions by adding a 
small quantity of grated coconut every time. 

Karpoora Karaisal 
Usually, camphor acts as a natural repellent against insects. So, camphor can be applied to control pest in 
a field.  
Ingredients: 

a. Cow urine – 20 lit 
b. Camphor -15g 
c. Whisky/Eucalyptus oil/vinegar-25ml  
d. Neem oil- 100ml  
e. Water – 200 lit  
f. Lime powder- 50g 
g. Ash – 1 kg  
h. Turmeric powder – 100g 
i. Sand – 250g. 

 
Method Of Application: Apply along with irrigation immediately after preparation as it cannot be stored 
for long periods. 

 
Preparation of Karpoora Karaisal: 

a. Take 15g of champhor and dissolve in eucalyptus oil. 
b. Allow it to rest for 2 hours. 
c. After it dissolves, add cow urine, neem oil, lime powder, ash, turmeric powder, and handful of 
sand. 
d. Mix with 200 litre waters. 
e. After mixing, it is ready for application. 

Benefits 
1. Enhances the microbial activity  
2. ITK provide conservation for soil and natural resources  
3. Efficient utilization of resources. 
4. Less capital intensive and cost effective  
5. Efficient byproduct and waste recycling and use  
6. Improve soil organic matter 
7. Enhances root germination. 

Conclusion 
We can conclude that ITK practices are safer alternatives to chemical methods of nutrient and pest 
management. It is also eco- friendly and the indigenous ingredients are easily available and hence should 
be encouraged in agriculture. We are currently studying and practicing such ITK techniques in 
Cheranmahadevi block. 
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Abstract 
Man is inseparable from nature and nature is inseparable from man. The relationship between nature and 
man is abysmal. Many of the plants we see around us are healthy in one way or another. Asparagus 
racemosus which is also known as shatavari is recognized for its acceptance by many, present at low 
altitude throughout India. This plant is having vital importance in Ayurveda, Unani, Siddha medicine 
which have been used like female tonic and extensively used for dysentery, diabetic retinopathy, 
inflammations, tumor, bronchitis, nervous disorder, hyperacidity, certain infectious diseases, neuropathy, 
conjunctivitis, spasm, chronic fevers, and rheumatism. It is desirable in female infertility to increase libido 
and cures inflammation of sexual organs, enhances folliculogenesis and ovulation, prepares the womb for 
conception, prevents miscarriages, acts as post-partum tonic by increasing lactation and normalizing the 
uterus and the changing hormones. It’s used also indicate in leucorrhoea and menorrhagia. It has been 
recognized as a drug to regulate the symptoms of AIDS, corrects menstrual irregularities. 
Keywords: Shatavari, folliculogenesis, menstrual irregularities, miscarriages. 

Introduction 
Medicinal Plants are the traditional ones which have been used since prehistoric times. It is 
otherwise known as medicinal herbs. The food and agriculture organisation estimated in 2002 
that over 50,000 medicinal plants are used across the world. The Royal Botanic Garden, Kew more 
conservatively estimated in 2016 that 17,810 plant species have a medicinal use, out of some 30,000 plants 
for which a use of any kind is documented. 

Shatavari - The Milestone 
The habitat of shatavari is low altitudes and tropical climates throughout Asia, Australia and Africa. It 
comes under the family Asparagaceae. It is famous in the name “Queen of herbs” because it empowers 
love and devotion. Shatavari the word denotes 100 spouses. Shatavari is an indispensable drug in Ayurveda 
which is effective in treating Madhur Rasam, Madhur Vipakam, Som Rogam, Seet Veeryam, Internal heat 
and Chronic fever. 
“Who possesses a hundred husbands or acceptable to many” “Curer of one hundred diseases” 
-Shatavari 
The plant parts used for medicinal purpose are tuberous root, leaves, flowers and fruits. The main chemical 
content in the medicinal plant is Saponin, this steroidal saponins named as sharvarins. The other 
constituents are carbohydrates (polysaccharides and mucilage), flavonoids (glycosides of querecetin, rutin 
and hyperoside), sitosterol and stigmasterol. 

 

Therapeutic Properties 
1. Promotes breast feeding 
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2. Antisecretory and antiulcer activity 
3. Used as cough medicines 
4. Withstand stress 
5. Regulate hormonal activity 
6. Antibacterial and antiprotozoal activity 
7. Control gastric problems 
8. Used as molluscicide 
9. Relief from kidney stone 
10. Act as hepatoprotectant 
11. Halt the development of tumour cells 
12. Cardiovascular effects 
13. Modulates immunity 
14. Stimulative effect on central nerval system 
15. Enhances immune response to antigen. 

Conclusion 
The gem is within the nature itself but the people do not concede this fact. The shatavari is an indispensable 
with a lot of divine properties. The time is nearer to identify the godly gift of this herbal plant. The 
identification of the special therapeutical properties provided by this herbal plant is very much needy in 
the present scenario. 
‘Plants love us. They help us reclaim our health and our whole selves. Plants are healers.’ 
- Robin Rose Bennett 
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Introduction 
Acorus calamus Linn. commonly known as sweet flag, is a semi-aquatic, perennial, monocot, aromatic herb 
with creeping rhizome. It is indigenous to Central Asia and Eastern Europe and also native to the marshy 
tracts of mountains of India. In India, it naturally occurs in different agroclimatic conditions from tropical 
to temperate marshes extending from Jammu and Kashmir to the northeastern states up to an altitude of 
1,500-2000 m. It is cultivated throughout India in the marshy tracts of Kashmir, Himachal Pradesh, 
Uttarakhand, Tamil Nadu, Andhra Pradesh, Maharashtra, Manipur, Naga hills, and in the Koratagere 
taluka of Karnataka state. It possesses long, erect, narrow, aromatic leaves ascending from a branched, 
underground rhizome. The rhizome is a pale yellow to pinkish brown on the outside and whitish-pink 
internally with a pleasant aromatic citrus-like smell. The inflorescence shows a leaf-like spathe and a spike-
like spadix, which arises from the middle of the spathe that is densely covered with yellow and green 
flowers. The plant flower or set fruit very rarely. It has hermaphrodite flowers (having both male and 
female organs) and is pollinated by insects (Prajapati et al., 2003). 

Importance 
A. calamus is largely known for its rhizome which produces aromatic oil used in various medicines 
(including Ayurvedic and Unani), perfumery and food industries (Singh et al., 2011). Its rhizomes, leaves, 
and its essential oil exhibit various pharmacological activities like antispasmodic, carminative, 
immunomodulatory, anticellular, antidiabetic, antitumor, antimicrobial, etc and also used for treating 
epilepsy, mental ailments, chronic diarrhoea, dysentery, bronchial catarrh, intermittent fevers, cough, 
throat irritations and tumors (Avadhani et al., 2016). It also possesses insecticidal, antifungal, 
antibacterial, tranquilizing, antidiarrhoeal, antidyslipidemic, neuroprotective, antioxidant, 
anticholinesterase, spasmolytic, vascular modulator activities (Phongpaichit et al. 2005). This plant has 
been extracted unscientifically and rapidly from the wild due to its growing demand in medicinal use as 
well as perfumery and flavor industries. As a result, this species has now been reported as endangered 
(Shetty and Shruthi, 2015). 

Agro-Technology 
1. Mode of propagation: Sweet flag is propagated through rhizome. 
2. Climate: It is a hardy plant that can grow in tropical and subtropical climates, and inhabits wet areas 
like on the banks of streams, rivers, ponds, and in damp marshy places. 
3. Soil: It can grow well in clayey loams, sandy loams and light alluvial soil of river banks. It prefers full 
sun and a pH range from 5 to 7. 
4. Selection of rhizome and its size: Rhizomes that are healthy, free from any disease and insect 
incidences should be selected and these are cut into many sections consisting of atleast one node in each 
section (one node cutting) for planting in the field. 
5. Field preparation: Field should be ploughed thoroughly and FYM 5t/ha and NPK (100:60:40 kg/ha) 
can be applied in the form of neam coated Urea, SSP, and MOP, respectively, and sunken beds of 5x4 m 
size are prepared for planting the rhizome cuttings. 
6. Planting out: Rhizome cuttings are planted in prepared beds in June-July at a spacing of 20x20 cm in 
sunken beds. 
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7. Intercultural operation: Weeding should be done once every month for the first four to five months. 
Maximum irrigations can be given as far as possible for better growth as this crop is well adopted in 
waterlogged conditions. 
8. Harvesting: The crop becomes ready for harvesting in about 12 months after planting when the leaf tip 
starts to turn yellow which indicates its maturity. After that, the plants are dug out and the rhizomes are 
separated and dried in sun, and then they are either sent to market or taken for extraction of essential oil. 
9. Yield: Rhizome yield of about 40 q/ha can be achieved in one growing season (one year). However, 
rhizome yield could be enhanced with better agronomic practices. 
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In rumen (Large Intestine) 60 % proteins of feed were changed into ammonia by actions of Ruminal 
microbes and remaining 40 % of proteins digests in small intestine and they will be utilized as amino acids. 
High yielding animals needs to be fed with concentrate feed which has high quality proteins. During the 
digestion process due to the action of ruminal microorganisms on proteins they converted into ammonia 
which enters into blood as nitrogen due to this most of the proteins wasted and only 9% of proteins were 
available to livestock. Due to the wastage of these proteins probability of increasing milk production 
decreased. If we reduce this wastage and make use of at least 40% of proteins available to animal definitely 
increase the milk production. This will be possible only when we bypass the proteins by without entering 
into rumen and by allowing them into other parts of digestive system. Proteins without entering the rumen 
and digested in other parts of the digestive system are called bypass proteins which increase the milk 
production. 
These bypass proteins when we mixed in concentrate feed and fed to animals, they bypass the rumen and 
enter into other parts and digested there and availability of proteins increases milk Production. Cotton 
seed cake, Groundnut cake, Soybean’s flour, Mustard oil cake these ingredients have the properties of 
bypassing the rumen if we make concentrate mixture with these ingredients, we will achieve the goal of 
increasing the milk production. Immediately after calving adding these ingredients in concentrate feed 
increases milk production and in calves and heifers these ingredients improve the growth rate and 
reproductive efficiency. Heating and mixing of formaldehyde in concentrate feed also increases the 
possibility of bypassing the rumen.  Profit of farmers depends on expenditure of feeding cost on livestock.  
If we use bypass proteins instead of inferior quality feeds definitely, we will increase milk production, 
growth rate of animals by reducing the expenditure cost on feeding followed by more income to farmers. By 
feeding bypass protein we could reduce concentrate feed requirement by 40 %, proteins and dry matter 
utilization will be increased by 30% and dry matter requirement will be reduced by 24 %. 
Feeding these bypass proteins to livestock definitely get promising results and income from the livestock 
farming. 
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Dietary patterns, physical activity levels, obesity, and diet-related non-communicable disease patterns are 
all changing dramatically in the developing world. The shift from traditional to modern foods is thought to 
be one of the main causes of diet-related non-communicable diseases, including malnutrition, in India. 
Across all economic groups, there has been a significant shift away from coarse grains like sorghum and 
other millets and toward rice and wheat consumption. In general, however, diets of all income groups have 
shifted from cereals toward other food groups, with a greater shift among the urban elite. 
Energy consumption has increased for the poor and decreased for the wealthy, while fat consumption has 
remained high across all income groups. While the government subsidizes staple foods like wheat and rice, 
the availability of affordable and nutritious alternative grains and legumes could help alleviate poverty 
and nutritional insecurity in rural India, especially among the most vulnerable, such as women and 
children. According to disturbing WHO data from 2017, NCDs are the leading cause of death worldwide, 
accounting for 70% of fatalities. In 2016, a total of 58,17,000 deaths in India were estimated due to diseases 
such as cancer, diabetes, and heart disease. 
Millets are a group of small-seeded grasses that are widely grown as cereal crops or grains for fodder and 
human food all over the world. They belong to a functional or agronomic group instead of a taxonomic one. 
Millets are grown as food grains and animal fodder in almost every country, either naturally or through 
cultivation. Millets come in a variety of colours, including creamy, red, brown, and black, depending on the 
crop variety.  
Millets have been grown by people all over the world since ancient civilizations. They have been around for 
10,000 years in East Asia. Millets are important crops in Asia and Africa's semi-arid tropics (particularly 
in India and Nigeria), with 97 percent of millet production coming from developing countries. Millets are 
native to many parts of the world; however, it is thought that they evolved in tropical western Africa, as 
that is where the most wild and cultivated varieties are found. 
Millions of the poorest people in these regions still rely on millet crops for their primary sources of energy, 
protein, vitamins, and minerals. Significantly, they are grown in harsh environments where other crops 
produce significantly less yield. They are grown by a large number of small-holder farmers with limited 
water resources and usually without the use of fertilisers or other inputs. 
As a result, they are primarily consumed by disadvantaged groups, earning them the moniker "coarse 
grain" or "poor people's crop". In many countries, they are not commonly traded on international or even 
local markets. Millets are traditional staple crops that thrive in arid climates and have superior nutritional 
properties, such as high micronutrient and dietary fibre content, as well as low glycemic indices. 
Millets are grown on about 17 million hectares in India, with an annual production of 18 million tonnes, 
and account for 10% of the country's food grain basket. They are nutri-cereals, which are known for their 
high nutrient content, which includes protein, essential fatty acids, dietary fibre, B-vitamins, and minerals 
like calcium, iron, zinc, potassium, and magnesium. They aid in the reduction of blood sugar levels 
(diabetes), blood pressure regulation, thyroid, cardiovascular, and celiac diseases, among other health 
benefits. Rice and wheat became more plentiful and more affordable in the late 1960s, and thus the food 
basket began changing. 
Millets were eventually phased out of most household kitchens partially result of government welfare 
schemes that provided rice and wheat at heavily subsidized prices. The lack of nutritional awareness, 
inconveniences in food preparation, and a lack of processing technologies etc. are the other major causes of 
decreased consumption. The study, undertaken by M V Hospital for Diabetes, found that replacing rice-
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based dosas with ones made of foxtail millet (Thinai) can significantly bring down sugar levels in those 
suffering from type-2 diabetes (Janani et al., 2016). 

Nutritional Composition of Millets 
In terms of mineral content, millets are miles ahead of rice and wheat on every nutritional parameter. 
Millet has more fibre than rice and wheat, with some having up to fifty times more fibre than of rice. In 
comparison to rice, finger millet has thirty times the amount of calcium, while all other millets have at 
least twice the amount of calcium. Rice is rendered insignificant on the iron content because foxtail and 
little millet have much higher in iron content. While most people look for micronutrients like -carotene in 
pharmaceutical pills and capsules, millets have plenty of them. Ironically, the privileged rice has no supply 
of this vital micronutrient. Chethan and Malleshi (2007) found that millets contain 6-8 percent protein, 1-
1.7 percent fat, 65-75 percent starch, 2-2.5 percent minerals, and 18-20 percent dietary fibre. They're a 
great source of phytochemicals with anti-inflammatory and anti-cancer properties. 
Millets contain between 64 and 79 percent total starch (Geervani and Eggum, 1989; Krishnakumari and 
Thayumanavan, 1995). Millets have a wide range of carbohydrate compositions, with amylose and 
amylopectin content ranging from 16 to 28 percent and 72 to 84 percent, respectively. 
In whole form, studies on barnyard, kodo, foxtail, and little millets revealed IDF of 18-30% and SDF of 0.6-
2%. IDF was reduced to 1.5-3 percent and SDF to 0.3-0.9 percent after decortication (Geervani and Eggum, 
1989). Millet’s protein content ranging from 7.7% to 11.8 percent (Hulse et al., 1980). Millets contain three 
types of protein fraction: Fraction I contains Albumin+globulin (8.5-16.26%), Fraction II contains true 
prolamin and prolamin-like compounds (15-30%), while Fraction III contains 8 true glutelin and glutelin-
like compounds (45-55%). Lipids are concentrated in the millet grain's germ, pericarp, and aleurone layers. 
60-70 percent of essential fatty acids, such as linoleic, oleic, and palmitic acids, are found in free form. 
Thiamine, riboflavin, folic acid, and niacin are all vitamins found in millet grains. Pearl millet has a higher 
niacin content than any other cereal. B vitamins, particularly niacin, pyridoxine, and folic acid, are 
abundant in kodo millet. In general, sorghum and millets are high in B-complex vitamins. Some yellow-
endosperm sorghum varieties contain ß-carotene, which the human body can convert to vitamin A. When 
compared to fine cereals, small millets are more nutritious. 
Millets contain significant amounts of calcium, iron, potassium, and magnesium, among other minerals. 
Finger millet has the highest calcium content (300-400 mg/100 g), while other small millets are high in 
phosphorous and iron. 

Conclusion 
Millets thrive in a variety of climatic and agricultural environments where food insecurity, malnutrition, 
and non-communicable diseases are prevalent. The adaptable small millets could be used in any climate 
change situation, saving farmers from crop failure and debt traps. Farmers who had switched from millets 
to other crops are eager to return to millets because of the consistent harvests, easy crop production, 
drought resistance, and environmentally friendly production, provided a reliable market exists. The 
scientific data on nutritional and health benefits of millets are now available. They are found to be superior 
nutritious cereals that are beneficial for human health. 
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Abstract 
The final year B.Sc., (Hons.) Agriculture students (2018-2022 Batch) of S.Thangapazham Agricultural 
College, Vasudevanallur, Tenkasi have undergone Village Stay Programme (VSP) as a part of the course 
Rural Agricultural Work Experience (RAWE) at Sivakasi block, Virudhunagar district of Tamil Nadu, India 
for 75 days. In part of that programme, demonstration of apiculture was carried out to the village farmers. 
The concept and information about the honeybees and their caste systems are briefed in this topic. 

Introduction 
Do you all remember running away from a small little yellow and black insect which has wings and also a 
sharp sting? Yes, we were all scared of honey bees when we were little and some still do. Apiculture is the 
scientific method of rearing honeybees. The art of successfully caring for bees is in understanding the 
knowledge of bee science, botany, and modern agriculture and applying what you know to each unique hive 
and environment. 

A Short Description 
The bees are a very wonderful insect. It is very useful to man than other insects. Its body is divided into 
three parts- head, abdomen, and thorax. The front part has two legs, while in the hind part, they have four 
legs. It has two pairs of wings. The stringer of the bee is very poisonous. The color of its body is yellow and 
black. There are many types of bees, bumblebees, Andrena bees etc. 

Colony of Honey Bee 
Characteristics Queen Worker Drone 
Role Mother of colony Females Male 
Sterile/fertile Fertile Sterile Fertile 
Size Largest (18-22mm) Smallest (12-15mm) Medium (15-17mm) 
Egg type Develop from fertilized egg Develop from fertilized 

egg 
Develop from 
unfertilized egg 

Life span 3-5 years 4-6 weeks 6-8 weeks 
Sting Can sting to kill another 

queen 
Sting present Stingless 

Feeds upon Royal jelly Royal jelly, honey, bee 
bread 

Royal jelly, honey, bee 
bread 

Life cycle 16 days 21 days 24 days 
Cell in hive Downward, pointed cup 

shaped queen cell 
Small hexagonal worker 
cell 

Large hexagonal 
drone cell 

Function To lay eggs All duties indoor & 
outdoor 

Inseminate the queen 

Number One 20,000-40,000 Few 

Buzzing Jobs 
Bees like to eat flower pollen and the sweet nectar of the flowers. They collect this nectar in their beehive 
and make honey from it. This honey-filled home of the bee is called a honeycomb. Because bees are very 
small in size, many animals hunt them. But bees have signals by which they warn other bees about the 
upcoming danger. These signals also make them look like they are dancing. They also do a different bee 
dance when they inform other bees about food. 
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Methods of Bee-Keeping in India 
1. Indigenous methods: 

a. Immovable structures: It is practiced in villages from time immemorial. Small structures are 
made in secluded and protected places. During construction of dwelling houses, small permanent 
chambers are made in the outer wall of the house for bees to build combs. Sometimes mud chambers 
are constructed. 
b. Movable structures: Bee chambers are made up of hollow bags, empty wooden boxes, earthen 
pots, which can be moved from place to place, and it can be put in a suitable location for the bees. 
The quality of honey is inferior due to presence of dust, tissues of damaged bee larvae, pollen grains, 
etc., in it. 

2. Modern method: 
Beehive: In modern apiary, Longs troth’s frame hive is most suitable and used commercially for 
production of honey. It is a two-tier structure. The hive is made up of wooden box. It has a basal 
plate or bottom board on which is placed a wooden box called brood chamber. A small opening at the 
bottom of brood chamber permits passage for bees. Inside the brood chamber several frames hang 
vertically from the top. For this arrangement, a modern hive is also called movable frame hive. 
Above the brood chamber is placed another similar chamber, but of lesser height. It is meant for 
storage of honey only and known as honey chamber. The queen is never allowed to enter the 
chamber. In some cases, two honey chambers are used. Above the honey chamber an inner covering 
is placed over which lies the roof. 

Typical Location of Apiary 
The site should be dry without dampness. High RH will affect bee flight and ripening of nectar. 
1. Water: Natural or artificial source of water should be provided. 
2. Wind breaks: Trees serve as wind belts in cool areas. 
3. Shade: Hives can be kept under shade of trees. Artificial structures can also be constructed to provide 
shade. 
4. Bee pasturage and florage: Plants that yield pollen and nectar to bees are called bee pasturage and 
florage. Such plants should be plenty around the apiary site. 

Bee Products and their Uses 
Honey bees are of huge economic importance. Vital for the pollination of many fruits, vegetables, & seed 
crops. Variety of different products like honey, bee wax, pollen, royal jelly, propolis, bee venom Honey bee’s 
product 
1. Honey: Honey is a natural food made by the bee with nectar, pollen and other substances. It is 
considered nature’s most completely nourishing food as it contains nearly all nutrients required by humans. 
Proteins, free amino acids, vitamin B complex and folic acids are some of the major nutrients found in 
honey. 

Uses: 
i. For moisturizing 
ii. Immune system booster. 

2. Bees wax: The bees sweat wax out of four pairs of glands on the underside of their abdomens. The 
development of the wax glands depends on the pollen eaten by the young bees after they emerge from the 
cells. Bees that are about ten days old sweat the most wax. While producing and building with wax, the 
bees eat and digest a lot of honey. Their high metabolism leads to a high body and surrounding 
temperature, which is necessary to keep the wax fluid. 

Uses: 
i. Cosmetic & skin care. 
ii. Postharvest treatment of fruits and vegetables. 
iii. Surgical bone wax. 

3. Royal jelly: The young bees add secretions from glands on their heads to the ingested bee bread to make 
bee milk or royal jelly. They put this bee milk in cells that contain young larvae. The larvae of worker bees, 
drones and the egg-laying female (the queen) eat these products, which make them grow. 
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Uses: 
i. Royal jelly is recommended for stomach, liver and digestion problems, high blood pressure, 
loss of appetite, weight loss, fatigue, listlessness, insomnia, pregnancy, menopause, old-age 
problems, convalescence and athletics. 
ii. Royal jelly can be viewed as a tonic to make you feel stronger, healthier and less tired. 
Surgical bone wax. 

4. Propolis: Propolis is made by bees out of tree gums, glues, waxes and resins. These can be found around 
the flower buds and are excreted as drops from the tree's bark if it is cut or cracked. The bees bring them 
on their hind legs, just like pollen, to the hive. They mix them with their own wax and saliva.  

Uses:  
i. It is used in ointment for healing wounds and cuts.  
ii. Taking propolis daily helps in the prevention of constipation. 
iii. When used in tooth pastes it prevents mouth and gum disorder such as gum recession. 

Conclusion 
Beekeeping as a business can be a great way to generate additional income with minimal capital and low 
risk. In addition to producing honey, beekeepers play a critical role in agriculture, contributing to crop 
pollination and the development of valuable by-products such as royal jelly and beeswax. 
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Introduction 
Biochar has gotten a lot of attention recently because of its chemical and physical qualities, and it's been 
described as one of the possible accelerators of reducing greenhouse gas emissions and sustainable 
agriculture. Due to inadequate agricultural residue management techniques in India, large volumes of 
underutilised and extra crop and agroforestry leftovers are becoming a concern. Direct absorption of crop 
wastes into agricultural soils can save soil nutrients and organic carbon content, but the delay in 
decomposition generates significant crop management issues (Grace, 2008). Excessive crop residues, when 
left untreated, can cause problems with soil ploughing, crop establishment, and early crop development, 
thus they're usually burned on the farm, resulting in environmental issues and significant nutrient losses 
(Purakayastha et al., 2015). Biochar is a carbon-rich by-product made from the thermo-chemical breakdown 
of agricultural and agroforestry residues in an oxygen-depleted environment in a closed container.  
Biochar decomposes at high pressures and low temperatures (700°C). It differs from charcoal and related 
materials in that it is made with the intention of being applied to soil in order to promote soil health filter 
and retain nutrients from percolating soil water, and offer carbon storage. It contains stable carbon that 
can be kept for thousands of years without decomposing. When these wastes are turned into biochar, 50 
per cent of the original biomass C may be recovered, compared to just 3 per cent when burned openly and 
10–20 per cent after 5 to 10 years when decomposed (Baldock and Smernik, 2002).  Biochar qualities are 
influenced by a number of factors in the biochar system, including feedstock, production process, and 
temperature, as well as the kind of soil, climate, and crop, as well as the pace and manner of application. 
It's critical to understand the differences between biochar, char, and charcoal: "Any carbonaceous residue 
from pyrolysis, including flames," according to char. Biochar formed from the pyrolysis of animal or 
vegetable materials in kilns for use in cooking or heating. 

Properties of Biochar 
Biochar has a low bulk density due to its porous structure, which results in a large specific surface area 
(100 to 900 m2/g) and a high-water holding capacity. Wheat straw biochar has the best water retention 
capacity compared to maize stover and pearl millet stalk. It helps in separation of basic cations such as Ca, 
Mg, Na, and K and organic anions from organic materials. The physical properties of biochar are influenced 
by the used feedstock and the temperature. The physical properties of biochar are influenced by the 
used feedstock and the temperature. Cation exchange capacity of biochar is generally very high due to 
oxidizing functional group present in biochar which depends on temperature during production of biochar. 
Concentration of nutrient is very high in biochar due to more volatile compounds present in raw materials. 

Effect of Biochar on Soil Health and Climate 
The application of biochar improves carbon sequestration by capturing the free atmospheric carbon for a 
small period as well as terrestrial carbon for long period. It enhances the physical, chemical and biological 
properties of agricultural soils.  It also helps in mitigation of global warming. Soil water holding capacity 
is influenced by both mineral and organic components, although only the latter may be actively regulated. 
Clayey soils retain more water because water is retained more securely in microscopic pores. A partial 
indicator of how organic matter influences soil structure and pore size distribution is the lower soil bulk 
density that is often linked with more soil organic matter. Biochar's intrinsic contribution to soil physical 
parameters such as wettability, hydraulic conductivity, water infiltration, water retention, macro 
aggregation, and soil stability is inextricably linked to SA, porosity, BD, and aggregate stability, and is 
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crucial in tropical environments for combating erosion, mitigating drought and nutrient loss, and 
improving groundwater quality in general.  
Biochar treatment enhanced AWC in sandy soil, had no impact in loamy soil, and decreased moisture 
content in clayey soil.  The hydrophobic properties of the charcoal, as well as changes in PSD, might explain 
such a reaction. Because soil moisture retention may only be increased in coarse-textured soils, careful 
study of the biochar/soil combination is required according to Tryon 1948. Several studies discuss how 
biochar affects plant growth and development. Lentz and Ippolito in year 2012 reported that applied at 
single application of hardwood biochar to an Aridisol at a rate of 22.40 t/ ha, finding no difference in 
maize silage produce one year after application when compared to a control; however, they found a nearly 
36 per cent yield decrease in two years when compared to the controls. The reduction in production was 
attributable to either lower nutrient (N, S, Mn, and Cu) availability or absorption, according to maize silage 
nutrient concentrations. When compared to controls, the scientists found a considerable increase in 
biomass output. The reason for the higher in yield is unknown, however it might be due to lower nitrogen 
loss due to denitrification and hence higher N absorption by plants growing in biochar.  
Biochar supplements can affect soil properties such as raising soil pH, CEC, and soil buffering, in addition 
to mitigating climate change by sequestering carbon and lowering greenhouse gas emissions. As a result of 
the improved retention of soil nutrients and water, soil modified with biochar minimises nitrogen leaching. 
The amount of nitrate leached from soils treated with biochar and bio solids was decreased to levels that 
were comparable to or lower than the control treatments. Biochars are effective carbon sequestration 
agents in soils. Although hydrochars and low-temperature biochars contain some bioavailable carbon, it is 
generally more stable in soils than carbon in the original biomass; C in moderate- and high-temperature 
biochars is overwhelmingly stabilised against microbial decomposition and will thus persist in soils 
for decades. Changes in net primary crop productivity, improvements in residue mineralization or 
humification efficiency, soil organic matter cycling, and methane and nitrous oxide emissions all influence 
the net greenhouse gas effect of biochar applications to soil. Furthermore, GHG emissions from biochar 
production, transportation, and soil application must be included into the total impact of biochar additives.  
The kind of biochar used for a given application should correspond to the goal of the application, with high-
temperature biochars being better for soil C sequestration and low-temperature biochars maybe better for 
soil fertility enhancement. The dynamics and linkages among vegetation, soils, microorganisms, and 
climate, as well as their influence on greenhouse gases emissions, must be understood. Relatively brief 
laboratory incubation, such as those used in the studies above, may be useful for screening bio chars and 
leading to long-term use guidelines; however, long-term field research will be required to quantify the 
effects of the interactions mentioned above on net GHG emissions from agricultural soils. 
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1. The Scheme is aimed at ensuring remunerative prices to the farmers for their produce.  
2. It is expected that the increase in MSP will be translated to farmers’ income by way of robust 
procurement mechanism in coordination with the State Governments. 

The Three Schemes that are Part of AASHA are 
1. The Price Support Scheme (PSS). 
2. The Price Deficiency Payment Scheme (PDPS). 
3. The Pilot of Private Procurement and Stockist Scheme (PPPS). 

a. These three components will complement the existing schemes of the Department of Food and 
Public Distribution. 
b. They relate to paddy, wheat and other cereals and coarse grains where procurement is at MSP 
now. 
c. PSS – Under the PSS, physical procurement of pulses, oilseeds and copra will be done by Central 
Nodal. Agencies. 
d. Besides, NAFED and Food Corporation of India will also take up procurement of crops under PSS. 
e. The expenditure and losses due to procurement will be borne by the Centre. 
f. PDPS – Under the PDPS, the Centre proposes to cover all oilseeds. 
g. The difference between the MSP and actual selling/modal price will be directly paid into the 
farmer’s bank account. 
h. Farmers who sell their crops in recognised mandis within the notified period can benefit from it. 
i. PPSS – In the case of oilseeds, States will have the option to roll out PPSS in select districts. 
j. Under this, a private player can procure crops at MSP when market prices drop below MSP. 
k. The private player will then be compensated through a service charge up to a maximum of 15% 
of the MSP. 
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A natural product is a chemical compound or substance produced by a living organism—that is, found in 
nature to control plant diseases and have the potential to replace synthetic fungicides. It includes an 
organic chemical, microbial extracts as well as a range of plant extracts, are included in these goods. From 
1940 onwards, synthetic crop protection agents were created, resulting in further advancement in 
contemporary agriculture. The first-generation compounds have distinct modes of hazardous action and 
are often harmful to the environment. Second-generation compounds have distinct modes of action and 
are compliant with current environmental regulations. The ability of target species to acquire resistance is 
a downside of these compounds. Therefore, natural products include products of plant and animal origin 
have a great potential in agriculture for controling plant disease such as plant extracts, essential oils, 
volatiles and animal origin products are panchagavya, jeevamrit, beejamrit, buttermilk and manures- 
poultry manures, FYM. Area of organic agriculture in India is 4339184.93 ha which includes 2657889.33 
ha cultivable area. Whereas area of organic farming in Punjab is 18637.50 hectares, Madhya Pradesh 
covered highest area, followed by Rajasthan and Maharashtra, Sikkim- entire area under organic 
cultivation (more than 75000 ha) while total volume of Export- 888179.68 MT. 

Pros of Natural Products 
1. Sustainable solution 
2. Eco-friendly (Avoid soil pollution) 
3. Easily Biodegradable 
4. Cheaper 
5. Safer 
6. Organic farming segment 
7. Integrated Disease Management 
8. Improvemt in health level 
9. Less ground water pollution 
10. No use of GMO’s 
11. Better for the heath of farmers 
12. Better nutrition values on average 
13. Better for our climate 
14. For better taste 
15. Organic garbage can be composted and reuse 

Cons of natural products 
1. Significant cost at the beginning 
2. Extraction methods- not standardized 
3. Process of preparation is cumbursome 
4. Field efficacy is low 
5. Need of novel formulations 
6. Less availability of formulations 
7. Slow compared to chemicals 
8. May not be suitable for growing on a large scale 
9. Unpleasant smell 
10. High certification cost 
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11. Small farmers may go out of business. 
12. Time consuming. 
13. Needs plenty of knowledge. 
14. Pest issues. 

Types of Natural Products 
1. Botanicals: These are basically substance obtained or derived from a plant such as plant extract, 
essential oil, volatiles, etc Different plant extracts used are neem (Azadirachta indica), garlic (Allium 
sativum), eucalyptus (Eucalyptus golbulus), turmeric (Curcuma longa), tobacco (Nicotiana tabacum), 
ginger (Zingiber officinale), etc. Essential oils used are thyme oil (Thymus vulgaria), eucalyptus oil (E. 
golbulus), lemon grass oil (C. flexuous), tea tree oil (M. alternifolia), etc. Volatiles includes onion (Allium 
cepa), garlic (A. sativum), clove (S. aromaticum), thyme (T. vulgaris). Plant extracts are concentrated 
preparations of liquid, solid or viscous consistency. As a rule, they are obtained by maceration (extraction 
to equilibrium with water or alcohol) or percolation (extraction to exhaustion with water or alcohol).  
2. Neem: Neem (Azadirachta indica) also called nim or margosa is a fast-growing tree of the mahogany 
family (Meliaceae). There is presence of triterpenes known as limonoids such as melantriol, nimbin, 
nimbidin and nimbolide in this species which is used. Highest amount of azadirachtin is present in seeds 
which is used as nematicide against root- knot nematode. Their mode of action is: 

a. Specific inhibition of acetyl-CoA enzyme. 
b. Ready membrane permeability. 
c. Undergoes thiol-disulphide exchange reactions with free thiol groups in proteins. 

3. Essential oils: They have phenolic and aromatic components in chemical composition used against post-
harvest pathogens, they acts as repellents for the insect vectors of plant viruses. For examples: thyme oil 
(Thymus vulgaris), eucalyptus oil (Eucalyptus globulus), lemon grass oil (Cymbopogon flexuous), tea tree 
oil (Melaleuca alternifolia). Their mode of action is: 
Mode of action: 

a. Phenolics Membrane disruption 
b. Substrate deprivation 
c. Phenolic acids Bind to adhesins 
d. Complex with cell wall 
e. Inactivate enzymes 
f. Alkaloids Intercalate into cell wall 
g. Tannins Bind to proteins 
h. Enzyme inhibition, Substrate deprivation 
i. Terpenoids Membrane disruption 
j. Flavonoids Bind to adhesions 
k. Disruption of the fungal cell wall and cell membrane. 
l. Significant shrinkage of hyphae, conidia and conidiophores. 

4. Volatiles: Volatiles are small molecular weight organic compounds having appreciable vapour pressure 
at ambient temperature. There is secondry metabolite present terpenoids. It inhibits the growth of 
pathogen by membrane disruption. Example- clove (Syzygium aromaticum), thyme (Thymus vulgaris), 
black pepper (Piper nigrum). 
5. Biofumigation: Biofumigation refers to the suppression of soil-borne pests and pathogens by biocidal 
compounds (principally isothiocyanates) released in soil when glucosinolates in Cruciferous crop residues 
are hydrolysed. It causes suppression of soil borne pathogens by decomposing organic material. Toxic 
potential of biofumigant crop is highest during flowering period. It used as intercropping, crop rotation, 
seed incorporation, Seed meals and processed biofumigants. Use of plant residues of broccoli, melon and 
tomato as well as chicken manure reduced Meloidogyne incognita infestation at 30℃ temperatures. 
6. Oil Cakes: Oil cakes are by-products of the oil extraction from the oilseed. They enhance antagonists, 
soil fertility and crop yield along with reduction in disease severity. Example- Groundnut cake, Neem cake, 
Castor cake, Mahua cake, etc. Oil-cakes of pongamia and margosa each @ 2.5Mt/h are effective against 
root-knot of okra and tomato. 
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7. Green manuring: A green manure crop is any crop grown for the purpose of being turned under while 
green or soon after maturity for soil improvement (Social Science Society of America 1997). They are 
leguminous as well as non-leguminous crops. It enhances physical, chemical and biological properties of 
soil and improve nitrogen fixation. Example- sunhemp, sesbania, cowpea, soybean, alfa-alfa, mungbean. 
8. Animal based products: Different Animal Based Products like Cow Urine, Poultry manure, 
Vermicompost, Panchagavya, Jeevamrit, Beejamrit, Buttermilk. 

a. Panchagavya: Panchgavya is a term used to describe five major substances, obtained from cow, 
which include cow's urine, milk, ghee, curd and dung. All the five products possess medicinal 
properties against many disorders and are used for the medicinal purpose singly or in combination 
with some other herbs. This kind of treatment is called Panchgavya therapy or cowpathy. Mainly 
used as foliar spray, soil application along with irrigation, as well as a seed treatment. 
b. Buttermilk: Buttermilk formulation is used for pathogen control is prepared by putting 5 liters 
of buttermilk and a small piece of copper metal in a plastic container or clay pot. A small piece of 
copper metal acts like fungicide and rotting buttermilk. Mixture is left to ferment for 15 days. It is 
used mainly for field crops and vegetable crops. 
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Introduction 
The plants are exposed to several biotic as well as the abiotic stress during the lifetime. During the process 
of co-evolution, the plants have evolved a number of defensive means against the stress factors. The defense 
mechanisms of the plants are initiated in a very short span of time in counter to the stress. Among the non-
enzymatic antioxidants, a special notice should be paid to phenolic compounds which are a diversified group 
of plant secondary metabolites. Shikimic acid and aromatic amino acids act as a precursor for a vast 
diversity of secondary metabolites, which plays a key role in defence mechanism against the herbivory. 
Secondary metabolites are, most crucial for plants to defend themselves from the devastating pests and 
diseases including the parasitic nematodes. These phenolic compounds are reported throughout the plant 
kingdom but the type and concentration of compound present differs considerably according to the phylum 
under consideration. Phenolic compounds are the aromatic compounds having one or more hydroxyl group 
on an aromatic ring. These compounds are approximately grouped in 14 different classes like the benzoic 
acids, hydroxycinnamic acids, coumarins, flavonoids, tannins and lignin on the basis of arrangement and 
number of carbons. Tannins are responsible for the production of lesions in the gut of the feeding herbivores. 
Phenolic compounds are ubiquitously, constitutively and widely distributed in the plants prior to insect 
herbivory or wounding. The presence of these compounds can also be induced in counter to the several 
elicitors like wounding, insect attack or application of signaling molecules etc. They act as physical barriers 
and are generally present in the form of bound phenolics, lignin, suberin as well as the stored compounds 
which possess repellent or insecticidal effects on the herbivores.  
Flavonoids: Flavonoids are C15 compounds which act as a building block for condensed tannins. They 
constitute as one of the immense classes of plant phenolic that performs various role in the system of plant 
including the defensive role. Flavanone act as an intermediate for iso-flavonoids that plays a crucial role 
in defense system of the plants. 
C-glycosyl flavones: Many c-glycosyl flavones are reported from the silks of maize plants like apimaysin, 
maysin (2´´-O-α-l-rhamnosyl-6-C-(6-deoxyxylo-hexos-4-ulosyl)-luteolin, and methoxy-maysin which act as 
a resistance factor against the major insect pest corn earworm (Helicoverpa zea). They are believed to 
behave in a similar way to chlorogenic acid when insects damage the silks. 
Coumarins: Coumarins are the product of shikimic acid pathway and are classified as simple phenolic 
compounds which are extensively present in the vascular tissues of the plants. They participate in several 
plant defense response against insect herbivores. They may also be responsible for inhibiting the growth of 
fungus infecting different plant parts. 
Lignin: Lignin is a subclass of phenolic compounds that are highly branched polymer of monolignols. The 
physical toughness and chemical durability of lignin discourages the feeding of herbivorous insects and 
makes the plant comparatively non-digestible to herbivores. Lignification’s is a generic response to 
wounding or insect infestation and the lignified cells will block the growth and development of several 
pathogenic entities.  
Tannins: The exact action of tannins molecules on the insect is not evident however they are believed to 
act as antifeedant to a great diversity of herbivores. These are toxic in nature and reduces the growth and 
survivorship of several herbivores. On ingestion, these will bind to the salivary proteins and will produce 
a sudden astringent sensation in the mouth cavity. Because of this feature of tannins, several higher 
mammalian herbivores like cattle, dear etc. do not consume the plant with high tannin contents. 

Role of Plant Phenolics in Resistance to Insects 
In general, phenolic compounds possess antibiotic, antinutritional and unpalatable properties which 
negatively affects the insect growth. For example, gossypol, a widely occurring phenolic pigment in cotton, 
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have strong deterrent effect on many insect pests. Likewise, higher concentration of phenolic compounds 
especially catechol is also known to suppress the development of mites. 
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1. Constable C P (1999) A survey of herbivore-induced defense proteins and phytochemicals. In: Agrawal AA, Tuzun S, Bent E 

(eds) Induced plant defenses against pathogens and herbivores: biochemistry, ecology and agriculture. Amer Phytopath Soct: 
137–166. 

2. Feeny P (1970) Seasonal changes in oak leaf tannins and nutrients as a cause of spring feeding by winter moth caterpillars. 
Ecology 51:565–581 

3. Larson K C and Berry R E (1984) Influence of peppermint phenolics and monoterpenes on twospotted spider mite (Acari: 
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Introduction of RNA Interference 
Independently of one another, investigations on diverse organisms, labeled variously as PTGS in plants, 
RNAi in animals, quelling in fungi, and virus-induced gene silencing, have converged on a universal 
paradigm of gene regulation. The critical common components of the paradigm are that: 
1. The inducer is the dsRNA. 
2. The target RNA is degraded in a homology dependent fashion, and, as we will see later. 
3. The degradative machinery requires a set of proteins which are similar in structure and function across 
most organisms. In most of these processes, certain invariant features are observed, including the 
formation of small interfering RNA (siRNA) and the organism- specific systemic transmission of silencing 
from its site of initiation. 

Discovery of RNAi 
Recovery in tobacco plants infected with tobacco ringspot virus.  

a. The gradual decline in the development of ringspot symptoms on the upper leaves until finally 
the top leaves appear perfectly normal.  
b. We now know that the virus causing the initial symptoms had activated viral RNA silencing that 
inhibited spread of the infection into the upper leaves, and caused them to be specifically immune 
to tobacco ringspot virus secondary infection.  

Fire and Mello were awarded the 2006 Nobel Prize in Physiology or Medicine for reporting a potent gene 
silencing effect after injecting double stranded RNA into Caenorhabditis elegans. 

What is RNAi? 
RNA interference (RNAi) is a mechanism that inhibits gene expression at the stage of translation. RNAi is 
a biological process in which RNA molecules inhibit gene expression, typically by causing the destruction 
of specific mRNA molecules. 

Components in RNA Interference 
1. siRNA (Short interfering RNA)  
2. miRNA (Micro RNA)  
3. shRNA (Short hair pin RNA). 

Enzymes 
Dicer: produces 21-24 nt cleavages that initiate RNAi. 
Encoded by non-protein coding genome. 
RISC: RNA induced Silencing Complex, which cleaves mRNA. 

siRNA (Short Interfering RNA) 
1. Also known as “short interfering RNA’s” or “silencing RNA’s” 
2. Small interfering RNAs that have an integral role in the phenomenon of RNA interference (RNAi), a 
form of post-transcriptional gene silencing. 
3. RNAi: 21-25 nt fragments, which bind to the complementary portion of the target mRNA and tag it for 
degradation. 
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4. A single base pair difference between the siRNA template and the target mRNA is enough to block the 
process. 
5. Each strand of siRNA has: 

a. 5’-phosphate terminal. 
b. 3’-hydroxyl terminal. 
c. At 3’ end-2(or) 3-nucleotide overhangs. 

miRNA (Micro RNA) 
1. miRNAs are non-coding RNAs.  
2. Found only in eukaryotic cells. 
3. Small in size with an average length of 19-25 nucleotides. 
4. Transcribed by RNA polymerase II from independent genes or introns of protein-coding genes. 
5. Gene-regulatory roles in both plants and animals. 
6. The first miRNA was discovered in C. elegans in the year 1993. 

 
Fig. 1. Structure of miRNA strand 

DICER 
1. Dicer is the key enzyme initiating the RNA-silencing process.  
2. It is a dsRNA specific Ribonuclease III-like endonuclease. 
3. It cleaves the target dsRNAs into fragments of 21-24 nts, leaving 3’ hydroxyl and 5’ phosphate ends, and 
2 nt 3’ overhangs at the terminal of the duplex. 
4. Specifically it binds to the dsRNA and it will cleave the RNA from middle. 
5. Involved in initiation of RNAi and Digests dsRNA’s into uniformly sized small RNA’s (sRNA’s). 

RISC 
1. RISC is a large (~500-kDa) RNA-multiprotein complex.  
2. Argonaute protein is the key player which triggers mRNA degradation. Eg.  Unwinding of double-
stranded siRNA (Helicase). 

a. Ribonuclease component cleaves mRNA (Nuclease). 
b. Cleaved mRNA is degraded by cellular exonucleases. 

Table 1. Examples of RNAi-based resistance in Viruses, Viroid, Fungal and Bacterial pathogen 
in commercially approved plants: 
Target 
organism  

Disease RNAi- or 
RNA-based 
approach  

Target 
sequence  

Experimental 
plants  

References 

CVYV, MNSV, 
MWMV, and 
ZYMV 

Different virus 
diseases 

Transgenic 
plant (hairpin-
loop structure) 

Cm-eIF4E 
mRNA 

Cucumis melo 
(muskmelon) 

Rodriguez et 
al.   (2012) 

TYMV and 
TuMV  

Turnip yellow 
mosaic and 
Turnip mosaic 

Transgenic 
plants 
(amiRNAs) 

P69 and HC-Pro 
coding 
sequences of 
TYMV and 
TuMV, 
respectively 

A. thaliana 
Nicotiana 
benthamiana  

Niu Q-W et 
al. (2006) 

TYLCV Tomato yellow 
leaf curl 

Transgenic 
plants 

C1 (Rep) coding 
sequence 

Solanum 
lycopersicum 
(tomato) 

Fuentes et 
al. (2016) 
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(hairpin-loop 
structure) 

PSTVd  Potato spindle 
tuber 

Transient leaf 
assays 
(amiRNAs) 

PSTVd positive 
and negative 
strands 

N. 
benthamiana  

Carbonell et 
al. (2017) 

Blumeria 
graminis  

Powdery 
mildew of 
barley and  
wheat  

HIGS using 
intron hairpin 
RNA 
Antisense 
RNA 

Glucanosyl 
transferase 
genes  
Avra10 (effector 
gene) mRNA 

Hordeum 
vulgare (barley)  
Triticum 
aestivum 
(wheat) 

Nowara et 
al. (2010) 

Uromyces 
appendiculatus  

Common bean 
rust 

VIGS using 
BPMV  

Four candidate 
effector mRNAs 

Phaseolus 
vulgaris 
(common bean) 

Cooper et al.  
(2017) 

Sclerotinia 
sclerotiorum  

Sclerotinia 
stem rot 

VIGS using 
BPMV  

Soybean 
respiratory 
burst oxidase 
homologs group 
VI (GmRBOH-
VI) 

Glycine max 
(soybean)  

Ranjan et al. 
(2018) 

Agrobacterium 
tumefaciens  

Crown gall  Transgenic 
plants 
(hairpin-loop 
structure)  

iaaM and ipt 
oncogene 
mRNAs  

Arabidopsis 
thaliana, 
Lycopersicon 
esculentum 
(Tomato)  

Nowara et 
al. (2010) 

Xanthomonas 
citri subsp. citri  

Citrus canker  Not RNAi but 
CRISPR 
genome editing  

CrLOBI 
promoter  

Citrus sinensis  Cooper et al.  
(2017) 

Conclusions 
1. RNA interference is a potential tool for effective management of plant pathogens. 
2. RNAi offers great possibilities to grasp the complexity of cell biology and to manipulate their mechanistic 
pathways.  
3. High specificity to target an organism. 
4. These techniques are even used in various fields. 
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Introduction 
Miyazaki mango is one of the expensive mango varieties in the world. This is also called Taiyo no Tomago 
or the egg of the sun due to its egg shape and bright red colour. It has sweet orange flesh inside and melts 
when it is put in the mouth. Miyazaki, is a variety of the Irwin mangoes cultivar. It has special traits to 
the variety which can be seen because of the peculiar climatic conditions of the city of Miyazaki, Japan. 
The sub-tropical climate, abundant sunlight as well as rainfall, help mangoes to get the desired qualities. 

 
In 2019, two Miyazaki mangoes are sold in an auction for 2.70 lakhs rupees. But the story of the mango 
does not have a pleasant start when the farmers planted their first Miyazaki mangoes in the 1980s. Black 
colour on the mango skin and taste were challenges that the farmers faced. Later, they found out that 
mangoes that naturally fall from the trees have more sweetness and aroma than those that are manually 
harvested. 
By the start of the second half of the 1980s, they started net-harvesting which made it easy to harvest. 

 
Mango which weighs 350 grams, red in colour and has an egg shape, has more value in the international 
market. The mango variety is well known for its sugar content, more than other mango varieties, 15%. 
The content of folic acids, beta carotene and antioxidants are higher than the other varieties. April- August 
is the normal harvesting time for the mango. When the climate falls below 15 degrees, the fruiting capacity 
will be affected. In such places where the climate falls below 15 degrees, it is recommended to grow mango 
trees in a greenhouse. 
To get equal rich red colour all around the mango, they lay kinds of reflective sheets on the soil, so, when 
the sunlight falls on the sheet it would reflect on the downside of the mango. After harvesting, farmers once 
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again check the weight and taste of the mango. Mangoes that are under 350 grams and does not have the 
proper colour and sugar content are omitted from the open and international market. Since they are 
shipped after fully ripened, they are packed individually with utmost caution. 
Though Miyazaki mangoes are born in Japan, nowadays it is widely cultivated in Thailand, India, 
Pakistan, Bangladesh and the Philippines. Though many countries cultivate Miyazaki variety, Japanese 
Miyazaki has more value in the international market. The grafting technique is being used for the 
reproduction of the plant. Before the ripening of the fruit, each fruit will be covered in nets. 
Normally, a mango costs 3500 rupees but last year two mangoes auctioned for 2.70 lakhs rupees in Japan. 
One of the peculiarities of the mango is that, normally, people buy them as to gift for others for their hard 
work or as an appreciation. 
Salem Gundu mango preferrably called as Alphonso mango is rich in sweetness & flavour, with juicy pulp 
inside. The mango looks green in raw conditions and turns completely yellow on ripening. Alphonso 
mangoes are small round shaped and can be eaten directly with one hand. Alphonso is the largely exported 
variety of mangoes compared to other mango varieties. 
The mangoes will be sent in raw matured, semi ripe condition to avoid damage in transit. While ripening 
it will loose 100-200gms of weight per kg. Usually delivered in 5 - 10 business days. Delivery might be 
delayed due to restrictions of emergency lockdown. Delivery available in Tamil Nadu and all over India. 

Alphonso Mango 
Nowadays it's hard to find naturally ripened farm fresh mangoes unless one has own mango farms or pluck 
the mangoes directly from trees by any means. Normally mangoes sold by a farmer crosses different level 
of agents and reaches the consumer. It is being stored and applied ripening techniques to reach consumer's 
hands. 

 

Alphonso Mango Specifications 
Variety name Alphonso  
Place of origin Salem, Tamil Nadu, India 
Local names Salem Gundu, Hafoos, Hapus, Badami 

Alphonso or Badami or Apoos 
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Alphonso is otherwise called as King of Mangoes. Its having very sweet taste with fiberless pulp which is 
having high vitamin A and C. This is a mid-season variety available during April to June. The fruits are 
Medium in size, averaging about 250 gm ovate oblique in shape and orange yellow in colour and also 
suitable for table and canning purpose. It has good sugar: acid blend and excellent keeping quality. Hence 
this mango is suitable variety for export. 

Banganpalli 
Banganpalli is a mid-season variety which is available during the month of May to July. The fruits are 
medium to large sized weighing on an average 350-400 grams. Fruits ripens to a golden yellow exterior and 
a straw yellow to golden yellow interior. The pulp is fiberless, firm and yellow with sweet taste. This variety 
is suitable variety for export. 

 

Neelum 
This is a commercial variety indigenous to Tamil Nadu. It is an ideal variety for transporting to distant 
places owing to its high keeping quality. Fruit is medium in size, ovate oblique in shape and saffron yellow 
in colour. Fruit quality is good and keeping quality is very good. It is a late season variety. 
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Abstract 
Farmer, a person who involved in agriculture, cultivates land or raising living organisms. 
They are regarded as the backbone of the country. Agriculture plays a major role in Indian economy. As 
per 2018, Agriculture employed more than 50% of the Indian work force and contributed 17-18 % to 
country’s GDP. Agriculture accounts for about 18% share of the total value of India’s export. Agricultural 
growth has direct consequence on poverty eradication. 
Nowadays farmers have been facing issues ranging from improper technology to agricultural loan debts. 
Even after the government implementing certain policies and schemes for the farmers, have failed to 
protect the farmers. Hence this study is mainly focused on problems faced by the farmers at 
Ambasamudram. we have analyzed the farmer’s problems during our RAWE programme for the past 2 
months from the farmers at Ambasamudram, Tirunelveli. 
Keywords: Agriculture, farmers, problems, Ambasamudram, economy. 

Introduction 
In India moreover two-third of our working population are committed on agriculture. Agriculture is the 
main source of food and raw materials. Ambasamudram is the principal town of the Ambasamudram taluk 
in Tirunelveli district in the state of Tamil Nadu, India. It is one of the major rices producing area in Tamil 
Nadu. In this region, the farmers are more engrossed in rice cultivation. They are not interested and 
involved in other crop cultivation. Due to repeated cultivation of rice, the soil health becomes bust. 
Nowadays they are facing the problem of potash deficiency. In the early years of agriculture, the farmers 
cultivate different varieties of crops and raised different types of livestocks. In recent years the overall 
cultivating varieties and livestocks production decreased and also other problems are there. To tackle the 
problems in rice cultivation in Thamirabarani river ayacut of Southern Tamil Nadu Rice Research Station 
was established. 

Objective 
This paper cast about for the problems faced by the farmers at Amabasamudram. 

Problems Faced by the Farmers at Ambasamudram Block 
1. Over Rice Production: As per recent census, rice stock is more than 295.75 lakh MT that is more 
enough for the food consumption in our country. So, the over amount of rice production decreases demand 
and marketing value of rice in market. The farmers can not able to get the expected income. It also reduces 
the soil health in that region. In recent days the soils were suffered from the potash deficiency in 
Ambasamudran block. 
2. Wild animals attack: In the foot hills of western ghats, wild boar is the utmost communal native species 
of wild life that brings about large injuries to the Agricultural crops. wild boar may destroy the agriculture 
crops by crushing or eating of plants during rice grain filling stage. And also, wild elephant attack near 
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Western Ghats region. In the first week of February month 2022 around 5 acres were devastated by the 
elephants. The animals like deer from the hills grazes out the crops. 
3. Improper transfer of technology and adaptability: The new agricultural technologies not transfer 
to all farmers. Most of the farmers had poor knowledge and poor contact with the agricultural development 
department. Only certain farmers can accept and adopt the new technologies. Not all farmers are aware 
about the technologies like SRI system of rice production, seed treatment techniques etc., They are not 
ready to adapt the new technologies preferred by the scientists and other extensional workers. Many of the 
farmers are unaware about the new technologies, subsidies, schemes, etc., because they are not ready to 
attend the field days, meetings, experiments conducted by the extension workers. 
4. Monsoon failure: Monsoon is the most important season for farmers and plays a crucial role in Indian 
agriculture. Early withdrawal and late onset of monsoon cause crop failure and yield losses. Due to 
favourable conditions, infestation of pest and diseases may occur in agricultural crops. It may cause heavy 
losses in this region. The irrigation affected in previous year causes crop failure in some parts. 
5. Degradation of soil health: Repeated application of harmful fertilizers and insecticides decreases the 
soil health. They had no proper knowledge about the use of fertilizers. Due to the repeated production of 
the same crop the soil health becomes decreased. During the past season the farmers are facing the potash 
deficiency in their field. Growing of alternate crop can restore the soil health and nutrient status of the soil. 
But they feel insecured of raising the alternate crop to rice. 
6. Pest and Disease management: The major pest attacking the rice crops are yellow stem borer, earhead 
bug, cutworms and BPH. They cause devasted loss in rice cultivation. The pest attacking banana crop are 
pseudostem weevil and rhizome weevil. The major diseases infested in this area are rice blast, rice false 
smut. In banana we have observed the panama wilt disease in many villages in this region. In recent days 
we have undergone many crops cutting experiment with extension workers and identified that the major 
loss of yield is due to the pest ans disease attack. 
7. Economic needs: The economic needs for farmers are more than their income. The farmers invest 
money in agriculture but they can’t able to retrieve it. The basic requirement of capital for their family is 
higher than their income. The requirement for food and clothings, education, purchase of fertilizers and 
insecticides, etc., so they are forced to buy credit or loan from any source. Small and marginal farmers are 
not able to repay their debts. 
8. Unawared Rural youths: Agriculture does not attract the youth anymore in this region. The youths 
in the villages do not want to take up agriculture as they see their fathers and forefathers struggle to make 
both ends in meet. They feels agriculture is the most toughest job with low income. Low productivity due 
to some constraints resulting in poverty and pushing them away from this sector. Even their parents and 
family members do not want them to take up their traditional occupation. 
9. Non-availability of Agricultural labourers: Due to mahatma Gandhi national rural employment 
guarantee act 2005, there is no sufficient labours for farming operations as per the requirement. Daily 
wages for MGNREGA is 240, for weeding per is 250, so the people prefer to work in MGNREGA. 
10. Non-adherence to traditional farming methods – In the early period of time in agriculture they 
raised up different varieties of rice in this area. But nowadays they grew up only the ruling varieties ADT 
45, CO 51, ASD 16. They are not interested in raising different types of livestock. Because of the 
inavailability of pasturing land area. In order get the higher yield, the farmers are cultivating only the high 
yielding varieties. 

Conclusion 
During our RAWE programme we have analyzed the problems faced by the farmers at Ambasamudram 
block, Tirunelveli district. In this study we have observed the major problems gone through by the farmers 
of this block. The critical issues that plagues farmers in agriculture at this block are animal attacks, pest 
and disease infestation, less transfer of technology to small and marginal farmers, non-availability of 
agricultural labourers, capital., etc. the solution for these problems are adapting new technologies and with 
appropriate planning on farming. 
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Abstract 
The Red Palm Weevil Rhynchophorus ferrugineus (Olivier) (Coleoptera:   Curculionidae) is the notorious 
insect pest in palms among the other pests. It causes severe damage to the Coconut crop. The Red palm 
weevil infestation is more common in younger plantations, especially those between the ages of 5 and 20 
years. The presence of cocoons and weevils on chewed up fibres in leaf axils or on the ground at the bottom 
of the palm indicates the presence of the pest. Integrated Pest Management strategies are used effectively 
to control this weevil. Especially, various trapping techniques and killing adults aid to decrease the weevil 
population from the infested area.  
Keywords: Red palm weevil, Coconut, Infestation, IPM. 

Introduction 
The Red Palm Weevil, Rhynchophorus ferrugineus (Olivier) (Coleoptera:   Curculionidae) a well-
known tissue borer of palms. This insect pest is native to South Asia, which has spread through the 
movement of infested planting material all over the world. Globally, this pest has a wide geographical 
distribution and extensive host range in Asia, Africa and Europe.  It was first reported in Coconut (Cocos 
nucifera) in South Asia. Besides it has known as primary pest in Date palm (Phoenix dactylifera) (Dembilio 
et al., 2015). RPW can cause serious damage to the crop by damaging stem portion. The signs and damage 
symptoms of this RPW are only visible at later stages of the attack. Once, the trees infested with this RPW, 
palms are difficult to manage this insect pest. Therefore, early detection of RPW and infested palms is very 
crucial to manage this problem in future. Application of Integrated Pest management practices from young 
stage of the crop will help to manage this insect pest. 

Red Palm Weevil Biology 
Stage of Insect Morphological Character 
Egg Oval and creamy white in colour. Eggs laid in scooped out small cavities, 

wounds and other cut injuries on the trunk. 
Grub Light yellowish grub without legs. Stout, fleshy and apodous with a 

conical body bulged in middle and tapering towards the end. 
Pupa The full frown larva pupates inside the stem and fibrous cocoon made out 

of fibrous strands 
Adult Reddish brown weevil has six dark spots on thorax. 

Male has conspicuous long snout has a tuft of hairs. 

Life Stages of Red Palm Weeevil 
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Damage Symptoms 
1. In young palms the top withers whereas in older palms the top portion of trunk bends and ultimately 
breaks at the bend causing wilting. 
2. The grubs cause damage inside the stem or crown by feeding on soft tissues. 
3. The hole can be seen on the stem with chewed up fibres protruding out. 
4. Many times reddish brown liquid can be seen oozing out from the hole. 
5. It can cause severe damage especially when a large number of them bore into the soft, growing parts.  
6. In case of severe infestation the inside portion of trunk is completely eaten and become full of rotting 
fibres. 
7. Sometimes the gnawing sound made by the feeding grubs inside will also be audible. 
8. In the advanced stage of infestation yellowing of the inner whorl of leaves occur.  
9. The crowns falls down or dry up later when palm is dead. 

Management Practices to Control Red Palm Weevil 
1. Remove and burn all infected palms and plant parts. 
2. Avoid injuries on stems of palms as may serve as oviposition sites for the weevil.  
3. Fill all holes in the stem with cement. 
4. Avoid the cutting of green leaves. If needed, they should be cut about 120 cm away from the stem. 
5. Fill the crown and the axils of top most three leaves with a mixture of fine sand and neem seed powder 
or neem seed kernel powder (2:1) or lindane 1.3 D (1:1 by volume) once in three months to prevent the 
attack of rhinoceros beetle damage in which the red palm weevil lays eggs. 
6. Setting up of attractant traps (mud pots) containing sugarcane molasses 2½ kg or toddy 2½ litres + acetic 
acid 5 ml + yeast 5 g + longitudinally split tender coconut stem/logs of green petiole of leaves of 30 numbers 
in one acre to trap adult red palm weevils in large numbers. 
7. Install pheromone trap by using Ferro lure @ 12 per ha 
8. Root feeding using insecticide also will help to reduce the weevil incidence. 

Conclusion 
The Red Palm Weevil Rhynchophorus ferrugineus (Olivier) is one of the destructive insect pests in Coconut 
and other palms. This can cause severe damage to the crop from young stage onwards. It feeds inside the 
stem portion and ultimately produced remarkable damage to the plants. Moreover, this damage will lead 
to the death of the plant. Therefore, implementation of Integrated Pest Management options will help to 
control this red palm weevil efficiently. So, proper usage of management options at right stage of the crop 
will minimize this weevil incidence. 
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Abstract 
India is the largest producer of bananas in the world with a production of approximately 16.91 million 
tonnes annually from an estimated area of 4,90,000 hectares. Although, more than fifty cultivars are being 
commercially cultivated in India, only a few have a significant role in trade. Asia produces about 40% of 
the banana out of global annual production of 45 million metric tons. 
With the available technologies, post-harvest losses can be reduced to half and simultaneously value 
addition can be made for this produce. An attempt is made to pool the knowledge of post-harvest handling 
to improve the shelf life, processing and by-products utilization of banana crop for producing value added 
products from it. 
The harvesting methods, techniques for prolonging the shelf life of fruit using chemical dips, low-
temperature methods, controlled atmosphere storage, subatmospheric-pressure storage, etc. are discussed. 
The banana is a versatile fruit for preparing several processed foods through simple processing methods. 
Processing techniques of several products such as pulp, juice, canned slices, jams, deep-fat-fried chips 
(crisps), toffee, fig, fruit bars, brandy, etc. are presented. Apart from these, value addition techniques for 
utilization of by-products are also emphasized 
Keywords: Banana, Value added products, By products – Utilisation. 

Introduction 
Banana is one of the most important fruit crops of India. India is the largest producer of bananas in the 
world with a production of approximately 16.91 million tonnes annually from an estimated area of 4,90,000 
hectares. Although, more than fifty cultivars are being commercially cultivated in India, only a few have a 
significant role in trade. 
'Dwarf Cavendish' is the ruling variety of banana trade in India. However, there are several location 
specific cultivars like Rasthali, Ney Poovan, Poovan, Nendran, etc. Banana is a highly perishable fruit 
owing to its high moisture content and climacteric nature. However, the post-harvest losses in banana can 
be reduced by applying appropriate processing technique and converting them into semi-perishable 
product. The processing of banana adds value to the produce where the farmer or trader can get a better 
price for the produce. 
Most of these value-added products of banana are shelf stable for 3-6 months. Important value-added 
products. It is also one of the sources of income for farmers. Banana has various uses that can be turned 
into many processed products. In addition to banana exporting, processing banana into different products 
could mean additional income for banana farmers. Processing techniques of several products such as pulp, 
juice, canned slices, jams, deep-fat-fried chips (crisps), toffee, fig, fruit bars, brandy, etc. are presented. 
Apart from these, value addition techniques for utilization of by-products are also emphasized. 

Value Added Products 
Pulp, Juice and Concentrate: Fully ripe fruits are washed, peeled and forced through a screw type 
pulper. Then the pulp is homogenized, deaerated using a centrifugal deaerator and held under vacuum.  
This method eliminates the need for steam blanching, which may be responsible for oxidative colour and 
flavour changes. The pulp contains leukoanthocyanins, which in the conventional method of canning such 
a low acid food cause pink discolouration. The homogenized deaerated pulp is heated, cooled and filled 
aseptically into containers. For preparation of clarified juice, the banana pulp is mixed with an appropriate 
level of SO2 and treated with pectic enzyme at 40°C until the clear juice is separated from the pomace.  The 
enzyme dosage of 0.75-1% (V/W of pulp) is optimum. The mass is passed through cheesecloth and filtered 
using a filter aid like infusorial-earth such as Hy-flow Super Cel or Dicalite.   The filtered juice is blended 
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with sugar and acid, if needed, pasteurized, filled hot into pasteurized bottles, sealed and cooled.  Banana 
juice clarified by pectolytic enzyme treatment can be made into concentrate using vacuum evaporators.  
Aroma recovery, concentration and addition to the concentrated juice are essential to obtain full-flavoured 
concentrate. 
Toffee: In the production of toffee, banana pulp is concentrated in a steam-jacketed kettle to about one-
third of its original volume. Other ingredients, namely, sugar, glucose, skim milk power and vanaspati 
(hydrogenated oil) are added, mixed and the cooking continued to a final weight equal to about 20% of the 
fruit pulp taken.  The cooked mass is transferred to a smooth level surface and smeared to a thin sheet. It 
is allowed to cool and set for 2 h. The solid sheet is cut in to pieces and dried at 50-55°C to a final moisture 
content of 5-6%, after which the pieces are wrapped and stored/marketed. 
Banana puree: Bananas for puree production ideally should be harvested at the point of maturity. 
Ripened bananas at color index 6 and 7 are selected and washed thoroughly to remove adhering dirt and 
any chemical residue that may be present. Bananas are then blanched with either food grade steam or 
boiling water until a center temperature of 93°C is reached. A medium size, unpeeled banana requires 10 
to 15 minutes to attain this temperature. Blanched bananas are then cooled and peeled. The puree is then 
obtained by passing peeled blanched bananas in communition machines. Banana puree has an attractive 
color, fine texture and retain its fruity flavor. Banana puree developed must be further treated to ensure 
their preservation until the moment of final utilization and processing. The puree can be frozen, canned or 
aseptically packed. The puree is used for beverage industry, baby foods, snack foods, jam and sauces. 
Banana Powder: Banana powder has a great potential for commercialization. It has a high sugar and low 
starch content and can be used as a substitute for fresh banana in making traditional cakes or their 
premixes as well as in the processing of banana snacks, crackers or crisps. Banana puree processing is the 
first step in banana powder processing, followed by drying. Good quality puree with proper drying produces 
good quality powder. Spoilage due to microbial and enzymic activity is greatly reduced at the moisture level 
of 7.0% but caking is easily developed in banana powder during storage if improper packaging materials 
are used for the purpose due to its high sugar content. The quality of banana powder is determined by the 
color, flavor, texture and moisture content. These are affected by the varieties of bananas and processing 
operations specially blanching process. Good quality powder is produced from the bananas of right variety 
and degree of ripeness. Immature or overripe fruits should be excluded from the bulk. Blanching is an 
important step in banana powder processing for controlling discoloration in the product. There are two 
main types of color changes: discoloration caused by either tin or zinc present in the peel rags and browning 
due to a very active oxidative enzyme. The optimum activity of the enzymes responsible for discoloration is 
around pH 7.3. 
Chips/Crisps: The Nendran plantain banana is famous for preparation of chips. In the production of 
banana and plantain chips (crisps), thin banana slices of 1.75-2.0 mm thick are soaked in a solution 
containing NaCl, citric acid and potassium metabisulfite for 30 min. They are removed, wiped and fried in 
hydrogenated fat or edible oil at 180-200ºC. The frying medium: material ratio should be about 4:1. 
Common salt at the rate of 0.6% (W/W added as 20% aqueous solution) is sprinkled over the frying chips 
in the pan towards the end of frying. The excess oil is removed by wiping and dusted with salt, if previous 
process is not followed.  Antioxidants are added to keep the product free from becoming rancid. Addition of 
0.1-0.15% turmeric powder during frying enhance the colour. Alternatively, slices may be dried before 
frying and the antioxidant and salt added with the oil.  The chips are stored in 300-gauge high-density 
polyethylene bags or 400-gauge low-density polyethylene bags, which in turn are kept in sealed tins under 
CO2. They remain good for 6 months. They are eaten as snack like potato chips.  
Banana Coffee: This product can be made by dehydrating the peeled and sliced fruit in a two-stage 
dehydrator. In the first stage, the fruit is partially dried at 50ºC for 9 h and in the second stage final 
dehydration is carried out at 55ºC for 9 h. The dehydrated product is then roasted and ground. This product 
can be used as breakfast cereal. 
Banana Beverage: In a typical process, peeled ripe fruit is cut into slices, blanched for 2 min in steam, 
pulped and pectolytic enzyme added at a concentration of 2 g/kg of pulp, then held at 60-65ºC and 2.7-5.5 
pH for 30 min. In a simpler method, lime is used to eliminate the pectin. Calcium oxide (0.5%) is added to 
the pulp and after standing for 15 min, this is neutralized to give a yield of up to 88% of a clear and 
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attractive juice. In another process, banana pulp is acidified and steam-blanched in a 28” Hg vacuum, which 
ensures disintegration and enzyme inactivation. The pulp is then conveyed to a screw press, the resulting 
purée diluted in the ratio of 1:3 with water and the pH adjusted by further addition of citric acid to 4.2 to 
4.3, which yields an attractive drink when it is centrifuges and sweetened.  
Fruit Bar: Fruit bar has been prepared from the pulp of Pachabale bananas mixed with sugar and 
preservatives and dried to below 20% moisture after spreading in a tray in a cross-flow dryer at 70°C. The 
dried product, cut into pieces and packed in cellophane paper, had a shelf life of 7 months. 
Canned Banana: Pachabale and Chandrabale varieties are considered quite suitable for canning. Several 
methods for canning of banana slices in syrup are used. Best quality slices are obtained from fruit at an 
early stage of ripeness. The fruits are peeled, cut into slices of ½-¾” thickness, filled in to plain cans, covered 
with hot syrup of 25-30º Brix containing 0.5% acidity (pH 4.2) and then exhausted, sealed and retorted at 
100ºC for 15 min and cooled. In some processes 0.2% calcium chloride or 0.5% calcium lactate is added in 
the syrup as firming agent. The covering syrup, although, cloudy, is not likely to affect the acceptability. 
The main use of canned slices is in tropical salads. 
Banana Slices: Banana slices are blanched and equilibrated in a solution containing 42.5% glycerol, 
14.85% sucrose. 0.45% potassium sorbate and 0.2% potassium metabisulphite at 90ºC for 3 min to attain 
moisture content of 30.2% for producing intermediate moisture banana product. 
Wine: Banana fruits can be utilized for preparation of wine. Bananas are peeled and homogenized in a 
blender for about 2-3 min to obtain pulp. Potassium metabisulfite (100 ppm) is added to prevent browning 
and to check the growth of the undesirable microorganisms. The addition of 0.2% pectinase and retaining 
it for 4 h in incubation at 28±2°C is done for maximum extraction of juice from pulp. The juice was separated 
by centrifugation and the clear juice was used for the preparation of wine.  The juice recovery from overripe 
fruits was higher (67.6%) than from normal ripe fruits (60.2%). Good quality wine was obtained from ripe 
and over riped fruits. 
Brandy: Pulp from fully ripe bananas is treated with pectin enzymes to obtain clarified juice, which is 
then fermented by inoculating with suitable yeast in a fermenter. After fermentation is completed, which 
takes 4-5 days, the fermented liquor is distilled to obtain brandy having an ethanol content of 35-40%. 
Fruits, which are neither overripe nor unripe yield good brandy. Overripe fruits yield strongly flavoured 
brandy while underripe fruits yield astringent brandy. 
Banana Sauce: Banana sauce is a ready-to-eat to sauce. It is used for moistening, flavour control and as 
a garnish to make food more delicious. The sauce has a strong banana taste and flavour and a dull yellow-
red colour. The total soluble solid content varies from 39-40°Brix depending on the variety of bananas. It 
has a shelf-life of one year when stored in bottles. 
Banana Jam: Banana with sweet taste, fine flavor and texture can be processed into excellent jam.The 
processing of the product is basically similar to that of other fruit jam. Banana puree having total soluble 
solid and pH value in the range of 24-26° Brix and 4.4-4.6 respectively are the main ingredients used in the 
processing of banana jam. The proportion of banana puree, sugar, pectin and citric acid used in the 
processing of banana jam should be given special emphasis in order to produce a clear and fine texture jam. 
Banana jam has a good shelf-life. Machinery to be installed and used: Pulper, Juice Extractors, 
Mixer/Grinders, Cap Sealing Machines, Slicers, Bottle Washing Machine 
Banana Fig: Banana figs are dried or dehydrated banana fruits with sticky consistency and very sweet in 
taste. Fully ripe banana fruits of variety ‘Karpuravalli’ or ‘Dwarf Cavendish’ are peeled, treated with 1% 
potassium metabisulphite solution and dried either in sun or oven at 50° C for 24 hours. These figs are 
packed in polyethylene bags or any other suitable. Containers. They have a shelf life of ablout 3-4 months 
under ambient conditions. 
Health drink and Baby food: A highly nutritious and tasty health drink formulation and a baby food 
formula has been developed at NRCB using banana flour/powder after supplementing with suitable natural 
sources of proteins, minerals, vitamins and fat. It has got a shelf life of about 6 months and is suitable for 
children and adults. 
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Banana Fibre: Banana fibre is extracted from the dried petioles and pseudostem of the banana plant. The 
banana fibre can be used in the preparation of special kind of papers, ropes, threads, baskets, toys and 
several fancy items. 

By Products Utilization 
Vinegar from Pulp and Peel: Vinegar has been prepared from a mash consisting of the pulp and peel of 
the ripe fruit. The mash is pasteurized and then inoculated with a pure culture of Saccharomyces 
ellipsoideus. Fermentation is allowed to proceed at 20 to 23°C for 14-20 days. The Alcohol content of mash 
amounts to 6.55 to 10.12%. The cider’ thus obtained is filtered and subjected to accetification giving a yield 
of vinegar of 48-53% based on the weight of the fruit taken. 
Banana Stem Candy: The banana stem is commonly used as a vegetable and supposed to have medicinal 
properties. For this recipe, it is preferable to have a stem that has already yielded a crop of mature bananas. 
After removing the outer sheaths, cut them into small circular slices each 1 to 1.5 cm thick (Shanmugavelu 
et al., 1992). Put these slices in water containing potassium metabisulfite at a ratio of ½ teaspoon full in 2 
lit of water. Also add one teaspoon of citric acid to this water. This treatment gives a good colour to the 
final banana stem candy and prevents its discolouration. Boil the slices and then allow them to cool. 
Puncture lightly all over with a fork. Use 3 kg sugar and arrange alternate layers of sugar and slices. Set 
this mixture aside for one night. Next day, syrup will be formed in the pan. Add 1 kg sugar into the pan 
and heat it till a single thread consistency is obtained. After adding syrup, again set aside overnight and 
next day add 1 kg of sugar to the whole. Bring to a boil till a thread consistency is obtained. Strain off the 
syrup and the candy pieces are ready. 

Peel as Cattle Feed 
The peel must be mixed with other feeds and it cannot be fed alone. 
Starch from Pseudostem: Each banana plant can yield about 20-25 kg of pseudostem, which contains 
about 5% edible starch useful for sizing in the textile industry. It can be utilized as raw material for 
preparation of paper pulp.Nearly 1% starch of edible grade can be recovered by crushing the stem and 
starch processing. Starch granules amount to 19.5% on dry weight basis and are highly. Irregular in shape 
and size, with a mode of characteristic length falling at 15 μm. The gelatinisation temperature is 70.1 to 
74.6°C. At 95°C. 6% banana starch paste in a Brabender Amylograph has a viscosity of 4x that of corn 
starch paste of the same concentration. 
Cheese from Peel: In the processing of banana for canning and dehydration, the banana peel is a waste 
product. The pulpy portion scraped from the thick peel of the banana can be utilized for the preparation of 
banana cheese. The pulp is added with equal quantity of water 56 g of butter and 1.25-1.5 kg of sugar for 
every kg of pulp and heated in a pan. When the temperature of the material is reached 105°C, 2.2 to 3.3 g 
of citric acid is added and heating is continued to bring about inversion of sugar so that in the finished 
product there will be 36% of invert sugar. The boiling is finished at 115%c. The cooked mass is then spread 
over the smooth surface of tray, which has been smeared with a small quantity of butter of hydrogenated 
oil or glycerin and allowed to cool and set. 
Pectin from Peel: The pectin from ground banana peel can be extracted with an equal weight of 0.2% 
citric acid for 1 h at 98 to 100°C. The extracted material has to be filtered and the residue is again extracted 
with a fresh portion of citric acid solution. The cloudy extract is combined and treated with a pure culture 
of Aspergillus oryzae incubated at 37°C for 3-4 days to remove the starch. The material is then concentrated 
in Vacuo and dried at 50°C. The finished product is a dark hygroscopic substance. The pectin obtained by 
this method is quite impure due to high ash and acid contents. 

Conclusion 
This type of value addition increases the shelf life of banana and reduces the post-harvest losses. This help 
to reduces the waste of byproducts of banana. Usually through efficient banana processing and proper 
utilisation of products would also add upon burning of pseudo stem that would lead to air pollution there 
by value addition of products would help in reducing the air pollution without harming the byproducts thus 
negotiating the harm. 
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Definition 
Tissue culture is the culture and maintenance of plant cells, tissues or organs (explants) in sterile, 
nutritionally (synthetic media) and environmentally (controlled) supportive conditions (in vitro). 

History of Plant Tissue Culture 
Professor Gottlieb Haberlandt (Austria) first to attempt Aseptic Culture in a nutrient solution (1902).  
In vitro cultivation of plant tissues: WHITE worked with a Nicotiana hybrid and GAUTHERET and 
NOBECOURT worked with carrot (Daucus carota) in 1939. 
Murashige and Skoog (1962) 
P. Maheshwari (1964): Pollen culture 
Cocking (1960) : Protoplast culture. 

Basic Requirements 
1. Aseptic Conditions. 
2. Control of Temperature. 
3. Proper culture medium. 
4. Sub-culturing. 

Techniques of Tissue Culture 
1. Meristematic Culture: Regeneration of whole plant from tissues (explant) of an actively dividing part 
such as stem tip, root tip, or axillary bud.This technique has been widely used in vegetatively propagated 
crops such as sugarcane, potato, banana, fruit trees and timber species. 
2. Embryo Culture: In vitro development of isolated mature or immature zygotic embryos from seed in 
suitable culture media to form seedling. Hybrid seedling can be obtained by culturing a young developing 
embryo excised from the parent tissue before abortion (Rodrigues-Otubo et al., 2000) 
3. Another Culture: Used in different crops for haploid plant production such as Datura, Nicotiana, 
Tomato, Rice, Maize, Wheat, Rye, Coffee, Litchi, Petunia, Prunus, Grape, Potato, Barley, Asparagus and 
Atropa. By doubling the chromosome number of haploids, we get homozygous diploids. 
4. Cell Culture: These are useful in development of transgenic plants. Used in different crop plants such 
as wheat, rice, barley, maize, tobacco etc. Embryogenic cell cultures are suitable for cryopreservation. 
5. Ovule Culture: Regeneration of whole plant from the ovule in the nutrient medium. This technique is 
used for embryo rescue in distant crosses. Haploid and diploid plants are obtained from culture of 
unfertilized and fertilized ovules. 

Applications in Crop Improvement 
1. Generation of variability: 

a. Gametoclonal variation: 
Crop  Characters for which variation is observed  
Tobacco  Yield, Days to Flower, Plant Height, Leaf No., Leaf Length, Leaf 

Width and Total Alkaloid Content.  
Rice  Short Culm, Chlorophyll Deficiency, High Yield, Resistant to 

Bacterial Blight, Blast Disease and Wide Adaptability.  
Brassica napus  Yield and Quality Characters.  
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b. Somaclonal variation: 
Crop  Characters for which variation is observed  
Sugarcane  Resistant to Fiji Disease (Ono), Downy Mildew and 

Helminthosporium sacchari, Sugar Yield, Numbers, Length, 
Diameter and Density of Stock.  

Potato  Both Qualitative and Quantitative Characters.  
Rice  Tiller/Plant, Fertile Tiller/Plant, Panicle Length, Fertile Seeds, 

Plant Height and Flag Leaf Length.  
Wheat  Plant Height, Presence or Absence of Awns, Tiller Number, Grain 

Colour and Heading Date.  
Maize  Plant Height, Node Number, Ear Arrangement and Stock Number.  

c. Protoclonal Variation: 
Crop  Characters for which variation is observed  
Potato  Growth Habit, Maturity Period, Tuber Uniformity, Stem Colour, 

Photoperiod Requirements, Fruit Production, Resistant to Late Blight 
and Alternaria solani.  

Tobacco  Dwarfism, Chlorophyll Variegation and Wide Leaf.  
Lucerne  Yield, Resistant to Fusarium solani, F. rowcum and Rhizoctonia solani.  

2. Development of Haploids: 
Hordeum vulgare   X   Hordeum bulbosum 

(2n=2X=14) (VV)        (2n=2X=14) (BB) 
                                                                                                   

Zygote 
(2n=14, VB) 

 
Young embryo 

 
Monoloid Barley plant (V) 

(2n=X=7) 
 
 

Doubled monoploid barley plants (VV) 
(2n=2x=14) 

Fertile Homozygote 
3. Embryo Rescue: 

a. Many distant crosses fail due to degeneration of endosperm. In such cases embryo culture is used 
to recover hybrid plants called embryo rescue. At IRRI embryo culture technique has been 
successfully used for transfer of BPH resistant from wild species O. officinalis to the cultivated 
species O. sativa. 
b. Some other examples are: 

i. H. vulgare X Secale cereale 
ii. T. aestivum X Agropyron repens 
iii. H. vulgare X Triticum species.  

4. Somatic Hybridisation: Plants obtained from fusion of protoplast of Brassica juncea and Trachystoma 
ballii were back crossed to B. juncea thrice. It was identified that some plants were able to restore fertility 
in a CMS line having     T. ballii cytoplasm. A commercially useful gene transfer has been made from N. 
rustica to N. tabacum making it resistant to black rot and high in alkaloid content.  
5. Selection for Disease Resistance: In potato, plant resistant to wilt and root rot caused by Fusarium 
oxysporium have been isolated by tissue culture technique. In tomato, tobacco and alfalfa, virus resistant 
plants are obtained by infection of callus weak virus. Tissue culture can help in isolation of mosaic free 
lines in okra, papaya, soybean, green gram and black gram.  
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6. Selection for Salinity and Metal Toxicity: Plant cells which are four to five times resistant to the 
normally toxic salt concentration have been isolated, e.g. tobacco. Varieties suitable for cultivation on 
Aluminium toxic soil may be developed, e.g., selection of Aluminium resistant cell lines of N. 
plumbaginifolia and regeneration of resistant plant from this line.  
7. Selection for Drought Resistantance: In the culture medium drought is induced by a chemical called 
Polyethylene glycol (PEG). Low Proline content is an indicator of water stress tolerance. Tolerant genotypes 
have been isolated in tomato and sorghum. 
8. Micropropagation: It is useful in rapid and mass multiplication of plant materials which are difficult 
to propagate sexually and rate of multiplication is slow. It can yield faster than the conventional methods 
of breeding. It is mostly used in horticultural, floricultural crops and forest trees. Used to obtain early and 
disease-free lines in strawberry, banana, citrus, potato, sugarcane and some timber trees. 
9. Germplasm Conservation: It is an important application of tissue culture. The cell and tissue can be 
preserved in liquid nitrogen (- 196˚C) for long term. A total of 3010 accession have been cryopreserved by 
NBPGR, New Delhi upto December 2006. Paclobutrazol, Daminozide, tri-idobenzoic acid, cycocel and ABA 
are used to increase the shelf life of culture.  
10. Production of Synthetic Seeds: 
In Vitro propagules for encapsulation Crops 
Somatic Embryo Alfalfa, Celery, Brinjal, Brassica, Lettuce, Rice, 

Sandalwood, Horseradish 
Axillary Buds/ 
Adventitious Buds 

Mulberry, Grape and Eucalyptus 

Shoot Tip Banana and Cardamum 
11. Phytoremediation: 
Organic Pollutant  Form of the tissue 

culture  
Plant species  References  

2,4-D  Cell Suspension  Glycine max  Lewer and Owen (1989)  
2-chloroaniline  Cell Suspension  Triticum aestivum  Harms (1992)  
Glyphosate  Cell suspension  T. aestivum,  

Zea mays,  
Glycine max  

Komoba et al (1992)  

Polychlorinated 
biphenyls (PCB)  

Callus, hairy root  Solanum nigrum, S. 
aviculare  

Kucerova et al (1999)  

2,4,6-
Trinitrotoluene  

Cell suspension  N. tabacum  Vila et al (2005)  

DDT  Hairy root  Cichorium intybus, B. 
juncea  

Suresh et al (2005)  

2,4-dichlorophenol  Cell Suspension  N. tabacum  Laurent et al (2007)  

12. Direct DNA and Macromolecule Uptake: This is possible using PEG or electroporation. Protein, 
DNA, Viruses, Bacteria, Chloroplast and nuclei can be transplanted   into protoplast. Transgenic plants 
are produced through DNA uptake into protoplast. 

Conclusion 
1. It is useful for conservation of germplasms of useful and endangered plant species. 
2. Low cost and easy availability of seedlings to farmers. 
3. It can be helpful in removal of pollutants from soil & ground water and convert them into nontoxic form. 
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Buck wheat is the most important life supporting, multipurpose and nutritious crop of the tribes living in 
the Himalayas.  In the higher Himalayas up to 4500 m, this is the only crop grown. There are two species 
of buckwheat cultivated in the Himalayas (F. esculentum and F. tataricum). Buckwheat belongs to the 
family Polygonaceae which are distinct from the monocot cereals (Family, Poaceae) and belong to the 
category of dicot pseudo-cereals. Buckwheat is also grown as a cover crop to smother weeds and improve 
the soil fertility. The crop seems to improve soil tilth, and is reported to make more available phosphorus, 
possibly through root-associated mycorrhizae.  The tender shoots are used as leafy vegetable, the flowers 
and green leaves are used for extraction of rutin used in medicine, the flower produces honey of good 
quality. The seed is used in a number of culinary preparations as well as alcoholic drinks, the husk is used 
in stuffing pillows. The crop helps in soil binding and checks soil erosion during the rainy seasons. It is also 
a good green manure crop and improves soil texture. 

Cultivated Areas in India 
Jammu and Kashmir, Ladakh, Kargil, Gurez valley, Uttarakhand, Himachal Pradesh, Chattisgarh, Uttar 
Pradesh are the major buck wheat producing states in india. 
Season:  

a. Buckwheat seeds should be sown in the months of October and November.  
b. It can also be grown from February to October in controlled conditions. 

Climate: 
a. Buckwheat is normally a plant of cool, moist, temperate region. 
b. It can be grown up north at high altitudes because its growing period is rather short and the heat 
requirement for growth is low as well. 
c. However, the crop is highly sensitive to extreme weather and dies pretty easily in unfavorable 
conditions like freezing temperatures during fall and spring. 
d. Even high temperatures and dry weather at the blooming time can prevent seed formation. So, 
the ideal temperature for buckwheat crops to grow healthily is 21 degrees Celsius. 
e. Buckwheat grows well under a wide range of conditions but tends to lodge when subjected to high 
winds or heavy rains and when grown on very fertile soils. 

Soil Requirements: 
a. Buckwheat grows on a wide range of soil and fertility levels. 
b. Buckwheat has higher tolerance to soil acidity than any other grain crop. It is best suited to light 
to medium textured, well-drained soils such as sandy loams, loams and silt loams. 
c. It can tolerate soil pH levels as low as 4.8, however, it cannot tolerate stressful conditions and 
poorly prepared soil.  
d. Its thin roots can penetrate the soil easily but will die during flooding or drought. 
e. Buckwheat is known for growing on a wide range of soil types and fertility rates. It produces a 
much better crop on infertile and poorly drained soils if the climate is moist than other grains-
producing crops. 
f. However, buckwheat performs poorly on fertile soil. 
g. The best-suited soil for buckwheat to grow is light to medium textured and drained soil like sandy 
loams, silt loams, and loams.  
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h. And it does not grow well in heavy, wet soils and soils that contain huge amounts of limestone. 
Land Preparation: 

a. It is important to prepare a good seedbed before planting buckwheat as it has very fine roots. 
Prepare the land a few weeks in advance when the soil is easier to work with and moisture is 
available for crop growth. 
b. Field is prepared by one deep ploughing followed by two harrowing/tilling and planking results 
in good germination and uniform stand of the crop. 
c. It may also help the crop to achieve higher rate of establishment and early growth. 
d. A firm seedbed should allow easy absorption of nutrients for fast growth and to reduce loss from 
drought. 

Recommended Varieties 
Local cultivars Mithey, Tithey, PRB-1, VL-Ugal and Sangla B-1 
Seed Rate and Sowing: 

a. The seed rate of 20 kg/hectare is advised as a sufficient amount for a productive grain yield. 
b. Applying 20 kg of N, 10 kg of P2O5, and K2O per hectare one day before sowing the seeds gives 
the best yield. 
c. To avoid the first frost in September and the heat of July month, it’s important to sow the 
buckwheat early. 

Fertilizers: 
a. A lot of farmers do not fertilize buckwheat because of its low value and moderate fertility needs, 
but for a higher yield, it is necessary to use fertilizers.  
b. Nitrogen fertilizer can help improve the growth rate, especially if the soil is depleted of N.  
c. However, only low rates of N should be used as 20 kg of nitrogen per acre can lead to lodging. 
d. Although buckwheat has a modest soil nutrient requirement as compared to the other grains, if 
fertilizers are not applied, the absorption of soil nutrients by buckwheat can leave the soil depleted 
of nutrients for the following crops. 

Harvesting and Yield: 
a. The optimum time to harvest buckwheat is when the grains are mature but the plant is still 
green. 
b. When the seeds turn a dark brown, it means it’s ripe and ready to be harvested. This happens 8-
10 weeks after the seeding. 
c. Commercial farmers use swathing or winding methods to remove the seeds but for a small crop, 
you can use threshing to remove the seeds. 
d. Yield of 12-14 q/ha is expected from well managed crop. 

   
Buck wheat plants Buck wheat Flowers Buck wheat seeds 
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Introduction 
Whitefly (Bemesia tabaci) belongs to the order: Hemiptera (sub-order Homoptera) and family: 
Aleurodicinae rank among the most noxious insect pest found feeding on almost every plant around the 
world. Whiteflies feed on the phloem sap from lower surface of leaves of major yielding plants through their 
piercing and sucking mouth parts. Bemisia tabaci was first reported on cotton in India in 1905 (Byrne and 
Bellows, 1995). Since the early 1980s, white fly has grown in importance as a pest and vector of virus 
diseases of food, fibre, and ornamental plants. This is due to the biotype's emergence and rapid expansion 
in geographic distribution and host range and now responsible for significant crop losses in many regions 
with many vulnerable crops including Cassava, cotton, cowpea, cucurbits, crucifers, tobacco, tomato, potato, 
soybean, sweet potato, okra, lettuce, pea, bean, pepper, poinsettia and chrysanthemum. Whitefly-
transmitted diseases characterized by light green mosaic (less abundant) and yellow or golden mosaic type 
(more common). Compositae, Convolvulaceae, Labiatae, Leguminosae, Malvaceae, and Solanaceae species, 
which are natural vegetation in many tropical areas, may exhibit the intense bright yellow type of symptom 
that distinguishes diseased plants from normal plants. The yellow color sometimes appears along the veins, 
inducing yellow net, or the yellow areas may be limited by the veins. The bright yellow mosaic leaf areas 
are associated with striking changes in the lamellar system of chloroplasts; they appear vesiculated and 
occur also in abnormal shapes. These changes are accompanied by destruction or elimination of chlorophyll 
content of the leaves. 

Biology of White Fly 
Life history of white fly includes these following stages and there are about a dozen of overlapping 
generations in a year. The optimal temperature for their growth is 23-30℃. 
1. Eggs- Whitefly eggs generally are pale colored, ovoid and possess a pedicel. The oviposition rate varies 
according to the weather conditions and host plant. They deposit a few eggs indiscriminately on the young 
leaves, underside of the leaves as well as on the leaf margins. 
2. Crawlers- The nymphal instars of whiteflies are known as crawlers having functional walking legs and 
antennae. In warmer summer conditions, crawlers walk rather quickly over the leaf surface in search of an 
available minor vein, usually on the same leaf upon which the egg was laid. The portion of the population 
moving between host plants in short distances and after settling, they moult and become sessile and insert 
their mouthparts into the phloem tissue and begin extracting sap. 
3. Pupa- The pupa of whitefly is blackish oval shaped. The pupal period varies from 8 to 14 days. 
4. Adults- adults emerged from their pupal cases and feed on the phloem sap. They have wings and able 
to fly in short distances. 

Whiteflies as Vectors of Plant Disease 
Whiteflies are the most important type of vector because of their ability to transmit many plant viruses, 
particularly a large number of species of the genus Begomovirus which infect dicot plants. World-wide, 
whitefly-transmitted viruses have increased in importance as agricultural practices have shifted to the 
widespread production of uniform germplasm, together with increased fertilizer and pesticide use. 
Individual adult whiteflies have been shown to transmit cotton and tobacco leaf curl, cassava mosaic, 
Euphorbia mosaic, tomato yellow leaf curl, and virtually every other disease that they can vector. When 
whiteflies feed on plants, virus particles are ingested with phloem sap and enter the oesophagus and filter 
chamber via the stylets. Virions are then transported through the gut wall into the haemocoel and then to 
the salivary glands. The virus is then translocated into the salivary duct before being secreted with the 
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saliva during feeding. The disease agent's persistence in adult whiteflies that received maximum inoculum 
ranged from a few days to about three weeks. It was retained in two cases because the transmission 
efficiency of some insects is intermittent and erratic, and there is loss of infectivity. 

Epidemiology of Yellow Mosaic Disease 
Yellow mosaic disease (YMD) was first reported from western India in the late 1940s in Lima bean and 
later in mungbean in northern India (Capoor and Verma, 1948). The ability of a plant virus to disperse 
from host to host is an essential part of infection cycle. Yellow mosaic virus causes irregular yellow and 
green patches on older leaves. Affected plants produce less numbers flowers and cause yield losses upto 
100 per cent (Brown and Bird, 1992). In the case of cassava mosaic and a sweet potato disease attributed 
to virus B perpetuation occurs through cuttings and roots. It has been demonstrated that when acquiring 
the causal agent from certain natural plant reservoirs, the whitefly vector is an efficient transmitter, but 
a poor transmitter within the crop. High temperatures hasten the developmental stages of Bemisia tabaci, 
causing its population density to increase more rapidly. However, disease spread may be more dependent 
on whitefly migration and the presence of adequate disease reservoirs than on temperature. 
The yellow or golden mosaic symptoms tend to fade as the foliage ages. Yellow areas in some diseases, such 
as cotton common mosaic, may turn reddish late in the season. Malva parviflora infected with the Abutilon 
thompsonii disease agent exhibits strong mosaic at first and witches’ broom as a late symptom. Another 
case of whitefly-transmitted Acer disease with initial symptoms of mosaic followed by witches’ broom of the 
growing tips was described. Some mung bean cultivars infected with yellow mosaic had mottled seed coats. 
Necrotic symptoms have only been reported infrequently in the context of whitefly-transmitted diseases. 
Necrotic spotting is present in the leaf-crumpling disease of bean and is responsible for the abnormal shape 
of leaves on infected plants. 

Virus-Vector Relationship 
The relationship between the virus and the whitefly vector is often species-specific. Diseases caused by 
agents easily acquired by the vector from infected crop plants are common in plantings and can cause 
significant losses. The causal agent's relationship to the vector was initially described as nonpersistent, 
then as semipersistent. Adult vectors are the only way for whitefly-transmitted diseases to spread from 
infected sources to new plantings or weeds. Whitefly vectors typically acquire disease agents from older 
plantings, ratoon or volunteer plants, and mostly susceptible weeds. Whitefly instar nymphs and adults 
feed by inserting their proboscises into the leaf, penetrating the phloem and withdrawing sap. It is during 
this feeding process that plant viruses are acquired. Adult whiteflies may disperse and transmit the virus 
to new plants while feeding. In most cases of whitefly-transmitted diseases, the agent has a definite 
incubation (or latent) period in the vector. Because of the relationship between whitefly vectors and the 
plant disease agents they transmit, the agents are thought to be circulative in the insects, assuming they 
are all viruses. The minimum feeding period needed for whitefly vectors to transmit disease agents was 
frequently shorter than the acquisition period. 

Management 
Whiteflies cause damage in plant in three ways. Firstly, nymphs directly suck the sap from leaves which 
may turn leaves brown and finally plant loose vigour. Secondly, the adults secrete the honeydew and cause 
development of sooty mould which interfere with the photosynthetic activity of pants and at last but not 
least, they also transmit yellow mosaic virus to the plants due to which leaves turn yellow in color and this 
disease directly affect yield of the crop. The cheapest, practical and economical control of the pest and 
disease can be achieved by the resistant source of insect and disease. Host plant resistance provides an 
alternative option to overcome insect pests under intensive cultivation system. Therefore, it is necessary to 
identify resistant/moderately resistant genotype to reduce the insect and disease population as well as the 
production cost to protect the environment. 
Thus, in order to manage the disease, the causative agent must first be handled. Following are some 
managing practices- 
1. Exclusion, avoidance of the disease by selection of planting time or site. 
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2. Elimination of disease agent reservoirs such as weed, alternative host and plant residues. Some whitefly-
transmitted diseases can be controlled by avoiding overlapping crops or having a crop-free period prior to 
the main crop.  
3. Selection of resistant varieties for breeding.  
4. Vector can be control by chemicals such as by spraying Bifenthrin 10% EC @ 400ml in 500lit per ha, 
Chlorpyriphos 20% EC @ 1250ml in 500-1000lit per ha and Imidacloprid 17.80% SL @ 100-125ml in 500-
700lit per ha. Some combination products like Acephate 50% + Imidacloprid 1.80% SP @1000ml in 500lit 
per ha and Chlorpyrifos 50 % + Cypermethrin 05 % EC @ 1000ml in 500-100lit per ha. Thimethoxam 70% 
WS can be used as seed dresser @10gm per kg of seeds. 

Conclusion 
Understanding the virus vector relationship and whitefly population dynamics will lead to a better 
understanding of disease epidemiology, potentially saving crop yield. Whiteflies are obviously potential 
vectors of other plant disease agents, particularly those found in phloem tissue. The only way to manage 
the causative agent of plant diseases spread by whiteflies, specifically B. tabaci, is to manage the pest itself. 
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Introduction 
Chickpea is the second most important food legume crop produced globally after dry beans. It is an 
important source of protein in the developing world. Being a legume crop, it improves fertility status of soil 
by the process of biological nitrogen fixation. India is the major chickpea producing country where chickpea 
is grown primarily as rabi season crop predominantly on residual soil moisture. As chickpea is largely 
grown on receding moisture in marginal soils, the crop often experiences a number of abiotic and biotic 
stresses which affects the productivity. Among the various stresses, terminal drought-moisture stress that 
occurs at the reproductive phase (at the pod filling stage) is a major constraint in many chickpea growing 
regions. Also, high temperature at the reproductive stage has become a serious problem especially under 
late sown conditions. Therefore, developing crop varieties with the maturity period matching with available 
crop duration is important for adaptation of chickpea to different environments. 

Advantages of Short Duration Chickpea Varieties 
Escaping abiotic stresses: Chickpea grown under rainfed conditions in semi-arid regions moisture and 
heat stress at flowering and pod development stage. In temperate regions, cold temperature affects pod 
development in late maturing chickpea. Therefore, early flowering and early maturing varieties can escape 
drought, heat and cold stress to enhance the productivity. 
Opportunity to cultivate in short growing season: In the regions where cropping intensity is high, 
early maturing varieties offer better scope to cultivate chickpea after the harvest of kharif crop. For 
example, under rice-fallow condition, early maturing varieties can be grown in the fallow land after the 
harvest of rice crop. 
Growing for green seeds as vegetable crop: Immature green seeds of chickpea are source of important 
nutrients that can be consumed as snacks. Growing early podding chickpea varieties will be economical to 
farmers in a short period of time. 
Increasing and stabilizing chickpea productivity: In India, development of short duration varieties 
such as ICCV 2, JG 11, KAK 2, Vihar has revolutionized chickpea production in southern India and 
cultivation of these cultivars have shown a very high impact on boosting the cultivated area and 
productivity in short-season environments. 
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Summary 
Phosphine that is liberated from aluminium phosphide when it comes into contact with moisture is a major 
fumigant used to protect stored products from insect attack. The development of phosphine resistance in 
major grain pests has threatened its viability and stability. This article gives a brief overview of key 
management strategies for phosphine resistance in stored grain pests. 
Keywords: Phosphine, sulfuryl fluoride, monitoring. 

Introduction 
Phosphine is a sought-after fumigant to disinfest food products (grains, dried fruits, nuts, coffee, and other 
processed foods) in storage worldwide. Over the past thirty years, there has been a rapid increase in the 
use of phosphine by industry, with the gradual phase-out and subsequent restricted use of methyl bromide 
for being ozone depletion. During this period, phosphine resistance has increased in frequency, potency and 
distribution in many insect species. Despite the above problem, there is limited understanding of rationally 
science based integrated management. This article gives an overview of the topic and provides insight on 
how to combat it effectively. 

Managing Phosphine Resistance 
Monitoring of resistance is a critical step in the management of resistance is the anticipation of it before 
control measures actually fail. Australia is a pioneer in it and had almost three decades of a nationally 
coordinated phosphine resistance monitoring program that has helped the grain industry by providing 
early warning of resistance developments and temporal trends and geographic spread. While traditionally 
resistance monitoring has been done based on bioassays, recent development opens up the possibility of 
using molecular diagnostics to screen for the presence of resistance variants in pest populations across the 
grain value chain (Schlipalius et al., 2018). 
Reducing the selection is a preventive measure. As we know that repeated fumigation is an attempt to 
control surviving populations in leaky storage structures is a typical example of selection for resistance. 
Integrated strategies to reduce the selection pressure include air-tightness of storage structure, limiting 
the number of repeat fumigations on the same batch of commodity, minimizing the application of phosphine 
through rotation with other alternatives; reducing the number of insects exposed to selection by regular 
storage hygiene, and eradicating resistant populations prior to the spread. Optimizing phosphine 
fumigation regimes to control resistant populations is the conscious way to avoid resistance. Two of the 
important non-biological factors affecting phosphine efficacy are concentration and exposure time, both of 
which can be manipulated to maximize phosphine’s toxicity against insects. With time usually being more 
important than concentration, longer exposures are more effective at a particular concentration.  
The occurrence of phosphine-resistant pest populations presents challenges to the continued effective use 
of this fumigant. The use of alternatives is another way of combatting phosphine resistance. There are few 
new fumigants at different stages of development, e.g., carbonyl sulfide (Banks et al., 1994), sulfuryl 
fluoride (Reichmuth et al., 1997), and methyl phosphine (Chaudhry, 1997). The latter two fumigants have 
been found to be effective against phosphine resistant insects. The fumigant sulfuryl fluoride is being used 
as a ‘resistance breaker’ in bulk storages in Australia (Nayak, 2013). In a laboratory study, the effectiveness 
of sulfuryl fluoride was assessed against strongly phosphine resistant populations of Tribolium castaneum. 
These researchers concluded that sulfuryl fluoride possesses excellent potential as an alternative to 
phosphine, specifically to manage phosphine-resistant grain insect pests due to the lack of cross resistance 
to phosphine. Sulfuryl fluoride (SO2F2) is registered in some countries for use on stored products, and recent 
laboratory studies have found no evidence of cross-resistance to sulfuryl fluoride in phosphine resistance 
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in Rhyzopertha dominica, T. castaneum, Sitophilus oryzae or Cryptolestes ferrugineus (Jagadeesan et al., 
2015). 
Based on the initial success of sulfuryl fluoride, an action plan has been developed collaboratively by the 
bulk handling companies and the researchers, and is aimed at eradicating infestations of strongly 
phosphine resistant C. ferrugineus and preventing their spread (Nayak et al., 2010). The key components 
of this plan include strategic use of sulfuryl fluoride, application of grain protectants (e.g., chlorpyrifos-
methyl, fenitrothion) and adoption of an intensive hygiene program and monitoring of insect populations 
through inspection, sampling and resistance testing. The resistance monitoring data suggests that after 
the adoption of this strategy by industry, the number of incidences of strongly phosphine resistant 
populations in bulk storages was halved within a year (Nayak, 2013). 

Conclusion 
Quantification of effects of phosphine concentration, exposure period and others such as temperature is 
providing the basis for the development of effective fumigation protocols for the resistant populations. 
Integrated management options are such as early detection of strong levels of resistance, development of 
resistance, development of important phosphine fumigation protocols, and use of alternative treatments. 

References 
1. Banks, H.J., 1994. Fumigation - an endangered technology. In: Highley, E., Wight, E.J., Banks, H.J. and Champ, B.R., eds, 

Proceedings of the 6th International Working Conference on Stored-Product Protection, Canberra, Australia, 17 - 23 April 
1994, 1, 620p, 2 - 6 (fumigation) 

2. Chaudhry, M.Q., 1997. A review of the mechanisms involved in the action of phosphine as an insecticide and phosphine 
resistance in stored product insects. Pest Management Science, 49: 213-228.  

3. Jagadeesan, R., Nayak, M.K., Pavic, H., Chandra, K. and Collins, P.J., 2015. Susceptibility to sulfuryl fluoride and lack of 
cross-resistance to phosphine in developmental stages of the red flour beetle, Tribolium castaneum (Coleoptera: 
Tenebrionidae). Pest Management Science, 71: 1379–86.  

4. Nayak, M.K., 2013. Managing strongly phosphine resistant rusty grain beetle. Australian Grain, 10-14. 
5. Nayak, Manoj, Holloway, Joanne, Pavic, Hervoika, and Head, M., 2010. Developing strategies to manage highly phosphine 

resistant populations of flat grain beetles in large bulk storages in Australia. Julius Kuhn Archives. doi: 425. 
10.5073/jka.2010.425.052. 

6. Reichmuth, C., Schoeller, M., Dugast, J.F., and Drinkall. M.J., 1997. On the efficacy of sulfuryl fluoride against stored product 
pest moths and beetles, pp. 17-23. In Donahaye, E.J.  Navarro, S., and Varnava, A. (eds.), Proceedings of the International 
Conference on Controlled Atmosphere and Fumigation in Stored Products, 21-26 April 1996, Nicosia, Cyprus. Print co Ltd., 
Nicosia, Cyprus. 

7. Schlipalius, D.I, Tuck, A.G., Pavic, H., Daglish, G.J., Nayak, M.K. and Ebert, P.R., 2018. A high-throughput system used to 
determine frequency and distribution of phosphine resistance across large geographical regions. Pest Management Science, 
75:1091–98. 

  



 

 
Volume 04 - Issue 04 - April 2022       435 | P a g e  
 

Antibiotic Resistance: A Threat to Plant, Animal, and 
Human Health 

Article ID: 36652 
Sushma Sannidi1, Uday Kumar Thera2, Sai Krishna Kancharla3 

1PhD Scholar, Department of Agronomy, College of Agriculture, Professor Jayashankar Telangana State 
Agricultural University, Rajendranagar-500030. 

2Teaching Associate, Department of Pathology, College of Agriculture, Palem, PJTSAU. 
3Teaching Associate, Department of Agricultural Statistics, College of Agriculture, Palem, PJTSAU. 

 
 

Waksman, the discoverer of streptomycin in 1944, defined antibiotics as "a substance produced by a 
microorganism having lethal or growth-inhibiting activity against other bacteria.” Antibiotics were quickly 
hailed as silver bullets that would destroy all infectious diseases with the discovery and use of penicillin, 
streptomycin, and sulphonamides in clinical practice. Antibiotic therapy has played a vital role in healing 
diseases and saving lives, and it remains critical in clinical medicine and animal and plant agriculture 
today. 
Antibiotics are generally used to control bacterial diseases antibiotics, otherwise in plants. For example, 
bacterial infections like the fire blight of pear and apple and bacterial spots of peach were controlled with 
antibiotics caused severe threats to plant growth and development and reduced crop productivity. 
Streptomycin is the most commonly used antibiotic for suppressing plant pathogens, while oxytetracycline, 
oxolinic acid, and gentamicin are also witnessed. Antibiotics are only used when there is an excellent 
danger of disease; hence, most orchards are not treated every year (Stockwell and Duffy, 2012). 
In the present context of covid-19 and over health consciousness in humans, the overuse of antibiotics is 
causing antibiotic resistance has become a growing concern in medical history. Human consumption and 
the excess supplementation of antibiotics to plants for management of plant pathogens, and the poultry 
birds, dairy animals, and aquaculture, to accommodate them in higher number with increased the disease 
resistance. 

 
Figure 1: Source of antibiotics in the environment 

Antibiotic Use in Agriculture 
The vast magnitude of bacterial pathogen populations on susceptible plant hosts and the limited number 
of available bactericides makes effective treatment of bacterial plant diseases problematic. Antibiotics have 
been the most excellent alternative for bacterial disease control in many pathosystems without durable 
and robust host disease resistance. These materials are the most effective means of reducing bacterial 
population size and controlling disease outbreaks. 
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The lack of effective bactericide alternatives in several plant disease systems has resulted in a decades-
long dependence or overdependence on streptomycin. As streptomycin has been used the longest, over the 
largest geographic area, and for treating the enormous variety of crops, streptomycin resistance is 
relatively widespread among plant-pathogenic bacteria. The first streptomycin-resistant (SmR) plant-
pathogenic bacteria detected were Erwinia amylovora harboring a chromosomal resistance mutation 
(MacManus and Jones, 1994). Later the resistance of other antibiotics such as tetracycline, oxolinic acid, 
and kasugamycin was also noticed. 

The Effect of Antibiotic Use in Plant Agricultural Systems on the Microbiome 
According to estimates, 44%–71% of spray solutions sprayed by air blast sprayers are lost to the 
environment. Whether the antibiotic solution hits the target or not, once it is released into the atmosphere, 
it is negatively affected by environmental factors such as rainfall, sunlight (visible and ultraviolet 
radiation), temperature, and other specific aspects of the plant leaf environment that can affect adsorption 
(Figure 1). Because of weather conditions, oxytetracycline residues are removed relatively quickly from 
peach leaf surfaces. Any antibiotic that is lost from the tree target due to spray drift may end up on other 
plant surfaces, such as grass or weed leaves, affecting the bacteria that live in the phyllosphere of those 
plants.  
However, the consequences of antibiotic use are potentially more complex than merely examining impacts 
on the target pathogen and commensals colocated in the target plant habitat. Using standard airblast 
spraying technologies, all antibiotics given to trees in orchard systems do not reach the desired target. If 
antibiotics go to the target areas in the tree canopy during the bloom phase, they affect the phyllosphere 
microbiome and flower microbiomes (Figure 2). Insects grazing in the tree canopy may also consume the 
antibiotic, affecting the microbiota of the insect stomach. Because of spray drift, a portion of the antibiotic 
spray sprayed to trees may not reach its intended target, or it may be lost due to runoff during spraying or 
runoff caused by rain events (Figure 2). 
Table 1. List of commonly used antibiotics in agriculture and animal husbandry: 
Field Antibiotics used 
Agriculture Oxytetracycline, Streptomycin, Penicillin, Oxolinic acid, Gentamycin  
Poultry Bacitracin, Chlortetracycline, Decoquinate, Diclazuril, Naracin, Colistin 
Livestock Penicillin, Tetracycline, Ceftiofur, Florfenicol, Tilmicosin, Enrofloxacin 
Humans Amoxicillin, Doxycycline, Cephalexin, Ciprofloxacin, Azithromycin 

 
Figure 2. Mechanism of the effect of the antibiotic application on the microbiome in plant 

orchard agricultural systems. 
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Impact of Excessive Antibiotic Use 
The haphazard unconcerned, and negligent use of antibiotics among plants, animals, and humans without 
proper prescription and recommendation is causing this trouble. In pathosystems where antibiotics have 
been used for a long time, antibiotic resistance in plant-pathogenic bacteria has become a problem. Bacteria 
that reside in animals are commonly found in humans, and therefore antibiotic resistance may be 
transferred from animals to humans via the food chain. Antibiotic resistance can develop in animals and 
be conveyed straight to humans through livestock consumption. The constant exposure of animals to sub-
therapeutic doses of antibiotics is a crucial cause of antimicrobial resistance.  Antibiotics in subtherapeutic 
doses are routinely utilized to produce red meat, poultry, and pigs.  Animal husbandry's excessive use of 
antibiotics has led to a significant increase in antibiotic-resistant bacteria transmitted from animals to 
people. 

Resistance to Antibiotics 
Antimicrobial resistance (AMR) – the ability of microbes to grow in the presence of a drug that would 
usually kill them or limit their growth. AMR makes infection treatment more complex and is linked to 
higher morbidity and death. The rise and spread of multidrug-resistant bacteria (MDR bacteria) have far-
reaching consequences for global healthcare and public health. In 2014, a synthesis of evidence and 
economic review indicated that an estimated 700,000 deaths globally were attributable to infections caused 
by antibiotic-resistant organisms. This is expected to reach 10 million/year by 2050 (Taylor et al., 2014). 
Humans might not have ingested antibiotics on their own. Still, they were prone to antibiotic resistance 
due to excessive antibiotics being supplied to plants and cattle, which entered the food chain through 
agricultural and dairy products. Even when excrement and crop residues from the farm are utilized as 
manures, resistant bacteria can enter into soil, plant, and eventually the food chain. Antibiotic resistance 
leads to the evolution of superbugs in nature. Superbugs are the strains of micro-organisms such as 
bacteria, viruses, parasites, and fungi that have become resistant to most antibiotics and other medications 
commonly used to treat the infections they cause. For example, superbugs include resistant bacteria that 
can cause pneumonia, urinary tract infections, and skin infections in human beings. The world’s hunger 
for meat products accelerates the rise of superbugs in the ecosystem. 

Management 
Resistance management strategies for antibiotic use in plant agriculture are challenging mainly because 
of the lack of available bactericides having different modes of action that could be used in rotation (Sundin 
and Wang, 2018). We should minimize their long-term usage as growth promoters at sub-therapeutic levels 
to reduce the spread of antibacterial-resistant strains among animals.  Antibiotics should only be used on 
animals in circumstances when they are both therapeutically and economically reasonable.  In addition, 
there is a higher need for antibiotic surveillance, and we must keep an eye on the growth of antibiotic-
resistant bacteria (Rhysntomi, 2015). Antibiotic resistance can be managed or slowed down by minimizing 
antibiotics, which reduces the strength of resistant microbes. Tracking down the antibiotic use, setting up 
nation-wide targets for reducing drug usage, healthy lifestyle, having a track on veterinarians and health 
professionals for optimum prescription of antibiotics, increase reliable diagnostics and better management 
practices to reduce disease risk. 
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Introduction 
Quinoa (Chenopodium quinoa) is a pseudocereal that belongs to the family Chenopodiaceae (Kozoil, 1993). 
It is one of the oldest cultivated crops in the Andean region and dates back to 7000 years. Earlier seeds of 
quinoa were only grown on small farms to be used as staple food. However today, it has been developed 
into a value-added crop and cultivation has expanded outside its origin due to the tolerance to harsh 
growing condition and high biodiversity value. Year 2013 was globally recognized as International Year of 
Quinoa due to its significant potential.  
Plant of quinoa is an annual gynomonoecious with an erect stem standing 0.5 to 2.0 m high. Stems bear an 
alternate-colored leaf which is mainly due to the presence of pigment betacyanins. Quinoa plant contains 
large panicle, the length of which varies from 15 to 70 cm. The seeds of quinoa are achene and comprises 
large number of layers i.e., perigonium, pericarp and episperm from outwards to inside. Quinoa seeds might 
be conical, cylindrical or ellipsoidal. 

 
Figure 1 Quinoa Plant (A), Quinoa Grain (B), SEM of Quinoa Seed 

The seed of quinoa is disc-shaped with a flattened equatorial band around its periphery. Seeds may vary 
widely in diameter. A large seed is between 2.2 and 2.6 mm, a medium seed between 1.8 and 2.1 mm and 
a small one under 1.8 mm in diameter. The embryo or germ is campylotropous and and surrounds the 
starch-rich perisperm like a ring. Germ together with the seed coat represents the bran fraction and is 
relatively rich in fat and protein. The percentage of bran fraction is higher in quinoa seeds in comparison 
with common cereals, which explains the higher levels of protein and fat present in these seeds. Saponins 
is higher in pericarp and imparts bitter taste.  
Due to balanced nutritional profile, quinoa is being increasingly adopted in various economically developed 
strata of the word. This unique property of quinoa makes it almost very significant for the population that 
still has a significant number of undernourished population (Mousa et al., 2019). Therefore, more and more 
healthy food choices from quinoa, which are sustainable and affordable by the population, are finding its 
way in product development. 

Nutrition and Health Benefit 
The advantage of quinoa is widely due to its nutritional value. Quinoa is rich in wide range of nutrients 
such as minerals, vitamins, linoleate and natural antioxidants. Protein content of quinoa is complete due 
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to the presence of balanced amount of essential amino acids. Quinoa is good source of Vitamin C, E and 
several B vitamins. Chemical composition of quinoa is presented in Table 1. 
Table 1. Chemical composition of quinoa (Valencia-Chamorro, 2003): 
Sr. no. Chemical composition Quantity  
1. Protein  16.5 % 
2. Fat  6.3 % 
3. Fiber  3.8% 
4. Ash  3.8 % 
5. Carbohydrates  69.0% 
6. Kcal/ 100 g 399 
7. Calcium  1487 mg/kg dry wt 
8. Magnesium  2496 mg/kg dry wt 
9. Potassium  9267 mg/kg dry wt 
10. Phosphorous  3837 mg/kg dry wt 
11. Iron 132 mg/kg dry wt 
12. Copper 51 mg/kg dry wt 
13. Zinc  44 mg/kg dry wt 
14. Thiamin (B1) 0.38 mg/100 g dry wt 
15. Riboflavin (B2)  0.39 mg/100 g dry wt 
16. Niacin (B3)  1.06 mg/100 g dry wt 
17. Ascorbic acid (C) 4.00 mg/100 g dry wt 
18. α-Tocopherol  5.37 mg/100 g dry wt 
19. β-Carotene  0.39 mg/100 g dry wt 

On comparing to other major cereal crops cultivated around the world, quinoa is high in total protein (16.28 
g db) than wheat (14.51 g db), corn (10.51 g db), and rice (8.10 g db). Beside total protein, Essential Amino 
Acid composition and bioavailability of protein adds superiority to protein quality. 
The absence of gluten-forming proteins makes quinoa appropriate for the production of food products 
commonly known as "gluten- free", an important feature that allows greater variety of foods that are more 
nutritious and suitable for patients with celiac disease. 
Primary constituent of quinoa carbohydrates is starch and it ranges from 32% to 69%, which is lower than 
that of corn (74.0% db) and rice (88.9% db) (USDA, 2015). Total dietary fiber in quinoa seeds varies from 
8.0% to 13.0%, up to 30% of which is soluble. The total dietary fiber of the embryo is higher than those in 
perisperm. Dietary fiber has wide variety of beneficial property related with its indigestibility in the small 
intestine. Therefore, the high content of quinoa fibers can improve digestibility by facilitating the 
absorption process of other nutrients. 
Quinoa seeds are a rich source of vitamins, such as vitamin A (precursor β-carotene), thiamin, riboflavin, 
niacin, ascorbic acid, folic acid and vitamin E and pantothenic acid. The mineral content of quinoa (2.74 g 
db) is higher than that of wheat (1.81g db), corn (1.34 g db), and rice (0.72 g db) (USDA, 2015). Many 
minerals in quinoa are present in greater quantities than other grains, including phosphorus, magnesium, 
potassium, calcium, iron, zinc, and copper. 
Quinoa is also an outstanding example of "functional food" which may help to reduce the risk of various 
diseases. The functional property of quinoa is related to the presence of fibers, minerals, vitamins, fatty 
acids, antioxidants and phytonutrients.  
These nutrients not only contribute to human nutrition, but also help in the protection of cell membranes 
and improving neuronal functions. These characteristics provide the grain great advantage over other plant 
foods for human nutrition and health maintenance. 
Phytosterols present in quinoa are higher as compared pumpkin, barley and corn seeds. These phytosetrols 
have diverse biological effects, for example anti-inflammatory, antioxidant and anticarcinogenic activity 
and are important components of the diet as they reduce low density lipoprotein (LDL), thereby helping to 
maintain a healthy heart. 



 

 
Volume 04 - Issue 04 - April 2022       440 | P a g e  
 

Antinutritional Factors 
Saponins and phytic acid are the main disadvantageous factors in quinoa. The pericarp of the quinoa seed 
contains saponins. These are plant glycosides that impart a bitter taste and tend to foam in aqueous 
solutions. Their separation from quinoa seed is easily accomplished by rinsing the seed in cold alkaline 
water or mechanical abrasion. The amount of saponins present depends on the variety of quinoa. In quinoa 
seeds, phytic acid is located in the external layers as well as in the endosperm. Other inhibitors, trypsin 
inhibitor and tannins, are present in low levels and can be inactivated by heat treatment. 

Value Added Products 
Quinoa can be eaten as replacement to rice, as a hot breakfast cereal, or can be used as infant cereal diet 
by boiling in water. They can also be popped as popcorn and used as snacks. Quinoa seeds can be converted 
into flour by dry milling and used in combination with wheat flour or corn meal is used in making biscuits, 
bread and processed food. The seed flour has good gelation property, water-absorption capacity, emulsion 
capacity and stability. In recent years, more attention is being given to quinoa for people suffering with 
celiac disease (allergy to gluten), as a substitute to the cereals containing gluten like wheat, rye and barley. 
Soaking and germination are the commonly used methods for domestic processing of seed. The sprouts 
need to get green before they can be added to salads. Germination and subsequent oven-drying has shown 
to be a good process to improve the phenolic content and antioxidant activity of quinoa seed and can be 
used in functional food formulations. These germinated products contain essential fatty acids that play 
important roles in brain development, insulin sensitivity, prostaglandin metabolism, a lower ratio of 
omega-6: omega-3 fatty acids that help in cardiovascular health, immunity, inflammation, and 
autoimmune diseases. 
Quinoa can be fermented to make beer. Fermentation was carried out naturally by the microorganisms 
present in the seeds or by inoculation with two Saccharomyces cerevisiae strains (used for baking and 
brewing). Extrusion processing is used to make extruded ready-to-eat (RTE) breakfast cereal from quinoa, 
fortified with cranberry concentrate, the extrudates contain higher phenolic values which may be due to 
the formation of maillard products at higher barrel temperatures and maximum anthocyanins content of 
9.63 mg / kg d.m at 140 ˚C.  
In Peru and Bolivia, quinoa flakes, tortillas, pancakes and puffed grains are produced commercially. The 
use of quinoa for medicinal purposes has been rarely reported. The plant is reportedly used in 
inflammation, as analgesic and as a disinfectant of the urinary tract. It is also used in fractures and internal 
hemorrhaging and as an insect repellant. Few reports exist on the use of quinoa saponins against 
agricultural pests. Particularly, against fungi, the total saponin fraction of C. quinoa was found to slightly 
inhibit the growth of Candida albicans and it has recently been reported that the biological activity of 
quinoa saponins can be increased if they are treated with alkali. According to traditional medicine, all parts 
of quinoa are uses with specific instructions against several diseases such as anginas, cystitis, anthrax, 
herpes and other ailments. 

Conclusion 
The high nutritional quality and multiple uses in food products make quinoa ideal also for utilization by 
the food industry. Other potential uses are the medicinal and nutraceutical due its high phenolic acid 
content. 
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Introduction 
Rice is a water-intensive and least water-use efficient crop. It was estimated that the irrigated rice requires 
about 3000 –5000 l of water to produce 1 kg of grain. Due to this, the cultivation of rice has been a big drain 
on water resources and is becoming scarce and expensive due to the increased demand from the growing 
population and industries. There is an urgent need to search for an alternate irrigation rice cultivation 
method that can reduce water requirement without sacrificing the yield like drip irrigated aerobic rice.  

Shift from Flood Irrigation to Drip Irrigation 
Traditional rice cultivation demands high investments in water, labour, pre-crop preparation, and 
fertilizers as well. However, despite these investments, farmers don’t get the expected returns. This is 
because factors including water inefficiency, lower crop yield, and reduced crop-quality affect their profits, 
and they keep incurring financial losses every year. 
Considering the existing and futuristic scarcity of water, the growing food demands, expensive land 
preparation, wastage of water through flooding, and the inefficiency of conventional techniques reducing 
land fertility and restricting crop choice in crop rotation, Indian farmers must shift from flood irrigation to 
drip irrigation. 

 

Drip Irrigation Advantages Over Conventional Flooding 
Drip irrigation delivers water and nutrients through pipes, along the rows of crops from the source directly 
to the root zone, thereby reducing conveyance and distribution losses and improving water and energy 
efficiency. Each plant gets precisely the amount of water and nutrients it needs to thrive. This precise 
application of water and moderate flow rates can result in huge water savings and energy savings. It has 
the potential to reduce water consumption by 70% avoiding unnecessary surface runoff and soil erosion and 
also increase yield by 25-30%. It keeps the soil saturated with water, eliminating the need for standing 
water in the field. Drip irrigation can deliver the right amount of water and nutrients in a balanced way to 
ensure optimal growing conditions.  It also makes weed control easier and leads to better quality crops. 
Unlike Puddled rice cultivation, in drip irrigation, the soil is not left submerged under water continuously 
thus allowing the beneficial fauna in the soil to thrive and allowing for different crops to be grown right 
after rice is harvested. 
The environmental benefits of drip irrigation method are reduced water use, reduced methane footprint, 
reduction of arsenic accumulation in rice, efficient use of fertilizers and reduction in the leaching of 
fertilizers. In paddy farming, rice roots remain submerged. They consume heavy metals and increase the 
arsenic in the crop, thereby reducing the crop's market value. However, in drip irrigation, it helps reduce 
the arsenic uptake by around 90%, and further results in the growth of a high-quality and marketable crop. 
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Paddy cultivation produces around 10% of methane gas emissions globally. But, even if only 10% of paddy 
rice cultivators upgrade to drip irrigation, the world will be able to reduce methane emissions equivalent 
to those of a staggering 40 million cars. Compared to traditional paddy irrigation which requires higher 
labour input, accurate land levelling and regular maintenance, drip irrigation requires little or no land 
levelling or land preparation, thus preventing problems such like surface runoff and loss of water. It can 
be preferred even on steeper or unevenly sloping lands. It eliminates the need for using heavy machinery 
making systems operation and maintenance less labour and cost-intensive. 
Considering its many benefits, drip irrigation may be the “need of the hour”, but its implementation poses 
a few critical challenges. The capital cost of drip irrigation is a major concern. Installing a drip irrigation 
system can cost between Rs 30,000 to 60,000 per acre. With 86% of Indian farmers being marginal 
landholders, a majority of them cannot afford this as they are mostly reliant on some zero-cost technologies 
or subsidies provided by government. 

Conclusion 
Growing rice in continuously flooded fields has been taken for granted for centuries, but the 'looming water 
crisis' may change the way rice is produced in the future. Water saving micro irrigation technologies such 
as drip irrigation started receiving attention by researchers. The basic ingredients of implementing this 
technology seem to be in place in many crops. Under limited water supply conditions water management 
of rice crop using drip irrigation is an effective option for high water productivity and quality rice 
production. Considering the direct water, power and yield benefits, the state governments in India are 
slowly warming up to the idea of subsidising the investment cost of the irrigation system to rice farmers. 
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Abstract 
Nitrogen plays an important role in increasing the productivity of rice. Worldwide, nitrogen use efficiency 
(NUE) for cereals including rice is as low as 33%. The unaccounted 67% represents an annual loss of 
nitrogen fertilizer worth up to Rs.72,000 crore. 
Low use efficiency of nitrogen fertilizers in agriculture contributes to different environmental impact like 
eutrophication of surface water bodies, acidification of agricultural soil and increased concentration of 
nitrous oxides in atmosphere contributing to global warming. 
Split application of the nitrogen fertilizer to rice may reduce the rapid nitrous oxide emission and increase 
NUE. Leaf Color Chart (LCC) an ideal tool & ecologically-friendly to optimize Nitrogen use efficiency 
irrespective to N applied.  

Introduction 
Rice is grown in 112 countries in the world, covering every continent and is consumed by 2500 million 
people in developing countries. It is the most important source of staple food in India, occupying about 
44.16 M ha of area producing about 116.48 M t with productivity of 2.63 t ha-1. International Rice Research 
Institute (IRRI, 2000) predicts that global rice requirement by 2025 will be 800 Mt. 
At the moment, rice production is less than 600 M t and moreover, an additional 200 M t is needed for the 
stability of rice-eating world, which have to be produced by increasing productivity per unit area against 
the diminishing resources. 
Nitrogen (N) is necessary for all forms of life and is a crucial component for increasing production of food 
to feed the continuously increasing human population. Nitrogen which cannot be directly used in 
agriculture, all reactive forms of nitrogen (urea, ammonia, nitrate and their derivatives) used to produce 
food can threaten the environment. 
Worldwide, NUE for cereal production (wheat, rice, maize, barley, sorghum, millet, oat and rye) is low as 
33%. The unaccounted 67% represents an annual loss of N fertilizer worth up to Rs. 72000 cr. The major 
factor responsible for the low response of crops to fertilizer nitrogen is its low use efficiency, particularly in 
case of rice crop where it is only 30–40% of applied N. Since farmers generally prefer to keep leaves of the 
crop dark green and in a need to achieve high yields of rice, they have developed the tendency of applying 
fertilizer N in excess of crop requirements. 
Although farmers pretty well know that extra fertilizer application costs money, they are inclined to 
minimize the risk of deficiency which reduces N use efficiency. Further, excess nitrogen might result in 
high pest and disease incidence due to excess vegetative growth and also leads to serious lodging ultimately 
resulting in poor grain formation and reduced yield. 
A large portion of applied N can escape the soil-plant system through leaching, ammonia volatilization and 
runoff loss to reach water bodies and atmosphere, creating pollution problems also. In 1995, the global 
estimate of nitrogen loss, from the applied fertilizer N through ammonia volatilization was 11.2 Mt 
(14.45%), while that through NO and N2O through denitrification was 1.5 Mt (1%). India's contribution to 
these losses could approximately be 10% of the total. 
Relative recoveries and level of N loss can be influenced by fertilizer composition and the rate and timing 
of application. Two major Strategies followed in N management are 1) blanket fertilizer N 
recommendations 2) Crop-need-based N management. Blanket-fertilizer N recommendations do not 
consider variability in soil N supply and changes in crop demand. Crop-need-based N management 
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approach takes into account variability in soil N supply and crops' additional requirement for N fertilizer. 
Several techniques are used to measure greenness including near-infrared leaf N analysis, chlorophyll 
meters, leaf colour charts, crop canopy reflectance sensors and remote sensing. 
A simple, quick and non-destructive method for estimating the plant nitrogen demand is LCC (Leaf Colour 
Chart). Leaf colour chart will provide indirect assessment of leaf nitrogen status, which is closely related 
to photosynthetic rate and biomass production. 
Moreover, measurement of leaf N concentration by laboratory procedure is laborious, time consuming, 
costly. Because plant tissue analysis may require 1-2 weeks starting from tissue sampling to deciding a 
fertilizer recommendation and may not turn out to be a practically feasible proposition with large number 
of fields. Hence it is limited in use. 
LCC observations are to be taken at weekly intervals starting from 21 days after transplanting (DAT) to 
50% flowering. Normally LCC readings are taken from 18 days after transplanting when basal dose is not 
applied. If basal is applied, readings are taken from 21-25 DAT. Ten disease-free rice hills are selected 
randomly in each plot. 
The topmost fully expanded leaf from each hill is selected and leaf colour has to be compared by placing the 
middle part of the leaf on LCC. Whenever the green colour of more than 5 out of 10 leaves are observed 
equal to or below a set critical limit of LCC score, nitrogen need to be applied. Readings need to be taken 
in the morning (8-10 AM) under the shade of body in order to avoid the influence of sun light as it may 
reflect the LCC colour. 

Advantages of Leaf Colour Chart 
1. LCC is a cheap and farmers can easily use it to qualitatively assess foliar N status and adjust N 
topdressing accordingly. 
2. It helps to manage N for large area leading to improved fertilizer N use efficiency. 
3. It reduces the risks associated with fertilizer N application 
4. It saves nearly 26% fertilizer N 
5. It helps to synchronize N supply and crop demand 
6. As the use of LCC leads to the application of optimum and precise quantity of nitrogen to rice paddy as 
and when required, there is a considerable reduction in greenhouse gas emission from rice fields. 
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Conclusion 
Improving synchrony between crop N demand and N supply from the soil and/or applied N fertilizer is an 
important strategy for enhancing N use efficiency. It can be achieved by following need-based Nitrogen 
application based on periodic assessment of plant N status and delaying application of fertilizer N until the 
level falls below a fixed threshold level. Leaf Colour Chart enables farmers to dynamically adjust nutrient 
use to fill the deficit between the nutrient needs of crop and the nutrient supply from natural sources like 
soil, crop residues and manures. Also, it enables the crop to completely utilize the applied N fertilizer. LCC 
is low-cost tool that helps in not only improving use efficiency of applied N fertilizer bus also prevents 
excess N application thus saving the fertilizer cost. 
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Abstract 
Conservation agriculture (CA) across the globe is now considered as precursor for agriculture sustainability 
and productivity because of positive impact on natural resources and mitigation of climate change. 
Conservation agriculture techniques incorporating less intensive soil cultivation, adopted to reduce 
production cost and to improve sustainability. 
It enhances biodiversity and natural biological processes above and below the ground surface for improved 
and sustained crop productivity. Conservation practices are help full for reducing soil erosion, increasing 
soil fertility, increase crop production and sustain soil quality. 
Keywords: Conservation Agriculture, Sustainability. 

Introduction 
Conservation agriculture is practiced worldwide in all the continents and agricultural ecologies on about 
approximately 180 million hectares of the cropland, corresponds to about 12.5 % of total global cropland 
(Kassam et al., 2018). 
Conservation agriculture technologies when used in combination these, over time, reduce, and often revert, 
the degradation of soil and water resources.CA promotes reverse degradation process, improves resource 
quality, reduces production costs and helps achieve sustained high productivity. However, it also requires 
a change in people’s mindset, appropriate machinery and new ways of crop management. 
A study by Food and Agriculture Organization of United Nations revealed that an estimated 1.5 billion 
people depend directly on land that is degrading. To conserve soil and water resources and overcome the 
agarian challenges, the role of conservation agriculture is well recognized by most of the developed 
countries and many developing countries. 
Conservation agriculture has been identified as one of the technological options to meet the global 
challenges of increasing food demand due to increase in population for conserving environment, thereby 
improves food and nutritional security and removing poverty. 
On the contrary, conservation agriculture is a range of soil management practices that minimises effect on 
composition, structure and natural biodiversity and reduce erosion and degradation. Conservation 
agriculture practices are applicable to virtually all the crops, including cereals, horticulture and plantation 
crops. 
Conservation agriculture practices also promises tremendous potential for different soils and agro-
ecological systems. Despite of these facts, the global experience reveals that farmers of conservation 
agriculture use fewer chemical inputs than comparable conventional farmers and, over the years, 
quantities of chemical inputs tend to decline. 

Principles of CA 
Conservation agriculture is based on three main principles: 
1. Minimum soil disturbance 
2. Permanent soil cover 
3. Diversified crop rotation. 
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Role of the Principles in Soil Quality Improvement 
1. Minimum soil disturbance fights against soil erosion and preserves soil organisms.
2. Permanent soil cover allows the retention of protective layer of vegetation on the soil surface to suppress
weeds, protect the soil from the impact of weather and avoid soil compaction. 
3. Diversified crop rotations promotes good soil structure, fosters a diverse range of soil flora and fauna
that contributor to nutrient cycling and plant nutrition, and prevents phytosanitary diseases. 

Concept of Soil Quality 
Soil quality is defined as the soil capacity to function for specific land uses or within boundaries of 
ecosystem. Soil quality is one of the indicators to access the feasibility of any crop management practice for 
sustainability. By conserving resource base, optimizing soil conditions and reducing food production 
vulnerability soil quality helps in maintaining sustainability of crop production system. It also maintains 
or enhances water and air quality, and support human health and habitation (Arshad and Martin 2002). 
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Soil quality can be accessed on the basis of physical, chemical and biological characteristics of the soil.In 
case of biological soil quality a ‘healthy soil’ is that soil which is high in quality. Management practices 
such as residue management, tillage and crop rotations can modify soil chemical, biological as well as 
physical quality (Karlen et al., 1994). Soil quality evaluation or assessment predict the natural ability of 
each soil to function, and land evaluation tries to predict land behaviour for each particular use. 
Conservation agriculture has potential to change soil physical, chemical and biological properties which 
results into improve in soil quality. 

CA and Physical Soil Quality 
Effect of conservation agriculture on soil properties vary and this variation depends on the system we 
choose. According to Lal (1997), soil physical properties are more favorable with no-till system as 
comparison to tillage system. No-till significantly improves saturated and unsaturated hyraulic 
conductivity resulting into continuity of pores (Benjamin, 1993) or flow of water through large pores. It has 
been reported that well drained soils, light to medium in texture with low humus content, responds better 
to conservation agriculture (Buttorac,1994) especially no-till system. No-till technologies are very effective 
in reducing soil and crop residue disturbance, moderating soil evaporation and minimizing soil erosion 
losses. To improve soil water storage and increase water use efficiency (WUE) most researchers have 
proposed replacement of traditional tillage with conservation tillage (Silburn, Freebairn and Rattray, 
2007). Water use efficiency has also been reported to be found greater in soils under reduced tillage (McVay 
et al., 2006) and NT systems as comparison with conservation tillage. 
The rate and quantity of evaporation from the soil surface is a complicated process affected by many soil 
characteristics, tillage and environmental interactions. Under conservation agriculture by opting 
conservation tillage, higher water content in topsoil and more plant residues on soil surface, resulting in 
declined evaporation, have been linked with the lower soil temperature (Rasmussen,1999). A higher 
evapotranspiration in NT that in CT and RT plots have been reported. 

CA and Chemical Soil Quality 
CEC, pH, exchangeable cations and soil total nitrogen are the main chemical properties of soil that are 
affected by tillage system. According to Lal (1997) among soil layers soil chemical properties of surface 
layers are more efficient under no-till method than under tilled soil. For maintenance and enhancement of 
structure and chemical properties most specially SOC, implying yearly practice of no-till system over a long 
period of time, annual no tillage is beneficial. 

Soil Organic Carbon 
Declining level of SOC is major reason for declining fertility status of cultivated lands results into lower 
crop productivity and resource use efficiency. SOC is keystone to soil quality as well as an important 
indicator of agricultural sustainability. Many research claimed that intensive tillage practices result into 
increase in oxidation of SOC though rate is soil and climate dependent, lead to lower content of SOC over 
time. The loss of SOC can be minimized through adoption of CA practices which results into less mixing of 
soil by reducing its oxidation. In CA reason for accumulation of SOC is due to presence of residue mulch 
which act as physical cover against soil erosion. Therefore, one would expect enrichment in SOC in CA as 
compared to CT in soils with low initial organic matter. 

Nutrient Dynamics 
Nutrient dynamics is highly affected by crop rotation, residue management and tillage which effect it 
through soil by mineralization and recycling of soil nutrients (Galantini et al., 2000).It is believed that 
higher buildup of nutrients in top soil is due to high nutrient mineralization of soil by adopting long-term 
CA practices as compared to CT (Rasmussen 1999).Due to crop residue retention over soil surface there is 
partly availability of nutrient in CT as comparison to incorporation of crop residue with CT (Ismail et al., 
1994).However , the response of soil chemical fertility to different tillage practices is found to be vary with 
location to location, soil type, cropping systems, climate, fertilizer and other agronomic management 
practices (Rahman et al., 2008). 
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CA and Biological Soil Quality 
Soil is one of the most diversified habitats due to richest source of living organisms. It has been estimated 
that 1 gram of soil contain millions of living organism (bacteria, fungi, mycorrhiza, protozoa, nematodes, 
earthworms, mites, termites, beetles and spiders etc.) (Hawksworth 1991). Due to increase in global 
population, the demands for food are likely to increase substantially, for present population major challenge 
is to enhance the production of food by managing soil management practices that can maintain soil 
biodiversity. Due to intensive cultivation of soil for longer time which results into reduced microbial 
diversity as compared to uncultivated soils. Diversity, biomass and activity of soil microorganisms is 
strongly affected by soil organic matter quantity, quality and its distribution as it is basic food source for 
soil biota (Wardle 1995). 

Microfauna 
It includes a wider range of soil microbes which is mostly engaged in utilizing low molecular weight organic 
compounds of the soil solution. Microfauna group of microorganisms plays many important roles in variety 
of functions of soil. Soil bacteria being largest group of microorganisms and are strongly affected by tillage 
practices and crop rotations. Higher number of nematodes and mites result due to reduced tillage as 
comparison to that of conventional tillage and it told us that function of soil microorganisms as well as 
population can be limited while practicing intensive soil tillage. 

Macrofauna 
Due to their large size while practice tillage, had strong negative impact on their population as well as on 
their habitat destruction (Kladivko 2001). Earthworms, represent a major group of macrofauna, well known 
to alter the soil structure by burrow creation and also control infiltration and drainage, decrease the risk 
of erosion. Earthworms mainly engaged in organic matter mixing and encouraging microbial activity. Many 
studies revealed that the diversity of earthworm is directly affected through tillage, but the impact on them 
can varies with species, climate, soil type as well as type of tillage practices (Chan 2001). 

Microbial Biomass Carbon 
It is a breathing part of the soil organic matter which plays a crucial role in nutrient transformation and 
good source of nitrogen, carbon, phosphorus, Sulphur as well as also improves the physico-chemical 
properties of soil (Angers et al., 1992).CA based tillage practices such as zero tillage, permanent bed 
planting and residue retention on soil microbial populations are due to improved aeration, favourable 
climate in soil, low temperature as well as moisture results into higher accumulation of carbon in soil 
(Doran 1980). 

Conclusion 
In any crop production system, optimum health of soil is very important for efficient nutrient utilization. 
In conventional tillage system, continuous use of farm machineries over years results into formation of sub-
surface hard pan which in turn hampers water movement as well as root penetration, resulting into 
declining crop performance. Hence, CA is a site-specific technology and all three principles of CA viz, 
minimum tillage, crop residue and crop rotation significantly impact the health of soil. Thus, systematic 
conservation agriculture is a key to cure the health of soil as well as disorders on long term basis. 
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Abstract 
Baby corn is a special form of maize harvested immediately after 2-3 days of silk emergence. Young finger-
like unfertilized cobs (baby corn) are rich in phosphorous, calcium, and fibrous proteins along with thiamin, 
riboflavin, and iron. Baby corn cultivation in India is not much popular due to the lack of specific baby corn 
varieties, proper storage and processing facilities. But in recent days it gained importance due to its 
nutritional values and harvested as the safest vegetable without pesticide residues. 

Introduction 
Maize (Zea mays L.) is one of the most important cereal crops in global agriculture. It belongs to the grass 
family Poaceae and is native to South America (Mexico) with chromosome number 2n= 20. It is a highly 
cross-pollinated crop as it is monoecious and it has a special pollinating mechanism called protandry. Maize 
is also known “Queen of cereal” as it got the highest potential among cereal crops. It is the third most 
cultivated cereal crop after rice and wheat that provides food, feed, fodder, fuel and is also an important 
raw material for most of the processing industries. Corn is an important versatile crop as it is a fast-growing 
crop and its high yield makes it suitable for a wide range of cultivation.   Globally maize was cultivated on 
88.4 million acres and production of 13,555 million bushels (WASDE, October 2015-2016). In India maize 
has been cultivated on 14.72 lakh ha area with production 27.14 million tons of grain in the year of 2017- 
2018 (Ministry of agriculture and farmer welfare, 2018). 

Baby Corn Development 
Corn has long before originated in Central America but was mostly cultivated by Native Americans for 
centuries. During Columbus time the major type of corns under cultivation are dent, flint, flour, pop, and 
pod corns in North and South Americas (Boyer and Hannah, 2001). Baby corn is a more recent form of corn 
that is produced from the recent popular cultivars for vegetable purposes. Baby corn is silk-like filiform 
styles of unripe maize (Sharing Innovative experiences vol. 5/ Agricultural and Rural development in south- 
Baby corn development: Thailand) or young finger-like unfertilized cob of maize harvested 2-3 days 
immediately after silk emergence and before fertilization. Initially, baby corn development was started in 
Thailand in 1976 with open-pollinated (OPV) varieties and research was going on for the development of 
baby corn varieties.  
Generally, baby corn is derived from field corn (Ferguson, 2012) and the ideal characteristics like early 
days to 50% silking emergence, insect and pest resistance, short height, ear prolificacy of field corn make 
it suitable to grow as baby corn. In India baby corn cultivation started a decade back but lack of awareness 
about the cultivation practices, lack of marketing and processing facilities not much familiar among the 
farmers. 
But in recent years it is gaining popularity as a vegetable crop and it is grown in most of the metropolitan 
cities like Delhi, U.P., Haryana, and Maharashtra, Karnataka, Andhra Pradesh, Telangana and hilly areas 
like Manipur, Meghalaya. The first baby corn variety VL-78 was released in 2004. The single cross hybrid, 
HM-4, released by Chaudhary Charan Singh Haryana Agricultural University, Hisar is the best baby corn 
hybrid of the country. Now varieties specially bred for baby corn purposes are available in both public and 
private sectors.  
The major baby corn-producing and exporting countries are Thailand (Chutkew and Paroda, 1994), Taiwan, 
South Africa, Zambia, Zimbabwe, and China. The major importing countries are the U.S.A., Japan, Hong-
Kong, Singapore, and India. Thailand is the world leader with 60 percent export and it becomes popular in 
domestic and foreign markets with enormous export potential. Especially canning and pickling industries 
offer huge export potential around word wide. 
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Nutritional Value 
At the international level quality of baby corn was measured at the ear length of baby corn should be 4-9 
cm, ear diameter has to be 1-1.5 cm, and the most preferred color for export and consumer preference is 
creamy yellow and the cobs should be straight and arrangement of the ovules will be regular without 
splitting (Engineers India Research Institute, New Delhi). Another important factor about baby corn, it is 
considered the safest vegetable for consumption. The whole corn was completely wrapped with the husk; it 
will protect the edible portion of corn from the insect pest infestation and also from pesticide residues (Dass 
et al., 2007). 

 

Detasseling - A Special Operation Followed in Baby Corn Cultivation 
Detasseling is an essential operation that should be followed to maintain the quality of baby corn. Tassels 
should be removed immediately after emerges from the flag leaves and before it starts dehisces. Detasseling 
benefits on high baby corn production as well as earlier harvest dates, ears prolificacy was given by 
Aekatasanawan et al., (1994). The significant effect for detasseling was observed in husked and unhusked 
ear weight and ears per plant. Moreira et al., (2010) found that increase in the total number of ears, total 
ear weight, marketable unhusked ear number and marketable unhusked ear weight as the effect of 
detasseling. The terminal leaves should not be removed during detasseling which contributes up to 5-15% 
of net photosynthesis. 

Harvesting 
Baby corn is characterized by its sweetness, taste and crispiness. To maximize these traits cobs were 
harvested at 2–4-inch ear size and 1/3- 2/3-inch diameter.  Bar-Zur and Saadi (1990) found that baby corn 
picked 3 to 4 days after silking had lower crispiness. 
To maintain the quality of cobs it should be harvested within 2-3 days of silk emergence while the ears are 
immature (Bairagi et al., 2015). The cobs were harvested two days after silking for canning purposes and 
for table consumption cobs were harvested three days after harvesting (Yodpetch and Bautista, 1983). To 
maintain the moisture content the cobs are harvested in the morning time and the ambient temperature 
is low. Delayed harvesting i.e., 4-5 days after silk emergence leads to reduce in the tenderness of cobs and 
it will become hard.  
Texture, colour, juiciness and taste were high in soon after the silk emergence. Whereas the nutritional 
factors like protein, phosphorous and calcium were declined progressively with delay in harvesting. 
On the contrary, sugar and fiber content was progressively increased with delays in harvesting (Engineers 
India Research Institute, New Delhi). The nutrient contents were highly influenced by the time of 
harvesting. The optimum time period for harvesting the corn was observed within three days of silk 
emergence. 

Varieties Available for Baby Corn Cultivation 
Some of the important baby corn varieties available in the market for high baby corn yield are Prakash 
and HM-4, other than this Vivek Maize Hybrid-23, Vivek Maize Hybrid-25, Hybrid maize-5, Pusa Extra 
Early Hybrid maize-5, HIM-129, DHM-109, VL Makka-42, MTH-14, RCM 1-1, RCM 1-3, Golden baby and 
MLY are also suitable for baby corn cultivation. Recently IIMR released varieties IMHB1532, IMHB1539, 
LBCH3 suitable for baby corn cultivation in various geographical locations. 
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Advantages of Growing Baby Corn 
Baby corn can be harvested in 50-70 days depending on the varieties so generally 2-3 picking of corns was 
practiced in a short period of time. Some regions have the greatest potential to cultivate throughout the 
year which ensures rural employment. Intercropping is also practiced with vegetables, pulses, and flower 
crops that provide additional income to the farmers. Production of good quality baby corn enhances the 
potentiality for foreign export. After harvesting the husk and the tassel can be used as green fodder for the 
farm animals. 

Future of Baby Corn 
Baby corn is growing as an important vegetable crop in worldwide. In India, recently several varieties were 
released especially for baby corn purposes by the Indian Institute of Maize Research. Baby corns are 
generally a rich source of phosphorous, calcium, and other nutrients and minerals so nutritional aspects 
also need to be considered while developing the varieties. The major problem in baby corn cultivation is 
improper marketing, storage, and processing facilities which decline the quality of baby corn. Storage and 
processing facilities need to be developed for the production of quality baby corn. 
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Abstract 
Climate change and food security are emerging as major challenges for global society. The impacts of 
climate change are already visible on food production through changes in temperature, water availability, 
CO2 concentrations and extreme events such as, heat waves, droughts, inland and coastal flooding. Suitable 
technology interventions are of paramount importance to cope with these aberrant weather conditions. 
Climate resilient crop varieties play a crucial role in coping with climate variability in agriculture, along 
with other adaptation strategies in the area of crop production and efficient management of natural 
resources. Contingency planning and implementation is the key to counter the adverse effects of climate 
and cultivation of varieties tolerant to various stresses is vital. 

Introduction 
India’s agricultural sector has shown remarkable growth rate over last four decades as the country moved 
from severe food crisis to self-sufficiency and surplus food grain production due to Green Revolution. The 
nation’s population is growing rapidly, which increases the food demand and exerts more pressure on 
agricultural land and other resources. Therefore, the country is facing the challenge of depleting natural 
resource to feed the continuous up-surging population. Further in recent years, climate change and its 
variability are a leading aspect threatening agricultural yield worldwide. Agriculture and food production 
are highly vulnerable to climate change. A “next generation Green Revolution” is required to achieve future 
food security. The United Nations Sustainable Development Goals (SDGs) present an urgent and 
formidable challenge to scientists and society alike, highlighting the urgent requirement to transform 
agriculture and the food sector to achieve food and nutrition security, ecosystem sustainability, economic 
growth, and social equity over the coming decades. 

 
Feeding the ever-increasing population remains an uphill task with the dwindling natural resource base 
along with to enhance risks due to climatic adversities. Identifying stress tolerant varieties for different 
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Agro-ecologies of the country is essential to sustain and accelerate the productivity to meet the increasing 
demand of food. Tolerant crop varieties with consistently higher yields under deficit and excessive rainfall 
and other abiotic stresses, such as temperature extremes, salinity etc. is of paramount importance. Further, 
integrated and efficient agronomic management strategies including optimal time of sowing, nutrient and 
pest management strategies contribute immensely for realizing the maximum genetic potential. 

Climate Change and Agriculture 
Indian Agriculture is assumed to be affected by the climate change and adaptation is indispensable for 
developing resilient agricultural system. The global climate change includes altered average temperatures, 
rainfall, increased extreme events, enhanced atmospheric carbon dioxide, ground-level ozone 
concentrations and rise in sea level leading to inundation of coastal areas. 
The extreme events such as heat and cold waves, flooding, hail storms, cyclones are well known to adversely 
affect the agricultural sector. The global and regional impacts of projected climate change are expected to 
be significant on agriculture, water resources, natural ecosystems and food security. Although, the impacts 
of climate change are being experienced globally, countries like India are more vulnerable in view of the 
large population depending on agriculture. Small and marginal farmers especially of rainfed areas are 
likely to be more vulnerable to the risks of climate change due to harsher environments and poor coping 
abilities. 

 

Strategies for Coping with Weather Aberrations in Indian Agriculture 
Adaptation and mitigation strategies including use of climate resilient crops and varieties for different 
regions are most essential for agriculture to successfully cope with climate variability. Improved 
agricultural practices for diverse agro-ecological regions in India have potential to enhance climate change 
adaptation. Natural resource management practices for adverse climatic conditions aid in enhancing 
resilience under variable climate and extreme events. Major strategies of adaptation to climate change 
include water saving technologies such as in-situ and ex-situ moisture conservation, water harvesting for 
supplemental irrigation, residue incorporation, growing tolerant crop varieties, conservation agriculture, 
site specific nutrient management practices etc. In this process developing and promoting crop varieties 
with tolerance to abiotic stresses like drought, heat, submergence for the target vulnerable areas is of great 
significance. Indeed, climate resilient crop varieties play a crucial role for coping with climate variability 
in agriculture. 

Climate Resilient Crop Varieties for Different Abiotic Stresses 
The development and identification of climate resilient varieties with enhanced tolerance to heat, drought, 
flooding, chilling and salinity stresses are essential to sustain and improve crop yields and to cope with the 
challenges of climate change. It is essential to enhance the productivity and profitability of farming 
community by minimizing risk in agriculture in order to improve the livelihoods of millions of people 
dependent on agriculture. Among various abiotic stresses, drought, heat, salinity, cold and flooding are the 
major factors that adversely affect plant growth and productivity. The major biotic and abiotic stresses 
limiting crop productivity are given below: 
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Crops Drought 

resistant 
varieties 

Heat stress 
resistant 
varieties 

Cold stress 
resistant 
varieties 

Salt stress 
resistant 
varieties 

Flooding 
resistant 
varieties 

Rice DRR Dhan- 43, 
44, 46, 50,52; 
VNR-2111 Plus; 
ADT 51; CR 
Dhan 801; 
Daksha  

DRR Dhan-
47; DRR 
Dhan-52 

Varun Dhan; 
Gizza-14; K-
39,343,448; 
Pant Dhan-11; 
Palam Basmati-
1; Bhrigudhan 

Basmati CSR-
30,36,37; CSR-
23; Jarva; 
VTY-8; CSR-
60,56 

DRR Dhan-50; CR 
Dhan-801,510,802; 
Bheema; Samba 
Sub-1; Swarna 
Sub-1; Rajdeep 
CN-1039-9 

Wheat PBW-644, 527, 
175, 396; HI-
1500; Raj-3765, 
3077; KRL-1-4; 
WH-1080; HD-
3043, Ratan 

WH-1124; 
Raj-3777; 
DBW-107; 
Raj-
4037,4083; 
PBW-658,590 

GK-3150 
Hybrid; 
Shalimar 
wheat-1; 
Buland 

---- UP-2338; UP-
2425; UP-2526; 
UP-2565 

Maize PMH-2; 
Parkash; HM-4; 
Mukta; KMH-
7148 Hybrid; 
D2244; DRONA 

Suwan; PMK-
7; GK 3150 
Hybrid 

---- ---- Pragati; Jawahar 
Maize-218; Pusa 
Jawahar Hybrid 
Maize-1 

Bajra Raj-171; GHB-
538; RHB-
177,154,173; 
HHB-
234,226,216; 
BHB-1202 

GHB-558; 
GHB-732; 
GHB-538 

GHB-538 ---- ---- 

Cotton G Cot-18; SVPR-
4,1; Nirmal-433; 
RVK-67 

RST-9; SVPR-
1 Hybrid 

---- ---- ---- 

Brassica 
(Rapeseed 
& 
Mustard) 

KBS-3; RGN-48; 
RB-50; RH-
406,725; RCC-4 

RGN-13; Pusa 
mustard-
25,27,28,26; 
RGN-298 

---- CS-56,58,60; 
JK Samriddihi 
Gold (JKMS-2) 

---- 
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Strategies for Ensuring Access to Resilient Crop Varieties 
1. Public and private seed sector 
2. Development of community seed banks  
3. Ensuring the supply of quality seeds of climate resilient crop varieties along with adoption of suitable 
adaptation and mitigation technologies  
4. Conservation of the local agro biodiversity which has inbuilt tolerance to various stresses 
5. Ensuring quality of farm saved seeds  
6. Improving various aspects of seed production, seed distribution and storage condition 
7. Strengthening the seed village & seed bank concept  
8. Coordination among State Departments of Agriculture, State Agriculture Universities, Krishi Vigyan 
Kendra’s, State Seeds Corporation, National Seeds Corporation State Seeds Certification Agencies. 

Conclusions 
The need for stress tolerant varieties has become very important in the present context of climate change 
apart from various adaptation and mitigation strategies to feed the ever-increasing population in the 
country. Concerted efforts of the National Agricultural Research System (NARS) during the last few 
decades resulted in development of stress tolerant varieties in several crops. These efforts are further being 
strengthened to develop varieties tolerant to various abiotic stresses individually as well as those with 
multiple stress tolerance. These tolerant varieties can play an important role in coping with climate 
variability as well as enhancing the productivity. Location specific conservation techniques, water 
harvesting and efficient management of water resources and other adaptation strategies as well as 
enabling policies on crop insurance, along with robust early warning system and weather-based advisories 
will further facilitate enhancing the resilience of Indian agriculture to climate change and climate 
variability. 
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Introduction 
Global urbanization is accelerating; according to UN, presently 55 percent of the global population lives in 
cities, and it is expected to rise at 70 by 2050. The socio-economic inequities caused by urbanization are 
mirrored in the health and nutrition of the urban population. Urban lifestyle, urban poverty, food habits 
and quality are responsible for the increase in number of chronic health related disorders.  There is a need 
to offer some nutritious food alternatives in urban lifestyles that can meet the nutritional needs of the 
human body while also being easily accessible and inexpensive to all. These requirements can be met with 
"vegetable confet" or microgreens.  
Microgreens are vegetable and plant seedlings. They are a new sort of specialty vegetable that can be 
brought from stores or cultivated at home by sprouting the seed of vegetable, herb, and ornamental species 
including wild edible species (Sharma et. al., 2022). Microgreens are characterized by a short, species-
dependent production cycle (1–3 weeks) from seed germination to edible stage and completely open 
cotyledons or the first true leaves stage. These provide a concentrated dosage of nutrients and beneficial 
plant bioactive compounds with low calories and organoleptic traits. Microgreens fall somewhere between 
sprouts and young leafy vegetables and this make it convenient to grow in home, garden and greenhouses. 
The most commercial families and plants for the microgreens are enumerated in Table 1. Consumption of 
seedlings for improved nutrition has long been practiced in Asian countries, although the term 
"microgreens" was coined in 1998 (Di Gioia et. al., 2015). As Western countries have begun to exhibit 
interest, the trend is rising by the day, and new opportunities are emerging in this industry. 
Table 1: families and plants commercially used for microgreens: 
Family Plants 
Brassicaceae Cauliflower, Broccoli, Watercress, Cabbage, Radish, Arugula 
Asteraceae Lettuce, Endive, Radicchio, Chicory 
Apiaceae Dill, Carrot, Fennel, Celery 
Amaryllidaceae Garlic, Onion, Leek 
Amaranthaceae Amaranth, Swiss Chard, Beet, Spinach 
Cucurbitaceae Melon, Cucumber and Squash 
chenopodiaceae  Bathua 
lamiaceae Mint, Basil, Chia  
leguminaceae Sweet Pea 
Poaceae Maize, lemongrass 

Microgreens as Next Generation Superfoods 
As the next generation becomes increasingly globalized and urbanized, there will be an increasing demand 
for a more sustainable, accessible, and healthy food supply. Here, microgreens can be successful and useful 
in mitigating the issues of nutritional gap and consumer organoleptic qualities, making them the next 
generation "superfoods". 
Under controlled environment agriculture, microgreens are among the most adopted crops for microscale 
cultivation. Other than soil, they the friendly to grow in vertical farming, indoor farming and hydroponics. 
Microgreens are fully organic; their cultivation is brief and does not necessitate the use of pesticides or 
fertilizers. The adaptability and nutritional benefit of microgreens is as such that now it one of the most 
studied foods for space travelling (Kyriacou et. al., 2017).  
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Studies have shown that microgreens are rich in nutritional quality than their mature counterparts and 
they are also abundant in bioactive compounds, including vitamins, minerals, and phytochemicals. Red 
cabbage, cilantro, garnet amaranth, and green daikon radish microgreens contained the highest quantities 
of ascorbic acid, carotenoids, phylloquinone, and tocopherols, respectively (Turner et. al., 2020).  
Microgreens are frequently being analyzed and reported for antioxidants that neutralize free radicals and 
help prevent damage caused by oxidative stress, such as vitamin C, carotenoids and phenolics, and certain 
minerals, like copper (Cu), zinc (Zn), and selenium (Se) which act as cofactors for antioxidant enzymes. 
Microgreens' nutritional composition and high bio accessibility of bioactive compounds has elevated them 
to the status of functional food. 
Microgreens have a high antioxidant capacity and are effective in the modulation of plasma lipoprotein and 
cholesterol metabolism, suggesting a potential role in the prevention and/or treatment of chronic illnesses 
such as obesity, type 2 diabetes, and cardiovascular diseases. Microgreens are reported to provide anti-
inflammatory, anticancer, antimicrobial, and anti-diabetic activities. 
Microgreens' intense flavor, soft texture, and vivid color had sparked a new culinary revolution that 
combined taste and health. Different microgreens give a different range of taste. Swiss chard and coriander 
have a lower level of sourness, bitterness and grassy while mibuna, cress, and amaranth, bring bitterness 
and grass taste. mustard and wasabi have pungent and spicy flavors. 

Genetic Augmentation of Microgreens 
In the near future the demand for microgreens is expected to increase with the increased urbanization and 
health awareness. There had been many advances in production technology of the microgreens some of 
these include growing in pre seed treatment, limited area, using minimum water, fortification with light 
and minerals. 
Studies have shown that red and blue lights stimulating the growth and accumulation of vitamins, 
antioxidants, and minerals in microgreens. Despite these advances there is still a lot that can be done in 
this field to improve the nutritional, functional, organoleptic and shelf-life attributes of microgreens, there 
is a need to explore and improve the genetic potential of microgreen crops through plant breeding and 
biotechnological interventions.    
Crop species that have been recognized as possible microgreens have had their phenotypic and genotypic 
features studied less under plant breeding. There are only a few types that have been specifically bred for 
microgreens. Herbs and spices constitute most species, of microgreens however they are usually in wild 
germplasmic forms. 
This opens up a lot of possibility for germplasm conservation and exploration. Microgreen crop species can 
be bred to express a variety of features at seeding stage, most notably increased yield, nutrition, 
environmental adaptation, and improved quality traits such as delicate texture, tastes, availability of 
beneficial compounds, antinutritional factors etc. Depending upon the nature of pollination and 
propagation different plant breeding principles can be applied on crops to obtain genotypes well suited as 
microgreens. Hybrid vigor in early seedling can also be exploited by developing suitable parent lines. 
Breeding can be done to sequester the maximum amount of nutrients and phytochemicals at the seeding 
stage of the crop.  ‘Speed breeding’, could might be employed to decrease the time spent developing 
genotypes. Plant Metabolomic engineering is another approach that can enhance biosynthetic abilities of 
microgreens. This can also be used to enhance the shelf life and improve the retention of the biomolecules 
for longer time. Silencing of genes involved in pathway of deterioration postharvest using RNA silencing 
technique, gene editing tools. 

Conclusion 
Microgreens are an excellent answer for future generations' nutritional needs since they may give low-
calorie, high-nutrient diet rich in bioactive and mineral compounds.  The health benefits of microgreens 
have made them functional foods for the humanity. Landraces of crop species used for microgreens can be 
explored for seedling traits and improved using plant breeding principles. Specialized varieties of these 
crop species can be developed for increased shelf life. Microgreens have the potential to be a long-term 
source of nourishment while also reducing agriculture's impact on the land and forest. 
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The growth of micronutrient-dense staple crops (cereals and vegetables) using conventional plant breeding 
methods, modern biotechnology, and agronomical approaches is known as bio-fortification. During the 
growth and development of the plant, the concentration of plant-derived nutrition and vitamins is increased 
in the edible organ (O'Hare, 2015). This is a method of breeding nutrients into food crops that results in a 
low-cost, long-term supply of adequate micronutrients. It is a method of enriching edible parts such as 
grain, straw, roots, fruits, and tubers with micronutrients and vitamins using the right breeding method 
and biotechnological methods (Saltzman et al., 2013). While biofortified staple foods do not contain as many 
essential vitamins and micronutrients as industrially fortified foods, they may help to alleviate "hidden 
hunger" by increasing the regular adequacy of micronutrients absorption by individuals across their lives 
(Bouis et al., 2011). Biofortification methods include agronomic approaches, conventional breeding, and 
genetic engineering approaches. 

Biofortification Techniques 
Three techniques can be used to achieve biofortification. Agronomic Biofortification 2. Conventional plant 
breeding 3. Genetic engineering. 
1. Agronomic Biofortification: Fertilizer is used in this method either as a spray on the leaves or as a 
soil application (Weng et al. 2008b). The use of foliar application to enhance these nutrients in plant tissue 
and edible parts was stated to be effective in biofortification of Fe and Zn (Saltzman et al., 2013). Selenium 
(as selenate), iodine (soil application of iodide or iodate), and zinc are the most important micronutrients 
for agronomic biofortification (foliar applications of ZnSO4). The foliar application of micronutrients is a 
simple and fast way to provide micronutrients to plants (Fe, Zn, Cu etc.). AM-fungi improve production and 
absorption of micronutrients such as copper, iron, and zinc. Sulphur oxidising bacteria increase the sulphur 
content of onions. Biofortification refers to the various forms of fortification that can substantially increase 
the number of vitamins and nutrients in a living commodity (edible part), with the vitamins and nutrients 
being accumulated through the plant's natural physiological processes. However, for tree fruits and nuts, 
where the juvenile period is even longer (O'Hare, 2015), this would be difficult. 
2. Conventional plant breeding: Conventional breeding is based on natural selection and may be a 
viable alternative to genetic engineering. It was discovered that newly evolved breeding lines increased the 
folate content of vegetables such as tomato and potato by twofold (Hanson and Gregory, 2011). It may be 
possible to biofortify vast quantities of crops and disseminate them around the world using traditional or 
modern breeding techniques, as well as genetic engineering (Welch and Graham, 2004). More emphasis on 
yield attributes and resistance breeding in conventional breeding over the last four decades has resulted 
in poor nutrition in existing varieties. Fe, Zn, Cu, and Mg are examples of minerals whose mean 
concentration in dry matter has decreased in a variety of plant-based foods. In recent years, traditional 
breeding has centred on fortification of essential vitamins, antioxidants, and micronutrients. The green 
movement, which began in the early 1960s, made the world capable of combating food insecurity. However, 
this resulted in a decrease in local production of fruits, vegetables, and legumes, which are the people's 
primary source of micronutrients (Welch and Graham, 2004). 
3. Genetic Engineering: Biotechnology is an effective biofortification technique that is being used all over 
the world to tackle the severity of mineral and vitamin deficiency. The recent development in genetic 
engineering tools and techniques allows for the incorporation of traits that are not possible to achieve by 
traditional breeding (Rana et al., 2019). Genetic engineering (GE) is often referred to as a vital technology 
for potential food, feed, and energy needs. It has been a record since the first large-scale launch of the Flavr 
Savr tomato in 1996. Genetically modified (GM) crops (transgenic crops) enable plant breeders to introduce 
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beneficial genes into previously unavailable cultivars, enhancing their value and providing exclusive 
opportunities to combat viruses, insects, and other pathogens while also improving health benefits and 
nutritional quality. When there is insufficient variation among genotypes for the desired character/trait 
within the species, or when the crop is not suitable for traditional plant breeding (due to lack of sexuality), 
genetic engineering is a viable choice for increasing micronutrient bioavailability and concentration in 
edible crop tissues. Vegetable breeders are encouraged to use genetic modification to incorporate desired 
transgenes into novel cultivars, increasing their value. It provides unique opportunities to improve food 
quality and health benefits. In vegetable crops, genetic engineering is used to enhance characteristics such 
as flavour, nutritional status, bitterness, slow ripening, seedless fruit, increased sweetness, and anti-
nutritional factors. 

Biofortification Using Transgenic Approaches 
1. Tomato: 

a. Antioxidants: Antioxidants found in fruits and vegetables include anthocyanins, carotenoids 
such as lycopene and ß-carotene, as well as vitamins C and E. There are higher levels of glutathione 
and ascorbate, the soluble antioxidants of primary metabolism, as well as total antioxidant activity, 
in transgenic fruit that accumulate trans resveratrol (Giovinazzo, 2005). 
b. Carotenoids -rich tomato: Lycopene is a powerful antioxidant that has been shown to reduce 
the risk of epithelial cancer and improve human health. As a result, there is a possible interest in 
genetically manipulating tomato carotenoids levels in order to improve the nutritional quality of the 
tomato crop. By generating phytoene from GGPP, the Psy-1 enzyme acts as a catalyst for the first 
step of the carotenoid biosynthesis pathway (geranylgeranyl diphosphate). The Psy-1 gene was 
expressed continuously in tomato to increase the carotenoid content of the fruit. 
c. Flavanols rich tomato: Tomato transformed with the chalcone isomerase-encoding Petunia chi-
a gene. The resultant transgenic tomato lines had a 78-fold increase in fruit peel flavanols, owing to 
an accumulation of rutin. Ectopic expression of chalcone isomerase, a single biosynthetic enzyme, 
resulted in a 78-fold increase in total fruit flavanols.  
d. Folate -rich tomato: The folate content of food plants and how increasing PABA levels in grains 
can help engineering a moderate increase in pteridine production could dramatically improve 
agriculture and rural development: spatial issues, challenges, and approaches 91. When vine-
ripened tomato fruit was crossed with transgenic PABA- and pteridine overproduction traits, it 
accumulated up to 25 times more folate than the control. To increase levels of the polyamines 
spermine and spermidine in tomato fruit during ripening, researchers used a yeast S-
adenosylmethionine decarboxylase gene (ySAMdc; Spe2) fused with a ripening-inducible E8 
promoter. This resulted in longer vine life, better fruit juice consistency, and more lycopene. 

2. Potato: Overexpression of chalcone isomerase (CHI), dihydroflavonol reductase (DFR), and chalcone 
synthase (CHS) genes resulted in a substantial increase in measured anthocyanins and phenolic acids in 
potatoes (Lukaszewicz Marcin, 2004). 

a. Starch-rich potato: In potato tubers, starch is the primary carbohydrate storage portion, 
accounting for up to 70% of the tuber's dry matter. When the bacterial ADPGP Pase gene from 
Bacterium Escherichia coli was transferred to potato, the transgenic plant developed tubers with 
high starch content. 
b. Protein-rich potato: Protein-rich potato expressing the seed protein gene AmA1 will increase 
nutritive value by expressing a non-allergenic seed albumin gene from Amaranthus hypochondriacs 
(Amaranth Albumin 1). On a biochemical level, AmA1 expression in both types of transgenics results 
in a significant increase in all essential amino acids, especially lysine, tyrosine, and sulphur amino 
acids, as well as an increase in total protein content. Through hybridization and selective breeding 
methods, a project on Bio Cassava Plus was developed to increase vitamins A and E, minerals zinc 
and iron, decrease cyanogen content, protein content, delay postharvest deterioration, and produce 
virus-resistant varieties. 
c. Amino acids-rich potato: Transfer of the high essential amino acid encoding heaae gene to 
potato clones K-2 and K-7 resulted in an increase in essential amino acids. These 292 base pair 
synthetic gene fragment (HEAAE-DNA) codes for a protein that contains around 80% essential 
amino acids. 
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3. Cauliflower: Cauliflower cloning is a success. Manipulation of chromoplast formation to provide an 
important metabolic sink for carotenoid sequestration and deposition has a significant impact on carotenoid 
accumulation, according to or gene. The use of the or gene to increase carotenoid content in transgenic 
potatoes demonstrates a novel approach to complementing effects based on the expression of carotenogenic 
genes to increase carotenoid levels in food crops. 
4. Cabbage: High antioxidant properties and anthocyanin content in red cabbage can reduce the risk of 
cancer, cardiovascular disease, and brain disorders. 
5. Carrot: Ca uptake can be boosted by genetically modified carrots with enhanced Ca levels, which may 
aid in the prevention of calcium deficiencies such as osteoporosis. The plant Ca transporter SCAX1 was 
expressed at higher levels in transgenically modified carrots. 
6. Pumpkin: According to the cooking methods used and the high content of total carotenoids in pumpkin, 
the total carotenoid and ß-carotene isomers content increased. Cassava is a root vegetable. Cassava without 
cyanogen. The cyanogenic glucoside linamarin is found in high concentrations in cassava. Many cassava 
cultivars have higher cyanogen levels in their roots (10-500 mg CN equivalents/kg dry weight) and leaves 
(200-1, 300 mg CN equivalents/kg dry weight) than the maximum Publication. 

Conclusion 
The biofortification strategy increases everyone in the family's daily consumption of large amounts of 
nutrient-dense foods, particularly children and women who are most vulnerable to micronutrient 
malnutrition. Since food staples predominate in the diets of the poor, this policy indirectly targets 
economically disadvantaged households. Following a single investment in developing self-fortifying seeds, 
subsequent costs are minimal, and germplasm can be spread globally. This part of the plant breeding 
program's multiplication through distance and time makes it cost-effective. Biofortification is a simple way 
to target malnourished people in rural areas, as it offers naturally fortified foods to people who don't have 
access to commercially fortified foods, which are more readily accessible in towns. As a result, 
biofortification and industrial fortification are closely intertwined. 
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Abstract 
Plant breeding has played an important role in the improvement of the Solanaceae through the 
development of new cultivars with significantly increased yield and quality. Tomato cultivars have been 
improved for adaptability to the greenhouse environment to enable year-round cultivation. Although 
conventional hybridization is still the main method of cultivar development in tomato, there are fast 
advances towards molecular techniques. Tomato is not only a highly commercial species, but also a model 
one against which the efficiency of novel techniques can be compared. Besides tomato have also benefited 
from the application of new molecular breeding methods. In the present paper, we examine the status of 
tomato about advanced breeding methods and biotechnology during the current decade. 
Keywords: Breeding, molecular markers, Lycopersicum esculentum, tissue culture. 

Introduction 
Tomato (Lycopersicon esculentum Mill. = Solanum lycopersicum L.). Tomato originated in the New World 
(Central and South America). More than 800 million people in the world are hungry or undernourished 
(UN-FAO 2008) and the nutritional basis of the world’s food supply will become even more critical as the 
world population rapidly continues to increase and needs to be fed. To satisfy this need, food production on 
available land must increase and/or unfavorable land will have to be exploited. In both these cases, plant 
breeding and crop diversity will play a role. Tomato is ideal for physiological and molecular genetic studies 
and thus a species favored by geneticists and molecular biologists. It is easy to cultivate and mostly 
autogamous, producing many seeds per plant. Tomato breeding programs will necessitate innovative, non-
conventional methodologies to enhance genetic variation in order to keep up with the population increasing 
food demands. 

Tissue Culture 
Tomato is a species that is amenable to in vitro techniques, including micropropagation, plant regeneration 
from tissue or single cells, embryo rescue and somatic hybridization. However, notwithstanding more than 
35 years of research to set up a protocol for another culture in order to obtain hap- loid plants by 
androgenesis, to date there is no standardized method to obtain doubled-haploids (DHs) in this species due 
to the high instability of the haploid tomato cell and its tendency to be a diploid. Recently, some advances 
have been reported in this field, demonstrating that both gametophytic and sporophytic calli occur in 
cultured tomato anthers, and describing some of the putative causes of loss of the haploid condition (Seguí-
Simarro and Nuez 2007). These authors demonstrated that micro- spore embryogenesis is possible in 
tomato, but although the system is promising it must be optimized in order to be exploited as a 
developmental pathway for the production of DHs. 

Molecular Markers 
The types of molecular markers are restriction fragment length polymorphisms (RFLPs) (Miller and 
Tanksley 1990), random amplified polymorphic DNAs (RAPDs) (Egashira et al. 2000), simple sequence 
repeats (SSRs) (Alvarez et al. 2001) and the analyses of DNA sequences (Baudry et al. 2001). Markers used 
for assessing genetic diversity showed that while old improved cultivars are less variable than modern ones 
(probably because the former did not experience introgression of exotic germplasm) the range of genetic 
diversity found in collections of landraces is nevertheless generally larger than that encountered in modern 
cultivars (Terzopoulos and Bebeli 2008).  
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The advances in marker technology enabled the development of several highly saturated genetic maps that 
are a basis for gene targeting, positional cloning and the creation of sets of introgression lines. This resulted 
in new tools and greater efficiency in breeding for both qualitative and quantitative traits through marker 
assisted selection (MAS) and gave new inputs for the genetic engineering of traits of interest. 
For example, in tomato the identification of the molecular bases of mutations involved in (delayed) ripening, 
such as ripening inhibitor (rin), non-ripening (nor), colourless non-ripening (cnr) (Moore et al. 2002; 
Giovannoni 2007) and the increased knowledge of the metabolic changes occurring during ripening (Alba 
et al. 2005; Carrari and Fernie 2006) are opening the perspective for a more targeted and tailored breeding 
for delayed ripening and other ripening- related traits. 

Transgenic Plants 
Historically, tomato has proved to be a species that is amenable to genetic engineering, the most widely 
adopted technique being Agrobacterium-mediated transformation of nuclear DNA using cotyledons as 
explants (Van Eck et al. 2006). Additionally, effective protocols have been set up for virus-induced gene 
silencing (VIGS), allowing large-scale functional analysis and the constitution of useful genotypes by gene 
silencing (Liu et al. 2002) and transplantomic (plastid genetic) engineering that permits good transgene 
expression in fruit and reduced risks of gene flow through the pollen (Ruf et al. 2001). 
Transgenic approaches allow the transfer of resistance genes across the species barrier to obtain the same 
effects in the heterologous host as those observed in the source organism; for example, the transfer of a 
resistance gene against root-knot nematode (Meloidogyne spp.) isolated in pepper (C. annuum) into 
susceptible tomato plants. 
The transgene was constitutively expressed by the 35S Cauliflower Mosaic Virus promoter, and nematode 
assays showed that the resistance to root-knot nematodes was significantly improved in some transgenic 
lines compared to untransformed susceptible plants, and this resistance was inheritable (Chen et al. 
2007b). 
The extensive research carried out to understand the molecular genetics (Pandolfini et al. 2007) of fruit set 
inspired many transgenic approaches to engineer parthenocarpy in tomato. Other studies highlighted the 
im- portance of gibberellins (GA) in the control of tomato fruit set accordingly, parthenocarpy in tomato 
was also engineered by increasing GA signaling after silencing negative regulators of the GA response 
pathway (Martí et al. 2007). 

Conclusion and Future Perspective 
The reduction of available genetic diversity in the commercial varieties of the world’s cultivated crops has 
awakened plant breeders and consumers to the urgent need for conservation of all available genetic 
resources and the optimization of management systems. The vast diversity of the Solanaceae family and 
the adaptation to numerous habitats make it an attractive model to investigate the basis of adaptation and 
variation using genomic tools. 
The International Solanaceae Genomics Project (SOL), (http://www.sgn.cornell.edu/solanaceae-project/), 
embraced Solanaceae scientists in a common goal of sequencing tomato euchromatin. Molecular markers 
are beginning to have significant applications in many crops. Marker-assisted selection (MAS) is an 
application that can significantly improve the efficiency, precision and speed of conventional plant 
breeding. MAS is currently the most powerful molecular technique available for the Solanaceae breeders 
to accelerate crop improvement. 
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Abstract 
Eggplant (Solanum melongena L.) are among the most important horticultural species of the Solanaceae 
family, with significant economic and nutritional value. They are particularly good sources of vitamins and 
antioxidants. Moreover, it provides variety to the daily diet. Eggplant has rich gene pools in wild relatives 
and cultivated landraces, which need to be conserved, explored with new technological tools and utilized 
for their improvement. Eggplant have benefited from the application of breeding methods such as breeding 
for tolerance of abiotic stress, resistance to diseases, pest resistance and nutritional quality. In this article, 
we know the status about breeding methodology and the achievements of plant breeding in these species 
during the current decade. 
Keywords: Solanum melongena L., antioxidant properties, phenolic compounds, breeding methods. 

Introduction 
Eggplant (Solanum melongena L.), also known as Brinjal, Aubergine or Guinea squash is a non-tuberous 
species of the family Solanaceae. Eggplant is derived from the Old World (India-China). The time of their 
domestication is not known with certainty, but it surely spans the change from hunter-gatherer to more 
agriculturally orientated societies. The genetic changes associated with domestication include selection for 
phenotypic value-added characteristics and higher yield. Comparative morphology and genetic ana- lysis 
have been employed to identify the wild progenitors of most crops, and the distribution and ecological range 
of wild relatives of eggplant have been identified. New technologies can be used to exploit landrace gene 
pools, as well as secondary and tertiary gene pools for new sources of abiotic and biotic stress tolerance. 
Strategies involving the systematic collection and conservation of eggplant germplasm and their wild 
relatives will secure the various gene pools. This, together with an understanding of the evolutionary 
processes involved in the formation of the various members of the Solanaceae family and the integration of 
new genomic technologies with traditional plant breeding methods, will enable a more efficient 
restructuring of gene complexes to improve production and quality. 

Breeding for Tolerance of Abiotic Stress 
Abiotic stress can dramatically reduce the yield of any crop. Even though eggplant is relatively more 
tolerant to high temperatures than tomato and pepper, there are many other forms of stress that the crop 
may face. The first efforts to produce transgenic eggplants with tolerance to abiotic stress involved the 
introduction of a bacterial mannitol phospho- dehydrogenase gene (Prabhavati et al. 2002). The same 
research team released the results of Agrobacterium-mediated transformation of eggplant with a key 
polyamine biosynthetic gene, arginine decarboxylase (Prabhavathi and Rajam 2007b). Transgenic 
eggplants with increased levels of poly- amines demonstrated tolerance to multiple stresses such as 
salinity, drought, extreme temperatures and heavy metals. 

Breeding for Resistance to Diseases 
Eggplant is susceptible to several pathogens, but the most destructive diseases are bacterial and fungal 
wilts. Breeding for disease resistance is the most economic and environ- mental friendly way to confront 
diseases. The steps for im- proving eggplant resistance to diseases include screening resistant germplasm 
within the cultivated species and then in the wild relatives, followed by the transfer of desirable disease 
resistance traits through sexual hybridization and recombination. However interspecific crosses in 
eggplant have been hindered due to sexual barriers. Biotechnological techniques such as somatic 
hybridization and Agrobacterium-mediated transformation have been used to overcome such barriers. 
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Fusarium oxysporum f. sp. melongenae causes wilt that is destructive for greenhouse and open-field crops. 
Eggplant relatives such as S. aethiopicum gr Gilo and S. integrifolium show resistance to this pathogen. In 
an attempt to transfer the resistance to S. melongena and avoid sexual hybridization, somatic hybrids were 
produced between S. aethiopicum and S. melongena, and S. aethiopicum and S. integrifolium through 
mesophyll protoplast electrofusion. Dihaploids derived from another culture using as explants somatic 
hybrids between S. melongena and S. aethiopicum group Gilo were used as a source of resistance to 
Fusarium oxysporum f. sp. melongenae (Rizza et al. 2002). In addition, polyamine or mannitol accumulating 
transgenic plants showed resistance to fungal wilts (Prabhavathi and Rajam 2007a, 2007b). 
Resistance to powdery mildew was detected in S. me- longena accessions, as well as in the wild related 
species S. laciniatum, S. nigrum, S. quinquangolare, S. linnaeanum, S. aculeatissimum, S. aviculare, S. 
pseudocapsicum, S. spino- sissimum, S. gilo, S. capsicoides and S. sisymbriifolium. Some S. melongena 
selected lines derived from the accessions and some wild species showed resistance that can be exploited 
through conventional or biotechnological breeding methods (Bubici and Cirulli 2008). 

Breeding for Pest Resistance 
One of the achievements of transgenic eggplants involves resistance to Colorado potato beetle (Leptinotarsa 
decemlineata Say) (Acciarri et al. 2000). The plants were trans- formed with the Bt gene. The eggplant fruit 
and shoot borer (Leucinodes orbonalis) can infect eggplant and cause a yield loss of up to 40% in Asia, where 
eggplant is a major crop. A project has been undertaken to develop genetically engineered eggplants that 
are resistant to the fruit and shoot borer and commercialize the resulting cultivars through a public-private 
partnership in India, Bangladesh, and the Philippines (http://www.news.cornell.edu/stories/Sept07/ 
EggplantBt.kr.html). Analysis of the adoption of insect- resistant Bt eggplant technology in India has 
demonstrated the benefits of such a project to all parties involved (Krishna and Qaim 2007). 

Breeding for Nutritional Quality 
Eggplant breeding follows the needs of producers, processors and consumers and the main goals can be 
different in different areas. In the past, increased yield was the primary goal, whereas, quality is currently 
the primary aim, with particular emphasis on nutritional value. In developed countries there is a growing 
demand for high nutritive value food that will provide antioxidants, minerals, protein and vitamins, and 
health-conscious consumers are willing to pay extra for such a high-value product. 
Breeding eggplant varieties with high antioxidant activity will be beneficial for both consumers and 
farmers. Improved cultivars of a higher nutritional value could have an impact on the diet of many 
individuals around the world, particularly those in less developed areas, where eggplant is virtually a 
staple food. Traits related to fruit nutritional value include the content of phenolic compounds with 
antioxidant properties, various vitamins, minerals such as P, K, Ca, Na and Mg as well as micronutrients 
such as Fe, Cu and Zn, the dry matter and protein content. 

Total Phenolics 
In eggplant, phenolics are found both in the skin and pulp. The content is two times greater in the skin and 
specific types of phenolic compounds differ between the skin and the pulp. Eggplant presents considerable 
variation in the type and level of phenolic compounds that can be exploited in breeding for increased 
nutritional value (Stommel and Whitaker 2003; Hanson et al. 2006; Prohens et al. 2007; Raigón et al. 2008).  
This variation seems to be affected by the environment; thus, extensive experimentation is required for the 
evaluation of eggplant accessions with regard to phenolic content (Hanson et al. 2006). Total phenolic con- 
tent positively correlated with SOS activity (Hanson et al. 2006). 
Eggplant cultivars, landraces and landrace hybrids vary in phenolics content, with landraces containing 
on average a higher concentration of phenolics than commercial cultivars (Raigon et al. 2008). However, a 
high phenolic concentration increases the susceptibility of the fruit to browning and so negatively affects 
the commercial value. 
Eggplant breeders try to combine nutritional value with good fruit appearance. Based on the wide variation 
present in eggplant germ- plasm this goal may be materialized (Prohens et al. 2007). 
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Superoxide Scavenging Activity 
Eggplant is among the top vegetables for SOS activity (Han- son et al. 2006), with sufficient genetic 
variation with-in the cultivated germplasm to be exploited in breeding programmes. Solanum melongena 
originated in diverse geographical regions and not only produces fruits of variable color, shape and size but 
also demonstrates significant genetic differences for SOS that have followed the same rank through- out 
the years, despite environmental factors (Hanson et al. 2006). Thus, plant breeders prefer direct selection 
for in- creased antioxidant activity rather than indirect selection of phenolic compound content, which is 
not consistent with different environments (Hanson et al. 2006). The negative correlation between SOS and 
fruit size will be a challenge for plant breeders because they will need to develop big fruits with high SOS 
activity (Hanson et al. 2006). 

Ascorbic Acid 
Eggplant accessions present significant differences in ascorbic acid content. However, because, ascorbic 
acid is relatively low in eggplant it does not seem to play an important role in the antioxidant activity of 
this species (Hanson et al. 2006). 

Conclusions and Future Perspectives 
The Solanaceae is a very large family with species that include genes potentially beneficial for the 
improvement of economically important vegetables eggplant. A genomics approach can be used to transfer 
genome information in eggplant. Marker assisted selection is still in its infancy in eggplant. Marker 
assisted selection is currently the most powerful molecular technique available for the Solanaceae breeders 
to accelerate crop improvement. 
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Introduction 
Tilling is a general genetic technique that combines chemical mutagenesis with PCR based screening to 
identify the point mutations in regions of interest. (Mc callum et. al., 2000). Tilling is technique developed 
in the year 2000. It is used for detecting the multiple types of polymorphisms in the natural populations. 
Recent studies in tilling procedure depend upon the diversification of bio informatics tools and new methods 
of mutation detection. Slade et. al., 2005 reported that the tilling is a technique employed to recognize vast 
allelic series of the waxy genes existing in both hexaploid bread wheat and tetraploid pasta wheat to show 
the strength of tilling to improve the crops practically. 

Why Tilling is Important? 
1. Non transgenic method. 
2. To identify SNPS in a gene interest from population. 
3. It is a powerful tool that know about the functions of the thousands of newly identified genes. 

Crops Applied 
Tilling was first applied in Arabidopsis thaliana (Mc callum et. al., 2000 a, Mc callum et. al., 2000 b). Other 
crops applied are Rice, Maize, Lotus, Poplar, Arabidopsis, Wheat, Barley, Potato, Tomato, Sunflower, 
Common bean, Mustard, Clover, Pea, Groudnut, Sorghum, Rapeseed, Soyabean and Brassicca. 

Procedure of Tilling 
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Tilling Centers Existing Over the World 
S.No Crop Institute 
1. Rice UC Davis (USA) 
2. Maize Purdue University (USA) 
3. Arabidopsis Fred Hutchinson Cancer Research 
4. Soybean Southern Illinois University (USA) 
5. Wheat UC Davis (USA) 
6. Tomato University of Hyderabad (India) 
7. Brassica napus University of British Columbia 

Applications 
1. DNA Polymorphism assessment 
2. Discovery of genes 
3. High efficiency 
4. High sensitivity 
5. It is applicable to economically important organisms in plants. 

Conclusion 
Tilling is technique that used to locate an allelic series of induced point mutations in gene of interest. It is 
mostly used in basic functional genomics study to practical crop breeding. By using this technique, rare 
mutants are detected in the large population. This procedure is widely used in cereal crops. It is one of the 
best methods for obtaining mutations in the desired genes.  
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Abstract 
The efficient nutrient management is essential to achieve crop yield sustainability. Integration of all 
possible sources of nutrients can only fulfill the requirement of crops and wherein yield sustainability can 
be ascertained. Organic manures can play in important role in this direction. But these manures are bulky 
in nature and low in nutrient content, hence the substitution is highly required. Green manure, another 
possible option of providing nutrients to crops from organic sources, but it has got some limitations as it is 
practiced in mainly rice crop that requires a period of about 45-60 days from seeding to decomposition with 
proper temperature and optimum moisture conditions after incorporation. The viable option left behind 
that is brown manuring as a tool for integrated nutrient management. Brown manuring is capable of 
supplying all nutrients to the crops which is also considered beneficial for weed management as well as 
improving soil properties. 

Introduction 
Fertilizers have contributed substantially to the spectacular increase in crop production. However, 
application of inorganic fertilizers alone in large quantities over a longer period of time results in imbalance 
in the supply of other nutrients. The combined use of organic manures and inorganic fertilizers help in 
maintaining yield stability through correction of marginal deficiencies of secondary and micronutrients, 
enhancing efficiency of applied nutrients and providing favourable soil physical conditions. N-use efficiency 
from inorganic sources varies from 18-40 per cent in rice soils, because applied N is rapidly lost from the 
soil by ammonia volatilization and denitrification. Application of urea in combination with organic material 
(farmyard manures, composts and others), use of slow-release fertilizers at source, mud ball applications 
of N-fertilizers are helpful for minimizing N loss and increasing N-use efficiency. India has enough potential 
of organic wastes which can be converted into composts and organic manures and used in crop fields. But 
the huge quantity of organic waste is not properly and scientifically converted into composts. The option 
like green manuring may be tried to add organic manure in soil, it needs sometimes to decompose after 
incorporation into the soil. Therefore, brown manuring can be a viable option which is free from these 
limitations. 

Brown Manuring 
Brown manuring is simply a ‘no-till’ version of green manuring, using an herbicide to desiccate the crop 
before flowering instead of using cultivation. According to this technique, Sesbania or other green manure 
crops are grown in standing cereal crops and killing them with the help of herbicide for manuring where 
the plant residues are left standing in the field along with main crop without incorporation/in-situ 
ploughing until its residue decomposes itself in the soil aiming to add organic manure beside weed 
suppression by its shade effect. The post-emergence herbicide spray on Sesbania (green manure) leaves 
resulting in loss of chlorophyll in leaves showing brown in colour is referred to as brown manuring. After 
4-5 days of spraying, Sesbania plants will appear brown and then start dying; leaves will fall on the ground 
and form mulch and help in smothering of weeds. As it is a selective herbicide, it kills only Sesbania plants 
and not the rice plants. This is called the down knocking effect. Generally, brown manuring practice is 
introduced in the fields where Sesbania spp @ 20 kgha-1 is broadcast three days after rice sowing and 
allowed to grow for 30 days and dried by spraying 2,4-D ethyle-easter which supplies upto 35 kg ha-1 N, dry 
matter, control of broad leaf weeds, higher yield by 4 -5 q ha-1 due to addition of organic matter in low fertile 
soils. During the decomposition of Sesbania, certain organic acids, allelochemicals are released, which 
might offer some depressive effect on the weed seed bank. This may also be a preferred option on lighter 
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soils prone to erosion and reduce weeds. Brown manuring not only adds organic matter content but also 
improves the physico-chemical and biological properties of the soil. 

Benefits 
1. Brown manuring increases the soil organic car bon content, there by supplying required nitrogen for the 
rice plants. Thus, a part of nitrogenous fertilizer (upto 25%) can be replaced by brown manuring.  
2. It also increases the yield thereby improving the economic benefit of the farmers.  
3. It also improves the soil health parameters like organic carbon content and earthworm population of the 
soil.  
4. Brown manuring reduces the weed population in the early stage due to its high growth rate and 
competition with the weeds. 

Crops Suitable for Brown Manuring 
Non-leguminous crops: The non-leguminous crops which provide only organic matter to the soil are used 
to a limited extent. Example: Niger, Wild indigo etc. 
Leguminous crops: Crops provide organic matter along with nitrogen to the soils. The legumes are 
preferably used, and they can fix atmospheric nitrogen with the help of its nodule bacteria. Example: Sun 
hemp, Dhaincha, Mung, Cowpea, Lentil etc. 

Conclusion 
As brown manuring is eco-friendly and helps to suppress weeds as well as add nutrition to the soil, it can 
be used as a good approach for higher productivity of crop and maintaining sustainability and thereby 
leading to benefit for the farmers. It is cost effective and eco-friendly restoring soil health in present day 
agriculture. It should thus be widely advocated by the extension agencies to realize its benefits for the 
farming community of the nation. 
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Abstract 
Drones, also known as unmanned aerial vehicles (UAVs), have the potential to revolutionize Indian 
agriculture by ensuring the country’s food security. The Drone Rules 2021 have made it substantially easier 
for citizens and businesses in the country to own and operate drones now that the national drone policy 
has been announced. Fees for obtaining permissions have also been cut to nominal levels. Drones have 
various features, such as multi-spectral and photo cameras, and may be utilized in many aspects of 
agriculture, including monitoring crop stress, plant growth, predicting yields, and delivering props such as 
pesticides, fertilizer and water. Drones may be used to analyze the health of any vegetation or crop, as well 
as field areas infested with weeds, diseases, and pests and the precise amounts of chemicals needed to 
combat these infestations can be applied based on this assessment, lowering the overall cost for the farmer. 

Introduction 
Our country reigns the world as the most prominent producer of pulses, milk, rice, wheat, sugarcane, spices, 
etc. These also add generous value to the economy with their activities in the agrarian sector. The Indian 
agricultural sector contributes about 18% to India's GDP. It is considered as the prime source of livelihood 
for approximately 58% of the country's population, mainly for rural areas. Indian agriculture sector, along 
with forestry and fishing, results in a Gross Added Value of around Rs 18.55 lakh crore (US$265.51 billion) 
as of 2019. The agricultural sector expands with parallel industries at a growth rate of 2.1% (2019-20). 
Regardless of Indian agriculture's contribution to the GDP, our country is yet to enhance productivity and 
efficiency in the sector to reach highest potential. Unsuitable methods for monitoring crops, water 
irrigation, using pesticides and many other necessary farming activities are currently adopted. Resources 
are inadequate and not allotted according to weather conditions, or have not been exploited to their 
maximum potential. These hindrances have granted multiple opportunities for growth and development in 
the world of technology. The influence of technology in the agricultural sector has been invariably positive 
since its commencement. As governments and businesses across the country recognized the significance of 
food security and the consequences of environmental degradation, pollution, and water scarcity, the 
urgency to overcome certain obstacles arose. 
Drone technology has gotten most of the recognition in the industry because of its diversity and considered 
the future for the agrarian community. However, other sectors quickly embraced unmanned aerial vehicles 
(UAVs) when they learned about its widespread applications. External factors like weather, soil conditions, 
and temperature play a critical role in farming. Agriculture drone empowers the farmer to adapt to specific 
environments and make mindful choices accordingly. The gained data helps regulate crop health, crop 
treatment, crop scouting, irrigation, and carry out field soil analysis and crop damage assessments. The 
drone survey helps boost crop yields and minimize time and expenses. 
Only after complete recognition of drones’ characteristics can one gain in-depth knowledge about 
agriculture drones. Typically, drones include a navigation system, GPS, multiple sensors, high-quality 
cameras, programmable controllers, and tools for autonomous drones. The DJI is one such familiar drone 
utilized by the industry. Most farmers currently use satellite imagery as an introductory guide for farm 
management. Furnished with modern technology, Unmanned aerial vehicles (UAVs) can get more precise 
data than satellites for precision agriculture. They then process the data captured into agri-tech software 
to produce beneficial knowledge. 
Drone technology quickly reestablishes traditional agrarian practices and is subsequently accomplishing 
them as follows: 
Irrigation Monitoring: Drones, including hyperspectral, thermal, or multispectral sensors, recognize 
areas that are too dry or need improvement by the farmer. Drone survey helps to improve water efficiency 
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and disclose potential leaks in irrigation by providing Irrigation monitoring yields calculations of the 
vegetation index to help realize the health of crops and emitted heat/energy. 
Crop Health Monitoring and Surveillance: It is important to track health of the vegetation and spot 
bacterial/fungal plagues at early stages. Agriculture drones can see which plants reflect different amounts 
of green light and Near-infrared spectroscopy (NIRS) light. This data helps produce multispectral images 
to track crop health. Quick monitoring and discoveries of any defects can help save crops. In circumstances 
of crop failure, the farmer can also document the damages for accurate insurance claims. 
Crop Damage Assessment: Agricultural drones fitted along with multispectral sensors and RGB sensors 
also detect field areas inflicted by weeds, infections, and pests. According to this data, the exact amounts 
of chemicals needed to fight these infestations are known, and this helps to reduce the costs inflicted by the 
farmer. 
Field Soil Analysis: The drone survey allows farmers to obtain information about their land's soil 
conditions. Multispectral sensors allow seizing data useful for seed planting patterns, thorough field soil 
analysis, irrigation and nitrogen-level management. Precise Photogrammetry/ 3D mapping permits 
farmers to analyze their soil conditions thoroughly. 
Planting: Drone startups in India have invented drone-planting systems that allow drones to shoot pods, 
their seeds, and crucial nutrients into the soil. This technology doesn't only reduce costs by almost 85% but 
also increases consistency and efficiency. 
Agricultural spraying: Through drone crop spraying, human contact with such harmful chemicals is 
limited. Agri-drones can carry out this task much quicker than vehicles/airplanes. Drones with RGB 
sensors and multispectral sensors can precisely identify and treat problematic areas. Professionals say that 
aerial spraying is five times faster with drones when compared to other methods. 
Livestock tracking: The drone survey allows the farmers not to keep track of their crops only but also 
monitor the movements of their cattle. Thermal sensor technology helps find lost animals and detect an 
injury or sickness. Drones can carry out this function favorably, and this adds comprehensively to the 
production of vegetation. 

 

Benefits of Drone Technology 
As innovators introduce new technologies, their commercial uses increase day by day. The government has 
been easing restrictions for drone usage and is supporting startups to come up with novel ideas. As drone 
surveys become more common, they also become more cost-effective. In agriculture, they have a plethora 
of advantages. Some are as follows: 
1. Enhanced Production - The farmer can improve production capabilities through comprehensive 
irrigation planning, adequate monitoring of crop health, increased knowledge about soil health, and 
adaptation to environmental changes. 
2. Effective and Adaptive Techniques - Drone usage results in regular updates to farmers about their 
crops and helps to develop strengthened farming techniques. They can adapt to weather conditions and 
allocate the resources without any wastage. 
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3. Greater safety to farmers - It is safer and more convenient for farmers to use drones to spray the 
pesticides in terrains challenging to reach, infected areas, taller crops and power lines. It also helps farmers 
prevent spraying the crops, which leads to less pollution and chemicals in the soil. 
4. Less wastage of resources - Agri-drones enables optimum usage of all resources such as fertilizer, 
water, seeds, and pesticides. 
5. 99% Accuracy rate - The drone survey helps farmers calculate the precise land size, segment the 
various crops, and indulge in soil mapping. 
6. Useful for Insurance claims - Farmers use the data captured through drones to claim crop insurance 
in case of any damages. They even calculate risks/losses associated with the land while being insured. 
7. Evidence for insurance companies - Agricultural insurance sectors use Agri-drones for efficient and 
trustworthy data. They capture the damages that have occurred for the right estimation of monetary 
payback to the farmers. 

Conclusion 
Drones have already vastly changed the agricultural industry and will continue to grow in the coming 
years. While drone use is becoming more useful to small farmers, there are still ways to go before they 
become part of every farmer’s equipment roster, particularly in developing nations. Regulations around 
drone use need to be made and revised in many countries and more research needs to be done on their 
effectiveness at certain tasks, such as pesticide application and spraying. There are many ways drones can 
be useful to farmers but it is important to understand their limitations and functions before investing in 
expensive equipment. 
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Introduction 
Agriculture plays most important role in the socioeconomic sphere of the country. It is backbone of Indian 
economy. 
It is the source of livelihood for nearly 2/3rd of the population and accounts for about 1/4th of Gross Domestic 
Product. In India, agriculture is an extensive and diverse sector which includes large number of factors. 
Provision of food self-sufficiency and improved rural welfare has been success stories of post-independence 
era through association of green revolution technologies. 
The national agricultural research system (the NARS) played important role in the context of Green 
Revolution. 

Definition 
Agriculture: The science and practice of farming includes cultivation of soil for growing of crops and 
rearing of animals to provide food and other products. 
Research: The study and systematic investigation of materials and sources to establish facts and reach 
new conclusions 
Management: It is administration of an organization, whether it is business or government body or non-
profit organization. 
Agriculture Research Management: It can be aimed at improving quality and productivity of crops by 
their genetic improvement, irrigation, better plant protection, storage methods, efficient marketing, farm 
mechanization and better management of resources. 

Emerging Issues 
Basic Issues in Agriculture: 

a. Farm sizes are insignificant, land is fragmented and no land management. 
b. Short supply of basic inputs like fertilizer, seeds, breeds and feeds are in short supply 
c. Reliable irrigation facility is not available 
d. High cost of production which results products are not competitive in national & international 
markets. 
e. No easy Access to the market  
f. Due to high interest and unavailability of agricultural credit  
g. Limited pasture lands due to community forests. 

Challenges & Issues in Agricultural Research: 
a. New Universities without matching resources 
b. Faculty Shortage in the frontier areas 
c. Extensive inbreeding 
d. Inadequate employability 
e. Faculty Competence in emerging areas 
f. Lack of modern infrastructure 
g. Inadequate hands-on skills 
h. Weak research networking & linkages 
i. Regional inequalities and natural resource degradation 
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Other generic issues: 
a. Continued focus on technology dissemination 
b. Inadequate technical support for extension 
c. Limited human and financial resources 
d. Poor capacity to respond to changes and manage partnerships 
e. Technologies Irrelevant to Local Conditions 
f. Lack of Forward and Backward Linkages 
g. Lack of Infrastructure for Delivery of Technology. 
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Introduction 
Nutriseed Pack Technology is a new method of crop production developed by the Department of Soil Science 
and Agricultural Chemistry, TNAU, Coimbatore. In order to upscale this technology has industrial 
entrepreneurship process Department of Science and Technology (DST), New Delhi in coordination with 
Tamil Nadu State Council for Science and Technology (TNSCST), Chennai funded by a grant of RS. 
30.91lakhs during 2011 to 2014. 

Components of Nutriseed Pack 
In Nutriseed Pack Technology each plant can be established by placing a nutriseed pack in soil. Nutriseed 
pack contains: 

a. Seed at the top 
b. Enriched manure in the middle 
c. Encapsulated fertilizer at the bottom. 

It consists of a bioinoculants treated seed, pellets of enriched manure and fertilizer, fungicide and some 
micro nutrients that are arranged layer-by-layer within this cylindrical assembly. This assembly is usually 
wrapped with a degradable polyester coated paper that having nano-sized pores. 

Merits 
1. Adequate release of fertilizer and fungicides in response to irrigation. 
2. Less labour intensive. 
3. It is required only at the time of Sowing. 
4. No additional fertilizer application is required, as the provided amount can feed the plant from the time 
of sowing to the day of the harvest. 
5. The Rapper used is also biodegradable, as it will persist to only up to 6 months, which may dissolve into 
the soil along with the crop harvesting, so it is environmentally friendly. 
6. Fertilizer use efficiency is also high as the nutrients are readily available near the root zone. 
7. Treated and quality seeds are provided inside the pack that ensure better germination. 

Demerits 
1. Not suitable for all types of plants. 
2. Not suitable for transplanted crops. 

Conclusion 
Since it has a few drawbacks, like not suitable for various crops, researches are undertaking. Till today, 
experiments have been done on marigold, cauliflower, tomato, carnation, even on directly sown rice. And 
its production is also not yet recommercialized. Since it is having a large advantage over the few odds, this 
technology can be the future, ruling farmer’s field all over the world. 
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Introduction 
Mints (Mentha) are a group of perennial herbaceous plants belonging to the family lamiaceae.  The various 
species of mints which are commercially cultivated are Japanese mint or Corn mint or field mint (Mentha 
arvensis), Pippermint (Mentha pipperita), Spear mint or garden mint (Mentha spicata) and orange mint 
(Mentha citrata). The essential oils are used in the food, pharmaceutical, cosmetic and perfumery 
industries. In India, Uttar Pradesh is the largest producer of Mentha oil, accounting for 90% of the country's 
total Mentha production. The main constituent of the oil is menthol (65-75%), menthone (7-10%) and 
methyl acetatae (12-15%) and terpenes. Mints are susceptible to a variety of diseases. Among these, few 
diseases impose significant yield loss and overall quality of mint oils are degraded. 
Table 1: Fungal diseases of Mentha: 

Sl. No. Disease Causal Organism Survival and spread Epidemiology 
1 Rust Puccinia menthae Asexual spores: 

Uredospores. 
Sexual spores: 
Teliospores. 
Pathogens overwinter on 
mint stubble & on wild 
mint and spreads 
through propagating 
material and air. 

Temperature: 17-
27℃, RH: 90-92%, 1-
2 hours dew period 
in morning. 

2 Powdery 
mildew 

Erysiphe cihcoracearum Pathogen survives 
through dormant mycelia 
and cleistothecium. Air 
borne barrel shaped 
conidia acts as secondary 
inoculums. 

Temperature: 28-
32℃, RH: 85-86%, 
Cloudy weather 

3 Leaf blight Alternaria alternata  Primary sources of 
inoculums: Dormant 
mycelia 
Secondary sources of 
inoculums: Air borne 
conidia  

Nutritionally poor 
soil, Temperature: 
28-32℃, RH: 85-90% 

4 Leaf spot Curvularia lunata Primary sources of 
inoculums: Dormant 
mycelia, pseudothecium 
Secondary sources of 
inoculums: Air borne 
conidia 

Nutritionally poor 
soil, Temperature: 
28-32℃, RH: 85-
90%, Cloudy 
weather 

5 Wilt Verticillium dahlia, 
Verticillium albo-atrum 

Pathogens transmit to 
long distances through 
infected planting 
material. Micro-sclerotia 
spread by soil and water 

Temperature: 30-
32℃, RH: 90-92%, 
Alkaline pH, Black 
clay soil. 
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6 Root and 
stolon rot 

Rhizoctonia solani / 
Rhizoctonia bataticola, 
Sclerotium rolfsii 

Pathogen survive in soil 
and on plant debris for 
many years as sclerotia 

Soil temperature: 
28-32℃, Neutral pH 

Symptomatology of Important Fungal Diseases of Mentha 
1.  Rust: Eliptical blisters/ pustules form on leaves, stems and runners. The blisters develop parallel with 
leaf axis, stem and runners. The epidermis covering the pustules is later ruptured irregularly and gives 
brick red masses of uredospores. In later stage, as the fungus produces teliospores, the rusty color of 
pustules turns black.  
2. Powdery mildew: Initially small chlorotic spots appear on the upper surface of leaves. Corresponding 
lower surface shows brownish discoloration. Later appearance of white/gray color powdery growth on both 
upper & lower surface of leaves occur which leads to heavy defoliation. 
3. Leaf blight: Round to oval or slightly dark brown spots appear on the upper surface of the leaf. Later 
the spots turn black in color, enlarge and develop concentric rings surrounded by yellow halo.  Lower leaves 
are attacked first. Affected leaves turn yellow and become dry. In later stage, the spots coalesce forming 
large dark patches which leads to defoliation.  
4. Leaf spot: Initially minute dirty brown spots scattered all over the leaves. Later with the advance of 
the disease, the spots increase in size becoming spherical or irregular patches of larger sizes.  
5.  Wilt: Initially lower leaves start v shape yellowing. Dwarfing unilateral development of the branches. 
Light tan color discoloration of vascular bundles is most pre dominant characteristics. 
6.  Root and Stolon Rot: Initially yellowing of leaves and stunted growth occurs. In advance stages the 
plants wilts followed by death of above ground part. Initially Stolons exhibit pinkish brown lesions which 
gradually turns into dark brown lesions. Later turns to dark brown to black patches resulting in soft decay. 

  
Fig 4: Verticillium wilt of Mentha Fig 3: Stolon rot of Mentha 

  
Fig: Alternaria leaf spot of Mentha Fig: Curvularia leaf spot of Mentha 

Integrated Disease Management of Mentha 
1. Rust of Mentha: 

a. Elimination of old rust infected mint plants. 
b. Spray the seedlings with crude extracts of Lantana camera, Datura stramonium, Eucalyptus 
globules @40% concentration. 
c. Grow resistant mint varieties such as Himalaya, kalka, damroo. 
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d. Spray Hexaconazol @0.1% or Oxycarboxyn or Tebuconazol @0.1% against rust. Spray the soil with 
Dinitroamine at pre-emergence is useful to control rust. 

2. Powdery mildew: 
a. Hot water leaf extracts of Papaya are effective in reducing the growth of powdery mildew fungus. 
b. Alteration of planting date. 
c. Aerial spray with Wettable Sulphur @0.2%  
d. Spraying of Hexasul or Karathane @0.05% at 15 days interval. 

3. Leaf blight & spot: 
a. Grow resistant varieties such as Kalka. 
b. Aloe vera gel suspension @0.35% can be used against Alternaria alternata. 
c. Leaf extract of Jatropha curcas @ 50% concentration is useful against leaf blight disease..  
d. Spraying of Azoxystrobin @0.1%, Mancozeb @0.25% against foliar pathogens such as Alternaria, 
Curvularia. 

4. Verticillium wilt: 
a. Soil inversion and deep ploughing of of muck soils to a depth of 0.7 to 0.8 cm can reduce 
verticillium wilt. 
b. Propane flaming can be performed after harvest to kill the microsclerotia. 
c. Non pathogenic strains of Fusarium Oxysporum such as FO12 is highly recommended against 
Verticillium dahlia. 
d. Stolon treatment with Pseudomonas fluorescence and Serratia plymuthica can reduce the disease 
incidence. 
e. Soil drenching with Carbendazim @0.1% or Mancozeb @0.25% to avoid Verticillium wilt. 
Application of Neem seed oil cake is also useful against soil borne pathogens. 
d. Ethyl bromide application for soil fumigation is highly recommended. 

5. Root & Stolon rot: 
a. Avoid excessive irrigation as high moisture and low aeration is reported to favour severe infection. 
b. Leaf extract of Aloe vera against Rhizoctonia solani. Garlic extract @250 ppm also inhibits the 
disease incidence. 
c. Application biocontrol agents such as Trichoderma asperellum, Trichoderma viride and 
Trichoderma harzianum @ 5g/kg of soil. 
d. Treat the stolon with Zineb or Mancozeb @ 0.25% before planting to prevent stolon rot disease. 

Conclusion 
In India, Alternaria leaf blight is considered as most devastating disease. However, incidence of rust has 
been observed increasing in recent years. When the mint plants are attacked by Puccinia, Alternaria and 
Verticillium pathogens, reduction of yield and essential oil content occurs. With the growing public concern 
regarding environmental pollution, efforts to develop non chemical measures should be recommended for 
management of mentha diseases. 
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Judicious use of fertilizers refers to the application of fertilizers with good judgment by adopting right 
source, right quantity, correct method and best time of application suited for a specific soil-crop-climate 
situation. 

Fertilizer Use Efficiency 
It refers to the amount of added fertilizer actually used by crop which is measured either by the percentage 
of added fertilizer nutrient removed by the harvested portion of a crop or kilograms of economic produce 
(grain yield) per kilogram of nutrient applied. 
The efficiency of different nutrient elements as affected by different factors are explained here: 
Calcium use efficiency: Acidification of soils and Ca2+ loss by leaching run parallel under humid climate 
conditions. Thus, the alkaline reaction of the liming material is needed for neutralizing soil H+. The main 
purpose of liming acid soils is to reduce soluble Al by precipitation. The application of liming materials such 
as CaCO3, CaO or Ca(OH)2 to the soil has several effects. It supplies Ca2+ to crops, it may improve soil 
structure, neutralize soil acidity and reduce the level of toxic Al species. The most important neutral Ca 
salt used for salt affected soils is gypsum (CaSO4.2H2O). The quantities applied depend on the degree of 
salinization. Generally, amounts of 5 to 10 Mg gypsum ha-1 are applied. 
To Increase Calcium Use Efficiency, the Following Practices are Generally Useful: 

a. Lime efficiency could be increased if applied in advance of crop sowing and thoroughly mixed to 
enhance its reaction with soil exchange capacity. 
b. The best method to increase efficiency is broadcasting it as uniformly as possible and mixing 
thoroughly through the soil profile. 
c. Lime application must be frequent. 
d. Irrigation just after gypsum application is indeed necessary to increase its efficiency. 

Magnesium Use Efficiency 
The Mg concentration of most soil generally lies in the range of between 0.5 g kg-1 for sandy soils and 5 g 
kg-1 for clay soils. Higher levels are found in clay soils. Magnesium ions are even more easily leached from 
the upper soil layers. Magnesium is therefore very prone to leaching and leaching rates are in the order of 
2 to 30 kg Mg ha-1 year-1. The level of Mg in soils depends to a large extent on soil type. Highly leached and 
weathered soils such as podzols and lateritic soils are generally low in Mg. On the other hand, soils formed 
in depression sites, where leached nutrients may accumulate as in marsh soils or gleyed soils, tend to be 
high in Mg. Deficiencies occur particularly in highly leached organic, acid soils or on sandy soils where 
heavy application of lime have been reported. In some cases, Mg deficiency also occurs in soils high in K. 
The presence of high concentrations of K+, NH4+ or Ca2+ or combinations of these ions restrict the uptake of 
Mg2+. In acid soils, cationic Al species are believed to depress Mg2+ uptake markedly while in calcareous 
soils the same effect is brought about by an excess of soluble Ca2+. 
Management practices for maximizing use efficiency of magnesium fertilizers are: 

a. Soluble magnesium fertilizers should be applied and followed by irrigation.  
b. Small amounts of Mg applied to growing crops through foliar fertilization to correct or prevent 
developing deficiencies.  
c. The preferred approach is to soil-apply the required amounts of Mg before crops are planted or 
before they begin active growth. 
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Sulphur Use Efficiency 
Several factors such as texture, adsorption on clay, oxides of Al and Fe, organic matter, CaCO3, pH, 
moisture and temperature affect the sulphur use efficiency. Leaching losses of soluble SO42- is higher in 
light-textured soils. Adsorption of SO42- is higher at low pH and it is negligible at pH>6.5. Under 
waterlogged condition, added sulphates are reduced to H2S and escape to the atmosphere. Sulphur 
requirement is closely related to the amount of N applied to crops. The full benefit from the addition of 
sulphur is dependent on the sufficient supply of the N.  
Management practices to enhance sulphur fertilizers use efficiency are: 

a. Liming of acid soils raises the pH of soil and decreases the SO42- adsorption and also increase the 
rate of mineralization of organic sulphur. 
b. Management practices such as crop rotation, use of organic manure, sulphur efficient genotypes, 
conservation tillage and improvement in water use efficiency may be important soil and crop 
management strategies for maximizing sulphur use efficiency. 
c. Use of appropriate source, rate, method and time of application may also increase the sulphur use 
efficiency. 
d. Balanced use of fertilizers also increases the sulphur use efficiency. 
e. Ensure the sufficient amount of available nitrogen in soil  
f. In Zn and S deficient soils, combined application of 5 kg Zn + 40 kg S ha-1 to green gram, 5 kg Zn+ 
215 kg gypsum ha-1 to sugarcane gave higher efficiency and resulted in better yields. 

Zinc Use Efficiency 
Zinc exists in different forms in soil as solution Zn, adsorbed Zn on clay surface, oxide and carbonate 
minerals, complex combination with organic matter and Zn as the structural position in silicate clays. Zinc 
use efficiency depends upon soil pH, presence of clay and oxide minerals, carbonate of calcium and 
magnesium, organic matter, interaction with other nutrients and climatic factors. At high pH, Zn 
precipitates as insoluble zinc-iron oxide (ZnFe₂O4) or zinc silicate (Zn2SiO4). Applied Zn is also adsorbed on 
the surface of hydrous oxide of Fe and Al and also adsorbed by carbonates of Ca and Mg. The organic matter 
components, such as humic, fulvic, amino and other organic acids form complexes with Zn. Some of them 
are soluble and some are insoluble. In alkaline soils, Zn may be strongly adsorbed by insoluble soil organic 
matter. The high amount of P in soil may also reduce Zn availability in winter season. 
To increase zinc use efficiency, the following practices are generally useful: 
To ameliorate Zn deficiency, application of 10 kg Zn ha-1 to swell-shrink clay soil and 5 kg Zn ha-1 to light- 
textured soils have been recommended for various crops and cropping sequence. However, in order to 
increase its use efficiency, the following techniques can be used: 

a. Use of appropriate method, source, and rate are important management practices to improve zinc 
use efficiency by crop plants. Broadcasting of water-soluble zinc fertilizer followed by incorporation 
into soil is the most efficient practice for getting higher use efficiency. 
b. Use of efficient crop species/genotypes is one of the important strategies to improve use efficiency 
of applied Zn fertilizer.  
c. Use of VAM (Vesicular-Arbuscular Mycorrhiza) can increase the plant capacity to take zinc and 
thus increase the use efficiency of zinc. The other microbial population in rhizosphere can also 
improve the zinc use efficiency in crop plants. 
d. Management practices like use of organic manures, conservation tillage, improving water use 
efficiency and adopting appropriate crop rotation can be useful in maximizing zinc use efficiency by 
field crops. 
e. Balanced use of fertilizers also increases the Zn use efficiency. Phosphorus should not be applied 
in excess. 
f. If there is a deficiency of Zn in standing crop, spray ZnSO4 @ 0.5% 
g. Apply customized NPK fertilizers fortified with micronutrients in wide spaced crops by using drip 
system. 
h. Enrichment of Zn with low dose of organic manure like 2.5 kg Zn ha-1 + 200 kg cow dung ha-1 
under moist condition for about 25-30 days enhanced the Zn availability and gave better yield as 
compared to 5 kg Zn ha-1 alone. This helps in saving of 25 to 50 % fertilizer Zn requirement of crops. 
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Iron Use Efficiency 
Crops suffer from Fe deficiency when grown in soils having coarse texture, high pH and calcium carbonate, 
and low organic matter content. High bicarbonate content in soils and addition of readily decomposable 
organic matter causing high carbon dioxide concentration in soils also results in Fe chlorosis in crops. Iron 
deficiency in rice is most common on highly permeably coarse-textured soils, particularly during the initial 
years of rice cultivation. Crops raised in soils with high accumulation of heavy metals such as nickel, 
cadmium, lead, zinc which inhibit uptake, translocation and utilization of Fe also show signs of Fe 
deficiency. 
Since Fe applied to soil gets reverted to unavailable forms under oxidized conditions as well as in alkaline 
soils, it is therefore, more economical to correct its deficiency through foliar application. For this purpose, 
the deficient crop should be sprayed with 0.5 to 1.0 percent solution of ferrous sulphate (heptahydrate) as 
soon as the deficiency symptoms are noticed. The number of sprays to be carried out at 10 to 15 days 
intervals depending upon the degree of Fe deficiency in the crops.  
To increase iron use efficiency the following practices are generally useful: 

a. For foliar application, Fe solution should not be stored for a long time.  
b. The ferrous sulphate used for foliar application should be light green in colour. 
c. Do not mix Fe solution with other nutrient solution as it will adversely affect their utilization 
efficiency.  
d. Green manuring with Sesbania before rice transplanting can help mitigating Fe deficiency and 
its use efficiency in rice grown under water scarcity situation. 

Manganese Use Efficiency 
Manganese deficiency is generally confined to coarse-textured soils and where rice-wheat cropping 
sequence has been followed regularly for more than 5 to 6 years. Alkaline soils having low content of 
reducible Mn also have poor supply of this nutrient.  
In order to increase its use efficiency, the following steps must be followed: 

a. Conversion of soil applied Mn2+ to higher form in alkali soils also appears the cause for its low 
efficiency. So, foliar application @ 0.5 % MnSO4, solution initiated before 1st irrigation results in 
more economic and better utilization efficiency. 
b. Since wheat followed by rice in Mn deficient areas exhibits Mn deficiency symptoms immediately 
after 1st irrigation. Therefore, in order to increase its use efficiency, it is recommended to initiate 
foliar application with 0.5% MnSO4 solution 2 to 3 days before first irrigation to wheat. 
c. Prepare fresh solution of MnSO4, just at the time of carrying out the spray.  
d. Do not add any other material while preparing solution of MnSO4.  
e. Carry out the spray on sunny and calm day. 
f. As durum wheat varieties are highly susceptible to Mn deficiency so do not cultivate durum wheat 
in Mn deficient soil. 

Copper Use Efficiency 
Copper occurs in the soil almost exclusively in divalent form. The largest fraction of Cu is usually present 
in the crystal lattices of primary and secondary minerals. In addition, a high proportion of Cu is bound by 
the soil organic matter. The Cu ion is adsorbed to organic and inorganic negatively charged groups and 
dissolved in the soil solution as Cu2+ and organic Cu complexes. Copper is specifically adsorbed to 
carbonates, soil organic matter, phyllosilicates, and hydrous oxides of Al, Fe, and Mn. The Cu concentration 
of the soil solution is usually very low, being in the range of 1x10-5 to 6x10-4 mol m-3. The concentration of 
Cu2+ in the soil solution decreases sharply with an increasing pH whereas the concentration of organic Cu 
complexes in the soil solution is less dependent on soil pH. Higher pH may even promote the dissolution of 
organic Cu complexes. 
To increase copper use efficiency, the following practices are generally useful: 

a. Generally, farmers prefer CuSO4.5H2O by either band or broadcast application. A single 
application of about 1-10 kg Cu ha-1 is usually adequate on mineral soils whereas somewhat higher 
levels are needed for organic soils.  
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b. Cu2+ is rapidly released in soil solution by this fertiliser which get immobilized, therefore, should 
be applied in splits at lower rates. 
c. Cu metal dusts which release Cu at a slower rate or use of Cu chelates are reported to be more 
effective than CuSO4.5H2O.  
d. Foliar applications of Cu are usually made using CuSO4, Cu oxychloride, Cu oxide or Cu chelates. 
Again, the sulphate form is less satisfactory because of scorching of the foliage. 
e. Fresh solution of CuSO4.5H2O should be prepared for the spray.  
f. Addition of soap solution increases the efficiency of foliar spray of CuSO4.5H2O. 
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Introduction 
Microorganisms are important components of a soil ecosystem and play a key role in belowground 
biogeochemical cycling (Rousk and Bengtson 2014). In addition to exchanging nutritional benefits with 
plants, microorganisms assist plants to survive under various environmental conditions such as biotic and 
abiotic stresses using direct and indirect mechanisms. Thus, vibrant microbial communities interacting 
with plants act as an ʻextended genotypeʼ of the host, with exploitable implications. Some beneficial 
microbes have been used in agriculture for a long time; for example, rhizobia–organisms that inhabit the 
roots of leguminous plants and provide biologically-fixed nitrogen–were described by Martinus Beijerinck 
in 1888. The microbiome can also be seen as “the second plant genome” and can consist of 10 times more 
genes than typical plant genomes (Turner et al.,2013). The soil microbiome is a largely unexplored resource 
of beneficial microorganisms with diverse properties and a hidden potential to manipulate plant growth 
and success in stressful environments. However, while the symbiosis of soybeans with rhizobia and AM 
fungi is well characterized, the functional role of endophytes is only known for a limited number of isolates. 

Sulphur Use Efficiency 
Soil organisms can be classified into three main groups which describe the principal function they perform 
in the soil  
1. Chemical engineers: Workers on the factory floor, the smallest organisms in soil. They decompose 
organic matter, like leaf and plant litter, and transform residues into nutrients, such as nitrogen, 
phosphorus and sulphur.  
2. Biological regulators: Factory supervisors. They regulate the abundance and activity 
of chemical engineers, mainly through feeding, which enhances or reduces the productivity of the system.  
3. Ecosystem engineers: Factory’s architects and builders. They design the structure of soil that enables 
the other groups to thrive, building passages, tunnels and pore networks and transporting particles around 
the bustling subterranean community. 

Role of Soil Microbiome 
They play a key role in Soil Management such as decomposition, mineralization, immobilization, mineral 
transformation (Srinivasarao et al., 2013). 

 
Water Management 

Exopolysaccharides produced by soil cyanobacteria will also influence different aspects of soil hydrology, 
including water infiltration, absorption and retention.  
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They also aid in nutrient solubilization and mobilization of many mineral nutrients which helps in crop 
production (Khan et al. 2009). 

 
The immense microbial biodiversity in soil is regulated at very different scales, for example changes in soil 
texture, biotic interactions or plant root exudates have enormous effects down to the smallest (microbial) 
scales. Variations in the physical and chemical properties of soil, such as pH, nutrient distribution or water 
retention, have effects on soil biodiversity on the medium (field) scales with soil pH as a suggested major 
driver of microbial diversity linking microbial community structure with soil nutrient availability and 
cycling. Finally, at larger scales, geo-localization and climate might play more relevant roles on controlling 
soil biodiversity. 

Conclusion 
Soil biodiversity, a natural resource which is under threat needs government to play role in ensuring that 
land is managed for the welfare of society by tailoring the investments towards delivering multi-
functionality at scale rather than maximising single goods or services. This can be achieved by building 
policies and legislation to enable scaling-up of sustainable land management and landscape restoration or 
rehabilitation. 
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Abstract 
The final year BSc. (Hons) agriculture students of S. Thangapazham Agricultural College, Vasudevanallur, 
Tenkasi have undergone Village Stay Programme (VSP) as the part of Rural Agricultural Work Experience 
(RAWE) in Kadayam Block, Tenkasi district of Tamil Nadu, India for 75 days. In part of that programme, 
the knowledge on the magical benefits of Marigold as a Bio-warrior for crops was gained & they are briefed 
crisply in this topic. 

Introduction 
In the beginning, mankind is fond of growing ornamental crops & flowers because of their mind-blowing 
fragrance, attractive colours, for their aesthetics social values, economic contributions & for their uses in 
ceremonies. But now a days people start to realize the real values of flower crops as a natural bio warrior. 
Recently, the demand for flower crops is increasing tremendously in agriculture due to its powerful 
repellent properties. Using of harmful pesticides has tremendous negative impacts in mankind & also in 
the environment. On realizing these harmful life-threatening effects of pesticides, farmers begin to adapt 
using of this flower crops as a natural bio warrior. Among all flowers crops marigold is being selected by 
the farmers as a trap crop around the field. Because, growing of this marigold can control pests & also the 
farmers can generate additional income. It is a potential commercial flower crop that is gaining popularity 
among farmers because of its easy culture, short term return & also for its wide adaptability. 

Marigold an Ornamental crop 
Marigold a member of family Astereaceae & genus Tagetes is native of Central & South America especially 
Mexico. Marigold can be grown three times in a year. The name Tagetes was given after a demigod, known 
for his beauty. The African Marigold (Tagetes erecta) first introduced in Spain early in the 16th century & 
became popular in Southern Europe. It is grown as an ornamental crop for loose flowers. It is used 
especially for beautification & also in landscape plans due to its variable height & colour of flowers. It 
requires only mild climate for luxuriant growth & flowering. Marigold can be grown in wide variety of soils. 

How does Marigold Act as Trap Crop? 
Marigold can be grown as trap crop around the field. Trap crops are those crops which are planted along 
with the main crop to protect it from a specific pest or several pests by attracting them for feeding, breeding 
& survival. Trap crops are more attractive for the pests than the main crop. Trap crops can easily arrest 
the pests by concentrating it in certain pockets of the field. The ratio of main & trap crop should be in 3:1 
ratio. These crops are generally planted along with the main crops like tomato, brinjal, crucifers, legumes 
& cucurbits as intercropping, border cropping or as strip cropping. It will trap pests by releasing a chemical 
agent against this pest. The chemical so called ally isothiocyanate is released from the flowers so that the 
pests are attracted to its fragrance & the eggs  that are layed by the insects in the flowers are collected & 
destroyed. 

Marigold against Nematodes 
Marigold also has effective effect against the Nematodes because it can produce a potentially bio active 
compounds among which alpha-terthienyl is believed to be most toxic against the Nematodes. This sulphur 
containing compounds is found to be abundant in roots. It has nematicidal, insecticidal, fungicides & 
cytotoxic activities. This nematicidal properties is found to be present only in the roots of the living plants 
& inactive when incorporated into the soil as crop residues. The way by which the marigold can kill the 
nematodes is through the process known as Allelopathy. Allelopathy is a process by which plants releases 
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a compound that are toxic to other plants or microorganisms. The nematodes can be killed when they enter 
into the root system or when they come in contact with the bio active compounds of Marigold. 

Marigold’s Magical Power of Attraction 
Marigold can also attract the beneficial insects that not only pollinate but also helps in controlling the 
unwanted pests. The beneficial insects known as natural enemies that are being attracted are hoverflies, 
lady bugs & parasitic wasps. 

Advantages 
1. Eco-friendly method for controlling the Pests & Nematodes. 
2. Farmers can get additional income. 
3. No harmful residues will remain in the soil. 
4. Cheap method for controlling insect pests due to its easy culture & wide adaptability. 
5. Effective method for controlling the insect pests. 
6. Marigold is the potential alternative for the chemical nematicides for nematode management. 
7. Marigold requires only mild climate for luxuriant growth & flowering. 

Conclusion 
Farmer’s knowledge & interest on the trap cropping is increasing rapidly in the recent years. Trap cropping 
is being a vital & potential component in Pest management due to its high effectiveness. Hence, it results 
in maximum reduction in pest damage and also helps in increasing the yield. 
“The natural environment sustains the life of all beings universally” 
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Abstract 
Owing to the increasing demand for food, the growing global population has forced to increase the usage of 
fertilizers. To overcome this, nanomaterials which is practically used in every aspect of modern life, 
including fertilizer production. Advanced nanoengineering techniques are being used to tackle this crisis 
by developing an improved crop production aspect.  
Keywords: Nanofertilizers, synthesis approach, significance, nanobiosensor. 

Introduction 
The evolution of nanotechnology and the emergence of nanodevices and materials have gone through new 
trends in agriculture and biotechnology. Nanofertilizer production emerges a significant prospect under 
nanotechnology sector. They are coated with desired chemical in desired proportion which has controlled 
release and targeted delivery of nanoscale particles in an effective manner to improve plant productivity. 

Nanofertilizer 
Nanofertilizers are made from conventional fertilizers, bulk fertilizers or extracted from plant part by 
encapsulating with nanomaterials which is a slow releasing and improves soil fertility productivity and 
quality of produce. They impoves the bioavailabity of nutrients due to its high specific surface area, nano 
size and more reactivity. They are capable of supplying one or more nutrients to plants when it is fortified 
with other nutrients. 

Synthesis of Nanofertilizers 
Nanomaterials for nanofertilizers can be prepared by different approaches: physical (top- down), chemical 
(bottom- up) and biological approaches. The top-down approach is based on size reduction form large 
particles into small nanoscale particles by mechanical attrition. Example: ball milling, microfluidizer, 
nanomorph, nanocochleate and controlled-flow cavitation technology. In the bottom-up approach it uses 
atomic or molecular level using chemical reactions to form nanoparticles. Example: precipitation, hydrosol, 
spray freezing into liquid or supercritical fluid technology. In biological approach nanoparticles are 
synthesized from natural sources like plants, fungi, yeast and bacteria. 

Need of Nanofertilizers 
Agricultural scientists are facing a wide spectrum of crop production challenges like declining crop yield, 
organic matter, nutrient deficiencies etc. Nanostructured catalysts available will increase the efficiency of 
pesticides and fertilizers uptake by plants and also avoiding unwanted nutrients interaction with microbes 
and surface protection. These nanofertilizers when used along with biofertilizers like Bacillus subtilis, 
Pseudomonas fluorescens and P. elgii increases the plant growth under invitro conditions thus it can be 
used as an effective alternative in agricultural sector as bio-nanofertilizers. 

Advantages and Limitations 
1. Facilitate higher nutrient use efficiency, where the nanoparticle is smaller than the pore size of root.  
2. These nanoparticles enhance the quality and nutritional parameters of crops.  
3. They are slow releasing fertilizers and increases the bioavailability to crops.  
4. It improves the water-holding capacity and microbial activity in soil  
5. They interact with other components of environment, transforms and changes in physicochemical 
properties.  
6. They may accumulate in plant parts and causes human health problems when consumed. 
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Significance of Nanofertilizers 
1. Nanourea(N): alternative to nitrogen fertilizer and fullfills nitrogen requirement to crops.  
2. Nanohydroxyapatite NPs(P): enhances plant growth parameters and anticancer activity of leaves.  
3. Nano-K: enhances pest and disease resistance.  
4. Nano-CaCO3: increases number of flowers.  
5. Magnesium hydroxide NPs: efficacy in seed germination.  
6. Fe2O3 NPs: enhances root and shoot biomass stimulation. 

Future Prospects 
Nanoparticle – mediated delivery within the plants and their usage as nanosensors is possible only by 
applying these NPs as nanochips. Nanotech based viral disease detection kits have potentiality in early 
detection of diseases. Nanobiosensors used for sensing various pathogens, used fertilizers, soil moisture 
content, pH sensitivity thus enhances plant protection. NPs as nanofertilizers affect plant physiology at 
very low concentrations but these NPs at little concentrations can affect human health and on environment. 

Conclusion 
The green revolution led to an increase in crop production all over world and increased chemical fertilizers 
usage, which results in overexploitation of ecosystem. Modern and advance agro-nanofertilizers over 
biofertilizers and synthetic fertilizers in the series of environment and farmer friendly inputs which 
implements nanoparticles in sustainable agriculture practice. In a nutshell, nanobiofertilizers hold a great 
potential to boost the agricultural produce at desired rate when used in optimum concentrations will 
overcome the disadvantages of using conventional fertilizers. 
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Abstract 
The introduction of invasive pest is increased over the world due to wide spread of trade between 
continents. It was introduced unintentionally but when favourable condition occurs, it multiplies rapidly 
and damage the crops. Among them, most threatening case is cottony cushion scale (Icerya purchasi), 
belongs to the family Margarodidae, order Hemiptera. The female lays up to 600 to 800 eggs in each ovisac 
without mating. It can be controlled using biocontrol agent especially Vedalia battle which is considered 
most effective.  
Keywords: Nanofertilizers, synthesis approach, significance, nanobiosensor. 

Introduction 
Cottony cushion scale was first described by Maskell, 1878 from the specimen given by Mr Purchase, New 
Zealand. Icerya purchasi named after him. The specimen he sent was from kangaroo Acacia. It’s originated 
from Australia and it spread to California. Mostly it affects the citrus plants. California was he first country 
to adapt control method & it is followed by rest of the countries. 

Scientific Classification 
Kingdom: Animalia  
Phylum: Arthropoda  
Class: Insecta  
Order: Hemiptera  
Family: Margarodidae  
Genus: Icerya  
Species: purchasi 

Distribution 
Australia, New Zealand, California. 

Description 
Cottony cushion scales are the hermaphrodite because it reproduces by self-fertilization. It lays up to 1000 
eggs per egg sacs which is white fluted in shape. And hatch out in summer & it also extends up to 2 months 
in winter. It completes 2-3 generation per year. Females are rusty red colour with black legs and antenna 
and it possess piercing and sucking type of antenna. The body is fully covered with wax. Males are smaller 
(3mm), slender, reddish-purple insect with 2 metallic blue wings. 

Binomics 
Egg – Eggs are red in colour in the white fluted egg sac.  
Nymph - Primary dispersal stage, dispersion by wind and crawling. Early instar settles along the mid rib 
and veins, smaller twigs. Older nymphs continue to feed but migrate to larger twigs.   
Adult - Adult settle on larger branches and trunk. Its life cycle is temperature dependent. It takes longer 
time to complete its life cycle during winter stage. 

Damage Symptoms 
1. Nymph and adult sucks sap from leaves, twigs and branches which reduces tree vigour.  
2. In case of severe infestation fruit drops, defoliation, dieback of twigs.  
3. Adult secrete honeydew which promote sooty mould.  
4. Heavy population reduces the yield and market value of fruits. 
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Host Plants 
Cottony cushion scale mostly frequently affects most of the woody ornamental plant, citrus and 
pittosporum. Common host in California are citrus, cocculus, nandina, acacia.  
Management:  

a. Biological control:  
i. The most effective method to control cottony cushion scale is by introducing their natural 
enemies like vedalia beetle (Icerya purchasi ) and parasitic fly (Cryptochaetum fly ).  
ii. Vedalia beetle, originated from Australia. It is a red and black lady beetle. It either lays 
underneath the female scale or attach its egg to its egg sac. Then the egg hatches inside and 
start feeding on it. Mature Vedalia beetle feeds on all stages of the scale insect.   
iii. Parasitic fly, lay 1-4 eggs inside each of second and third instar larva and also in adult 
body. After that the egg hatches and feed within the scale.  After four moults, pupation takes 
place inside the scale. When the adult fly matures, it makes a round emergence hole and 
makes an exit.  

b. Chemical control:  
i. Apply horticultural oil during lantern period to the deciduous host, spray foliage with the 
insecticide.  
ii. Use double sided sticky tape to check whether the crawlers are hatching or not  
iii. Near the adult female encircle the twigs with transparent sticky tape (scotch double sided 
tape). Change the tape at regular interval to check crawler production.  
iv. Don’t use the imidachloprid as a insecticide it doesn’t kill the cottony cushion scale and it 
is poisonous for vedalia beetle.  

c. Physical method:  
i. Dip the cotton in the alcohol and rub the infected plant.  
ii. Immerse the infected stem in hot water @ 140 -150° F.  

d. Cultural control: Cottony cushion scale prefers moist cool condition and dense canopy for 
growth. For controlling, prune the interior portion of the tree. 

Economic Importance 
Owing to feeding of this scale, decreased tree vitality, defoliation, fruit drop and die back. It causes damage 
up to 67%. By using bio control agent like lady birds can reduce the infestation up to 55%. 

Conclusion 
As it is an invasive pest, while trading they have to follow the precautionary measures to avoid the 
introduction of invasive pest across the continents. Cottony cushion scale has to be controlled at the initial 
stage itself. At heavy infestation, we can use biocontrol agent like vedalia beetle, ladybird beetle, parasitic 
fly etc. 
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Introduction 
Diapause is a stage in an insect's life cycle when its development is halted or suspended. Environmental 
cues such as changes in light, temperature, or food availability frequently cause insect diapause (Shuang 
et al., 2019). "A state of halted development caused by a physiological mechanism rather than concurrently 
poor external factors" (Beck, 1962). The word "diapause" comes from the Greek word "diapause," which 
means "pause." While describing the different stages of embryo morphogenesis in the grasshopper, 
Xiphidium ensiferum, William Wheeler coined the word diapause in 1893. Henneguy then pointed out in 
1904 that diapause was not a step-in insect development. 

Different Types of Suspended Activity in Insects 
1. Cryptobiosis: A peculiar state of biological organization when the organism shows no visible signs of 
life and when its metabolic activity becomes hardly measurable. (Androbiosis). Ex: Polypedilium 
vanderplanki 
2. Dormancy: Covering any state of suppressed development, which is adaptive and usually accompanied 
by metabolic suppression. 
3. Quiescence: An immediate response (without central regulation) to a decline of any limiting 
environmental factor below the physiological thresholds with an immediate resumption of the metabolic 
processes if the factor rises above them. 
4. Diapause: Endogenously and centrally mediated interruption that routes the developmental program 
away from direct morphogenesis. It is controlled by both environmental and genetic factors. 

Dormancy is Two Types, Viz. 
Si Diapause Quiescence 
1 Highly evolved form of dormancy Temporary dormancy  
2 Stage is determined Can occur at any stage during development 
3 Irreversible dormancy (heterodynamic) Reversible dormancy (homodynamic i.e., the 

same stage will come out of dormancy) 
4 Controlled by genes Controlled by unfavorable environment 
5 E.g., egg diapause of grasshopper Larval quiescence of Lasiocampa quercus 

Diapause 
1. It is the period of arrested growth or development in the life cycle of the insects during which 
physiological processes like differentiation and reproduction are suspended.  
2. Diapause may occur in the egg, larva, nymph, pupa, or adult stage.  

a. Embryonic diapause: Bombyx mori 
b. Egg diapause - grasshoppers 
c. Larval diapause- Euproctis sp., Pectinophora gossypiella 
d. Pre-pupal diapause- Plodia interpunctella 
e. Pupal diapause- Red hairy Caterpillar (Amsacta albistriga) and  
f. Adult diapause- Mango nut weevil (Sternochaetus mangiferae)  
g. Imaginal diapause- mosquitoes. 

3. Diapause in turn is two types: 
Obligatory diapause Facultative diapause 
Hereditary character Due to unfavorable conditions 
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Univoltine insects Multivoltine insects 
Embryonic diapause in silkworm Pectinophora gossypiella.  

4. Diapause during summer due to high temperatures is known as “aestivation” E.g., Red hairy 
Caterpillar Amsacta albistriga and Epilachna beetle. 
5. The period of inactivity during winter due to low temperatures is known as “hibernation”. E.g., pink 
bollworm (larval), fruit flies (adult) (Ding et al., 2003) 
6. Diapause insect is different from the non-diapausing insect in many ways such as 
SI Diapause insects Non-diapause insects 
1 Have high lipid content, high trehalose, high 

proteins, and amino acids 
Have low lipid content, low trehalose, low 
proteins, and amino acids 

2 Have low metabolic rate, low oxygen 
consumption, low water content, and low levels 
of fatty acids 

Have high metabolic rate, high oxygen 
consumption, high water content, and high 
levels of fatty acids 

Different Phases of Diapause (Vladimir, 2006) 
1. Pre-diapause: It includes two phases, viz., 

a. Induction phase: By token stimuli such as day length, temperature, mothers’ diet, nutritional 
paucity, mothers’ exposure to environmental conditions and host diapause for parasitoids, etc.  
b. Preparatory phase: Behaviuoral & physiological changes such as the production of polyhydric 
alcohols (sorbitol, mannitol, etc.), lipid reserves (triacyl glycerides) in the fat body, and diapause-
related proteins will take place (Vukasinovic et al., 2015). 

2. Diapause: It has three phases, viz., 
a. Initiation phase: Direct development (morphogenesis) ceases, which is usually followed by 
regulated metabolic suppression. Mobile diapause stages may continue accepting food, building 
energy reserves, and seeking suitable microhabitat. Physiological preparations for the period of 
adversity may take place and the intensity of diapause may increase. 
b. Maintenance phase: Endogenous developmental arrest persists while the environmental 
conditions are favourable for direct development. Specific token stimuli may help to maintain 
diapause (prevent its termination). The metabolic rate is relatively low and constant. 
c. Termination phase: “Specific changes in environmental conditions stimulate (accelerate or 
resume) the decrease of diapause intensity to its minimum level and thus synchronize individuals 
within a population. 

3. Post-diapause quiescence: Takes place if conditions are not favourable for immediate development 
after diapause (Dhillon et al., 2018). 

Hormonal Control of Diapause 
1. Egg diapause: long days, diapause hormone from mother (suboesophageal ganglion deposited in the 
eggs) and arresting factor (sorbitol) govern the egg diapause. 
2. Larval diapause: due to: 

a. A failure of the prothoracic gland as in the case of S. argyrostoma  
b. Shutdown in the production of PTTH. Ex: D. grandiosella  
c. Metamorphic hormone, juvenile hormone (JH), may or may not play a role, depending on the 
species. 

3. Pupal diapause: It is due to failure of the prothoracic gland to produce the ecdysteroids needed to 
initiate the next molt Ex: cabbage armyworm, Mamestra brassicae 
4. Adult diapause: Caused by failure of reproductive organs to mature and produce gametes due to 
absence of a gonadotrophic hormone. It is the most common form of diapause in Coleoptera. (Denlinger, 
2002). 

Uses of Diapause 
1. To overcome the unfavourable conditions during the development. 
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2. To colonize in different harsh climatic zones. 
3. To survive if food is inadequate. 
4. To synchronize adult emergence. 
5. Reproductive diapause in adults is useful to divert energy from egg development to migratory flight. E.g., 
monarch butterfly. 

Conclusion 
By understanding the energy utilization mechanism of insects during diapause we can identify one of the 
critical dimensions defining the limits of insect survival in the seasonal environment. Such information 
could be helpful in explaining current species distribution and surely it also helps us in designing a suitable 
management strategy for a particular pest. 
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Abstract 
A brief outline of bioremediation technologies is presented. The term bioremediation involves the uses of 
organisms (microorganisms, algae and plant) or their enzymes to return the polluted environment to its 
original condition. Bioremediation is one of the most effective tools to manage the polluted environment 
and can either be carried out in situ or ex-situ. Most bioremediation treatment technologies destroy the 
contaminants in the soil matrix. Microbes are helpful to remediate the contaminated environment. 
Keywords: Bioremediation, Pollution, Microbes and Techniques. 

Introduction 
Environmental pollution has been on the rise in the past few decades owing to increased human activities 
on energy reservoirs, unsafe agricultural practices and rapid industrialization. Remediation of polluted 
sites using microbial process(bioremediation) has proven effective and reliable due to its eco-friendly 
features. Bioremediation uses naturally occurring microorganisms and other aspects of the natural 
environment to treat waste water. Bio-remediation can lead to better oxygen uptake, solids removal and 
overall efficiency of removing organic material such as BOD and suspended solids. 

Principles of Bioremediation 
Bioremediation is based on the idea that organisms are capable to uptake things from the environment and 
use it as food to enhance their growth and metabolism. With this unique characteristic lay the fundamental 
principle of bioremediation, to use microorganism to take in contaminated substances from the 
environment or convert it to a nontoxic form. 

Types of Bioremediations 
1. Microbial bioremediation 
2. Phytoremediation  
3. Mycoremediation. 
Microbial bioremediation: By use of microorganisms, such as bacteria used to neutralize and remove 
the contaminants. Microbes use the contaminants as their food source and break down into harmless 
substances. 
Phytoremediation: By use of plants to remove contaminants. 
Mycoremediation: By use of fungi to neutralize and remove the contaminants. Fungi are break down the 
contaminants by use of their digestive enzymes. 

Advantages of Bioremediation 
1. It is one of the natural methods to treat the contaminants. 
2. It is properly utilizing the microorganisms such bacteria and fungi. 
3. Bioremediation used to clean up the contaminants water and also improve the air quality. 
4. Bioremediation is safe process because it uses already occurs microbes (harmless microbes) in soil or 
water. 

Disadvantages of Bioremediation 
1. Bioremediation is done by microbes so the process is very slow it takes more time to complete. And also, 
It May not completed biodegradable. 
2. It is very difficult to manage. 
3. Bioremediation creates little harmful by product. 
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 4. It is depending on particular size so some products are not completely turn into harmless product. 

Conclusion 
Bioremediation is successfully used to treat a wide range of contaminants in a broad range of environment. 
By enhancing the natural biodegradation process, bioremediation provides a technique for cleaning the 
pollution. This technology offers an efficient and cost-effective way to treat contaminated ground water and 
soil. Thus, bioremediation is considered as a safe and sustainable technology. 
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Abstract 
The most common environment concern in today’s world is solid waste. Agricultural wastes are non-product 
outputs of production and processing of agricultural inputs. It affects atmosphere health and is a major 
contributor of atmospheric pollution. Proper disposal and management of these wastes is an important 
strategy to lead a safe and secured life. The effects of agricultural wastes and their management processes 
are discussed below. 
Keywords: Agricultural wastes, pollution, management, treatment, recycling, 3Rs. 

Introduction 
Agriculture is the largest contributor to the economy and it also generates a huge amount of waste 
materials. Agriculture in sense is a farming which is the cultivation of animals, plants, fungi, and other 
life forms for food, fiber, bio fuel, drugs and other products used to sustain and enhance human life. 

Agricultural Wastes 
Agricultural wastes are mainly of organic wastes. It includes residues of manures & fertilizers, harvest 
waste, wastes from farms, poultry houses, pesticidal residues and soiled water and silage effluent.  
It includes: 

a. Natural waste. 
b. Animal waste. 
c. Plant waste. 

Waste Management 
The wastes should be wisely utilized or disposed so that the groundwater and surface pollution can be 
prevented. The proper management of waste from agricultural operations can contribute in a significant 
way to farm operations. Waste management helps to maintain a healthy environment. By doing so the need 
for commercial fertilizers and the money spent on it can be reduced. The benefits of recycling of agricultural 
solid wastes are greenhouse gases emissions can be reduced, bio-energy production, bio-conversion of 
animal feed from solid wastes. 

Management Processes 
1. Generation  
2. Collection 
3. Transportation 
4. Treatment processes 
Generation: India is one of the richest countries in agricultural resources. Presently in India, annually 
350 MT organic wastes are produced and released into the atmosphere. The major wastes are from agro 
industries, farm wastes (crop production, crop protection), chemical wastes, processing industries, food 
spoilage, kitchen generated wastes. 
Collection: All wastes from farm houses, industries, kitchen wastes (domestic wastes), on-farm wastes, 
street roads, animal wastes from slaughter houses, dried leaves can be collected for further decomposing 
process in near future.  
Transportation Process: The above-mentioned wastes are then transported via trucks, lorries, trains, 
barges. The type of wastes that may be transported range from municipal garbage to radioactive wastes. 
The waste which is not used is directly disposed to the sanitary land. Radioactive wastes may be 
transported to be treated, stored or disposed of. 
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Treatment Process: The wastes can be treated by various ways such as chemical, biological, thermal and 
physical methods. 

a. Chemical methods include ion exchange, precipitation, oxidation, reduction and neutralization. 
b. Biological methods include land farming (waste is mixed with surface soil) and bioremediation. 
c. Thermal method include incineration (burning of waste in an incinerator or furnace). 
d. Physical treatment includes sedimentation, floatation, filtration and evaporation. 

Benefits 
1. The reuse of animal waste in farming operations can reduce the quantity and hauling costs of commercial 
fertilizer.  
2. Animal waste increases the organic matter content which improves soil fertility, water holding capacity, 
and make the nutrients available for the crops. 
3. It improves air and water quality thus minimizing pollution. 
4. It creates employment and helps to earn more money. 

Conclusion 
Waste management is a need of the day nowadays that needs quick and reliable action. As for as it is 
concerned, people are not aware of what danger these wastes may pose on human health and environment. 
It is a vital step to educate and to provide awareness to people about waste management. Proper waste 
utilization will assist in developing agricultural sector and provides viable biofuel resources. 

References 
Obi, F. O. (2016, September 25). Agricultural waste concept, generation, utilization and management | Nigerian Journal of 
Technology. Retrieved from https://www.ajol.info/index.php/njt/article/view/145135. 
  

https://www.ajol.info/index.php/njt/article/view/145135


 

 
Volume 04 - Issue 04 - April 2022       503 | P a g e  
 

Protray Nursery Raising Techniques 
Article ID: 36677 

Christinal Infanta S1 
1UG Scholars, S. Thangapazham Agricultural College, Vasudevanallur, Tenkasi. 

 
 

Abstract 
We the final year B.Sc. (Hons.) Agriculture students of S. Thangapazham Agricultural College, 
Vasudevanallur, Tenkasi. As a part of our Course Rural Agricultural Work Experience (RAWE), we were 
under the Village Stay Programme (VSP). During this programme, we have demonstrated protray 
cultivation to the farmers. Protray cultivation its importance, raising steps and management, advantages 
and limitations are discussed in this topic. 
Keywords: Protray, cocopeat, protected structure, vegetables. 

Introduction 
With the growing population in our country, the demand or daily requirement of vegetables is increasing 
day by day simultaneously. In order to meet this demand, production of good quality, pests and diseases 
free seedlings is essential. For achieving this, improved production technology i.e., protray cultivation is 
developed. It is now a fast-emerging technology among nursery growers and farmers. It also offers 
tremendous scope for self-employment among people. 

Importance 
1. Reduces pests and diseases incidence in the main field level.  
2. Uniform maturity, proper seed germination, least rate of seedling mortality. 
3. Employment opportunities especially among rural women.  
4. Drudgery less technology. 
5. Waste utilization process- cocopeat media from coconut coir pith. 

Components 
1. Seedling tray or protray or plug tray 
2. Media - Sterlized cocopeat 
3. Irrigation - Rose can watering (Small scale), Overhead sprinkler (Commercial scale). 
4. Protected structure. 
5. Nutrients (19:19:19). 

Raising and Management 
Mix sterilized cocopeat 300 kg with neem cake 5 kg, Azospirillum 1 kg and Phosphobacteria 1 kg which can 
be used as a media for better growth. Cocopeat is a byproduct obtained from coir industry or it can be made 
from coconut husk. It has high water holding capacity and high lignin content. 238 protrays (98 cells) are 
required for the production of 23,334 seedlings, which are required for 1 ha. Fill the protrays with media 
and made a depression in the centre for sowing the seed. 
The seeds of brinjal, chilli, tomato, cauliflower and flowering annuals can be sown in protrays. Place the 
seed one per each cell and cover them with media. Keep 10-15 trays one above the other and cover them 
with polythene sheet for 5-6 days till germination starts. No irrigation is required for initial days since 
cocopeat with 300-400 moisture content is used. Once germination initiates, the piled-up trays are placed 
individually in the protected structure to avoid exhaustion. A light irrigation is given based on the 
requirement using rose can. 
Spraying with 19:19:19 (NPK) @0.5% (5g/l) at 12 and 20 DAS. Fungicides and insecticides can be sprayed 
on 7-10 DAS as a precautionary measure to eliminate pests and diseases incidence. The seedlings at right 
stage of planting are hardened by withholding irrigation and reducing the shade before transplanting. The 
seedlings can be transplanted after 21-30 days based on the crop grown to the main field. 
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Advantages 
1. Higher productivity 
2. Higher germination percentage 
3. Plants are free from biotic and abiotic stresses 
4. Due to the use of soil less media, soil borne pathogens and nematode infestation can be eliminated.  
5. Low water requirement even in summer season 
6. Year around production of seedlings 
7. Easy handling and economy in transportation. 

Limitations 
1. Lack of skilled personnel. 
2. Transplanting shock may occur. 
3. Initial investment is high. 

Economic Gains 
No. of seedlings = 23334 
Cost of seedlings = ₹2/each 
Total cost of seedlings = ₹46,668 
Investment cost (polyhouse, protrays) = 15500 + 6000 = ₹21, 500      
Net profit 1st year = 46668-21500 = ₹25,168 
Net profit 2nd year =46668-6000 = ₹40,668 

Conclusion 
Nowadays mechanization is possible in protray nursery raising techniques. Automated protray sowing 
machine is available which can overcome the cumbersome traditional manual sowing. In future many more 
crops can be grown using this technology which are of high economic value. 
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India is a nation which proudly holds the title of UNITY IN DIVERSITY. We are the only nation known 
for coexisting despite being multi religious multi lingual and multicultural. And AGRICULTURE is one of 
its most ancient cultures dating back to the Indus valley civilization. 
Agriculture is the backbone of our nation where 58 percent of the entire country’s population earn their 
living. It contributes 18 percent to total GDP. From this we can understand the fact that 58% of the 
population of Indian subcontinent i.e., approximately 80,04,00,000 people live through agriculture. And 
this percentage is getting decreased every year. And then raises the question why?  
The Indian population is obsessed with white collar jobs, consumerism, easy life and these can be some of 
the reasons. But looking into the matter more deeply as a bigger picture will reveal us the public secret 
that the ‘scope’ in agriculture is less. Even after implementing many acts, formulations, subsidies for 
farmers, they are yet to reach to the right hands. It’s not very easy for a farmer to lead an easy life if his/ 
her primary occupation is farming.  The net income will be hardly enough to meet all needs and they have 
to credit more loans and will fall into the vicious circle of debt.  
One other reason could be the respect for the farming community from the peers and the society and on a 
wider angle from the entire nation. It’s so embarrassing and disgusting to realize that we stay alive, healthy 
and survive by having enough food all day and we are so thankless to those hardworking souls… We are 
inconsiderate about the sweat that fertilize those seed to germinate and grow and flower and fruit so that 
we eat. 
The fact that in India people are judged based on their net worth and not on the worthy of the work they 
do. We comfortably forgot and neglected to realize that the farmers and their family burn their blood to 
sweat so that barren lands turn to golden fields.  
We never thought that it’s necessary to respect farmers and their dignity is higher than any legislature or 
bureaucracy... The farmers are tortured so much that sometimes they reach till the verge of suicide or 
sometimes does the unthinkable.  
Why are we so inconsiderate about those honored souls on whose shoulders the entire nation stands? We 
can proudly say that now India is an agriculture surplus nation but why do we forget the fact that our 
Kisans melted their flesh for India to earn that title. 
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We honor our soldiers for their courage, teachers for their efforts, doctors for their service but we neglect 
our farmers who has the primary role in nation-building.  
It’s high time we realize the importance, significance and divinity of farmers and agriculture. It’s high time 
we educate ourselves and the generations to come that people are to be valued not based on their income 
and net worth. It’s high time we realize and make realize that soil is not something gross but a pious 
resource. 
Let’s educate ourselves and generations to come about the significance of agriculture and the necessity of 
farmers in nation building. Let’s pledge to RESPECT FARMERS and work towards a better tomorrow and 
build a better nation. 
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Biopesticides are also one of the important components in integrated pest management (IPM) programs 
and reduces the risk of insecticide resistance, pest resurgence, residue toxicity, safe to natural 
enemies and maintain the environmental health. Bacteria in biological pesticides survive longer in the 
open than previously believed. Bacterial pathogens used for insect control are spore-forming, rod-
shaped bacteria in the genus Bacillus. They occur commonly in soils and most insecticidal strains have 
been isolated from soil samples 
These are known to infect most caterpillars and few beetle grubs.  The 1st producer of bactericide in India 
is CFTRI in 1968 on the brand name Lepidoptericide. Entomogenous bacteria are classified as follows. 

Sporeforming 
Sporeforming bacteria or sporulating bacteria: They form endospore which are highly resistant to 
environmental conditions (Temperature & RH).  Persist in dormant condition outside the host and develop 
in to bacterial cell on ingestion. Therefore, they are more promising than non-spore forming one. Among 
sporeformers it is the crystalliferous ones which are better than the non-crystelliferous because of the toxic 
nature of crystals. Eg. B.t. 
The first common product of B.t. was made available in USA in 1958.  Being crystalliferous B.t. produces 
a toxic proteinaceous crystal in its cell. 
Crystel: It is protein crystal or parasporal body which are formed during sporolation process and not before 
in the vegetative cells.  Therefore, young cells are non-toxic to larvae. 
Crystals of different species differ in their shape and size, but in B.t. are regular diamond shaped. One cell 
gives rise to one crystal.  The synthesis is not known. Crystals are quite stable in water but broken in 
alkaline treatment and destroyed by protein denaturants. Crystals are highly toxic to majority of 
Lepidopteran insects. The crystal toxins are referred as endotoxins whereas, exotoxins are those produced 
by bacterial cell in addition to endotoxins. 

Mode of Action 
On ingestion by host – endospore germinates ingut only if the pH is below 9 and produce bacterial cells. 
The cells migrate to hoemocoel and multiply rapidly.  They invade and destroy tissues and soon fill much 
hoemocoel – this is called Septicemia. 
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Prior to the death of host – thick walled refractile spores are formed – then the Bacillus body is termed as 
Sporangium. After the death of host – spores are released into soil and disintegrates. In Clostridium 
obligate spore forming bacteria they multiply in gut itself and the host’s ‘Cadaver’ gets mummified instead 
of disintegrating. 

Role of Crystals 
They enter the midgut epithelium and induce an intense secretary activity in cells. The cells get separated 
from basement membrane and separated from each other, lose their content and die. This leads to gut 
paralysis and later general paralysis.  The blood pH changes (get alkaline). Blockade of nerve conduction, 
precipitation of blood proteins, inhibition of enzymes is also observed. Fortunately, these crystals are non-
toxic to mammals. Because in the stomach of mammals’ pepsin is able to degrade the protein crystals into 
a non-toxic state. Besides endotoxins of the crystals of B.t. it also produces few more toxins which are 
exotoxins and toxic enzyme. 

Symptoms of Bacterial Infection 
Main symptoms produced by B.t. in host insects are Stoppage of feeding. Regurgitation and Diarrhoea due 
to gut paralysis and body paralysis. In insects with high pH (> 9 pH) endospores (cell poison) fail to 
germinate and only protein crystals are effective. The proteolytic enzymes working at that high pH dissolve 
the crystals, release their endotoxins leading to chain of events above. In insects’ pH lower than 9, the 
endospore first germinates into bacterial cells multiply, invade haemocoel and change the pH (increase) 
favourable to activate the crystals.  
There are two catergories of insects:   
1. Only crystals act due to high pH. 
2. Both spore and crystal act due to low pH (<9). 
Therefore, low pH advantageous where both endospore + crystal toxin work. 
Commercial products:  Some commonly available commercial products of B.t. are; 

a. All the products declare bacterial cone in terms of billion spores/gm powder. 
b. Both dust and spray formualtions available. Dusts – generally contain – 2.5 – 7.5 billion 
spores/gm. 
c. W.P. – 25 – 100 billion spores/gm. Use 0.125 to 0.3% fresh homagenous suspension in water and 
sprayed using knapsack sprayer.  Dose vary from 1.0 – 2.5 kg/ha in 500-750 lit. 

Non-Spore Forming Bacteria 
They are not very promising in insect control. They infect host only under extraordinary circumstances. 
They occur in gut and do not multiply readily nor invade hoemocoel. They do not produce enzymes and 
toxins in quantities that may harm the host. They are not promising in insect control. 

Conclusion 
The need to feed a growing human population requires continuous advancements in pest management 
systems limiting production losses in major crops, which requires the development of new technologies 
supporting improvements in productivity. Safeguarding the environment and human health demands the 
integration of bio-based insecticides in combination or rotation with synthetic formulations. 
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Introduction 
Selective seed abortion (also known as selective embryo abortion or selective ovule abortion) is a non-
random, early cessation of seed growth in plants. Selective seed abortion assumes that seed termination is 
based on the genetic quality of seeds growing within an ovary, and predicts that successfully matured seeds 
will have a higher chance of survival than aborted seeds. As a result, selective embryo abortion has the 
potential to act as a unique form of natural selection, influencing the evolution of plant populations and 
species. 
Botanist John T. Buchholz coined the term "interovular selection" to describe selective embryo abortion in 
his framework of developmental selection in 1922. It could be the result of embryos competing for maternal 
resources (Lee and Thomas, 1988). The maternal plant may also play a role by identifying genetically 
inferior embryos and selectively aborting them (Baskin et al., 2019). The concept that abortion is a kind of 
selection is supported by evidence of offspring survival effects. Abortion in other species, however, may be 
caused by factors other than the embryo's capacity, such as the embryos' placement inside the ovary and 
late-acting self-incompatibility. 

Mechanisms of Selective Embryo Abortion 
The majority of the material on selective embryo abortion was published in the 1980s. During this time 
period, researchers proposed and tested a number of theories for the processes of selective embryo abortion. 
These can be divided into two categories: 1. Competition between growing embryos and 2. Active "female 
choice". The former suggests that selective embryo abortion is driven by interactions among embryos as 
they compete for maternal resources such as sugars, water and minerals (Korbecka et al., 2002). 

 
Figure 1. The source-sink concept is depicted in relation to selective embryo abortion; 

embryos of high genetic quality are expected to be stronger sinks for maternal resources 
Each embryo serves as a sink or receiver of finite resources from roots and photosynthetic tissues, according 
to the source-sink hypothesis. Since resources are limited, the number of developed ovules will be greater 
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than the number of seeds that can be supported by the maternal plant, leading to resource competition. 
Embryos can compete for resources by generating phytohormones involved in metabolism (such as auxin). 
Competition can also entail the production of biochemical which directly impede the growth and 
development of other embryos (Korbecka et al., 2002; Lee and Thomas, 1988). The female choice hypothesis, 
on the other hand, claims that the maternal plant, which recognizes and aborts inferior embryos, is driving 
selective embryo abortion. The mother plant's ability to assess genetic quality is unknown. Seed abortion 
patterns are believed to be influenced by interactions between the maternal plant and competing embryos; 
for example, patterns of resource use among embryos may signal to the maternal plant which embryos are 
of low capability. Selective abortion of embryos can also take place indirectly via fruit abortion (Wiens et 
al., 1987). Indeed, the growth of seed and fruit are interrelated and occur concurrently. 

Effect of Selective Embryo Abortion on Seed Germination and Seedling Vigour 
Fruits from self (non-randomly)-thinned inflorescences of Lotus corniculatus (Fabaceae) contained more 
seeds than those from hand (randomly)-thinned inflorescences. Seeds from the non-randomly selected fruits 
germinated to higher percentages (and also produced more vigorous seedlings) than those from randomly 
selected fruits, i.e., selective seed abortion via selective fruit abortion (Stephenson and Winsor, 1986). In 
another study on Lotus corniculatus, germination percentage did not differ between seeds produced by self-
thinned and hand-thinned flowers on inflorescences. However, self-thinned (control) inflorescences 
matured a much higher percentage of the remaining (non-aborted) fruits than hand-thinned (treatment) 
inflorescences. Selective abortion also had an effect on seedling growth and biomass (Stephenson et al., 
1988). Seeds of Cryptantha flava (Boraginaceae) allowed to selectively mature germinated (seedlings 
emerged) to a significantly higher percentage than those not allowed to selectively mature, i.e., selective 
abortion had a positive effect on germination (Casper, 1988).  
In Phaseolus coccineus (Fabaceae), there was an increase in percentage of mature seeds in basal ovules 
when stylar ovules were destroyed, which indicates that some viable stylar embryos were aborted. On the 
other hand, there was no change in percentage of mature seeds in stylar ovules when basal ovules were 
destroyed. Days to seedling emergence in basal seeds was low when destruction of seeds in the stylar 
position. Thus, selective abortion had a positive effect on germination rate (speed) in basal end of fruit. 
Furthermore, destruction of basal ovules did not increase post-germination performance of seedlings from 
stylar seeds, whereas destruction of stylar ovules increased post-germination performance of seedlings from 
basal seeds (Rocha and Stephenson, 1991).  
In Ulex europaeus and U. gallii (Fabaceae), the probability of an ovule producing a mature seed was 
dependent on its position in the ovary. It was highest for ovules at the stylar end and lowest for those at 
the peduncular (basal) end. The heaviest seeds more frequently were at the central and stylar positions in 
the fruit and the lightest ones at the peduncular position. However, seed mass did not have a significant 
effect on germination, and thus abortion was not selective for germination. On the other hand, seedling 
mass was dependent on seed mass, being highest for the largest seeds and lowest for the smallest ones. 
Thus, it seems that, at least indirectly, there was selective abortion for seedling vigour (Gutierrez et al., 
1996). Seeds from inflorescences of Acacia caven (Fabaceae) that initiated several fruits (pods) and 
naturally (non-randomly) self-thinned to one pod germinated to 60%, whereas seeds from inflorescences 
(randomly) hand-thinned to one pod germinated to only about 30%, i.e., selective maturation of fruits with 
seeds that germinated to a high percentage. Furthermore, seedlings from self-thinned inflorescences were 
more vigorous than those that were hand-thinned (Torres et al., 2002). 

Conclusion 
Several studies have shown that maternal plants of different taxa can abort low-quality seeds and mature 
high-quality seeds selectively, thus increasing the seed germination and seedling performance. In studies 
of selective seed abortion, seed mass is more likely to influence the results of post-germination performance 
than it is to influence germination. Effect of selective abortion on global fitness or ecological and 
evolutionary implication remains indistinct. Also, it is unclear, how genetic quality can be determined by 
the maternal plant. The genetic mechanisms of selective abortion are not well elucidated, thus is a suitable 
avenue for further research. 
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Introduction 
Deep Learning (DL) is a subset of machine learning, based on learning of data, which uses artificial 
intelligence by means of artificial neural networks with many hidden layers and a large amount of training 
data provided to a Deep Learning model Zhang et. al (2020). Deep Learning models are mathematical 
algorithms that are  “trained” using data and human expert input to replicate a decision an expert would 
make when provided that same information. In the last few years, deep learning has led to very good 
performance on a variety of problems. It constitutes a modern technique for image processing with large 
potential. Having been successfully applied in various areas, it has recently also entered the domain of 
agriculture Kamilaris et. al (2018). 

 
Fig.1. Artificial Intelligence, Machine Learning and Deep Learning 

Deep Learning has been witnessing a monumental growth in bridging the gap between the capabilities of 
humans and machines Patel S.  (2020). The agenda of the field is to enable machines to view the world as 
humans do, perceive it in a similar manner and use the knowledge for a multitude of tasks such as Image 
& Video recognition, Image Analysis & Classification, Media Recreation, Recommendation Systems, 
Natural Language Processing, etc. 
Different network architectures of deep learning require different learning algorithms. Deep learning 
algorithms can be characterized in two groups; Supervised algorithms and Unsupervised algorithms. In 
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supervised learning the model is provided with the correct output for every input pattern. On the other 
hand, the unsupervised learning does not require a known output associated with the input. It explores the 
underlying structure of the data set and organizes data into categories from these correlations. 

Types of Neural Networks in Deep Learning 
1. Artificial Neural Networks (ANN) 
2. Convolution Neural Networks (CNN) 
3. Recurrent Neural Networks (RNN)  
1.  Neural Network (ANN): It is an information processing systems and intelligent programs inspired by 
biological neural networks consisting of the computational system of structure, processing method and 
learning ability Abdullahi et. Al (2017). Knowledge is acquired by the network through the learning 
process. Researchers and enthusiasts are working on numerous aspects of the field to make amazing things 
happen. 
2. Convolutional Neural Network (CNN): It is a well-known deep learning architecture inspired by the 
natural visual perception mechanism of the living creatures. It works by getting an image, designating it 
some weightage based on the different objects of the image, and then distinguishing them from each other. 
CNN requires very little preprocessed data as compared to other deep learning algorithms.   
3. Recurrent Neural Networks (RNN): When it comes to sequential or time series data, traditional 
networks cannot be used for learning and prediction. A mechanism is required that can retain past or 
historic information to forecast the future values. Recurrent neural networks are a variant of the 
conventional artificial neural networks that can deal with sequential data and can be trained to hold the 
knowledge about the past Ndikumana et. al (2018). 
Table.1. Types of Deep Learning and their application in Agriculture: 
S. No. Types of Deep Learning Application in the field of Agriculture  
1 Artificial Neural Networks 

(ANN) 
• Plant and livestock monitoring 
• Analyze plant diseases and damages 
• Measure plant growth 
• Yield prediction 
• Soil fertility management 
• Automated harvesting 
• Decision support systems 
• Crop classification 
• Plant and livestock monitoring 

2 Convolution Neural Networks 
(CNN) 

• Crop phenology 
• Seed identification 
• Soil and leaf nitrogen content 
• Irrigation 
• Plant water stress detection 
• Water erosion assessment 
• Pest detection and herbicide use 
• Identification of contaminants 
• Diseases or defects of food 
• Crop hail damage 
• Greenhouse monitoring 

3 Recurrent Neural Networks 
(RNN) 

• Crop yield prediction 
• Time series analysis 
• Natural language processing 
• Speech recognition 
• Object detection 
• Generating image descriptions 
• Audio processing 
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Deep Learning Methods 
1. Image Classification: Image classification involves the extraction of features from the image to observe 
some patterns in the given set of images and assigns them to one of the given categories. For example, in 
the task of fruit classification, classifying the given image into one of the given fruit categories (Apple, 
Banana or Orange).   
Popular Deep Learning Models for Image Classification Zhang et. al (2020): 

a. VGG Net 
b. GoogLeNet 
c. ResNet 
d. Inception Networks. 

2. Object Detection: Object recognition refers to a collection of related tasks for identifying objects in 
images. It is a challenging task because it combines two tasks, image classification and object localization 
(drawing a bounding box around one or more objects in an image and draws a bounding box around each 
object of interest) and assigns them a category. 
Popular Deep Learning Models for Object Detection: 

a. DenseNet. 
b. YOLO. 

3. Semantic Segmentation: Image segmentation is the task of partitioning an image into multiple 
segments based on some characteristics. The objective of the process is to simplify or change the image into 
a representation that is more meaningful and easier to analyze. For example, pixel-wise semantic 
segmentation of crop fields, identifying crops, weeds, and background of the image. 
Popular Deep Learning Models for Semantic Segmentation: 

a. FCN. 
b. SegNet. 
c. U-Net. 

Conclusion 
Deep Learning in agriculture can not only help farmers to automate their farming system but also can shift 
to precise cultivation for higher crop yield and better quality while using fewer resources. The agriculture 
industry is turning to Deep Learning for help in healthier crops, control pests, monitor soil, and growing 
conditions, organize data for farmers, help with the workload, and improve a wide range of agriculture-
related tasks in the entire food supply chain. With this technology, new ways can be found to help farmers 
to minimize their risks, or make them more manageable. 
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Introduction 
Among cucurbitaceous vegetables, the Spine gourd (Momordica dioca Roxb. Ex Willd.) is a dioecious (2n = 
28), climbing creeper, perennial cucurbitaceous vegetable crop and belong to the family Cucurbitaceae. 
Traditionally known as various names such as Bhaat Karela, Khekhsa, Kantola /Kakrol, Meetha Karela, 
Padora, and Teasle gourd. It is grown for its fruits, which are used as a vegetable and have a high market 
demand due to their nutritional and medicinal value, as well as their extended shelf life and suitability for 
long-distance transportation. Though there are differences in shape, size, and taste, M. dioca is more closely 
related to Momordica charantia (bitter gourd). It can be found throughout India's tropical and subtropical 
areas. (Basumatary et al., 2014), Maharashtra, Gujarat, West Bengal, Madhya Pradesh, and Karnataka 
are among the states where it is widely grown. In Jharkhand, Chattisgarh, and Odisha, Kantola grows as 
wild nature. Small, spiny green, Immature, tender fruits are used as vegetables. 

Botany 
Spine guard is a rainy season crop and flower initiation start during July and August month. In every axil 
of a leaf, the single flower bud is initiated on both staminate and pistillate flower vines. The full open 
staminate of flower buds took 18-20 days from appearance while the full open of pistillate flower took about 
15 days. The staminate flowers differentiation started from the 2nd week of August and continued till the 
1st week of October, while female flowers differentiation started from the 3rd week of August and continued 
till last month September. The maximum anthesis of flowers was observed at 6 PM to 7 PM Pollen 
dehiscence began on the anther lobe's slit, resulting in the release of a creamy mass of pollen grains on the 
anther surface. Four and a half hours before anthesis, the dehiscence began, and each bloom took about 45 
minutes to complete. Between 2:45 and 4:15 p.m., the most pollen grains were released. Up to 12 hours 
before and after anthesis, the stigma remained receptive. The stigma receptivity was highest for 6-9 hours 
before and after anthesis. 

Medicinal Uses 
The Spine gourd fruits and leaves have good medicinal properties such as diuretic, laxative, 
hepatoprotective, anti-venomous, antihypertensive, anti-inflammatory, antiasthmatic, antipyretic, 
antileprosy, antidiabetic, and antidepressant, while the leaves are antihelminthic, aphrodisiac, anti-
hemorrhoidal, hepatoprotective, antibronchitic, antipyretic, antiasthmatic etc. (Nadkarni, 2007). 

Nutritive Value 
Spine gourd fruit contains good amount carbohydrate (59.31%), crude fibre (22.9%), ashes (9.1%), crude 
protein (5.44%), lipid (3.25%) and high energy value (288.25 kcal/100 g) in dry weight, calcium (7.37mg), 
iron (5.04mg), potassium (4.63mg), zinc (3.83mg) and sodium (1.62mg) (Aberoumand A. 2011). Fruit 
secondary metabolites such as alkaloids, steroids, triterpenoids, and saponins were discovered. Four 
alkaloids and five flavonoids with NH and C=O functional groups were extracted from ethyl acetate extract 
and five compounds from methanol extract respectively (Kumara and Bulugahapitiya 2004). 

Climate and Soil 
The spine gourd is a summer crop that grows best at temperatures range between 27 and 33 degrees 
Celsius. It grows well in a variety of soils and is frost resistant. Soil pH should be between 5.5 and 7.0. The 
optimal soil for its cultivation is sandy to loamy soil with high organic nutrients and well-drained soil. 
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Cultivars 
Spine gourds have two varieties for commercial cultivation: 
1. Local Kantola. 
2. Indira Kankoda I (RMF37) both varieties have different sizes and shapes in fruit. 
Local Kantola has high demand in the market and its price is also a bit higher than Hybrid Kantola due to 
its smaller fruit size.  
Indira Kankoda I (RMF 37) it is developed by the Indira Gandhi Krishi Vishwavidyalaya RMD College 
of agriculture and research station, Ambikapur for commercial cultivation in Chhattisgarh, Uttar Pradesh, 
Jharkhand, Orissa and Maharashtra. The plants start fruiting after 75-80 DAS in the first year and 35-40 
(DAT) from the second year onwards up to six years. The fruits are very dark green, attractive and long 
shelf life with a single fruit weight is about 14 grams. The average green fruit yield about 8-10 q/ha in the 
first year, 10-15 q/ha in the second year and 15-20 q/ha in the third year. And also resistant to major pests 
and diseases. 

Field Preparation 
The field should be ploughed and harrowed extensively to get a fine tilth and weed-free soil. The field must 
be levelled and prepared by digging a 30-30-30-centimetre. 

 
At the time of the last ploughing, about 10-15 tonnes of well-rotting farmyard manure should be applied. 

Propagation and Planting 
Spine gourd is propagated by seeds or vegetative methods such as tubers. In commercial spine guard 
farming, 1-2 kg seeds/acre or 3500-5000 tubers/ha are required. The spine gourd seed should be sown as a 
monsoon crop from July to August to ensure their survival, growth, and development. Planting as a summer 
crop if the irrigation system is available can be done in the winter months (January to February). The 3-4 
good quality seeds are sown at a depth of 2 cm with a gap of 70-85 cm between plants and 2 metres between 
rows. 

Manure and Fertilizer 
The application of 15-20 tonnes of well rotten FYM at the time of field preparation and 120:80:80 kg NPK 
is required for one-hectare areas. The half dose of nitrogen and a full dose of single superphosphate and 
muriate of potash should be applied as basal doses at the time of vining and the remaining dose of nitrogen 
should be applied before flowering. 

Irrigation 
The spine gourd is extremely vulnerable to waterlogging and drought. Light irrigation must be given after 
planting/sowing the seeds. For a higher production in the summer, the plant requires frequent irrigation 
at a 5–6-day interval. Irrigation is not required during rainy seasons; however, drainage systems are 
utilised to drain excess water from the field. Lack of a proper drainage system cause yellowing and wilting 
of the plant. 

Training 
Training of spine gourd vines is crucial because it promotes healthy vegetative growth, facilitates various 
cultural activities, and consequently contributes to increased fruit yield and quality. Single stake, bower, 
and Kniffin systems are the most common types of training systems. 
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Plant Growth Regulators 
The use of growth hormones and nutrients 2-3 times at the 2–4 leaf stage influence the change of flowering 
sequence and enhance the quantity of pistillate/hermaphrodite flowers. 

Weeding and Hoeing 
Weeds have an impact on spine gourd development and yield, as well as serving as an indirect host for 
insect pests and illnesses. The first weeding is done 30 days after planting, and further weeding is done at 
a monthly interval in the early stages of the crop. In Kantola farming, hand weeding/hoeing and herbicide 
spraying are preferred. 

Integrated Disease Management (IDM) 
1. Seed treatment with Bavistin @2g/kg seed. 
2. Maintain proper drainage and aeration in fields. 
3. Avoid root injury during intercultural operations. 
4. Adaptation of green manuring practices green manuring.  
5. Application of Trichoderma @ 15g per during transplanting. 
6. Folier spray of bavistin @0.1 % or chlorothalonil @ 0.2 %. 
7. Collect affected fruit and burn them to reduce primary inoculum. 
8. Seed production should be carried out in the summer season to get disease-free seeds. 

Harvesting and Yield 
The fruits are harvested usually takes 75 to 80 days after planting to reach marketable maturity. The fruit 
should be tender, green in colour, and the seed should be soft when harvested (vegetable purpose). The 
fruits are harvested in 2-3 days intervals by hand-picking. Fully ripened fruits change colour from green 
to orange, with crimson flesh and matured seeds for seed production. The average yield of spine gourd is 
about 75-100 quintals per hectare and it depends on variety, environmental factors and cultural 
management. 
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Abstract 
Solar light trap is an eco-friendly pest management device for agriculture. It is a new model of most effective 
IPM tool for monitoring insect pests. It provides no harm to environment. This light trap is used to kill 
insects and replace harmful chemical pesticide. This trap functions in the night where the insect attack is 
at peak. It is also of low-cost investment so it is easily used by many farmers. 
Keywords – Agriculture, IPM, Solar light trap, UV light. 

Introduction 
Solar Energy is one of the most promising renewable energy resources. It does its best in minimizing 
electricity charges. Every year farmers usually face many problems due to pests, which seriously destroy 
crops. In order to overcome this, we use many chemicals and pesticides which are extremely harmful to 
crops. So now instead of these pesticides we use solar light trap. 

 
Photovoltaic are solar cells that produce electricity from sunlight. Usually solar panel absorb more energy 
during 9am to 3pm when there is efficient sunlight. Solar light trap decreases Power consumption and save 
energy. 

Design and Construction 
This device consists of a bowl on a tripod stand, an LED bulb, and a solar panel. It functions automatically 
with the help of solar power. The LED bulb will work from 6.30 pm to 9.30 pm and its blue light will attract 
the insects. When the flies come near the device, they will be trapped in the poison trap under the bulb, 
which ensures their instant death. 
The trap functions in the night hours when insect attack is at peak. Since it does not work after 10pm it is 
said that it does not affect any beneficial insects. . The poison trap in the bowl should be changed once in 
every two days. The farmers can set up more than one trap in the farm or relocate the device every day to 
reduce pest. 
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Positioning and Installation 
The solar light trap is to be positioned in the right angle in relation to the movement of the Sun during day 
time, in the south east direction as shown in the adjacent schematic diagram. 
Ensure that no shade of trees or other tall objects or things obstruct the incidence of sun rays onto the 
panel, so that maximum amount of sun light is absorbed by the solar panel of the trap, to enable the battery 
store maximum possible amount of power, so that the trap works for a long time during the night. 

How it Works? 
During day time the battery gets charged by Sun light, which is absorbed by the solar panel and converted 
into electric power by the electronic circuitry and stored in the battery. During night time, this stored 
energy will be used by the Light and Fan fitted in the Trap. The Light and Fan are auto switched on as it 
gets dark and would work for four to five hours. 
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Harmful nocturnal or night flying insects which are most active during this time are attracted by the 
ultraviolet light emitted by the LEDs, enter the funnel area and sucked into the bag by the rotating suction 
fan or fall into the tub with emulsified water. Once they are trapped in the bag or water tub, they can not 
escape anywhere and ultimately die out of exhaustion and lack of food. Traps are available in 3 models – 
one with suction fan and insect collect bag, second without fan but water tub and barriers and third a 
smaller one with water tub. 

Technical Specifications 
Light UV LED of 390 - 400 mm 
Solar panel 12 V / 10W, 6V / 3W, 6V / 

3W 
System operating voltage 12V / 4V / 4V 
Battery 12V – 7AH / 4V – 3AH / 

4V – 1AH 
Effective duration 3 Hours 
Warranty 10 years for Solar Panel 

only. 

The Ultimate Benefits 
1. Control flying nymps and adults of lepidopteran pests, aphids, fruitflies, and some beetles. 
2. Produced output that has less chemical impact which make people healthy. 
3. Installation and management cost is less. 
4. Easy to use. 
5. Eco-friendly. 
6. No electricity and manpower required to operate. 

Conclusion 
From this what we conclude is Solar light trap is very effective way of Insect management. Instead of using 
chemical pesticides which are toxic we can follow Eco- friendly method. 
“By killing a large number of pests, the trap breaks their life cycle and prevents Future 
generation from taking over the farms “ 
--- Mr. RAJU 
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Abstract 
An herbarium is a collection of preserved plant specimens, which are used for scientific study. Most 
specimens in an herbarium are pressed, dried plants. These pressed specimens are mounted on sheets of 
card and stored in flat folders in banks of cupboards following a logical sequence for easy referral. This 
sequence can either be arranged alphabetically, like an index, or by similarity, placing those plants that 
are most closely related beside each other. Other specimens may be dried large fruiting bodies, pieces of 
wood or bark, seeds or material stored in spirit to preserve more delicate three-dimensional structures. A 
herbarium also keeps document records about the specimens - where, when and by whom they were 
collected. 
Keywords: Herbarium, Specimen, Records. 

Introduction 
The word herbarium refers to books about medicinal plants. The word herbarium was first used by French 
botanist Joseph Pitton de Tournefort to describe collection of dried plants. Earlier the term Hortus siccus 
meaning dry garden was used to indicate herbarium. There were about 9,500,000 at the museum 
National de’ Histoire Naturelle in Paris. The Royal Horticultural Society at RHS Garden Wisley 
is largest herbarium for Ornamental plants in UK. The biggest collection in Asia is at Chinese National 
Herbarium in Beijing. 

Herbarium Collection 
Herbarium is a collection of preserved plants stored and arranged systematically for study. Herbarium is 
comparable to a library as it contains plants with specimens and labels providing all information. This 
specimen gives information about species morphology will label give information about taxonomy and 
locality. 

Steps in Herbarium Collection 

 
Herbarium Collection 

1. Collecting: Select healthy Plant with average sized leaf. Attach label with name, date and location. 
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2. Describing: While collecting, record – name of plant, date, collector, site, original source of plant. 
3. Pressing: Remove soil from the plant and use a press made with plywood and cover the top of board and 
place bricks on top to apply pressure. Inspect regularly at least once a week. 
4. Mounting: Good quality A4 paper is sufficient. Attach the specimen to A4 paper. Label should include 
plant name, Author, plant family, description, location, date, collector. It should be on bottom right-hand 
corner. 
5. Storage and Conservation: Place it in sealed plastic bag, freeze it for 72 hours. The most common pest 
of herbarium specimen is biscuit beetle. 

Conclusion 
Herbarium specimen helps to document the plant diversity of particular geographic area. It gives idea 
about the habitat, time of flowering, chemical content in them, etc. It also serves as a source of DNA which 
helps to identify the evolution of plants. It also helps to preserve the plants even if they face extinction. 
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Introduction 
The traditional weather forecasting methods (weather lore) used by the weatherwise folks (farmers, 
fishermen and housewives) as guide in their farming. Traditional beliefs are abundant particularly among 
the rural community. In many cases, traditional beliefs are existing in the form of well-defined indigenous 
technologies which are valued much and followed in their farming system. Indigenous knowledge includes 
both technical and non-technical fields covering various social and religious taboos, beliefs and customs, 
communication patterns, music, ecology, vegetation, climate and so on.  
Indigenous knowledge is systematic body of knowledge acquired by local people through the accumulation 
of experiences, informal experiments and intimate understanding of the environment in a given culture. 
Indigenous knowledge systems are dynamic, changing through indigenous mechanisms of creativity and 
innovativeness as well as through contact with other local and international knowledge systems. 

Indigenous Technological Knowledge (ITK) 
ITK is the sum total of knowledge and practices which are based on people’s accumulative experiences in 
dealing with situations and problems in various aspects of life and such practices are special to a particular 
culture. It is the basis for knowledge, beliefs and customs which are internally consistent and logical to 
those holding them, but at odd with the objectively deduced findings of formal science, it has comparatively 
more influence on people than that of modern substitute. 

How ITK Differs from Modern Knowledge? 
Primarily traditional knowledge differs from modern knowledge in the manner of creation; i.e., traditional 
knowledge is normally empirically validated therefore it is said that Modern Knowledge has been validated 
in laboratory of brick and mortar whereas traditional knowledge has been validated in the laboratory of 
life. 

Sources of ITKs 
We can collect the ITKs from different sources such as farmers, community leaders, elder persons, folklores, 
songs, poetry, ancient records, Extension agencies, NGOs, Published materials in different languages. 

Special Features of Indigenous Traditional Knowledge 
1. Locally appropriate and specifically adapted as per the requirement of local conditions. 
2. Restraint in resources exploitation needed for immediate survival. 
3. Having diversified production system without over exploitation of a single resource. 
4. Symbolizes the respect towards nature. 
5. Flexible for new interventions and integration of green technological advances. 
6. Inspires the social responsibilities. 

Why ITK is Important in Present Scenario? 
1. Local knowledge systems cannot be replaced with scientific knowledge.  
2. Farmer would assess and interpret the information themselves 
3. It has the potential of being translated into commercial benefits 
4. It aids social interaction and acceptance of scientific forecasts among the farmers.  
5. Can develop location package of practices for specially agriculture. 

Traditional Practices in Weather Forecasting 
The ITKs are conceptualized in terms of bio indicators and non-bio indicators: 
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1. Bio indicators: Bio indicators are those living beings / biotic agents which change their behaviour with 
any change in the surrounding environment / weather. 

a. Bird indicators:  
i. Ashy Drongo (Dicrurus leucophaeus) : Presence- withdrawal of   monsoon. Absence – 
upcoming of monsoon 
ii. Flying pattern of birds: Flocks of birds flying high in the sky is considered to indicate 
fair weather. If the birds fly below their normal flight height this is considered to indicate 
rain or bad weather.  
iii. Peacock: Frequency of calling increases and dancing –Indicates possible occurrence of 
rain 
iv. Jungle owlet: Unusual chirping and spreading of the wings in the soil. Adverse weather 
conditions (typhoon or flood). 
v. Hen and Cock: Their unusual clucks and spreading of wings in soil is observed as the 
onset of dry season. 

b. Animal indicators: 
i. Frogs: Croaking is early warning sign for prediction of the start of the rainy season. 
ii. Cattles: Show restlessness and sniffing the air with head nose indicates forthcoming rain. 
iii. Goat / Sheep: Flapping of ears by goats -----Onset of Monsoon. 
iv. Grassland web Spiders: 

 
Horizontal – Dry Season | Vertical – Rainy Season 

v. Crab hole: 

 
Slanting – Rainy Season | Vertical - Dry Season 

vi. Winged Termites: Black - Onset of Rain, White - Onset of Dry Season 
vii. Movement of Dragon flies: Fly high off the ground- dry season. Fly near to ground- 
upcoming rain 
viii. Earthworm: Coming up to the soil surface – forthcoming rain. Dig deeper into the soil 
– forthcoming drought. 

c. Fish indicators: 
i. Asian snakehead (Channa striata): move from paddy fields to rivers is an indication of 
the end of monsoon season. They exhibit dormancy, if the habitat becomes dry by immersing 
themselves in pockets of mud. 
ii. Red lined torpedo fish (Puntius denisonii) : Emerge from hiding places during 
thunderstorms. Nocturnal behaviour in these fishes can be attributed to their shallow 
habitats. 

d. Plant indicators: 
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i. Unusual early leaf fall indicates dry season. Water deficits reduce the number of leaves per 
plant and individual leaf size, leaf longevity by decreasing the soil’s water potential. 
ii. Decrease in the size of leaves and inflorescences indicates dry season. Examples, rose and 
show flower. 

2. Non-bio indicators: Non-bio indicators are those non-living phenomena / materials that change in 
response to the change in the surrounding environment.  

a. Wind: 
i. Cool breezes with moisture: Cool winds with moisture trigger saturation with already 
existing clouds resulting in heavy rains. 
ii. High humidity and temperature: With increase in temperature, thermos humid 
situation prevails leading to sweating indicating nearby rain.  

b. Rainbow: Rainbow in the west indicates rain. This is due to high relative humidity. This is the 
result of the rising sun’s rays from the east striking moisture in the west. and a rainbow in the west 
means moisture, which can mean rain is on its way. 
c. Moon Dog or Lunar Luminescence: 

  
Far from moon – upcoming rain Closer to moon – no rain 

Limitations of Using ITKs 
1. Lack of standardization and documentation of practices based on ITKs. 
2. These may be non-effective for large scale production 
3. Increased scientific methods restrict the use of ITKs. 
4. lack of co-ordinated research to investigate the accuracy and reliability of IK forecasting  
5. Losing of knowledge due to the death of elder people. 

Policy Prescriptions 
1. Sensitisation of scientists regarding ITK 
2. ITK has important scope in the present scenario:  More relevant works should be done to improve the 
validation, documentation and content development. Scientist should have mind to digest the rational 
contents in ITK and its scientific validation. 

Formulating Programmes for ITK Conservation Among Public 
1. Participatory programs should be initiated to conserve ITK locally.  
2. Special attention should be given to women and youth. 
3. More NGOs should be formulated to conserve ITK locally. 

Protection of ITKs 
1. Government should take initiatives to protect ITK. 
2. Common protection worldwide separate statute to give legal  
3. We should document ITK and proper priority should give to ITK allied areas.  
4. Innovative ICT measures such TKDL (Traditional Knowledge Digital Library) should be promoted and 
such type of programmes should be imparted in agricultural sector. 

Conclusion 
Climate including weather is an important abiotic variable that influence the crop production. Local 
communities and farmers developed intricate systems of gathering, predicting, interpreting and decision-
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making in relation to weather. It should be integrated with the scientific knowledge and practices. This 
will help in fine tuning the scientific recommendations and increasing their acceptability to farmers. So 
systematic documentation and subsequent integration of Indigenous Knowledge (IK) in weather 
forecasting is one of the promising initiatives that needs to be explored. 
“When a knowledgeable old person dies, a whole library disappears.” 
It is important to synchronization of past and present knowledge to have a better future. There are strong 
calls to integrate scientific and indigenous forecasts to help farmers adapt to climate variability and change. 
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Introduction 
Agroinfiltration (agrobacterium-mediated temporary expression) is achieved by infiltrating Agrobacterium 
tumefaciens cultures into intact plant leaves. The bacteria then inject a DNA fragment into the plant cells 
known as transfer-DNA or T-DNA. T-DNA will be transported to the nucleus of a plant cell, where its genes 
can be transcribed and expressed. The transgene is expressed by the majority of plant cells in the infiltrated 
zone, and expression normally peaks 2–3 days after infiltration. Agroinfiltration's key advantage over 
stable transformation is unquestionably its speed and high yield. It also has the flexibility to make 
individualized RPs for things like cancer therapies and vaccinations against viruses with rapid antigenic 
drift and/or many strains with unexpected outbreaks. In addition, it has the advantage of being less 
expensive than other transient expression systems (protoplast transformation, particle bombardment, and 
microinjection) because it relies on simple technology. Agroinfiltration has been used to analyze gene 
function, protein production, host–pathogen interaction, protein–protein interaction, and protein 
localization. 

What is Agroinfiltration? 
Agroinfiltration is a transient expression strategy in which the transgene is not integrated into the plant 
genome but rather becomes momentarily active in the plant cell as free DNA molecules and drives the 
creation of recombinant proteins while living transiently within the plant cell. Agroinfiltration is a solution 
to overcome the time required for development of stable transgenic plants, for large scale manufacturing 
of recombinant proteins, industrial enzymes and vaccines. 

Types of Agroinfiltration 
1. Syringe Infiltration: It is the most basic form of agroinfiltration. In this procedure, a needleless syringe 
is used to inject a transgene carrying Agrobacterium in the infiltration medium into the leaf (Figure 1(a)). 
It also allows many experiments to be done on a single leaf by allowing multiple transgenic constructs to 
be introduced into different locations. 

 
Fig.1: Transgene delivery by Syringe agroinfiltration into N.benthamiana plants. 

a. Agrobacteria carrying the expression cassette of GFP or DsRed in gemini viral vectors were syringe 
infiltrated into a N.benthamiana leaf. 

b. GFP or DsRed expression was observed 4 days after infiltration under UV light. 
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Syringe infiltration has a variety of uses in RP manufacture. For example, it can be used to quickly examine 
the expression level of a RP under established conditions (Figure 1(b)). If further expression adjustment is 
required, the versatility of the system allows for a fast assessment of the impact of numerous parameters 
on the yield, expression kinetics, and toxicity of the target protein. These parameters include 
Agrobacterium culture concentrations, various expression vectors, organelles that promote RP 
accumulation, and the need for silencing suppressors. Syringe infiltration can be used to rapidly generate 
significant amounts (milligramme level) of RPs for biochemical characterization and preclinical functional 
research, as well as designing purification systems, once it has been perfected. Despite these benefits, only 
a few plant species are naturally suited to syringe infiltration, and the possibility of scaling up is very 
limited. 
2. Vacuum Infiltration: Vacuum infiltration can effectively infiltrate plant species that are inaccessible 
to syringe infiltration, significantly expanding the agroinfiltration host range. Plant aerial portions are 
immersed in an Agrobacterium suspension first. The plants are then placed in a desiccator, which acts as 
a vacuum chamber. A vacuum is created by a pump, which exposes the submerged plants to a negative 
atmospheric pressure and sucks air out of the leaf interstitial space. When the vacuum is released, 
agrobacteria in the media are able to penetrate the intercellular space that was previously occupied by air 
(Figure 2(c)). In addition, research showed that vacuum infiltration produced identical yields and temporal 
expression patterns for various RPs as syringe infiltration. 

 
Fig.2: Transgene delivery by Vacuum agroinfiltration into lettuce plants 

c.  A. tumefaciens cells harboring the expression cassette of GFP in a gemini viral vector was vacuum 
infiltrated into a lettuce plant. 

d. GFP expression was examined 4 days after infiltration. 
3. Spray Infiltration: Spray infiltration provides transgene delivery to field-grown plants. Previously, 
just 2% of leaf cells received and expressed transgene via spray infiltration. Surfactants or abrasives in the 
Agrobacterium suspension to increase transfection and novel Agrobacterium strains with hyper 
transfectivity are examples of recent breakthroughs in this technology. Up to 90% of leaf cells can get the 
transgene and produce the target protein at high levels when better spray infiltration is paired with an 
expression vector that can generate a replicon with cell-to-cell mobility potential. 
Vectors for Agroinfiltration: Agroinfiltration can be carried out with any vector as long as it can 
replicate in A. tumefaciens and initiate T-DNA transfer using pathogenic genes on chromosomes and/or 
another plasmid. Transcriptional vectors such as pBIN19 or pCAMBIA, which were driven by nopaline 
synthase (pnos) or cauliflower mosaic virus (CaMV) 35S promoters, were the first vectors utilised for 
agroinfiltration (CaMV35S). In terms of speed and RP yield, these transcriptional vectors are not as reliable 
as subsequently developed plant virus-based vectors. 
Plant viruses' ability to replicate and/or transcribe has led to the invention of viral vectors for increasing 
RP production. As an agroinfiltration vector, each type of plant virus has its own set of advantages and 
limitations, and may be effective for the development of a certain type of RP. For example, double-stranded 
DNA plant viruses such as CaMV are useful only for producing small RPs, because they have limited 
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packaging capacity and can lose their genome functions when a fraction of their genomes are removed or 
substituted. Single-stranded RNA viruses, on the other hand, provide vectors for producing big RPs because 
they are more tolerant of massive gene substitutions and insertions (e.g., tomato busy stunt virus (TBSV), 
tobacco mosaic virus (TMV), and potato virus X (PVX)). However, these RNA-based vectors have to be 
generated by an unscalable in vitro process. 
"Deconstructed" viral vectors are a novel type of vector that combines the robustness of full viral vectors 
with the flexibility of non-viral vectors. The removal of unneeded or unbeneficial genomic components 
during viral deconstruction reduces the size of the replicon, allowing bigger transgenes to be inserted while 
retaining viral replication and transcription robustness. 
Plant Hosts for Agroinfiltration: Susceptibility to A. tumefaciens infection is a need for successful 
agroinfiltration of a plant species. The compatibility of a plant host with available expression vectors, the 
nature of the target RP, and the scale of production all influence the choice of a plant host for protein 
expression. 
N. benthamiana and allied Nicotiana plants, such as tobacco, are the most common agroinfiltration hosts. 
These plants, in addition to being the most suited to agroinfiltration, can generate significant amounts of 
biomass quickly and are prolific seed producers for industrial scaleup. In Nicotiana hosts, a variety of RPs 
of diverse types, sizes, and applications have been created (Table 1). 
Table 1. Examples of recombinant proteins produced in plants by agroinfiltration: 
Plant Host Vector Biologic Target Development stage 
N. benthamiana Non-Viral Vector Influenza A H5N1 HA VLP 

vaccine 
Phase I/II human 
trial 

N. benthamiana TMV NHL personalized vaccine Phase I human trial 

N. benthamiana CPMV BTV 4-component VLP 
vaccine 

Preclinical 

N. benthamiana TMV/PVX Tetravalent antibody WNV 
therapeutic 

Preclinical 

N. benthamiana TMV Cellulases for ethanol 
production 

Early development 

N. benthamiana TMV/PVX Ebola immune complex-based 
vaccine 

Preclinical 

N. benthamiana TMV, BeYDV, 
CPMV 

HBcAg nonenveloped VLP 
vaccine 

Preclinical 

Lettuce, N. 
benthamiana 

TMV/PVX, BeYDV, Ebola therapeutics based on 
MAb 

Preclinical 

Lettuce, N. 
benthamiana 

TMV, BeYDV Norovirus NVCP VLP vaccine Preclinical 

Lettuce, N. 
benthamiana 

TMV/PVX, BeYDV WNV therapeutics based on 
MAb 

Preclinical 

Lettuce, N. 
benthamiana 

TMV, BeYDV WNV DIII vaccine Preclinical 

HA: hemagglutinin; VLP: virus-like particle; NHL: non-Hodgkin’s lymphoma; BTV: bluetongue 
virus; WT: wild-type; WNV: West Nile virus; HBcAg: hepatitis B core antigen; MAb: monoclonal 
antibody; NVCP: Norwalk virus capsid protein; DIII: domain III of envelope protein. 
Certain RPs requires a non-Nicotiana plant host for their optimal expression. Fortunately, technological 
advancements have allowed agroinfiltration to be used to a wide range of plant species other than 
Nicotiana, including lettuce, tomato, alfalfa, petunia, potato, cotton, grapevine, switchgrass, radish, pea, 
lupine, flax, citrus, lentil, sunflower, and Arabidopsis. Woody trees such as aspen, poplar, birch, eucalyptus, 
pines, and spruces have also been subjected to agroinfiltration technologies. 
Lettuce is a good illustration of how non-Nicotiana hosts might be useful in the production of RPs. Despite 
the benefits indicated above, Nicotiana hosts produce exceptionally high quantities of phenolics and 
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alkaloids compared to other plant species. These chemicals clog purification resins and are difficult to 
remove from the target RP in downstream processing, consuming more resources and increasing costs. This 
is particularly troublesome for RPs with pharmaceutical uses, which must be free of these plant chemicals 
in order to comply with FDA standards. As a result, plant hosts that produce lower quantities of phenolics 
and alkaloids while maintaining the robustness of RP synthesis are needed. Lettuce (Lactuca sativa) is 
already grown commercially in considerable quantities, and its yield and rate of biomass production are 
comparable to Nicotiana plants. Lettuce produces insignificant amounts of phenolics and alkaloids, 
overcoming the barrier of removing them during downstream processing. 

Conclusion 
Deconstructed viral vectors have re-energized the field of plant-made RPs, providing a production platform 
with improved protein yield, speed, scalability, adaptability, safety, and cost-cutting advantages. Because 
transient expression techniques for RP synthesis do not produce transgenic plants, there is no concern of 
food contamination or unintentional transgene escape. This further establishes plant hosts infected via 
agroinfiltration as a public and regulatory-acceptable technology. 
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Abstract 
The final year B.Sc., (Hons.) Agriculture students (2018_2022) batch of S. Thangapazham Agricultural 
College, Vasudevanallur, Tenkasi have undergone Village Stay Program (VSP) as a part of the course Rural 
Agricultural Work Experience at Kadayam block of Tenkasi District for 75 days. 
In part of the program demonstration of power tiller was carried to the village farmers. The concept and 
working principle of the power tiller is briefed in this topic. 
Keywords: Tiller, Tillage, Seedbed, Tractor, Power. 

Introduction 
Agriculture is the backbone of Indian economy as it provides direct employment to about 69 % of the 
working people. Being the largest source of employment and income to millions of People, it also provides 
a vast market for our industrial products. 
The country has made a Three-fold increase in food grain production from a level of about 55 million tonnes 
in 1970-71 to 1930 kg/hectare in 2010-11 primarily on the back of increasing penetration of irrigation 
Facilities, hybrid seeds and farm mechanization. 
In order to meet the increasing demand for food and the shortage of labours the demand for mechanization 
is being in the peak. The need for mechanization for performing farm operations is a primary requirement.  
Factors such as timesaving, Efficient input application, transportation of farm inputs and produce, and 
Reducing drudgery also stimulate demand for farm machines. In order to replace the animal power, the 
power tiller is being used. 

Power Tiller 
It is a hand operated tractor that travels in all the direction in puddle soil. It provides opportunities for 
self-employment in the rural areas and also it is mainly used by the small land holding farmers. The power 
tiller is a multipurpose hand tractor designed primarily for rotary tilling and other Operations on small 
farms. 
While in operations, an operator walks behind to maneuver it. It is Also known as a garden tractor, hand 
tractor, walking tractor or a two-wheel tractor. Non-Availability of matching equipment for different farm 
operations limits the versatility of the Power tillers. Power tillers occasionally termed as walking tractors 
or are sometimes called by other names Such as single axle tractor, hand tractor, etc have been conceived 
as an equipment to prepare Seedbeds with rotary tillers and for transportation. 
Now-a-days some models of power tiller have an optional riding facility. Power tillers have been especially 
designed and developed for use on small or medium farms where four-wheel Tractors are not easily 
available. Although power tiller is mainly used for seedbed preparation in low land paddy fields. 
Power tiller is also used as a power source for other agricultural Operations such as seed bed preparation, 
sowing and fertilizer application. Harvesting of cereal crops under upland conditions including 
transportation of farm products and power source for stationary farm operations. Lightweight tillers are 
being used very Recently. 
The most of the power tillers being manufactured in India is provided with a rear Mounted powered rotary 
unit for giving forward movement as well as tillage operation. Hence care should be taken regarding the 
maintenance of this tillers. 
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Operation 
The operation of a power tiller involves walking behind the machine on a tilled or puddle Land continuously 
for hours. During peak seasons of seedbed preparation, farmers operate Power tillers even for more than 
8h a day. The operator has to guide/control the forward movement of the machine by actuating hand 
clutches provided on each handle or sometimes by pushing/pulling the handles towards sides. The operator 
sometimes lifts the rear portion of the machine to take sharp turns at the headlands. The main clutch is a 
lever on the handle. The lever can be shifted to on or off position while operating in the field. When the 
lever is Shifted to on position, the power from the engine is transmitted through the main clutch to the 
Various parts of the power tiller. When the lever is shifted to off position the power from the Engine is cut-
off from the rest of the transmission. 

Components 
Power tiller consists of the following main parts:  
1. Engine. 
2. Transmission gears. 
3. Clutch. 
4. Brakes. 
5. Rotary unit. 
All the power tillers are fitted with an I. C. engine. At present, most of the power tillers are Fitted with 
diesel engine. The makes like Kubota, Mitsubishi, Sarachi have used diesel Engine in India. POWER 
TRANSMISSION IN A POWER TILLER For operation of power tiller, the power is obtained from the IC 
Engine, fitted on the power. 

Conclusion 
The power tiller is capable of primary and secondary tillage operations and is most suitable for operations 
in hilly regions, wet conditions and for small holdings. Given the right set of Implements and attachments, 
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the power tiller is capable of performing most of the field Operations in the intensive cultivation. The light 
weight of power tiller is a favourable factor for working in wet and dry land conditions. External 
attachments can be made on the tiller Depending upon the nature of work. So, the tiller can be used as a 
multi-purpose machine. 
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Balsam (Impatiens balsamina) is one of the flowering ornamental plants growing in various outdoor 
gardens. It’s commonly known as Balsam, Garden Balsam, touch-me-not, and spotted snap weed. It’s native 
in India and Myanmar. Different types of balsam are growing based on the color of the flowers. 
The annual plant grew up to 25 to 75 cm in height and produced a very soft watery stem with leaves that 
are spirally arranged and producing mustard-like seeds at the time of maturity the capsules undergo 
explosive dehiscence the seeds. Tamil Nadu also grows various purposes like a garden, medicinal uses (skin 
afflictions), and antibiotics. 
Several factors interrupted the cultivation of the balsam plant among the various factors the newly 
associated plant disease (Powdery fungi) devastating the balsam plants at an early stage of infection. The 
two genera are causing that disease namely Podosphaera balsaminae and Sphaerotheca balsaminae.  That 
is a newly associated disease in Tamil Nadu, Particularly in the cool climate regions of Hosur and 
Krishnagiri. 

Symptomology 
The fungus produces the abended white powdery growth on both surfaces of the leaves and also infects the 
flowers, capsules, stems, and older leaves. In the later stage, infected plant leaves get defoliation due to 
more powdery growth affects photosynthesis that leads to loss of chlorophyll and drying the infected leaves 
then fallen. In severely infected plants are completely wilting and also showing toppling symptoms.  
Infected plant’s seeds are showing mummified. 
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Fig.1. Powdery growth on infected plant leaves 

Morphological Characteristics of Pathogen 

  
Conidiophore Single celled-conidia 

  
Cleistothecium-myceloid appendage Single ascus with ascospore 

Fig.2. The life cycle of powdery mildew fungi (both sexual& asexual stage) 
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Management of Powdery Mildew Diseases 
1. Remove the infected plant and burn it (infected leaves, flowers, and twigs). 
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2. Spraying of Aqueous extract of neem cake @ 50% and 75 % at the early time of infection the disease 
incidence is significantly reduced. Neem oil (3 %) also significantly reduces the powdery mildew infection 
(inhibits the spore production and mycelial growth) (Singh et al., 2010). 
3. Spraying of milk solution also reduces the disease severity (40 percent of pure milk & 60 percent of water 
mix thoroughly and spray. Repeated the weekly intervals (University of Connecticut, 2009). 
4. Spray any one of the chemical fungicides like sulphur dust, wettable sulphur, and dinocap are quite 
effective for powdery mildew diseases. But some phytotoxicity is there particularly balsam plant so 
recommended does only use. 
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Abstract 
Tuberose is a commercially important ornamental bulbous plant cultivated both for loose and cut flower 
trade in the world.  The crop is affected by various biotic factors. Among them, stem rot caused by S. rolfsii 
was found to be the most devastating disease in tuberose. one of the most destructive and widespread soil 
borne diseases. 
In Tamil Nadu the tuberose cultivation is highly interrupted by this pathogen and different cultural, 
biological and chemical methods were tried for effective alleviation of the disease in tuberose. 
The results among the different methods integrated management is one the best for successfully alleviation 
stem rot or sucker rot diseases in tuberose.  
Keywords: Tuberose, Sclerotium rolfsii, Stem rot. 

Introduction 
Tuberose (Polianthes tuberosa L.) is a commercially important bulbous ornamental perennial plant 
cultivated in the world as well in India for cut and loose flower trade. Tuberose is affected by various fungal, 
bacterial and viral diseases. 
Among the different fungal diseases stem rot disease caused by Sclerotium rolfsii Sacc. (Teleomorph: 
Athelium rolfsii) is one of the major problems in tuberose growing areas (Das 1961). This pathogen affects 
the production and crop cultivation. It has caused complete destruction of tuberose fields. During the 
infection the pathogen produced large amount of oxalic acid and cell wall degrading enzyme that kills the 
host epidermal cell before penetration (Higgins 1927). 
The initial symptom of the disease is drooping of leaves. The leaves become yellow and finally dried. The 
fungus mainly affects the roots and then spreads upward through the tuber and collar portion of the stem. 
Finally affected roots and tubers get decayed. 
The affected collar portion contain thick cottony growth of the fungus with large number of visible mustards 
like sclerotia. 

Distribution 
It is a necrotrophic soil borne fungal plant pathogen having wide host range of over 500 plant species in 
100 families mostly affects cucurbits, crucifers and legumes (Ferreira and Boley 1992). The pathogen causes 
different type of diseases such as damping off seedling, collar rot, stem rot, foot rot, rhizome rot, crown rot, 
sclerotium wilt and blight (Tang et al., 2015). 
Under severe conditions, the losses due to stem rot disease might go up to 50-60 per cent (Kakade et al., 
2017). In Tamil Nadu the losses due to stem rot ranges from 20-40 per cent (Theradimani et al., 2018). 

Symptomatology 
The symptom of the disease was flaccidity and drooping of leaves. The leaves become yellow to brown and 
showing the wilt symptoms. The fungus mainly affected the roots and infection gradually spreads upward 
through the tuber and collar portion of the plants. 
Both tubers and roots showed rotting symptoms. Thick white cottony growth of the fungal mycelium 
becomes visible on the rotten stem, petioles at the soil level and a greater number of mustards like sclerotia 
are produced. 
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Rhizome Rot or Sucker Rot Symptoms 

  
Healthy Sucker/ Rhizome Infected Sucker/Rhizome 

Pathogen 
The pathogen produced the fluffy and aggregated mycelial growth in the culture media and later the 
mycelium produces regular white colour sclerotia at early stage, then later it become dark brown colour. 
The mature sclerotia was resembled like mustard. The pathogen S. rolfsii was identified based on the 
production of fluffy mycelium and sclerotia (Barnett and Hunter, 1972). 

Morphological Characteristics of Sclerotium rolfsii 

  
Clamp connection at terminal hyphae Regular Sclerotium 

  
Irregular Sclerotium Regular Sclerotium 
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Mechanism of Pathogenicity 
The pathogen (Sclerotium rolfsii) infects the plants by secreting non- host specific phytotoxin, oxalic acid 
inhibits the binding of calcium with pectin compounds of plant cell wall which results in lowered cell wall 
pH. The lowered pH enhances the activity of cell wall degrading enzymes such as polygalacturonase and 
cellulase. Theses enzyme break the host cell wall and macerate the host plant tissue. Then the pathogen 
absorbs the nutrients from macerated host cell. Pathogen infection on host tissue interrupts the movement 
of water and nutrients and finally causes yellowing, wilting and necrosis symptoms. High soil moisture and 
temperature ranges between 25 to 30 °C highly favours for fungal infection. 

Management Practices 
Cultural practices: Removal of infected plant debris and deep ploughing, field sanitation to prevent the 
rhizome rot diseases because the hard sclerotial body’s survival in soil and causing the infection at primary 
level. Soil solarization also help in eradication of resting spore from soil and crop rotation with non-host 
crops like (wheat, onion, garlic). 
Chemical method: Sucker or rhizomes was treated with Carbendazim or captan at 4g/kg of suckers at 
before planting. tebuconazole and propiconazole also used for soil drenching at the rate of 2.5 Kg/Ha. Sucker 
Are Treated with Captan @ 0.3% Reducing the Diseases Severity. 
Biological methods: Sucker are treated with Trichoderma viride fungal biocontrol agent at the rate of 10 
g/kg of sucker and Pseudomonas fluorescens 10g/kg of suckers or bulb dipping with Pseudomonas 
fluorescens liquid formulation @ rate of 10 ml/kg for 24 hrs. 
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Introduction 
The global population is said to reach 9 billion by 2050 and will strain the resources. Rapid climate change 
and the emergence of new pests and diseases threaten agricultural production. Thus, producing a higher 
amount of quality food for the ever-increasing population is a major concern today. Moreover, the amount 
of genetic gain has to be raised further than the levels presently achieved by the conventional breeding 
programs. New and innovative methods are the prime requirement now. Speed breeding is such a tool or 
technique for rapid generation advance that significantly reduces the harvest time of crops in order to speed 
up agricultural research and increase the production of food to meet the demand of the growing population 
Sankar et al., (2020). 

Speed Breeding 
A technique which involves extending photoperiod and controlled growing conditions such as temperature, 
soil media, spacing etc. in glasshouses, enabling rapid generation advancement by shortening the breeding 
cycle.  

a. Inspired by NASA aiming to grow wheat and food crops in Space.  
b. Started from University of Queensland, John Innes Centre and University of Sydney in Australia 
by Dr. Lee Hickey and co- workers in wheat and peanut. 

 

Methods of Speed Breeding (Watson et al., 2018) 
1. Speed Breeding I – controlled environment chamber conditions (John Innes Centre, UK) 

a. Photoperiod: 22Hrs (light)/ 2Hrs Dark  
b. Temperature: 22°C (photoperiod)/ 17°C (Dark)  
c. Humidity: 70% 
d. Light: white LED, far-red LED & Ceramic metal hydrargyrum quartz iodide lamp  
e. Light Intensity: 360–380 µmol m−2 s −1 (highest value after ramping) at bench height and 490 – 
500 µmol m−2 s −1 (highest value after ramping) at adult plant height (with reference to wheat, T. 
aestivum cv. Paragon)  
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2. Speed Breeding II – glasshouse conditions (Hickey Lab, Univ. of Queensland, Australia). 
a. A temperature-controlled glasshouse fitted with high pressure sodium vapour lamp  
b. Photoperiod: 22Hrs (light)/ 2Hrs Dark  
c. Temperature: 22°C (photoperiod)/ 17°C (Dark)  
d. Humidity: 70%  
e. Light Intensity: 440-650(Adult Plant height) μ mol m−2 s −1 (approximately 45cm above bench 
height).  

3. Speed Breeding III- low-cost homemade growth room design (Hickey Lab, of Queensland, Australia). 
a. Photoperiod: 12Hrs-12Hrs (Light-Dark) for four weeks then increased to 18Hrs-6Hrs. 
b. Temperature: 21°C (photoperiod)/ 18°C (Dark).  
c. Light: 7 -8 LED light boxes (Grow Candy). 
d. Intensity:210–260 (bench height) & 340–590 (Adult Plant height) μ mol m−2 s −1 

Advantage of Speed Breeding 
1. Multiple generations in one year  
2. Fast way to obtain fixed homozygous lines through Single Seed Descent method  
3. Phenotypic selection in early segregating generations  
4. Rapid introgression genes into elite lines using Marker Assisted Selection  
5. Allows study of plant-pathogen interaction, flowering time etc.  
6. Integrated with genomics selection, genome editing etc.  
7. High – throughput phenotypic screens for multiple traits. 
8. Exploit gene bank accessions and mutant collection for rapid gene discovery. 

Limitation of Speed Breeding 
1. Extended photoperiods may cause injury in some crops  
2. Unlikely to be successful in short-day crops  
3. Disease outbreak using controlled environmental conditions  
4. Plant losses in Single Seed Descent during greenhouse condition.  
5. Increased monetary costs.  
6. Incorporation of relatively simple inherited traits. 

Opportunity 
1. Speed Breeding Genomic Selection.  
2. Accelerate transgenic.  
3. Opportunity to combine it with CRISPRCas9 genome editing technique.  
4. Plant phenotyping for traits: flowering time, plant height, disease resistance, pod shattering etc. 
5. Different responses of different plant species when exposed to extended photoperiod.  
6. Early harvest of immature seed interferes with phenotyping of some seed traits.  
7. Initial investment is high.  
8. No universal protocol due to diverse response of plant species to photoperiod. 

Implications in Crop Improvement 
1. Six generations per year for spring wheat (Triticum aestivum), durum wheat (T. durum), barley 
(Hordeum vulgare), chickpea (Cicer arietinum) and pea (Pisum sativum).  
2. Commercial peanut breeding program  
3. Multiple disease resistance in barley (Hordeum vulgare).  
4. Multiple quantitative traits in durum wheat (T. durum).  
5. Physiological traits viz. awn morphology, flowering time, plant height etc.  
6. Mutant transformation i.e waxy less mutant in barley. 

Achievements 
1. By speed breeding program, growing up to six generations per year is possible in wheat, barley, chickpea 
and up to four generations of canola. Speed breeding is also applied in pea, peanuts, grass pea, amaranth, 
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quinoa, Medicago and many more crops. The technique is responsible for the development of “DS Faraday‟ 
wheat variety, which is a high protein, milling wheat with tolerance to pre-harvest sprouting  
2. “Scarlett” is the most extensively cultivated cultivar of barley in Argentina, which is susceptible to many 
diseases. By taking four lines with a modified backcrossing method, resistant lines were developed within 
two years. Moreover, drought tolerance trait in barley can also be achieved by speed breeding Ghosh et al., 
(2018). 
3. “YNU31-2-4”, a Salt tolerant rice variety, was developed with the help of speed breeding. The gene was 
inserted by SNP marker, and the breeding cycle accelerated by speed breeding (14h light/10h dark- 
germination to 30 days of germination, ten h light/14h dark reproductive phase). The tillers were removed, 
and the embryo rescue technique was used to save time before seed maturity. Thus, enabling the 
researchers to get 4 to 5 generations of rice per year. 

Conclusion 
Speed breeding surpasses “shuttle breeding” and produces three times greater number of generations. With 
shuttle breeding, only two generations per year can be achieved, but with speed breeding, up to 6 
generations can be obtained. Accelerated Breeding can contribute to hasten the plant growth to accelerate 
research and development by reducing breeding cycles. Moreover, Speed breeding as a platform can 
combine with several other technologies to get the end result faster. With the success in speed breeding 
particularly in wheat crop, India can also initiate such facilities for quick development of new varieties. 
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In general, when we think about decoration in wedding, functions, ceremonies, parties we go for beautiful 
flowers and gerbera (scientific name: Gerbera jamesonii; family Asteraceae; common names: African Daisy 
or Gerbera Daisy or Transvaal Daisy or Barberton Daisy) is one of the flowers mostly used worldwide for 
decoration. They are mainly grown for their bright flowers and is an important commercial cut flower crop. 
The flowers are in high demand as they stay for a long time without losing their freshness. They originated 
from South Africa and are available in different colours like yellow, pink, salmon, white and orange with 
flower size ranging from 2 to 5 inches across. 
Most of the farmers’ plant gerbera during January to March or June to July considering it as ideal period 
of planting.  As it requires good amount of light, hence, it is mostly not planted during November and 
December.  The major producing states in India are Karnataka, Maharashtra, Tamil Nadu, West Bengal, 
Himachal Pradesh, Jammu & Kashmir and Gujarat. A major advantage of Gerbera is that it can be grown 
all over the country in green houses. 

Area and Production 
All India Flowers Area and Production (Area in ‘000 ha and Production in ‘000MT): 
2015-16 2016-17 2017-18 2018-19 
Area  Production Area  Production Area  Production Area  Production 

Cut Loose Cut Loose Cut Loose Cut Loose 
278 528 1656 306 693  1699 324 823 1962 303 647 2263 
Source: National Horticulture Board (http://www.nhb.gov.in/) 

All India Gerbera Area and Production (Area in ‘000 ha and Production in ‘000 MT): 
Year Area Production 

Loose  Cut 
2015-16 1.15 5.02 20.53 
2014-15 0.90 4.00 21.84 
2013-14 0.82 3.96 17.84 
Source: National Horticulture Board (http://www.nhb.gov.in/) 

Gerbera is affected by many diseases and insect pests. The major diseases of gerbera are alternaria leaf 
spot, bacterial leaf spot, Botrytis blight, powdery mildew, Pythium root rot, Phytophthora crown rot, 
cucumber mosaic virus and the major insects attacking gerbera are mites, thrips, whitefly, aphids, two 
spotted spider mites, slugs, snails, etc., as gerbera is mainly taken in polyhouses as it requires minimum 
conditions like light and well drained soils, neutral and slightly alkaline soils with pH ranging between 
5.5-7.0 and it can be cultivated throughout the year and results in better yields. In protected cultivation 
due to continuous availability of warm, humid and abundant food and also due to absence of natural 
enemies, it makes an excellent stable environment for the nematode development. The damage level 
depends upon type of nematode, season and most importantly type of crop. 
As nematodes get ideal conditions for their survival roundabout the year, hence their population multiplies 
tremendously in protected cultivation. Plant parasitic nematodes like root knot nematode and reniform 
nematodes are of major concern which are endo and semi endo in nature respectively. These nematodes 
carry fungal and bacterial propagules while penetrating into the plant roots leading to the situations like 
disease complexes which are much more difficult to control by the growers. 
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Nematodes and their eggs survive for long time in soils and plant debris. Generally, they spread through 
irrigation water, infested planting materials, hands, shoes, boots, tools, equipment, etc. 

Symptoms 
Above ground: The symptoms resemble to most of the nutrient deficiencies or drought stress. 

a. The stem which appears first is dwarfed and as a result other lateral basal stems are produced. 
Hence, giving the plant to be bushy appearance. 
b. The plants get stunted in patches with unhealthy growth. 
c. The leaves turn pale yellow to dark brown as a result the number of flowers is reduced resulting 
in poor yields. 
d. Sometimes, the plants wilt leading to its death as shown in picture 1. By looking at outward 
appearance farmers generally get confused with salinity and nutrient deficiency problems.  

Below ground:  
a. Gerbera roots are highly sensitive to root knot nematodes.   
b. The below ground symptoms on roots are manifested in the form of small knots or galls as shown 
in picture 2.  
c. In case of multiple infection in the roots, galls may coalesce to form large sized galls. The damage 
to the roots reduces the ability of plant to absorb water and nutrients from the soil leading to wilting 
conditions. 

Management Aspects 
Sanitation: When early symptoms are first noticed then immediately the infected seedlings or plants 
should be rouged out. Other sanitation practices include rapid destruction of infested crop root system 
quickly after harvest and burning them at distant places, sterilizing the hands, shoes, boots, tools, 
polyhouse structures with Formaldehyde (100 ml in 5 litre of water/ sq meter), etc. at the entry points of 
polyhouses. Also, clean uncontaminated water should be used for irrigation. 
Site selection for protected cultivation: Greenhouses should have well drained soils with good 
percolation capacity and should be situated to avoid introduction of nematodes via downstream movement 
of drainage or run off water and soil. The type of soil plays a very important role in the occurrence of 
nematode and disease complex e.g., coarse particle soils increase the disease complex situations between 
root knot nematodes and certain fungi.  
Also, preliminary sampling prior to the harvest in established polyhouses or after destruction of the 
previous crop is necessary for quantifying the nematode population otherwise this type of problems develop 
in newly planted crops because at present no host plant corrective measures are available to rectify the 
problems completely once established. 
Soil solarization: This is most effective technique recommended so far. In this technique, transparent 
thin polythene sheets of 25-30 µm of thickness (not black) are laid on slightly irrigated moist soil for 6-12 
weeks’ period to heat the non-cropped soils to make the temperature lethal to nematodes. Control by solar 
heating is high in upper 30 cm of the soil and is very effective for shallow rooted and short season plants. 
Crop rotation: The growers should not take gerbera crop more than two productive years/ seasons or the 
crop should be rotated with capsicum, marigold etc.  
Other measures:  

a. Use of soil from virgin lands. 
b. Use of soil less media such as coir pith or vermiculite drenched in formaldehyde followed by 
solarization. 

Gerbera farmers can go for enrichment of one-ton FYM or vermicompost with 2 kg of broad spectrum 
bioagents like Pseudomonas fluorescens (c.f.u. 2 X 1012 spores/g)/ Trichoderma harzianum culture (c.f.u. 2 
x 108 spores/g), moistening them and keeping in shade for the multiplication of bio agents. 
They should be thoroughly mixed after every seven days for better aeration and multiplication. This should 
be done on the cemented floor. 
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Pic 1. Poor growth of gerbera crop due to severe attack of root knot nematode 

 
Pic 2. Gall formation on the roots of gerbera infected with root knot nematode 
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Ginger (Zingiber officinale Rosc.) is an important spice belongs to the family Zingiberaceae valued for its 
aroma, flavor and also for it’s medicinal properties. Ginger contains gingerol, an oleoresin that accounts for 
the characteristic aroma and therapeutic properties. Components of gingerol possess beneficial properties 
for the treatment of poor digestion, heart burn, vomiting and preventing motion sickness (Sivakumar et 
al., 2019). It is mainly grown in Nigeria, India, China, Indonesia, Thailand and Nepal. In India, it is mainly 
grown in an area of 1.65 lakh hectares with an annual production of 10.81 lakh MT with productivity of 
6.57 MT per hectare mainly in the states of Karnataka, Assam, Odisha, West Bengal, Madhya Pradesh 
(NHB 2017).   
It grows well in warm and humid tropics from sea level up to 1500 meters above MSL. It is usually grown 
as rainfed crop and moderate to heavy rainfall is ideal. It thrives best in well drained sandy, clay loam, red 
loam or lateritic loam soil rich in humus. It is sensitive to water logging. There are different production 
systems followed in India that depends on soil type, slope, rainfall and management. Ridges and furrows, 
beds and channels, raised beds are some of the methods adopted for raising the crop. Ginger is commonly 
propagated vegetatively through rhizomes. Seed rate varies between 1.0 to 3.0 t ha-1. Seed sizes also varies 
from mini-sett or micro rhizome of less than 5 g to 150 g. But an ideal size would be 25 to 50g. Hence, large 
quantity of rhizome is required (500 kg/acre) because of the low efficiency of vegetative propagation. The 
availability of quality planting material is also low during the cropping season. 
Seed material has to be stored during off-season for about 90 to 120 days between harvest and subsequent 
planting. Seed storage is very essential to maintain good seed health. The seed rhizomes should be stored 
appropriately so that rotting; shriveling, dehydration and sprouting are avoided until the next season. 
Farmers adopt different methods for storage. Storage losses can often be as high as 10-50 per cent. Recovery 
of seed rhizomes at planting was as high as 96 per cent by selecting fully matured rhizomes for storage, 
dipping in a solution of quinalphos 0.05% and Dithane M45 0.3% for 30 min and drying under shade and 
storing in pits. 
To overcome the disadvantages of conventional planting system of seed rhizomes and to produce good 
quality planting material with reduced cost, rapid multiplication of ginger through single bud rhizome 
technology can be done. However, transplanting in ginger is not traditional ractice, it is found profitable. 
A transplanting technique in ginger by using single bud sprouts (about 5 g) has been standardized to 
produce good quality planting material with reduced cost. The yield level of ginger transplants is on-par 
with conventional planting system. The technique involves raising transplants from single sprout seed 
rhizomes in the pro-tray and planted in the field after 30 days (Prasath et al., 2017). 

Technology for Seedling Production 
1. Select healthy ginger seed rhizomes  
2. Selected rhizomes should be treated with mancozeb (0.3%) and quinalphos (0.075%) for 30 minutes to 
control seed borne diseases and pests. Store the treated rhizomes in well ventilated place 
3. One month before planting, the seed rhizomes are cut into single buds with small piece of rhizomes 
weighing 4-6 g 
4. Treat the sprouted buds with mancozeb (0.3%) for 30 minutes before planting to control seed borne 
diseases and to get disease free seedling material. 
5. Fill the pro-trays (50 or 72 cells) with nursery medium containing well decomposed cocopeat and 
vermicompost (3:1) enriched with bio-agents like Trichoderma viride, Pseudomonas, etc. 
6. Plant the ginger bud sprouts in pro-trays at one sprout in one cell 
7. Keep 10 trays one on another and cover the pro-trays with polythene sheet for seven days  
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8. Maintain the pro-trays under 50% shade net house 
9. Give required irrigation with rose cane or micro sprinklers 
10. Seedlings will be ready for transplanting 30-40 days after sowing in pro-trays. 

  
Pro-trays with single bud rhizomes of ginger Pro-trays with ginger seedling 30 days after 

sowing 

  
Ginger Seedling with well-developed root 

system 
Seedling ready for transplanting 

  
Planting of ginger seedlings on raised beds General field view after establishment of 

ginger seed lings 
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Advantages with Single Bud Rhizome Method of Planting 
1. Requirement of less planting material (600-750 kg/ha) 
2. Reduces cost of production by saving seed cost  
3. Establishment of good crop establishment at field level (95-100%) 
4. Early rhizome development i.e., starts from 3 months after transplanting. 
5. Production of disease-free quality seedling. 
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Introduction 
Consequent upon exponential growth in human population in India, use of water in livestock, fishery and 
in agricultural sector is expected to exaggerate. There is continuous demand of more water in many parts 
of the world.  Considering the livestock and agricultural production including fishery there is an urgent 
need of efficient water use technologies with proper water management strategy in the country. Above all 
there is a climate change effect throughout the world, which may alter the distribution of precipitation 
events and will increase irrigation water needs in India. To sustain profitable agriculture and livestock 
production in India there is an urgent need of integrated water use policies. 
In India about 80% of the total water withdrawals are consumed by agriculture and livestock production. 
A minimum improvement in water productivity in agriculture and livestock section will lead to 
considerable water savings. Hence, it is utmost necessity to focus upon improving water productivity in 
India for agriculture and livestock production. In India water productivity in agriculture increasing in 
slower pace. Understanding of basic concept of water productivity and its assessment procedures with a 
database on water productivity in agriculture, livestock and fishery is necessary under growing condition 
of the country. 
India is one of the largest water users in global agriculture. The water is the major determinant of suitable 
agricultural development.  Since 1960 irrigated water plays a major role in feeding the growing world 
population. According to Cai and Rosegrant (2003) irrigation accounts for 70% of global and 90% of 
developing countries water withdrawal. In India about 80% of total water withdrawal used for agricultural 
production. 
A serious challenge is coming ahead as the water resources are stressed and depleting rapidly in the 
country. It is expected that the total annual demand for water will increase from 552 BCM in 1997 to 1050 
BCM by 2025. India has become a water stressed country of the world. In 1951 per capita water availability 
was 5177 cubic meters and in 2011 it has reduced to 1544 cubic meters per year and at present it is below 
the cutoff point of water stress level i.e. 1700 cubic meter.  
The central water commission (CWC) predicted that by 2050 in India the share of irrigation will come down 
to 68%. To coup up the emerging crisis of water shortage the government has initiated many projects. The 
focus on higher agricultural production is with the same amount of water or same amount of production 
with the same amount of water. The objective of agriculture development should be increasing productivity 
per unit water i.e. “Per drop more crop”. 

What is Water Productivity? 
The term water productivity (WP) means to denote the amount or value of product over volume or value of 
water developed or diverted. Moden (1997) defined WP as the physical mass of production or the economic 
value of production measured against gross inflow, net inflow, depleted water, process depleted water or 
valuable water.  
Mathematically WP is expressed as- 
                                                                               Output derived from water use (kg or Rs.) 
Water Productivity (WP) (kg/m3 or Rs./m3) = ------------------------------------------------------  
                                                                                                 Water input (m3) 
In simple term it is defined as the rating of the net benefits from crop, livestock, fishery or from mixed 
farming to the amount of water required to produce the profits. 
There are two types of Water Productivity- mainly: 
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a. Physical Water Productivity- The ratio of the mass of agricultural output to the amount of water 
used. 
b. Economic Water Productivity- The value derived per unit of water used. 

Benefits of Water Productivity 
Direct benefits include crop production, fish production, fodder for livestock and organic matter for soil. 
Also helps to prevent soil erosion. Apart from direct benefit it provides various long-term benefits like 
livelihood improvement, better ecosystem, soil fertility, habitat maintenance etc. 

How to Assess Water Productivity? 
1. Crop Water Productivity (CWP) - Defined the relationship between quantity of crop produced and 
the actual amount of water involved in crop production. 
 
              CWP (kg/m3) =Yc (Kg/ha)/ VETc (m3/ha) 
 

                                 VETc= Etc * 10 
Where, Yc is the crop yield (kg/ha) and VEtc is the total value of seasonal crop evapotranspiration (m3/ha), 
ETc is the seasonal ET of crop (mm). 
2. Livestock Water Productivity (LWP)- According to Peden et al. (2007) LWP is based on principals of 
water accounting and is defined as the ratio of livestock beneficial outputs and services to the amount of 
water depleted and degraded to producing these products and services. Water productivity of milk is 
estimated for the production periods only. The water requirement for animals considered by the water used 
in production of feed and fodder, drinking water, water used for sanitization like cleaning and washing of 
animals and sheds. In egg production water productivity is defined in terms of number of eggs per unit of 
water supplied to the batch of poultry birds. 
3. Fish Water Productivity (FWP) - measured against gross or net inflow of water.  Gross inflow is the 
total amount of water flowing in to the drain from precipitation and surface sources. Net inflow refers to 
the gross inflow plus any changes in storage. e.g. If water is added to storage, net inflow is less than gross 
inflow. 
                                            Pfish         
                                      PWs=   ---------------- 
                                                     Igroas - Inet 

 
Where, PWs is water storage productivity, Pfish is fish productivity, Igross is gross inflow of water in pond/ 
reservoir and Inet is net inflow of water. 
4. Economic Water Productivity (EWP) – Economic water productivity is expressed as income per unit 
of water depleted (Rs./m3). The EWP can be defined as Irrigation Economic Water Productivity (IEWP) or 
Crop Economic Water Productivity (CEWP). 
 
                                 (qmp x pmp) + (qbp x pbp) 
                IEWP =  ----------------------------------  
                                                    Viw 

Where, qmp and qbp are the quantities of the minimum product and by-product (kg/ha) and pmp and pbp are 
the prices of minimum product and by-product (Rs./kg), respectively. Viw and VETc are the volume of 
irrigation water and crop evatranspiration (m3), respectively. 

How to Improve Water Productivity in Crop Production? 
It is proved that 50 to 60% improvement can be done through water productivity in crop production. The 
improvement can be enhanced precisely with proper distribution of water through supplemental and deficit 
irrigation, improved soil fertility, soil conservation, crop choices, tolerance to draught, better crop 
protection measures like resistant against pests and diseases etc. WP also depends on biotic and abiotic 
stress factors. It is also influenced by irrigation technique, soil type, plant type and climatic condition. 
Irrigation methods like Low energy precision application (LEPA) along with water saving farming 



 

 
Volume 04 - Issue 04 - April 2022       552 | P a g e  
 

techniques like drip and sprinkler, zero tillage, mulching, ridge furrow method of sowing, raised bed 
planting, alternate wetting and drying, subsurface irrigation, precision farming etc. 

How to Improve Water Productivity in Livestock Production? 
Total agricultural water consumption includes 20% share of livestock consumption. To improve the 
smallholder production livestock diversification is one of the key strategies. Reduction of water 
consumption in livestock sector will definitely improve total water productivity. In livestock sector mainly 
feed and sanitation are the prime area of water consumption. Drinking water plays a negligible amount of 
water utilization. Animal manure also plays a significant role along with meat and milk production in 
LWP.  
Several scientists (Peden et al., 2009; Descheemaeker et al., 2010; Herrero et al., 2010) given various 
suggestions regarding LWP.   
1. Animal Husbandry practices- Use of improved breed for production, prevention and control of diseases 
etc in livestock sector. 
2. Overall water management strategies- Strategic placement and regular monitoring of watering points, 
integration of livestock production with agricultural irrigation system. 
3. Strategic feeding of livestock- More suitable grazing and agronomic management, appropriate crop and 
cultivar selection for livestock, optimal use of multipurpose feed, timber and forest products, etc. Improving 
nutritional quality of feed and agricultural by-products or crop residues as livestock feed. 

How to Improve Water Productivity in Fishery Sector? 
The ratio between proper water uses and total fish production is the outcome of water productivity in fish 
production. Water use in fishery sector calculated by accounting water required for feed and the water 
evaporated from the pond or reservoir. The total mass or value of the fish production is to be divided by the 
water use.  In extensive system maximum 40,000 litres of water is used and in super intensive system it is 
500 to 800 litres for per kilogram of fish production. The cage system is ideal for enhancing WPF. The 
irrigation system in agriculture may be integrated with fishery sector for maximum water productivity.   
Descheemaeker et al. (2013) suggested that WP in aquaculture may be improved by using good quality 
water, productive brood stock or using a combination of non-competing species in aquatic system. 

Conclusion 
The water productivity (WP) in agriculture, livestock and fishery sector could be efficiently used by 
adopting proper and strategic policy in agricultural sector. The need for WP in Indian agriculture is utmost 
necessity considering the water crisis in the country especially where ground water is used in agriculture 
system. The FPOs, SHGs or Kisan Mitra groups can easily implement the government policy and make a 
mass awareness programme for the farmers. The judicious use of water in Indian agriculture system will 
definitely support the theme of “Per drop more crop”. 
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Abstract 
Intercropping is the growing of two or more crops in close proximity to promote beneficial interactions 
between them. An increased vulnerability of crops to insect pests, diseases, insecticides resistance and 
environmental pollution occur due to the adoption and expansion of monocultures that has decreased the 
abundance and activity of natural enemies by destruction of critical food resources and overwintering sites. 
So, adoption of suitable intercropping combination is necessary in present time to tackle the 
agroecosystems from vulnerability of crops to pest outbreaks and other environmental problems. 
Intercropping is useful not only in reducing the pest and disease problems but also in maintaining the 
fertility of soil. As it is less effective as sole control measure, it must be combined with other practices for 
better management of pests. 

Introduction 
Intercropping is the agronomic practice of growing two or more crops in the same field at the same time 
(Andrews and Kassam, 1976).  It is included under the broader term "polyculture" but also encompasses 
combining crops and weeds intentionally and combining crops with beneficial non-crop plants, such as cover 
crops or nursery crops (Andow, 1991a). According to Perrin and Phillips (1978), mixtures of crop cultivars 
is included in intercropping, because such combinations may possess some of the advantages associated 
with conventional intercropping. In agricultural areas where labour is the primary resource and reduction 
of risk is the primary concern, polyculture systems have been developed that give higher and more secure 
yields than monoculture (Perrin, 1977). Successful intercropping systems often are characterized by greater 
efficiency in the use of solar radiation, nutrients, and soil moisture when compared with monocropped 
production under the same conditions (Perrin, 1977; Kass, 1978; Vandermeer, 1989; Andow, 1991b). In the 
first decades of the twentieth century, intercropping was common in temperate regions (Andow, 1983). 
Although generally considered inappropriate for the mechanized, chemical-intensive agriculture of 
industrialized nations, intercropping methods might improve the production of high-value, labour-
intensive fruits and vegetables in places like the United States (Risch et al. 1983, Capinera et al. 1985). 

 

Components of Intercropping 
1. Spatial arrangement  
2. Plant density 
3. Maturity date  
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4. Plant architecture. 

Types of Intercropping 
1. Row intercropping: It refers to two or more crops grown together at the same time with at least one 
crop planted in rows.  
2. Strip intercropping: It refers to growing two or more crops together in strips wide enough to permit 
separate crop production using machines but close enough for the crops to interact.  
3. Mixed intercropping: It has no distinct row or strip arrangements.  
4. Relay intercropping: It is used for planting in succession, where a second crop is planted into a 
standing crop at the reproductive stage before harvesting. 

Benefits of Intercropping 
1. Reduce damage to cash crops  
2. Attract beneficial organisms  
3. Decrease the use of external inputs (e.g., insecticides, herbicides, fungicides)  
4. Enhance biodiversity  
5. Increase productivity 
6. Decreased insect pest pressure 
7. Lower economic risk. 

Ways in which Intercropping Reduce Pest Damage 
1. Individual plants might be more difficult to find because they are usually more dispersed in intercropped 
systems. 
2. Certain plant species might serve as trap crops, diverting pests from other crops. 
3. Some crops might have a repellent effect on herbivores. 
Table 1. Examples of Intercropping: 
Sl. No. Intercropping Pests to be managed Factors Involved 
1.  Potato/Tomato + Maize Colorado Potato beetle Physical barrier 
2. Tomato + Cabbage Diamond Back Moth Chemical repelency or masking 
3. Safflower + Wheat Termite Root exudates from safflower 

plant 
4. Desmodium + Maize Maize stem borer Push-pull strategy 
5. Coriander + Chickpea Gram Pod borer Chemical repellency 
6. Onion + Mustard Mustard aphid Chemical repellency 
7. Groundnut + Sorghum Groundnut thrips Physical barrier 

Table 2. Examples of trap crop used as intercrop: 
Sl. No. Main crop Trap crop Pest controlled 
1. Bengal gram Marigold Heliothis spp. 
2. Cowpea Cotton Heliothis spp. 
3. Soyabean Corn Heliothis spp. 
4. Bean Soyabean Mexican bean beetle 
5. Beans and other 

legumes 
Corn Leaf hoppers, leaf beetles, stalk borer, 

fall armyworm 
6. Sunflower Cotton/ marigold Heliothis spp. 
7. Groundnut Cowpea Leaf folder 
8. Mustard Cabbage Cabbage head borer 
9. Cotton Marigold Heliothis spp. 

Alfalfa Laygus bug 
Cowpea(1:5 cotton) Heliothis spp. 
Chick pea Heliothis spp. 
Corn (1:20 cotton) Heliothis spp. 

10. Tomato Cabbage Diamond back moth 
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Marigold (2:14 tomato) Tomato fruit borer and Root knot 
nematode 

11. Brinjal/ egg plant Corriander/ fennel (1:2 
brinjal) 

Shoot and fruit borer 

12. Cabbage Raddish (1:15 cabbage) Flea beetle 
 
 
 

Indian mustard (2:25 
cabbage) 

Diamond back moth 

Nasturtium Aphids, Flea beetle, cucumber beetle 
13. Raddish Cabbage family Flea beetle, Root maggot 
14. Potato Marigold Nematodes 

(Dewangan and Sahoo, 2014) 

Theories Involved in Intercropping 
1. The disruptive crop hypothesis: It states that certain intercrop species will disrupt the ability of a 
pest to attack the main crop. It includes both the resource concentration hypothesis and the fly-paper effect, 

a. Resource Concentration Hypothesis: It argues that the presence of a more diverse flora has 
direct negative effects on the ability of insect pests to find and utilize the host plant and to remain 
in the crop habitat. When this is adapted to consider the effects of intercrops on specialist pests, it 
states that pests will 

i. Be less able to find their hosts because of visual and olfactory interference with their search 
pattern  
ii. Tend to stay for less time because of the disruptive effect of landing on non-host plants 
iii. Have lowered survival and fecundity. 

b. The fly-paper effect: It states that herbivores may be lost to non-host plant surfaces. The time 
spent by the herbivore searching and probing diversionary intercrops may reduce the time and 
energy invested in damaging main crops and may increase mortality among potential pests before 
they affect the main crop. 

2. Natural Enemy Hypothesis: It argues that pest numbers are reduced in more diverse systems because 
the activity of natural enemies is enhanced by environmental opportunities prevalent in complex systems. 
It states that “Natural enemies are expected to be more abundant in complex environments and thereby 
suppress herbivores more efficiently”. 
3. Trap crop hypothesis: It refers to the ability of a more attractive intercrop to draw the pest away from 
the main crop. 
4. The hypothesis of "associational resistance: It states that the taxonomic and microclimatic 
complexity of diverse systems will reduce herbivore outbreaks. 

Conclusion 
Polyculture plays an important role in reducing densities of monophagous herbivores more often than 
densities of polyphagous herbivores. In addition, it favours some generalist predators, but is more likely to 
impede the efficiency of specialist parasitoids. Intercropping often reduces plant quality relative to 
monoculture. The greatest difficulty in designing field tests of intercropping effects on arthropods is 
determining the appropriate scale of plots and distance between plots. Some arthropods may perceive a 
patchwork of monocropped and intercropped plots as one large polyculture. Small clustered plots will 
increase the influence of patch borders on searching and the likelihood that arthropod density in one 
treatment plot is influenced by the arthropod's attraction to or rejection of a distinct adjacent treatment 
plot. Plot size will affect the ability of herbivores and natural enemies to find hosts, their foraging behaviour 
within the plot, and the rate at which they leave the plot. Future efforts to determine the usefulness of 
polyculture for pest suppression should emphasize on-farm studies. Synergistic effects may be 
demonstrated by testing intercropping in combination with other pest control strategies such as host-plant 
resistance, augmentative biological control and selective pesticides. If polyculture can be used to reduce 
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pesticide applications in some instances, it may be a useful tool for managing pesticide resistance and 
enhancing biological control. Only by testing the results of laboratory and experiment station research 
under working farm conditions will it be possible to develop a practical theory of pest suppression through 
polyculture. Although theoretical generalizations may provide a useful foundation for planning such 
studies, we recognize that the results will depend on the biologies of specific insects and the cropping 
systems involved. 

Reference 
1. Andow, D. (1983). Effect of agricultural diversity on insect populations, In W. Lockeretz [ed.], environmentally sound 

agriculture. Prager, New York. pp. 91-115.   
2. Andow, D. (1991a). Vegetational diversity and arthropod population response. Annu. Rev. Entomol, 36: 561-86.  
3. Andow, D. (1991b). Yield loss to arthropods in vegetationally diverse agroecosystems. Environ. Entomol, 20: 1228-1235.  
4. Andrews, D. J., and A. H. Kassam. (1976). The importance of multiple cropping in increasing world food supplies, In R. 

1.Papendick, P.A. Sanchez, and G. B. Triplett [eds.], Multiple cropping. Special Publication 27. American Society of Agronomy, 
Madison, WI, pp. 1-10. 

5. Capinera, J. I., T. J. Weissling, and E. E. Schweizer. (1985). Compatibility of intercropping with mechanized agriculture: effects 
of strip intercropping of pinto beans and sweet corn on insect abundance in Colorado. J. Econ. Entomol, 78: 354-357. 

6. Dewangan, S. R. and Sahu, G. D. (2014). “Trap Cropping- A Valuable pest management technique”, Popular Khetti, 2(3): 131-
134. 

7. Kass, D. C. I. (1978). Polyculture cropping systems: review and analysis. Cornell International Agriculture Bulletin 32, Cornell 
University, Ithaca, NY. 

8. Perrin, R. M. (1977). Pest management in multiple cropping systems. Agro-Ecosystems, 3: 93-118.  
9. Perrin, R. M., and M. 1. Phillips. (1978). Some effects of mixed cropping on the population dynamics of insect pests. Entomol. 

Exp. Appl, 24: 385-393. 
10. Risch, S. J., D. Andow, and M. A. Altieri. (1983). Agroecosysrem diversity and pest control: data, tentative conclusions, and 

new research directions. Environ. Entomol, 12: 625-629. 
11. Vandermeer, J. (1989). The ecology of intercropping. Cambridge University Press, Cambridge, UK. 
  



 

 
Volume 04 - Issue 04 - April 2022       561 | P a g e  
 

Scientific Cultivation of Dragon Fruit 
Article ID: 36695 

Abhishek Pratap Singh1, Tripti Singh2, Vipin Kumar Mourya3 
1Research Scholar, Department of Fruit Science, 

2Research Scholar, Department of Bio Science, 
3Research Scholar, Department of Fruit Science, 

1,3Acharya Narendra Deva University of Agriculture & Technology, Kumarganj Ayodhya, 2Integral 
University Lucknow. 

 
 

 
Botanical Name – Hylocereus undatus/Selenecerus undatus 
Family – Cactaceae 
Genus – Hylocereus  
Chromosome No -2n = 22 
Origin - South America  
Type of Pollination - Self 

Introduction 
Dragon fruit is a vine Cactus related to the member of Cactaceae it consists of two separate genera namely, 
‘Hylocereus’ and ‘Selenecerus’, there are 3 types of dragon fruit in the genus Hylocereus and one species in 
the genus Selenecerus. 
It is also known as Pitaya, strawberry pear, night-blooming cereus. In this most commonly name use of 
Dragon fruit is ‘Pitaya’, the pitaya is native to the tropical areas of North, Central, and South America. 
Dragon fruit was found in Vietnam by the French over a hundred years ago. The Dragon fruit was 
introduced by home gardens in India in the 1900s. 
It gained wider popularity among farmers due to its profitability and the fact that it needed lower inputs 
once established. This Dragon fruit has a unique appearance with bright red, purple, or yellow-skinned 
varieties and prominent scale. The shape of the Dragon fruit is oval, elliptical, or pear-shaped. The flesh 
part is either red or white with all black seeds dotted all over the whitish area. 
Dragon fruit has consisted of three parts- pulp (47.40-73.76%), peel (36.70 – 37.60%), and seed (2.70 – 
14.67%). Dragon fruit is very healthy due to its nutritional properties such as minerals, carbohydrates, 
dietary fibers, and antioxidants, it is well-known for its rich vitamin C, phosphorus, and calcium. 

Varieties 
Dragon fruits have several different varieties, in these best varieties are: 
1. Hylocereus undatus: This fruit length is 6 – 12 cm and thickness is 4 – 9 cm. It is also known as Pitaya 
Blanca, White fleshed pitaya. This dragon fruit variety has pink skin, black seeds, and white flesh. 

 
2. Hylocereus Polyrhizus: Its princely state is Mexico, but now it is grown in many countries. It is also 
known as Red Pitaya; it is considered by its red flesh with its pink skin. 
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3. Hylocereus costaricencis: This fruit has violet-red flesh with a pear shape of black seed. It has pink 
color skin. It is also known as Costa Rican Pitaya, Pitaya Roja & Red fleshed pitaya. It is found in Costa 
Rica. 

 
4. Hylocereus Selenicereus: It is also known as Pitaya Amarilla, Yellow pitaya, Selenicereus 
megalanthus. This variety is princely to South America, and it has white flesh with yellow skin. 

 

Nutritional Properties 
Dragon Fruit is a unique tropical plant that has multiple benefits for human health it has high nutritional 
value and bioactive compounds as shown in table 1. All the parts of fruit (stem, flower, peel, pulp) have 
beneficial biological activities against pathogenic microbes like viruses, fungi, and bacteria, and diseases 
like diabetes, obesity, hyperlipidemia, and cancer. 
(Table-1) The nutrient value of Dragon fruit’s edible part per 100g: 
Compounds Amounts Compounds Amounts 
water 87g Vitamin B1 0.04mg 
Fat 1.1g  Vitamin B2  0.05mg 
Protein  0.4g Vitamin B3 0.16mg 
carbohydrate 11.0g Vitamin C 20.5mg 
iron 1.9g Calcium 8.5mg 
fibers 3.0g Phosphorous 22.5mg 
Glucose 5.5g fructose 1.9g 

Note: - Nutritional properties are depending on its species, climate, harvesting time, and origin. 
Cultivation: Dragon fruit required a dry tropical, subtropical climate with a temperature of 21 to 29℃ but 
it can also stand at 38-40℃ for a short period. This fruit crop requires sunshine and rainfall 600 to 1300 
mm.  
Soil: Dragon fruits are required Sandy soil.  It grows well if it has Soil of pH 5.5 to 6.5.  
Planting: Dragon fruit spread through seeds and stem cutting. In spreading seed, it takes 4 to 5 years to 
produce flower and fruit, while stem cutting plantations produce flower within 3 years. 
The length of the young plant should be 20cm and it should be taken from the mother plant and kept in 
shade for 5 to 7 days before doing planted in the field. Distance between planted is horizontal 1.40 to 1.60m 
and vertical 1 to 1.20m.  
Irrigation: Dragon fruits are required daily irrigation by drip irrigation method. The plant needs to make 
sufficient reserves for the development of fruit. 
Due to over-irrigation in that crop which results in fruit splitting, flower dropping, yellowing of plant. 

Disease 
Dragon fruits are facing many problems, especially diseases and pests that are causing loss of yield such 
as anthracnose, bacterial fruit soft rot, yellow cladode- brown spot, fruit flies, etc. 
1. Fruit soft rot: Fruit soft rot is one of the major problems, which affects the yield of the crop very badly. 
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Symptoms: Generally, this disease starts with rotting the fruit when it is in its budding and 
flowering stage (2-3 days after flower opens). On the young fruit stage, it looks like blistering water 
or tiny bubbles on the skin of the fruit. 
Causing agents: Main causing agents are Erwinia chrysanthemi and Rhizopus spp.  
Disease Management: Cultural practices, biological control, and chemical treatments. 

2. Yellow Cladode-brown spot: This disease is mostly seen in the South. It also reduces the yield.  
Symptoms: It usually occurs in the dry season and pops up on the top of the plants. Initially, a tiny 
point or dot-like appears, that is reddish-brown on the stem. Scabs are surrounded by a yellow halo 
and spots expansions will cause enlarged yellow areas.  
If in rainy seasons further infections attack, then it gets damaged completely. This disease can 
attack at any point from young to old.  
Causing Agent: Two main causing agents are found- 1) Bipolaris crustacea and 2) Fusarium 
equiceti.  
Disease Management: Mancozeb and iprodione were the best treatment to completely inhibited 
mycelium growth of B. crustacea and mancozeb + metalaxyl, fosetyl aluminum, and tebuconazole + 
trifloxystrobin showed no fungal growth thereby indicating 100 percent inhibition of F. equiceti.  

3. Stem Canker Disease: This disease is mainly recorded in Israel, Taiwan, and China. Its losses 20-25% 
of the fruit. 

Symptoms: It is also known as white spot; brown spot disease affects at a different stage of the 
plant, and it reduces the yield of fruits. Initially, it appears on the surface of fruits that look like a 
small circular pinprick, after someday it looks like a white spot or yellowish. 
Causing Agent: Neoscytalidium dimidiatum. 
Disease Management: Field sanitization, cultural practices, healthy seeding, chemical use. 

Harvesting 
Dragon fruit gets ready to reap in 25-35 days after its flowering. When fruits are fully grown then the fruit’s 
colors change from bright green to red is indicating the fruit is ready to harvest. And the leaf of dragon 
fruit will also start to decay or turn in brown. 
Period: Plant bears fruit for 5 months every year, usually from summer to mid-fall. The favorable time for 
fresh dragon fruit to boom is in summers. August and September are peak months. 
Storage: Dragon fruit has a short shelf life but normally dragon fruit can be kept for a few days. If 
otherwise to be kept for longer, therefore sealing it in plastic in the refrigerator. If once cut, eat fruit 
immediately or store it in the refrigerator until it begins to get rotten. The stored fruit remains fresh for 
up to 5 days and in the freeze, it remains for up to 3 months. It is suggested to harvest it before it gets fully 
ripened while being in transit. 
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Introduction 
Oyster mushroom is scientifically known as Pleurotus. It is very popular in China, Japan and various other 
East Asian countries including India. Its shape is like an oyster or big spoon with stalk on one side and 
gills on the lower side. 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. Number of species of Pleurotus have been cultivated as a result of which we get oyster 
mushrooms of all colours like white, grey, yellow, pink, etc. Some of the commonly cultivated species are 
Pleurotus oesteratus, P. sapidus, P. florida, P. sajor-caju, P. djamor, P. eous, P. citrinopileatus, P. 
flabellatus, P. eryngii etc. 
It is a good source of iron supply in the body. 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. 

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 
We spawn the pasteurized straw @ 2-3% spawn on wet weight basis. Two-five kg wet substrate can be filled 
in each bag. In other words, one kg dry straw will require about 100 g of spawn. Spawn can be mixed 
thoroughly or put in layers inside the bag. Bags are kept inside room or any hut and can be kept on ground 
or in tiers as in button mushroom or can be hung from the roof or rack with the help of nylon rope. Small 
perforations are made in the bags. Bags are kept at temperature 24±2°C. Spawn run takes about two weeks 
when whole bag becomes white. No light or fresh air is required for spawn run. Rather it is better to keep 
the rooms closed.  
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.  
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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 its 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. For induction of fruiting, the bags 
require diffused light and fresh air for 3-4 hours daily for production of normal fruit bodies. Large holes 
can be made in the bag or whole of polythene can be removed. In 3-4 flushes, one kg of dry straw can yield 
0.5 to 1.0 kg fresh mushrooms. The temperature during cropping is kept around below 20°C or around 25°C 
(depending upon the species) and humidity is maintained above 85%. Temperature requirement will vary 
with the species. The development of colour will vary with temperature and duration of fruit-body on the 
bag. 

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. 

Harvesting and Post-Harvest Storage 
We harvest the mushrooms by twisting and we may cut any straw of substrate that may be there on the 
stalk. Do not water the bags before harvesting. We can easily sun dry oyster mushroom in open or in 
cabinets. The drying temperature should not be high (>60°C) as mushrooms dried at higher temperature 
do not rehydrate properly and also have poor smell. 
We can powder the dried mushrooms and powder can be added to biscuits, various other bakery products, 
health foods, etc. We can also make pickle of oyster mushroom after blanching just like button mushroom.  
As this mushroom produces lot of spores, workers should invariably wear masks inside the cropping room. 
A few people may be allergic to mushroom spores. The cultivation method of this mushroom is the easiest. 
Cost of cultivation is around Rs. 20-30 per kg under natural conditions. 
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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 its by-products for the sustainable development of farmers and their health 
benefits so that an alternative source is kept for financial support. 
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Abstract 
Plants are important sources for medicine as well as for drug development. Besides, plants' secondary 
metabolites are unique sources for pharmaceuticals, food additives, flavors, and other industrial values. 
The commercial importance of these secondary metabolites has resulted in a great interest in its production 
and in exploring possibilities of enhancing its production using tissue culture technology in recent years. 
Work has been done on evaluating the antioxidant, anti-microbial, and anti-diabetic activity of different 
secondary metabolites which have been extracted from various plants. Phyto-compounds are known to play 
a major role in the adaptation of plants to their environment, but also represent an important source of 
pharmaceuticals. The use of plants and their extract for the preparation of herbal drugs provides the 
foundation for modern therapeutic sciences. 

Secondary Metabolites 
Metabolites are the intermediates and products of metabolism. The term metabolite is usually restricted 
to small molecules. Metabolites have various functions, including fuel, structure, signaling, stimulatory 
and inhibitory effects on enzymes, the catalytic activity of their own (usually as a cofactor to an enzyme), 
defense, and interaction with other microorganisms. Plants produce a vast and diverse assortment of 
organic compounds the great majority of which do not appear to participate directly in growth and 
development. These substances traditionally referred to as secondary metabolites, often are differentially 
distributed among limited taxonomic groups within the plant kingdom. The evolving commercial 
importance of secondary metabolites has in recent years resulted in great interest, particularly in the 
possibility of altering the production of bioactive plant metabolites using tissue culture technology. 
Secondary metabolites are a wide range of active compounds and are biosynthetically derived from primary 
metabolites. They are more limited in their distribution in the plant kingdom. They vary in quality and 
quantity for a given plant species growing in different locations. They are frequently accumulated in 
smaller quantities tend to be synthesized by specialized cell types at distinct developmental stages. 
Many of the plant secondary metabolites are constitutive, exist in healthy plants in their biologically active 
forms, but others occur as inactive precursors and are activated in response to tissue damage or pathogen 
attack. The beneficial medicinal effects of plant materials typically result from the combinations of 
secondary products present in the plant such as alkaloids, steroids, tannins, flavonoids, resins, fatty acids, 
etc. Out of the total number of secondary metabolites reported in the dictionary of natural products, 33,000 
are terpenoids, 16,000 alkaloids, and 8,182 flavonoids. These being an integral part of the basic metabolism 
also have an ecological role and are often involved in plant protection against biotic or abiotic stresses. 
Some secondary metabolites such as flavonoids are also involved in cell pigmentation in flower and seed, 
which attract pollinators, seed dispersers and are also involved in plant reproduction. Moreover, plant 
secondary metabolites have pharmaceutical properties effective for human health. 

Rose 
The secondary metabolites present in Rose plants are alkaloids, anthraquinones, flavonoids, phlorotannins, 
glycosides, saponins, steroids, tannins, and terpenoids. Rose petals of Rosa rugosa are characterized by a 
high content of various biologically active compounds, such as anthocyanins (glycosides, such as cyanidin, 
pelargonidins, and peonidin), flavonols (including derivatives of kaempferol and quercetin), flavan-3-ols, 
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and their derivatives, procyanidins and proanthocyanidins, a large group of ellagitannins and phenolic 
acids, such as gallic, ellagic, quinine, and essential oils. Rosa rugosa petals are a rich source of phenolic 
compounds, which determined their antioxidant properties. In the petals of Rosa rugosa, four anthocyanins 
have been identified: cyanidin 3,5-di-O-glucoside, peonidin 3-O-sophoroside, peonidin 3,5-di-O-glucoside, 
and peonidin 3-O-glucoside Moreover the petals of Rosa rugosa are a valuable source of bioactive 
compounds and can be considered as a healthy valuable resource. 
The leaves, stems, and flowers of Rosa indica have bacteriocidal effects on pathogenic micro-organisms. 
The tea prepared by brewing of leaves and petals of R. indica are known to lessen fever and common cold, 
also acts as a diuretic, and uses to remove the toxins from the body. It is also known to relieve chest and 
bronchial congestion. Due to the nutritional value of rosehip, it is added in cooking for the enhancement of 
nutrition, and also when added it gives beautiful color as well as flavor too. Their antioxidant activity is 
due to their content in polyphenols, vitamins C, E, B, and carotenoids and these compounds may have 
synergistic effects. Oil extracted from a rose is used in treating various skin problems, and also helps to 
moisturize the skin, making it smooth and relieving skin irritation. 
Rosa species there are also lipid-soluble antioxidants such as carotenoids and tocopherols. The distinct 
orange to red color of rose hips is formed as a result of various carotenoids. The most abundant of these is 
β-carotene and lycopene, followed by β-cryptoxanthin, rubixanthin, zeaxanthin, and lutein. 
Damask rose, is extensively cultivated for essential oil and medicinal aspects in Bulgaria, Turkey, India, 
and Iran. Rose oil is the most expensive essential oil in the world market that is why it is called 'liquid 
gold'. The common chemical compounds present are Citronellol, Geranol, Nerol, Linalool, Rose oxide, 
Geranyal Acetate. Essential oil of rose is extensively used in perfumery and cosmetic industry as a base 
constituent for its strong fragrance. 

Jasmine 
The traditional use of this plant suggests analgesic, antidepressant, anti-inflammatory, antiseptic, 
aphrodisiac & sedative effects. Essential oil of J. sambac is used as a fragrance for skincare products. 
Jasmine oil and absolute reduce skin inflammation, tones the skin, and lifts mood. Jasminum grandiflorum 
has diuretic and emmenagogue properties. The fresh juice of leaves is applied to corns, and the leaves are 
chewed and used in the treatment of ulcerations of the mouth. The leaves contain resin, salicylic acid, and 
an alkaloid named jasmine. Jasminum sambac is used for the treatment of skin diseases, ulcers, and fever. 
The plants are widely used as traditional medicine in India for skin disorders. It contains alkaloids, 
glycoside, flavanoid, terpines, tannin, resin, and salicylic acid. Jasminum sambac Linn is commonly known 
as “mogra". The Plant is considered as cool and sweet; it is used as a remedy in case of insanity, weakness 
of sight, and affections of mouth. Jasminum species has been used to treat dysmenorrhea, amenorrhea, 
ringworm, leprosy, skin diseases, and also as an analgesic, antidepressant, anti-inflammatory, antiseptic, 
aphrodisiac, sedative, expectorant therefore an attempt has been made to enumerate some of Jasminum 
species used for the alleviation of ailments. 
Although there are over 100 constituents found in jasmine oil the main chemical components are Benzyl 
acetate, Linanoll, Benzyl alcohol, Geranol, Cis- jasmine. Jasmine oil is non-toxic, non-irritant, although 
some people have an allergic reaction to the oil. Jasmine oil helps in delivery in childbirth, muscle pain, 
stiff limb. It is also used in the preparation of lotion and helps to reduced scare. 

Marigold 
Tagetes species, popularly known as marigold ‘Mary’s gold’ because they were considered to be the Virgin 
Mary’s flowers. Marigolds are categorized into two basic types: the large-flowered African marigold and the 
smaller-flowered French marigold (Tagetes patula). Tagetes includes several species of economic 
importance, namely: Tagetes erecta, Tagetes filifolia, Tagetes lacera, Tagetes lucida, Tagetes minuta, 
Tagetes patula, and Tagetes tenuifolia.  
Tagetes patula (Asteraceae), grows in gardens as an ornamental plant across the globe and is used for the 
preparation of high-grade perfumes in France. The majority of Tagetes patula is related to its content of 
important active constituents mainly essential oil which is known for its antibacterial and insecticidal 
properties.  It contains Carotenoids which are used as food additives, possessing anti-cancer and anti-aging 
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effects; thiophenes with a marked biocidal activity. These comprise galenine, lutein, zeaxanthin, lycopene, 
βcarotene, α-carotene, and y-carotene. Further, carotenoids can be distinguished into those with pro-
vitamin A activity, and those without pro-vitamin A activity. T. patula contains lutein, and zeaxanthin 
which is effective antioxidants, protecting important bimolecular and cells against damage caused by free 
radicals. Lutein and zeaxanthin do not have any pro-vitamin A activity, but β-carotene has pro-vitamin A 
activity. Tagetes patula flower extracts have a wide range of biological activities, such as antispasmodic, 
emmenagogue, fungicidal, sudorific, and vermifugal. The plant extract is used for the treatment of athlete's 
foot, ringworm, and the absence of menstruation. The essential oil extracted from aerial parts of T. patula 
yielded 0.17%. And the main compounds of the oil were piperitone, trans-β-ocymene, erpinolene, 
βcaryophyllene, myrcene, limonene, cis-β-Ocymene, linalool, β-Farnesene, epoxy-ocymene, germacrene-D, 
and bicyclogermacrene. The essential oil extracted from the tagetes plant is useful in cases of skin 
infections, fever, vomiting, and has a healing effect on wounds, cuts, calluses, and bunions. It helps to 
inhibit fungal infections on the skin such as athlete's food. 

Carnation 
It contained triterpenes, alkaloids, coumaruns, cyanogenic glycoside, cyanidin, pelargonidin, the yellow 
isosalipurposide, essential oil, volatile oil, and many other chemical contents. Twelve volatiles are 
identified by gas chromatography-mass spectrometry (GC-MS) as the main components of carnation flower 
oil. The major components were phenyl ethyl alcohol, eugenol, hexyl benzoate, hexenyl benzoate, benzyl 
benzoate, benzoin, nootkatone, benzyl salyicylate, m-cresyl phenyl acetate, hexadecanoic acid, and 
eicosene. Pharmacological studies revealed that the plant possessed anticancer, antiviral, antibacterial, 
antifungal, insecticidal, repellent, antioxidant, reno-protective, anesthetic, and analgesic effect 
It is used in the perfumery, 500kg of flowers produce 100g of oil. It was used traditionally in the treatment 
of throat and gum infections, in the treatment of wounds, as cardiotonic, diaphoretic, alexiteric, vermifuge, 
and for the treatment of the gastro-intestinal disorder. Meanwhile, in China, Japan, and Korea it was 
traditionally used in the treatment of wounds and gastro-intestinal disorders, and various other ailments. 
Besides, it was traditionally prescribed in European herbal medicine to treat coronary and nervous 
disorders. The flowers were considered alexiteric, antispasmodic, cardiotonic, diaphoretic, and nervine. The 
plant has been used as a vermifuge in China. For a long time, the carnation was used as medicine and 
spices. Essential oil of a carnation was applied to improve memory and restore forces. Also, oil was used to 
heal wounds, relieve dizziness and lift appetite. 

Orchid 
Orchids belong to the Orchidaceae family the largest group of flowering plants in the Angiosperm 
monocotyledons spread on our planet. Several classes of phyto-constituents are isolated from 
therapeutically‐used orchids showing great chemical diversity. Among them, phenolic derivatives have 
been studied for their biological activities, especially in the field of cancer, inflammation, and 
neurodegeneration 
The use of orchids in herbal medicine has a very long history. For ages, several orchids have been used as 
herbal remedies for the treatment of several diseases such as pains, inflammations, and infectious diseases. 
Phenantropyrans, stilbenoids, and alkaloids are considered the most promising orchid derivatives with an 
interesting therapeutic perspective 
In herbal medicine, orchids enjoy a good reputation as effective remedies mainly in China, where several 
species are included in the Chinese Materia Medica (Shen Nung Pen‐tsao Ching). Orchids belonging to the 
Dendrobium genus have been used as stomachic, tonic, aphrodisiac, anti‐pyretic, diaphoretic, and anti‐
inflammatory agents. D. nobile Lindl is used in China since 200 BC as a tonic, aphrodisiac, and to assure 
longevity. Its stems are used to calm thirst, to reduce dryness of the mouth, and to recover from sickness. 
Orchids of the Epidendrum genus are used in the American tropics to treat sores on the lips. In South 
Africa, several orchids are used for the management of infectious diseases and infertility. In India, they 
are mainly exploited as wound healing agents. In the Himalayas region, orchids tubers are used to treat 
kidney and urinary disorders. In Dendrobium moniliforme (L.) the compounds moniliformediquinone, 
denbinobin and annoquinone are found and they are considered as the active compounds of the plant 
extract responsible for the anti‐inflammatory effects. 
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Conclusion 
The vast and versatile pharmacological effects of medicinal plants are dependent on their phytochemical 
constituents. Secondary plant metabolites are classified according to their chemical structures into various 
classes. There are several classes of secondary plant metabolites that are responsible for the biological 
activities of herbal medicines. Eventually, secondary plant metabolites exert their action on molecular 
targets that differ from one case to the other. These targets may be enzymes, mediators, transcription 
factors, or even nucleic acids. The use of herbal medicines should be based on comprehensive phytochemical 
studies for the determination of the chemical constituents of the herbs involved. Hence the knowledge of 
the resultant pharmacological and toxicological effects can be deduced, as well as the possible synergistic 
or antagonistic effects due to the use of multiple components of herbal formulae. For this reason, the 
isolation and structural elucidation of secondary plant metabolites, though ancient, is still a huge and fast-
growing approach, and the techniques used for separation and analysis are advancing continuously. 
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Abstract 
Wild boars (Sus scrofa L.) are globally widely distributed, and their populations have increased during 
recent decades. Encounters between humans and wild boars are rare because of the predominantly 
nocturnal lifestyle of the latter, and wild boar management by hunting is a challenging task. Animal 
activity patterns are important for understanding the behaviour of a species. However, knowledge of 
detailed temporal patterns and an understanding of the drivers of wild boar activity at a fine temporal 
scale are lacking. Crop damage by wild animals is a severe problem in most of the areas all over India. 
Field surveys Showed that on an average 36% of the crop were damaged by wild animals. We investigated 
the nature. And extent of human-wild boar conflict in southern India. Damage to agricultural crops by wild 
boar Was enormous and widespread. They fed on all phenological stages, especially vulnerable stage of the 
Crop. Damage to Zea mays, Arachis hypogea, Sorghum vulgare, Oryza sativa, some pulses and Vegetables 
crops were ranged between 10-75%, 5-56%, 5-30%, 10-35%, 5-20%, 10-30%, respectively in southern 
Telangana areas. The incident of damage was very high in crop fields adjacent to forest Areas, this resulted 
into direct conflict between people and wild boar. The present study enlists the Various Indigenous 
Traditional Knowledge’s (ITKs) used by the local people to control the Wild boar. 

Introduction 
The wild boar (Sus scrofa) is one of the most widely distributed large mammals and distributed in North 
Africa, Europe and Asia (Heptner et al. 1966) Agricultural production in India is mainly affected by insect 
pests, plant diseases, and weed plants to a greater extent. In the recent times fauna mainly consisting of 
mammals with special reference to rodents, wild boars, blue bulls and monkeys started gaining pest status 
and in certain cases a huge damage is being encountered due to some of these vertebrate pests. Among 
them, wild boar has become regular menace for farmers in major crops resulting into enormous damage 
(Tisdell, 1982) 121. Unlike other pests, wild boar generally causes damage right from seedling to till the 
maturity of the crop (Roberts, 1977; Groot-Bruinderinck et al. 1994) 13,41 The basic reason for such 
unexpected abrupt raise in their populations can be attributed in escalating rate of deforestation, which is 
otherwise are the natural habitats of those species (Moreira, 1997) [5] Deforestation also resulted in the 
decline of Tigers, Panthers, Wild dogs, Wolf, and Jackal, which are the natural predators for wild boars 
(Khokhar & Rizvi, 1998) [6], there by indirectly contributing to the phenomenal raise in the wild boar 
populations. 
Over exploitation of forest resources by the mankind forced wild boars out of their natural habitat and 
compelled them to depend on cultivated crops such as Rice, Maize, Sorghum, Pulses, Oil seeds, Fruits & 
Vegetables. Besides agricultural crops, it causes damage to ground vegetation, orchards, forest plantations 
and possibly acts as carrier of some infectious diseases (Chauhan et al. 2009; Schley & Roper, 2003) [7.8]. 
The damage caused by wild boar is more alarming than their actual feeding in the crop. Over 400 species 
of plants have been recorded in the wild boar’s diet, among which, 40 species were crop plant (Chauhan & 
Rajpurohit, 1993) 191. Wild boar damage is more pronounced in crop fields which are in close proximity 
with adjoining forests areas. Wild boar is a major problematic species in the agricultural crops in many 
parts of India, raid crops and utilises the agro-ecosystem for food and shelter (Chauhan et al, 2009) 171. 
Presently the wild boar populations are fragmented and relatively isolated. Some of these isolated 
populations became locally abundant and depended upon agricultural crops. Consequently, people have 
developed antagonistic attitude towards the wild boar and which is adversely affecting the conservation 
efforts. The problem of crop damage by wild boars has been widely reported from Rajasthan and Madhya 
Pradesh. In this article Iam we are going to take management done by Tamil Nadu Farmers to control wild 
boar. 



 

 
Volume 04 - Issue 04 - April 2022       572 | P a g e  
 

Spraying of Local Pigs Dung Solution 
Territoriality is very high in wild boars which are being exploited under this method. The dung collected 
from local pigs will be made into solution and should be sprayed on soil to the width of 1 ft around the crop. 
This will confuse wild boars with a false assumption of entering into the territory of other pigs: there by 
their movement will be prevented to avoid territorial conflict. For sustained affectivity it is desirable to go 
2-3 sprays with 7 days interval between each spray. This method is effectively controlling the wild boar up 
to 50%. 

Human Hair as Deterrent 
Wild boar with poorly developed sight and hearing mechanism has to depend on its smell sensory 
mechanism only for movement as well as locating of food. In this process it moves from one place to other 
place only by a way of sniffing on the ground there by getting guided in to the desired routes. Spreading of 
human hair collected from local barber shops is an affective and low-cost traditional method being followed 
by farmers. 
Technically this indigenous method does have scientific logic which clearly suggest that the human hair in 
the movement routes of the wild boar gets sucked through nostrils causing severe respiratory irritation. 
Due to this the wild boar gets totally disturbed and loses its track by making distress calls, which will ward 
off other wild boars entering into the cropped area. Several farmers are extensively practicing this method 
in different crops and controlling the damage caused by wild boar to the extent of 40-50%. 

Erection of Used Colored Sarees 
This method also is a farmer’s innovation, which has a behavioral background as far as wild boar is 
concerned. By arranging used sarees of different colors around the crop will make wild boars to assume 
human presence in the area there by not preferring to enter into such areas. Even though, not feasible in 
all situations it has some marginal benefit in the areas of human movement. By using this, extent of 
damage by wild boar can be minimized to the level of 30-55%. 

Burning of Dried Dung Cakes 
The dried cakes made from local pig dung are burnt in earthen pots. This will ensure slow generation and 
spreading of smoke during dusk time. The smoke coupled with smell of local pig dung helps in sensitizing 
wild boar about the presence of local pigs. As a result, to avoid territorial conflict, the wild boars don’t prefer 
to move in such areas and extent of damage by wild boar can be minimized to the level of 35-50%. 

Arrangement of Three Rows in “NIWAR” Soaked in Kerosene 
The NIWAR should be soaked in Kerosene solution for about 2 hrs and will be arranged around the crop in 
3 rows by keeping 1 ft distance between rows with the help of wooden poles. Sufficient care should be taken 
to drain off excess kerosene. The dominating smell of the kerosene does not allow wild boars to identify the 
crop. This method is generally effective for 10-15 days extent of damage by wild boar can be minimized to 
the level of 25-45%. 

Planting of Thorny Bushes and Xerophytes Around the Crop 
Different xerophytic species like Cacti sp (Euphorbia caducifolia, E. meriifolia), opentia sp (Opuntia elatior, 
O. dillenii), Zizipus sp (Ziziphus oenopolia, Z. mauritiana), and agave sp (Agave americana, Caesalpinia 
cristata) can be planted on the bunds around the crop which will not allow the wild boars due to their 
thorny in nature. The wild boars after unsuccessful trail of entry get injuries and making alarming calls, 
which makes the other animals to flee. This method is effectively controlling the wild boar up to 50-70%. 

Conclusion 
We conclude that wild boars flexibly adjust their activity to their local environmental conditions, 
considering disturbances at the scale of long-term home ranges as well as actual small-scale landscape 
quality. Entire wild boar home ranges should be covered in the delineation of reserves intending to 
stimulate activity during daylight. 
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Pesticides Transformation 
Most pesticides undergo transformation or degradation after application, which is the most common cause 
of loss. The breakdown of pesticides in the environment is referred to as pesticide degradation. A pesticide 
is susceptible to photochemical, chemical, and microbial decomposition. Pesticide degradation or 
breakdown should change most pesticide residues in the environment into harmless nontoxic compounds.  
Most are degraded or detoxified by physical, chemical and biological treatments before they are released 
into the environment (Tiryaki and Temur 2010). 

Microbial Degradation 
Microbial degradation is the result of microbial metabolism of pesticides, and is often the main source of 
pesticide degradation in soils. It occurs when fungi, bacteria, and other microorganisms in the soils use 
pesticides as a source of carbon and energy or consume the pesticides along with other sources of food or 
energy. Microbial degradation is influenced by soil organic matter level, moisture, temperature, aeration, 
and pH. Warm, moist soils with a neutral pH have a high level of microbial activity. 

Chemical Degradation 
Chemical degradation or abiotic degradation occurs by different reactions (include, hydrolysis, oxidation-
reduction, and ionization that usually happen through the presence of acidity or alkalinity) and is therefore, 
related to the pH value). 

Hydrolysis 
The breakdown of bonds in a molecule as a result of an interaction with water is known as hydrolysis. In a 
hydrolytic reaction, some chemical groups of a substance are replaced with hydroxyl groups, which alters 
the compound. In most cases, the new chemical is less harmful than the original. 

Oxidation- Reduction (Redox) 
Oxidation-reduction (redox) reactions involve the transfer of electrons from the reduced species to the 
oxidized species. The oxidation-reduction potential is an important indicator as it allows the oxidation 
numbers of the metals present in solution to be controlled and the oxidation state and structure of organics 
to be changed. 

Ionization 
Chemical is ionized under environmental condition, the change in physical properties as well as the 
chemical reactivity will change with the pH (Crawford et al., 2004). 

Photodegradation 
Photodegradation is the breakdown of pesticides by light (sunlight) on vegetation, soil surfaces, and in the 
air. Photochemical degradation (photolysis) occurs whereby radiant energy in the form of photons breaks 
the chemical bonds of a molecule. Direct photolysis involves direct absorption of photons by the molecule.  
lndirect photolysis involves the absorption of energy by a molecule from another molecule that has 
absorbed the photons. 
Factors affecting pesticide photodegradation are:  

a. Intensity of sunlight 
b. Time of exposure 
c. Properties of the site 
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d. Method of application 
e. Properties of the pesticide. 

The disappearance and fate of a pesticide in soil is dependent upon many factors: 
a. Type of soil. 
b. Type of the chemical. 
c. Climatic conditions. 
d. Biological populations. 
e. Method of application. 

Bioremediation 
The process whereby organic wastes are biologically degraded under controlled conditions to levels below 
concentration limits established by regulatory authorities.  
In situ bioremediation: In situ bioremediation is the process of cleaning up a contaminated site right 
where it happened. Because it is the cheapest and most efficient, this is the most common method of 
bioremediation. There are two main types of In situ Bioremediation. 

a. Intrinsic bioremediation 
b. Accelerated bioremediation. 

Ex situ bioremediation: Ex situ bioremediation- When contaminated lands are taken out of the area to 
be cleaned up by the organisms. This type of bioremediation is generally used only when the site is 
threatened for some reason, usually by the spill that needs to be cleaned up. 
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Abstract 
The application of Azolla as biofertilizer and all other important uses play a significant role in maintaining 
or improving the state of global environment. There is a definite need to exploit the potential of the aquatic 
pteridophyte in a more efficient manner in the future, through biotechnological interventions. 
Azolla is suitable for human consumption and as feed supplement for variety of animal like fish, ducks, 
cattle, poultry etc. to reduce the feed cost. It also uses in Biogas and Hydrogen production, as space food, 
in controlling weeds and mosquitoes. 

Introduction of Azolla Cultivation 
What is Azolla? Well, it is nothing but a free-floating water fern consisting of a short, branched, floating 
stem, bearing roots which hang down in the water. It’s a kind of green fodder grown on water surface. 
The name Azolla is derived from Greek word called “azo” (to dry) and “allyo” (to kill) meaning “Plant dies 
when it dries”. The genus Azolla established by J.B.Lamark in 1783. Azolla is a small fast-growing free-
floating fern. 

 

What are the Benefits of Using Azolla? 
Beneficial aspects of Azolla: 
1. It easily grows in wild and can grow under controlled condition. 
2. It can easily be produced in large quantity. 
3. It can fix atmospheric CO2 and N to form carbohydrates and ammonia respectively and after 
decomposition it adds available N content for crop uptake and organic carbon content to the soil. 
4. The oxygen released due to oxygenic photosynthesis, helps the respiration of root system of the crops and 
other soil microorganisms 
5. It solubulises Zn,Fe,and Mn and make them available to the rice 
6. Azolla suppresses tender weeds such as chara nitella in a paddy field 
7. Azolla can be a substitute for chemical nitrogenous fertilizers to a certain extent (20kg/ha) and it 
increases the crop yield and quality 

Advantages of Azolla 
1. Azolla is used as biofertilizer in rice cultivation due to its quick decomposition and quick multiplication 
rate. Azolla fixes Nitrogen at sustainable rates. 
2. Azolla can also been used as green manure for water bamboo, wheat and rice. 
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3. Azolla increases water holding capacity, organic carbon, ammonium nitrogen, nitrate- nitrogen and its 
available phosphorus, potassium, calcium and magnesium, while it decreased pH and bulk density. 
4. Azolla is used to increase soil fertility, Azolla application improves soil fertility by increasing total 
nitrogen, organic carbon and available phosphorus in soil. 
5. Azolla used in reclamation of saline soils. 
6. Azolla can also be used in the control of mosquitoes, for a thick Azolla mat on the water surface can 
prevent breeding and adult emergence. 
7. It was also seen that Azolla controls the weed growth anaerobic fermentation of azolla results in release 
of methane gas which can be utilized as fuel. 
8. Azolla is used as food supplement for variety of animals including pigs, rabbits, chickens, ducks and fish. 
9. Azolla is harvested in large quantities and utilized as fodder for cattle and pigs. 

Azolla as a Human Food 
1. A few researchers have experimented with the preparation of azolla in “soups” or “azolla meatballs” 
as a food for man. In Tanzania, Azolla has been reported to be used effectively as “Traditional Cough 
Medicine”. 
2. Recent Research by Katyama in collaboration with Space Agricultural Task Force suggested Azolla 
as a component of the space diet during habitation on Mars and found that Azolla was found to meet human 
nutritional requirement on Mars. 

Azolla Cultivation 
1. Mix clean fertile soil with cow dung and water and spread across the pond. 
2. To cover the 6 feet * 4 feet pond ,1 kg of fresh Azolla culture is required. 
3. Apply this culture uniformly in the pond and make sure to have the water at least 5 to 6 inches in the 
pond. For fast growth of Azolla, you can tap the rain water during monsoon season. 
4. Azolla will be ready for harvest after 2 to 3 weeks. Azolla can be harvested daily after its full growth. 

Conclusion 
From this we conclude that, “Azolla is an ideal feed for domestic animals mainly cattles. If you take good 
care of your Azolla Pond, you can harvest good quality weed every day, and it definitely helps to increase 
yield and reduce your expenses by reducing Feed, Fodder and Fertilizer cost. 
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Abstract 
The final year B.Sc., (Hons.) Agriculture students (2018_2022) batch of S. Thangapazham Agricultural 
College, Vasudevanallur, Tenkasi have undergone Village Stay Program (VSP) as a part of the course Rural 
Agricultural Work Experience at Kadayam block of Tenkasi District for 75 days. In part of the program 
demonstration of use of plant growth regulators in horticulture crops was carried to the village farmers. 
Plant growth regulators have been an important component in agricultural production even prior to the 
identification of plant hormones. 
Keywords: Plant growth regulators, PGRs, NAA. 

Introduction 
Plant growth regulators may be defined as any organic compounds, which are active at low concentrations 
(1-10 ng / nl) in promoting, inhibiting or modifying growth and development. The naturally occurring 
(endogenous) growth substances are commonly known as plant hormones, while the synthetic ones are 
called growth regulators. 
Plant growth regulators can be broadly classified as growth promotors and growth inhibitors depending on 
the nature of action. However, a particular hormone may be a growth promotor at a lower concentration 
but can inhibit growth at a higher concentration. Based on chemical nature and general action, plant 
hormones can be broadly classified to five major groups. 
1. Auxins 
2. Gibberellins 
3. Cytokinins 
4. Abscissic acid 
5. Ethylene. 

Several Uses of Plant Growth Regulators 
1. Propagation of plants 
2. Control of flowering 
3. Fruit setting 
4. Induction of parthenocarpy 
5. Control of pre-harvest fruit drop 
6. Blossom thinning 
7. Fruit ripening 
8. Weed control 
9. Modification of sex expression 
10. Control of dormancy 
11. Production of latex flow in rubber plants 
12. Arresting the plant growth 
13. Increasing the fruit size and quality. 

PGR Recommendation for Major Horticultural Crops 
Mango: Spray NAA @ 20 ppm at flowering to increase the fruit retention. During February 0.5% urea (5 
g/lit) or 1% KNO3 (10g in /lit) may be sprayed to induce flowering, if the trees do not flower by that time.  
Spray 2% KNO3at mustard size to increase fruit set and retention of fruits. Apply paclobutrazol @ 10 g 
a.i/full bearing tree during first fort night of September to get maximum number of fruits and yield during 
off years. 
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Banana: Grade of bunch -2,4-D at 25 ppm (25 mg/lit) may be sprayed after the last hand has opened.  This 
also helps to remove the seediness in poovan variety.  Spray CCC 1000 ppm of 4th and 6th month after 
planting.  Spray plantozyme @ 2ml/lit at 6th and 8th month after planting to get higher yield. 
Citrus: To increase fruit set spraying 2,4-D-20 ppm during flowering. Fruit retention spraying-2,4-D@ 20 
ppm or NAA 30 ppm after fruit set (marble size). 
Pineapple: To have uniform flowering apply the following when the crop attains 35-40 leaf stage. NAA 10 
ppm + 2% urea (20 g in 1 lit of water) @ 50 ml / plant poured into crown or 2% urea + 0.04% Sodium 
carbonate + 20 ppm Ethephon (ethrel) @ 50 ml/ plant poured into the crown.  To increase the size of the 
fruit, 200-300 ppm NAA should be sprayed after fruit formation. 
Grapes: Cuttings are soaked in 500 ppm of IBA for 12 hours (or) 12,000 ppm for 3 seconds. It gives good 
percentage of rooting. At the 5-leaf stage after pruning, application of cycocel @ 500 ppm further increases 
the fruit set and decreases the vegetative growth. GA at 10 ppm at 20-25 days after pruning elongates the 
cluster and make flowers to borne fruits. Application of GA3 at 40 ppm at 50% flowering cause thinning of 
flowers and increases fruit set. The berry size is decreased when bunches are dipped in GA3 at 50 ppm and 
BA at 10 ppm. At the colour break stage, application of ethaphon at 250 ppm gives uniform ripening. 
Application of NAA at 50 ppm alone a week before harvest decreases the post-harvest berry drop. 
Application of ascorbic acid at 20-25% of sodium diethyl 1 dithiocarbamate at 15 days interval from onset 
of berries reduces the incidence of soft berries.  
Gauva: To promote air layering (in roots) IBA 3000 ppm is applied. Spray of urea at 10% in Allahabad 
safeda and 20% urea spray in Lucknow 49 thins out the flowers.GA3 at 1000-8000 ppm induces 
parthenocarpic fruits. 
Sapota: IBA and NAA at 1000 ppm in Linolin paste gives higher percentage of rooting of grafting. For 
extending shelf life, fruits are dipped in 300 ppm of GA3 along with Bavistin. 
Aonla: The semi hard wood cuttings are treated with IBA at 1500 ppm for increasing the rooting 
percentage. NAA and IBA at 1000 ppm each increases rooting in stools. 
Papaya: GA3 @ 100 ppm is applied for seed soaking which increases the percentage of seed germination. 
Paclobutrazol application at 25 mg per tree as soil drench reduced the fruit bearing height, increased fruit 
yield and latex yield. 
Coconut: For enhancement of fruit set, NAA@200ppm is recommended. 

Conclusion 
Plant growth regulators are used to change the crop by changing the rate or pattern or both of its response 
to the internal and external factors that govern development from germination through vegetative growth, 
reproductive development, maturity and senescence as well as postharvest preservation. 
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Introduction 
The process of modifying a thing from its original condition to a more valuable state is known as value 
addition so the process of raising the economic worth and marketability of agricultural goods also said as 
value addition. An agricultural commodity's consumer appeal Various value-added services processing, 
dehydration, preservation and other technologies drying, freezing, packaging, labelling, and so forth can 
all be used to improve its monetary worth. There are numerous minor fruits which need to be explored for 
value addition for commercial processing.  
In this context, value addition of following important minor fruits has been explained in detailJackfruit 
(Artocarpus heterophyllus Lam.), Palmyra Palm (Borassus flabellifer L.), Karonda (Carissa carandas L.), 
Piar/ Chironji (Buchanania lanzan Spreng), Indian Hog Plum /Amra (Spondias mangifera), Indian olive 
(Elaecarpous floribundus Blume). 

Value Added Products from Immature Jack fruit 
1. Chips: To make chips, raw immature jackfruits are utilised. 
2. Pickle: Fresh green jackfruits are used to make pickle by mixing them with oil, salt, and spice. 
3. Brined product: Mature green jackfruits are cleaned, skinned, and chopped into little pieces after being 
washed with clean water. 
4. Ready-to-cook jackfruit: The jackfruit has been cleaned, skinned, and sliced into appropriate-sized 
pieces. These chunks may be kept and packed for ready-to-cook jackfruit products with minimum 
preparation. 
5. Preserved jackfruit - Immature bulbs can be blanched for further use. 
Value addition from half-mature Jackfruit: Generally, fruit candy prepared from medium half fleshed 
fruit. 
Value Addition from ripe Jackfruit: Jam, Jackfruit Jelly, nectar is prepared from fully mature fruit.  
Ready to eat products (RTE); Ripe jackfruit bulbs may also be kept as a ready-to-eat convenience food 
product with minimum processing in a cold environment. 
Seeds of Jackfruit: Jackfruit seed is utilised in the same way as vegetables are in culinary preparation, 
and it may be ground into seed powder. Furthermore, roasted seeds also preferred. 
Palmyra Palm (Borassus flabellifer L.): Palmyra palm, a member of the Palmae family, is known as 
the "tree of life" and has a variety of applications including food, beverage, fibre, medicinal, and lumber. It 
is a vital tree that plays a significant part in the daily lives of impoverished and landless farmers. The 
following are some of the economic plant products derived from the palmyra palm and their applications. 
Toddy (Neera): The juice produced by palm palms is known as 'Neera.' Neera is the most valuable 
commercial product of palmyra. It contains minerals such as calcium, phosphorus, and iron. 
Endosperm (Nungu): Nungu is the jelly-like endosperm of immature fruit (60-70 days), which is 
particularly nutritious and a summer delicacy. 
Tuber (Apocolon): The mature tuber is brittle and readily breaks off, and it is a good source of 
carbohydrates. The best period to harvest tuber is 135 days after seeding: 

a. Fruit: The ripe fruit's soft orange-yellow mesocarp pulp is sweet, thick, and delicious, and high 
in vitamin A and C. The fibrous outer covering of ripening palm fruits can be eaten raw, cooked, or 
roasted. 
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b. Thavan (spongy haustorium): Thavan is a spongy sweet delicacy created during seed nut 
germination. 

Edible Value-Added Products: 
a. Toddy: Toddy is produced by tapping the apex of the inflorescence and collecting the dripping 
juice in earthen pots that dangle from the top. The juice gathered the night before is refreshing, and 
the light drink is named Neera. 

i. Palm Jaggery: It is also called as palm gur. It is highly priced due to its medicinal 
properties. It has an earthy, intense taste or reminiscent of chocolate in its taste. 
ii. Palm sugar: Debris-free neera is cooked in an alloy vessel with a tiny amount of 
superphosphate. After creating sugar crystals, it is centrifuged to collect the sugar, which is 
then dried and pulverised for storage. 
iii. Palm honey: Neera is boiled for 2 hours to get a honey-like consistency. The syrup is 
then poured into mud pots. The syrup contains ripe, dried, shelled tamarind fruits free of 
seeds. For 10 litres of syrup, approximately 1 kilogramme of fruit is required. 
iv. Toddy Palm Wine: Toddy wine is white, sugary, and has a strong aroma, but it tastes 
better. The fermented blossom sap of palm trees is used to make toddy palm wine, an 
alcoholic beverage. 
v. Palm toffee: Palm toffee is made by combining fruit pulp with the necessary components 
(sugar, skim milk powder, glucose, maida, starch), then simmering and stirring for 40 
minutes. Following a drop test in water, the termination point is identified. 
vi. Palm burfi: To make palm barfi, khoa, butter, and lime water are combined with fruit 
pulp and sugar. 
vii. Palm pickle: Small palmyra palm fruits can be pickled with vinegar. 
viii. Canned palm: Jelly-like kernels of half-grown soft shelled palm seeds are canned and 
shipped in transparent, gently sweetened water. 

b. Non-Edible Value-Added Products: 
i. Leaves: The leaves are used to make roof thatching, fences, mats, baskets, fans, hats, 
umbrellas, buckets, sandals, and writing material. 
ii. Matured fruit: The matured fruit's mesocarp contains a tiny amount of fibre. This fibre 
is used to make decorative goods and toys. 
iii. Stem: Palmyra trunks are utilised as live poles in thatch hut construction or as a timber 
alternative for wooden poles. 
iv. Petiole and leaf blade: The robust and long fibre generated by the petiole is used to 
form ropes used in building and boat construction. 

Karonda (Carissa carandas L.) 
Karonda is an indigenous fruit of India and belongs to the family Apocynaceae . It is a medicinal herb 
commonly utilised by tribals throughout India and is popular in several traditional systems of medicine 
such as Ayurveda, Unani, and Homoeopathy, as well as a wonderful appetiser. Karonda Candy: It is 
preferred by children.  
Karonda Jam: Ripe fruit contains acids as well as micro and macro nutrients that interact well with 
sugars and are used to make a variety of jams. Pickled Karonda: Individually, the fruits are softly 
smashed to create fractures. Chillies were sliced into bits after being slit vertically. Crushed karonda fruits 
were combined with salt and left to cure for 30 days to make cured karonda pickle. Other value-added 
products are Karonda powder. Karonda beverages, karonda chutney, Canned Karonda, Karonda-flavored 
ice cream, Karonda flavoured milk, Natural colourant of karonda. 

Piar/ Chironji (Buchanania lanzan Spreng) 
Buchanania lanzan Spreng (common name- Char, Chironji), belongs to the family Anacardiaceae Chironji 
tree is commercially very useful. It bears edible fruits those are sweet, nutritious, laxative and useful in 
fever andexcessive thirst. 
Value Addition in Chironji: Although the kernel has a higher economic worth, the chironji fruits have 
the potential to be turned into a variety of value-added products. Fruits: The chironji fruit is luscious and 
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flavorful.Chironji Nuts: Chironji nuts are utilised in the making of several sweet dishes like as halwa, 
kheer, laddu, and paak. They are also utilised in the making of sweets as dried fruit. Chironji Oil: Chironji 
kernel contains around 52% oil. Chironji oil is extracted from the kernel. This extracted oil is mostly utilised 
in cosmetic manufacture as a replacement for olive oil. 

Indian Hog Plum / Amra (Spondias mangifera Willd.) 
Spondias mangifera Willd. (syn., Spondias cytherea and Spondias pinnata), also known as Malay apple, 
golden apple, Indian hog plum, or Amra, is an equatorial or tropical tree with edible fruit bearing a fibrous 
pit. The tree grows naturally in the Himalayan foothills, Uttar Pradesh, Bihar, Jharhand, Chattisgarh, 
Uttarakhand, and many forest locations in India. 
Value Addition in Amra: Value-added products derived from several portions of the amra tree have been 
developed. The following value-added products have been prepared from various portions of the amra tree. 

a. Unripe fruit has a sour flavour and is used as a vegetable and in stews. It may also be made into 
a variety of value-added goods including as chutney, pickles, panna, and so on. Unripe fruits can 
also be cut and dried in the sun to make dried fruit powder, which can be used as a flavouring agent 
in a variety of cuisines. 
b. Ripe fruit has a watery, acidic flavour that is nearly odourless. The somewhat fibrous pulp is 
rather acidic even when fully ripe. Fruits may be used to generate high-value products such pickles, 
jams, jellies, chutney, and drinks including squash, nectar, and juice. 
c. The tree's flowers can also be cooked or used in salads. 
d. Flower buds are also utilised in the preparation of pickles. 
e. The leaves have a sour flavour and are used to season stews. 

Indian Olive (Eleocurpous floribundus blume) 
Indian olive is another minor fruit crop, there are various value-added products pickle, chantey, sauce. It 
is also use as table fruit but due to high acidity sometimes it’s not preferred by customer. Jalpai fruits have 
a high nutritional value; they comprise 0.69 percent protein, 19.5 percent carbs, and 0.59 percent mineral 
matter. The vitamin C content of dried leaves is 257mg 100 gm-1. The fruits are utilised in the treatment 
of dysentery and diarrhoea. The leaves are used to treat rheumatism and as a poison antidote. 

Conclusion 
Minor fruit species with excellent nutritional, medicinal, and processing characteristics can play an 
important role in sustaining rural communities' economic stability through improved family income, 
employment development, and environmental preservation. Many of these small fruits have a high 
economic cultivation potential. There is a need to expand the acreage and production of these less well-
known fruits and their processed products. Some small-scale companies use minor fruits to make pickles, 
chutney, jam, and jelly, among other things. However, due of the high production of certain of these fruits, 
such as jackfruit, bael, palmyra palm, tamarind, karonda, chironji, jujube, aonla, and so on, there is a huge 
opportunity to build a large-scale fruit processing business in the state. Value addition of these small fruits 
to harness their nutritional and therapeutic characteristics is a long-term plan, and government and non-
government organisations should play an important role in their production, marketing, value addition, 
and popularisation. Furthermore, the development of sophisticated low-cost value-added processing 
technologies to be used for producing diverse value-added goods based on these minor fruits at the small 
and cottage industries level is necessary. 
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Introduction 
Insects respond to elevated temperature and to a variety of chemical and physical stresses by a rapid 
increase in the synthesis of a set of conserved polypeptides collectively referred to as heat shock proteins 
(Hsps). Hsps, named according to their molecular weight, such as Hsp100, Hsp90, Hsp70, Hsp60, Hsp40, 
small Hsp (sHsp) and Hsp10, are a class of functionally related proteins involved in the folding and 
unfolding of other proteins. Ritossa first reported that heat and the metabolic uncoupler dinitrophenol 
induced a characteristic pattern of puffing in salivary gland chromosomes in the fruit fly, Drosophila 
busckii. 
This discovery eventually led to the identification of Hsps which were represented by these puffs. Increased 
synthesis of selected proteins in the cells of Drosophila following stresses such as heat shock was first 
reported in 1974. An enormous literature has now accumulated that describes a wide variety of events in 
a cell’s response to a wide array of biotic and abiotic sources of stress in a variety of insects. Hsps are found 
in practically all living organisms, from bacteria to humans. Table 1 lists Hsp genes expressed by insects 
in response to environmental stresses that have been published during past three decades. 

Abiotic Stress Responses 
Insects respond to elevated temperatures and to chemical and other stresses by an increase in the synthesis 
of Hsps. Hsps appear to serve a significant role in the insect’s responses to abiotic stressors such as elevated 
temperature), ultraviolet radiation drought and dehydration anhydrobiosis chemical metal nutrient injury 
or adaptation, hypoxia and double stranded RNA. 
Table 1 Examples of heat shock protein gene expression in insects: 
Sl. no Species Heat shock proteins 
1 Aedes aegypti  Hsp26, Hsp83, Hsp70, Hsc70  
2 Aedes aegyptii Hsp26, Hsp83, Hsp70 
3 Bombyx mori Hsp40, Hsp70, Hsp90, Hsc70 
4 Bombyx mori Hsp20.4, Hsp40, Hsp70, Hsp90 
5 Corcyra cephalonica Hsps, Hsp83, Hsp70, Hsp 90, Hsp 84, Hsp62 
6 Drosophila melanogaster Hsp21, Hsp22, p26, Hsp90, Hsp70 
7 Liriomyza trifolii Hsp70, Hsp40, Hsp90 
8 Polypedalium vanderplankii Hsp40- Hsp20.5, 
9 Plodia interpunctella Hsp90 
10 Pyrrhocoris apterus Hsp23.6 
11 Galleria mellonella Hsp22 
12 Tribolium castaneum  Hsp20.4, Hsp40, Hsp70, Hsp90 
13 Spodoptera litura Hsp40- Hsp20.6 
14 Spodoptera frugiperda Hsp40- Hsp20.3 

Temperature 
Hsps can protect cells and organisms from thermal damage. In the red flour beetle, Tribolium castaneum, 
the expression of the Hsp83 gene could be induced with heat stress at 40 ºC for 1 h in teneral and mature 
beetles. High temperature can alter gene expression including Hsps and other genes in a vector mosquito 
population using suppression subtractive hybridization. 
AeaHsp26 and AeaHsp83 are important markers of stress and may function as critical proteins to protect 
and enhance survival of Aedes aegypti larvae and pupae.Different sequential thermal shocks can trigger 
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different mechanisms of cellular protection against stress in the cone-nose bug, Panstrongylus megistus, 
allowing the insect to adapt to different ecosystems. 

Ultraviolet Radiation 
Solar radiation can be important sources of abiotic stress for herbivorous insects living in close association 
with plants. Greater homeostatic capabilities as revealed at the proteomic level could explain the higher 
tolerance of the alate morph of the aphid, Macrosiphum euphorbiae, to environmental stress and its more 
stable performance and fitness. 
A tropical species of radiation-tolerant midge, Chironomus ramosus, has been shown to express elevated 
levels of Hsp70 mRNA and proteins in salivary gland cells of larvae immediately after gamma radiation 
exposure. The expressed Hsp70 might be one of the gamma radiation-induced stress proteins required 
during the early stages of radiation stress management in aquatic midge larvae. 
Ultraviolet radiation can affect cross protection. Elevated tolerance to UV radiation and heat-shock may 
be induced in conidia produced by fungi exposed to sublethal stresses other than heat or UV radiation 
during mycelial growth. 

Drought Dehydration and Anhydrobiosis 
Some insects are able to survive the loss of almost all their body water content, entering a latent state 
known as anhydrobiosis. Hsp genes were identified as important up-regulated genes for anhydrobiosis in 
the sleeping chironomid, Polypedilum vanderplanki. 
Expression of the Hsps mRNA in response to dehydration in the A. aegypti, Anopheles gambiae and Culex 
pipiens is different, and knock-down expressions of the transcripts using RNAi have revealed potential 
functions of the Hsps in maintenance of water balance in these mosquito species. 
Interestingly, it has been demonstrated that in the flesh fly, Sarcophaga crassipalpis, expression levels for 
most of the Hsp genes were significantly up-regulated during hypoxia, suggesting an important role for 
Hsp genes in responding to low oxygen environments. 

Development 
Hsp genes are developmentally regulated in the different insects. Diapause, the dormancy common to 
overwintering insects, evokes a unique pattern of gene expression. Most Hsp genes are up-regulated, which 
appears to be common to diapause in species representing diverse insect orders including Diptera, 
Lepidoptera, Coleoptera and Hymenoptera as well as in diapause that occur in different developmental 
stages including embryos, larvae, pupae and adult stages. 
One study of the multivoltine silkworm B. mori provides an overview of the differential expression levels 
of metabolic enzyme and Hsp genes in non-diapause and diapause-induced eggs within 48 h after 
oviposition, confirming the major role of in early embryogenesis. It has been demonstrated that up-
regulation of Hsp genes during diapause is a major factor contributing to cold-hardiness of overwintering 
insects. 
Research on the flesh fly, Sarcophaga crassipalpis, has shown Hsp23 and Hsp70 are strongly up-regulated 
during pupal diapause. Expression patterns of Hsp genes and other genes associated with pupal diapause 
were reported in S. crassipalpis. Expression of Hsp90 gene was downregulated two days after pupariation, 
while Hsp23 and Hsp70 transcripts were up-regulated just after the start of diapause, 5 days after 
pupariation. Although both cold and heat shock evoked elevated expression, the response of Hsp90 to heat 
shock and cold shock remained intact during diapause, which indicates differential regulation of Hsp genes 
during diapause and in response to thermal injury inflicted on diapausing pupae. However, expression of 
most of the Hsp genes examined did not vary in response to diapause, perhaps because the diapause of 
Calanus finmarchicus, a key component of marine food webs, is not associated with extreme environmental 
conditions. 

Conclusion 
Hsp genes are induced and modulated in insects in response to environmental factors including abiotic and 
biotic stresses. Hsp genes are also developmentally regulated, which is important for insects to survive and 
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adapt to their environments. The very widespread occurrence of Hsp activity in insects will have a 
significant bearing on insect adaptability as our climate changes. It may be likely that via Hsp activity, 
many pest and beneficial species will be able to adapt to global warming more than previously thought. 
Changes in environmental conditions can rapidly shift allele frequencies in populations of species linked to 
evolutionary responses to pollution, global warming and other changes. New technologies such as 
microarray, suppression subtractive hybridization and quantitative real-time PCR advances promise to 
accelerate the development of genetic methods including the genomic function for monitoring insects’ 
adaptation to environmental change in several ways. Hsps may play an important role in biodiversity. 
Many exotic invasive species displace native fauna, while others have little or no effect. It is likely that 
Hsps could be playing a role in competition for space and resources. If Hsps prove to have a more 
widespread effect on resistance to parasites and diseases, future methods might be developed that allows 
increased susceptibility of pests and increased resistance to host defence by natural enemies, which would 
provide a great boost to biological control success while reducing pesticide use. Food security would be 
enhanced by similar technology development. 
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Introduction 
Nitrogen is the most important nutrient for plant growth, yield, quality and the environment. It is the key 
component ofauxins, amino acids, alkaloids, glucosinolates, cytokinins, nucleic acids, porphyrins, purines 
and proteins. It is also a part of chlorophyll molecule which controls photosynthesis. Therefore, 
incorporating N fertilizer into cropping systems is a critical practice for ensuring productivity. Nitrogen, as 
a component of RNA and DNA, is responsible for the transmission of genetic code to offspring. It improves 
the protein quality of grains as well as the quality of leafy vegetables and fodders. 

 
Nitrogen is absorbed by plant roots as NO3- in aerobic conditions and as ammonium NH4+ ion in 
anaerobic/flooded conditions. Its concentration in nitrogen sufficient plants ranges from 1 to 5% (10000 – 
50000 ppm). Feeding the world's population which is expected to rise from 7.7 billion to 9.7 billion by 2050 
will be a major challenge. This is especially serious in developing countries where soil health degradation, 
rising fertilizer costs and shrinking cultivable land are major constraints. Currently, more than 120 million 
tons of nitrogen (N) fertilizers are applied to crops around the world in order to achieve a desirable yield. 
Over the last few decades, India has had a remarkable increase in food grain production owing primarily 
to the use of fertilizers, irrigation and high yielding variety seeds. Nitrogen additions have had the largest 
impact on crop yields than any other nutrient. Fertilizer nitrogen consumption in India was 1.5 million Mt 
in 1970, 16.5 Mt in 2010 and is expected to reach more than 25 Mt in 2025. With the growing demand for 
food production the use of N fertilizer will continue to rise. As a result, reducing fertilizer use while 
maintaining crop yield is a pressing challenge. 
Nitrogen is the most limiting nutrient for crop production in many agricultural areas around the world and 
its efficient use is critical for cropping systems' economic sustainability. It is often referred to as the 
universally deficient nutrient element in crop production due to the occurrence of widespread deficiencies 
which frequently cause serious nutritional problems.Furthermore, the dynamic nature of N as well as its 
propensity for loss from soil plant systems creates a unique and difficult environment for its efficient 
management. Crop response to applied N and use efficiency are important factors to consider when 
determining crop N requirements for maximum economic yield. Due to rapid N losses from ammonia 
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volatilization, denitrification, surface runoff, incorporation into soil organic matter (SOM) and fixation as 
NH4+ in clay minerals and leaching in the soil flood water system high N fertilizer input results in low 
nitrogen use efficiency (NUE). 

 
As a result, significant environmental issues (such as soil acidification, air pollution and water 
eutrophication) emerged. N recovery in crop plants is typically less than 50% worldwide. Low N recovery 
is responsible not only for higher crop production costs but also for environmental pollution. 
Hence, boosting N use efficiency (NUE) is desirable for increasing crop yields, lowering production costs 
and maintaining environmental quality. To increase N efficiency in agriculture integrated N management 
strategies that include improved fertilizer as well as soil and crop management practices are required. 

Ways to Improve Nitrogen Use Efficiency and to Reduce Nitrogen Losses 
Nitrogen use efficiency is the rate at which soil nitrate-N is converted to grain N. Nitrate-N is derived from 
fertilizer, crop residues, manures and organic matter in the soil. However, growers are generally most 
concerned with the efficiency with which fertilizer is converted into grain. Seasonal conditions, crop 
diseases, nitrogen losses from the soil as gases, nitrogen leaching or nitrogen immobilization into organic 
forms reduce efficiency. Regardless of method, the estimated NUE for cereal production ranges between 30 
and 35 percent. In the middle of the season top-dress or side-dress N applications can result in higher 
NUEs (>50 percent). 

Methods to Improve Nitrogen Use Efficiency are as Follows 
1. Do not apply more nitrogen than is recommended for the crop. An approved nutrient management plan 
can assist you in this. 
2. Manure application rates should be based on meeting the net crop need after accounting for all other 
sources of N in the soil (legume N, manure residual N) and added N (starter fertilizer, N applied with 
herbicides). 
3. Guide side-dress fertilizer nitrogen applications with the PSNT (pre-side-dress soil nitrate test) or a 
chlorophyll metre. The PSNT detects nitrate in the soil just prior to the greatest amount of crop uptake. 
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By measuring the greenness of the leaves, the chlorophyll metre test estimates the nitrogen status of 
growing crops. 
4. Apply nitrogen to crops as close to their uptake as possible. Timing is everything! When ideal timing is 
not possible, some enhanced efficiency fertilizers can improve N use efficiency and reduce losses. Should be 
applied in split doses as per crop requirement at planting, as top dressing or side dressing and small amount 
of N can be used as starter dose.  
5. Incorporate urea-containing nitrogen fertilizers as soon as possible (dry urea, urea blends, liquid Urea 
Ammonium Nitrate). Immediate incorporation via tillage, injection, proper irrigation or a gentle soaking 
rain will reduce ammonia N volatilization. 
6. Rather than broadcasting or spraying liquid Urea Ammonium Nitrate fertilizer over the surface, banding 
or dribbling it on the surface can significantly reduce ammonia volatilization from the N fertilizer. 
7. Use of nitrification inhibitors to reduces leaching or denitrification losses of nitrogen. These inhibitors 
block the oxidation of ammonia to nitrite which is carried out by species like Nitrosomonas, Nitrosocystus 
and Nitrosospira. Various nitrification inhibitors used are as follows:  Nitrapyrin, 2-sulphanilamide 
thiazole (ST), 5-ethoxy-3-trichloro methyl-1, 2, 4 thiazole (terazole), Potassium azide (KN3), Dicyandiamide, 
Dichlorophenyl succinic amide, carbon disulphide and ammonium thiosulphate [(NH4)2S2O3]. 
8. Use of slow-release nitrogenous fertilizers such as: 

a. Urea formaldehyde – 38% N 
b. Urea-Z 
c. Oxamide – 31.8% N 
d. CDU (Crotonylidenediurea) = urea + acetaldehyde -30% N 
e. IBDU (Isobutylidenediurea) = urea + isobutyl aldehyde {2:1} – 32% N 
f. Sulphur coated urea – 32-41% N 
g. Zinc coated urea 
h. Lac coated urea– 39-40% N 
i. Neem coated urea – 46% N 
j. Sparingly soluble Magnesium Ammonium Phosphate – 8% N 
k. Guanyl urea sulphate (GUS) 
l. Guanyl urea phosphate (GUP) 
m. 3-mercapto-1, 2, 4-triazole (MT) 
n. 2-amino-4-methyl-6-trichloro methyl triazine (MAST) 
o. Urea super granules (approximately 1 cm in diameter) 
p. Phenyl phosphorodiamidate (PPD) 
q. Encapsulated calcium carbide (CaC2) pellets can be mixed with fertilizers to produce controlled 
release of fertilizers. CaC2 particles are successfully coated with waxes (1:1). 
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Abstract 
The Grizzled Giant Squirrel Wildlife Sanctuary located in the Western Ghats covers an area of 476.6529 
sq.km. It stands as a symbolic importance of biodiversity owing to its biological values. UNESCO has 
recognized the Grizzled Giant Squirrel which is the benchmark of this sanctuary as a part of the World 
Heritage. This sanctuary is recognized as one of the 25 Global hotspots of biodiversity. It is also the home 
of various endangered species listed in the Wildlife Protection Act 1972. 
Keywords: Giant Grizzled Squirrel, species. 

Introduction 
The Grizzled Giant Squirrel Wildlife Sanctuary is located on the eastern slope of the Western Ghats. It is 
located between latitude 9° 23” to 9° 48” N and 77° 21” to 77° 46” E. This Sanctuary is bounded on the 
Southern side but Thirunelveli Forest Division, on Western side by Periyar Tiger Reserve of Kerala, on 
North Western side by Theni Forest Division and on the Northern side by Madurai Forest Division.  
This sanctuary was named after the unique and rare Squirrel species, the Grizzled Giant Squirrel (Ratufa 
macroura) which finds this sanctuary area as one of its last resorts for its survival. The total area of the 
forest division is 476.6529 sq.km. This Sanctuary cpnsists of Rajapalayam, Srivilliputhur, Watrap and 
Sattur territorial ranges and 33 beats. 

Biological Values 
Flora: This Sanctuary is recognized as one of the two Mega centres of endemism in India and one of the 
25 Global hotspots of biodiversity. The Grizzled Squirrel Wildlife Sanctuary forms a part of the Southern 
Western Ghats and is a part of Agasthiarmalai biosphere reserve which is one of the five important centres 
of plant endemism in India and as a Pleistocene relict area, it exhibits high endemicity in vascular plants 
as well as Vertebrate taxa. Some of the endemic plant species are Cycus circinalis, Memecylon 
subramaniamii, Palaquium boudillonii, Diospyros barbei, D. foloiolosa, Eugenia discifera, Vernonia 
travancorica and Popowia beddomeana. 
Vernonia travancorica an endemic tree is recorded in Seithur hills. Eugenia discifera an highly endangered 
tree species is recorded above the Deviar estate adjoining Kerala. Cycus circinalis an endemic species is 
recorded in the Alagerkoil Valley of Srivilliputhur range. 

 
Eugenia discifera 

The Thaniparai Medicinal plants conservation area is an insitu conservation site for medicinal plants of 
the sanctuary area. It is one of the 11 medicinal plants conservation area sites in Tamilnadu established 
in 1996 with thevtechnical and financial support from Foundation for Revitalisation of Local Health 
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Tradition (FRLHT), Banglore. Medicinal plants conservation area extends an area of 100 ha in Sattur and 
Watrap range. 275 species of medicinal plants have been listed for the Thaniparai medicinal plants 
conservation area. 
Fauna: The Grizzled Squirrel Wildlife Sanctuary also supports a large number of mammalian fauna. The 
threatened species include the Lion tailed macaque (Macaca silenus), Nilgiri langur (Presbytis johnii), 
Nilgiri marten (Martes gwatkinis), Brown palm civet (Paradoxurus jedonii) and Nilgiri thar (Hemitragus 
hylocrius). 
Grizzled Squirrel is highly endangered and endemic to Tamilnadu, Kerala and Sri Lanka. This sanctuary 
is designated mainly to conserve this species and hence the Squirrel is considered as flagship species of 
this sanctuary. This species is included in schedule-I Part-I of Wildlife Protection Act and Appendix-II of 
CITES. 

 
Grizzled Squirrel 

Grizzled Squirrel is found in Tamarind, Vagai, Palpurasu, Kalitchi trees often singly. It is distributed 
selectively along riverine forests having abundance of food tress and continuity of tree canopy. 
It is slightly smaller in size than the other Indian Giant Squirrels. Its dorsal surface is grey to brownish 
grey and the tail grizzled with white. The tail is slightly longer than the body. Black or dark brown patches 
are found on the forehead and shoulders. The toes are distinctly dark. Ears are short and tufted. Lower 
side of the mouth is light pinkish in colour. The eyes are big. Scrotal sacs are seen in males and 3 pairs of 
mammary glands in lactating females. The weight ranges from 1.5 to 2.5 kg. Gestation period is 28 days 
and gives birth to one or two. Each squirrel constructs their own dray mostly at forded branches in upper 
canopy where the crown of neighbouring trees interlink. They are arboreal and solitary animals capable of 
madding leaps of 6 meters or more. The nest is constructed during breeding season. The squirrels never 
come to ground for feeding. The predators are prey like Serpant Eagle, Hawks and Black eagle. The 
squirrels make alarm calls when they see the predators. 
In this protected area the Grizzled Squirrels occurs in seven isolated pockets in mixed deciduous and 
riverine forests upto an elevation of 800 meters. The following is the habitat distribution within the 
protected area. Sasthakoil, Ayyanarkoil, Viryankoil, Shenbagathoppu, Chokkanparai, Muthaliyaroothu, 
Vandipannai, Athikoil, Pilavakal dam, Kovilardam, Maruthamparai, Saduragiri, Thaniparai. 

 
Nilgri Thar 
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Nilgiri Thar is endemic to Tamil Nadu and Kerala and occur as small, scattered population at higher 
elevation in the South Western Ghats. This species prefers open terrain with cliffs and grass covered hills 
with altitudes of 1200 Mean Sea Level. This species is included in Schedule-I Part-I of Wildlife Protection 
Act and the IUCN designated this as vulnerable species. 
Lion Tailed Macaque is endemic to Western Ghats and found in small troops in dense evergreen forests. 
This species is included in Schedule-I Part-I of Wildlife Protection Act and is on the verge of extinction due 
to habitat destruction and hunting. The major foods trees are cullenia excels, Madhuca malabarica, 
Garcinia cambogia, Meesua ferra, Ficus retusa, Croton sps. and Canthium sps. 

 
Lion Tailed Macaque 

Conclusion 
This sanctuary harbours many florae and fauna. The migration of carnivores like Tigers and leopards is 
occurring in Grizzled Giant Squirrel Wildlife Sanctuary and Periyar Tiger Reserve. The migration of 
Elephant is most evident between Periyar Tiger Reserve and Grizzled Squirrel Wildlife Sanctuary during 
November to March every year. The Grizzled Squirrel Wildlife Sanctuary stands out as one of the important 
places in Indian Peninsula that attracts conservationists. Thus, these specialities and the rich species 
diversity found in this sanctuary stand as firm evidence of its paramount importance Worldwide in 
Biodiversity Conservation. 
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Abstract 
Farming trends are changing worldwide. In near future due to increase in population there will be decrease 
in arable lands. In that situation hydroponics is suitable that satisfy the demand of food for growing 
population. Hydroponics are gaining popularity in India and attracts more farmers. Hydroponics is being 
practiced in countries like Japan, USA, India, Spain, South Africa, Australia, UK. Hydroponics is a way of 
growing plants in the nutrient solution without the use of soil. Hydroponics uses a spectrum of blue, red 
and yellow colour rather than sunlight to grow plants. 
Keyword: Population, Arable lands, Hydroponics, countries, Without soil. 

Introduction 
Hydroponics is a trending technique followed in the field of Horticulture. It is nothing but the growth of 
plant in nutrient solution without the use of soil. Root system in plants absorb nutrient present in the 
solution that is sufficient for growth requirement of plant. Plants that grow by hydroponic method are 
exposed to sunlight for the process of photosynthesis. Nutrient mixed into water include 
1. Nitrogen. 
2. Phosphorous. 
3. Potassium. 
4. Calcium. 
5. Magnesium. 
Hydroponics remove the barrier between plants and nutrient. This provides the roots with direct access of 
oxygen, water and nutrients. 

Types of Hydroponics: The Most Important Methods of Hydroponics 
Wick method: The nutrient is delivered via capillary movement of wick by pumping the nutrient solution 
from reservoir up to the growing tray to plant roots. The pant and reservoir of nutrient solution is connected 
by a wick, which slowly feeds them overtime. Plant roots grow down through a medium while the absorbent 
wick draws nutrient-filled water up from a water reservoir to the root system zone. Of all method this 
method is simplest and most cost-efficient method. This wick system works passively. 
Deep water culture: It is also known as reservoir method. In this method plants will be grown in net pot 
with some growing media. They are placed and held by the lid on the top of the reservoir. Roots grow out 
the net pot and reach the solution held in the reservoir below. The roots are suspended directly inside the 
nutrient solution and use an aquarium air pump to oxygenate the solution so the plants don’t drown. They 
have constant supply of water and nutrients. It is the easiest method for maintenance. 
Ebb and Flow: Ebb and flow method also known as flood and dry system. At specific interval growing 
area should be flooded based on timer. It helps to flood the nutrient solution on to grow tray to surround 
plant root before draining back. Nutrient-filled water is pumped on a frequent basis for every 30 minutes 
to root zone area. After flooding the tray gravity drains the solution back in to reservoir to be reused. 
Drip system: A timer is set to schedule the submerged pump. When the timer is on the nutrient solution 
is pumped and dripped onto plants base through a small drip line. Amount solution per plant can be 
adjusted. Drip system pumps the nutrient solution through the tube and give assess to the plant roots via 
a network of drip lines. This system is automatically by timer. Slow feed of nutrient solution is distributed 
to the hydroponics medium using slow-draining medium like rock wool, coconut, coir or peat moss.  
Nutrient flow technique (NFT): It works by constantly flowing the solution, so no timer is used. The 
nutrient is pumped in to Plants are positioned on a floating surface hanging in a trough that is slightly 
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tilted. The plant root hang with the upper part of root system exposed to air. The nutrient film technique 
supplies plant root with thin film of nutrients and the roots are not completely submerged. Helps to keep 
the system to run for a long time without manually or frequently checking. To properly execute this method 
plants should be grown in slightly tilt that allows the solution to flow downwards. 
Aeroponics: Aeroponics system is achieved by misting the root zone with nutrient solution constantly 
instead of running a thin film of nutrient solution along the channel. Misting is done in every few minutes. 
The roots will be dried completely if the misting cycle is interrupted. The mist nozzles are directly connected 
to the water pump. Timer is used for control. Aeroponics is not the easiest method in hydroponics but it is 
simplest method. The smaller the particle size, the faster the absorption by plant’s roots. 

Crops in which Hydroponics can be Done 
1. Tomatoes 
2. Strawberries 
3. Lettuce 
4. Spinach 
5. Raddish 
6. Herbs like basil, chamomile etc. 

Conclusion 
We know that nowadays agriculture is reduced day by day. The agricultural lands and resources are being 
depleted. Due to increase in population the agriculture land is used as plots for building and houses. This 
cause increase in demand for food and there may be a chance of food scarcity. In near future to overcome 
this crisis hydroponics can be used when the arable land decreases. 
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Introduction 
The Bodoland Territorial Region (BTR) of Assam consists of 5 (five) districts namely Kokrajhar, Chirang, 
Baksa, Udalguri and newly created Tamulpur district. The BTR enjoys autonomy and control over 
departments specifies in the Memorandum of Settlement (MoS). Bodo is an indigenous tribe in the land of 
Assam belonging to the Tibeto-Burman family of Mongolian race. They belong to a large ethnic group called 
the Kacharies (Brahma, 2011). Primarily Bodos were the inhabitants of the Hwang Ho and the Yang-Tse-
Kiang River valley of China.  It is believed that the word ‘Bodo’ is derived from the name of a place called 
‘Bod’ situated in the north of Himalayas and west of China (Das, 2020). They are numerically and 
sociologically one of the most important aboriginal tribes of the greater Assam. They ruled the whole of 
Assam up to the 12th century A.D. and moved to the western part of the Brahmaputra valley, north Cachar 
hills and the plains of Cachar in the 16th century A.D. to evade the Ahom onslaught (Goswami, 2012). 
Presently, total population of the tribe in Assam is 13,61,735 (Anonymous, 2020). The tribe has the highest 
number of populations among the schedule tribe of Assam. 
The main traditional occupation of the Bodo tribe is agriculture and its allied activities like sericulture, 
poultry, piggery, fishery, weaving etc. Sericulture industry is one of the foremost avenues in BTR region 
which creates large scale job particularly to the destitute at their doorstep. Sericulture particularly eri 
culture occupies a unique place in the socio-economic life of the tribe and it has been practiced from time 
immemorial. Culture and tradition of the Bodo society is closely associated with the production process of 
eri silk. Art of rearing of eri silkworm, spinning and weaving was introduced by the Bodo indigenous people 
in India (Sharma, 1983). The art of eri rearing is inherited from generation to generation and it plays an 
important role in the livelihood security of the Bodo community. 
Eri silkworm rearing is almost a household activity among the Bodo people. Production of eri silk in BTR 
during 2019-20 is 1369.3 MT. There are 1,658 numbers of eri villages and 2109.18 hectare of land area of 
eri host plantation in the BTR (Anonmyous, 2020). Eri silkworm rearing by the tribe is done not only for 
silk but also for the relishing puape for consumption. Eri pupae is a rich source of protein. Eri pupae is sold 
in the daily/weekly hats. It is sold in the market in the unit ‘Pon’. One pon consists of 80 numbers of eri 
pupae. Price range of one pon varies from Rs 50 to Rs 100. It has a high demand in the market of BTR. The 
special thermal properties of eri silk also fulfill the requirements of warm clothing to some extent in the 
BTR region. 

Initiatives of BTR 
Golden era of the silk industry in BTR started with the launched of the Integrated Sericulture Development 
Project entitled ‘Project Thaokhri’ during 2004-2005. Due to the substantial effort of the Directorate of 
Sericulture, BTC and financial assistance from Central Silk Board production of raw silk made a quantum 
jump from 100 MT in 2003 to 1418.30 MT (Eri-1369.3 MT, Muga-38 MT and Mulberry-11 MT) during 2019-
2020 which accounts 36.39% of the total raw silk production in Assam. Bodoland Territorial Council has 
considered and declared to observe ‘Eri Day’ on 1st May every year from 2019-20 onwards in order to honour 
the eri farmers and to laud the significance of eri culture in the life of Bodo people. In northeast India, the 
BTC established the first eri knitted unit for product diversification and design development for creating 
value added product. This will cater the long need in eri silk industry for creation of ranges of knitted 
products in the fashion industry. Pondering the necessities of value-added products and creation of assured 
marketing facilities for the farmers, BTC has established two numbers of eri spun mill at Bodoland silk 
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park, Adabari, Kokrajhar and other at Dimalgaon, Kokrajhar with the support Ministry of Textile, Govt. 
of India. BTC has established 1st vanya silk cocoon bank at Udalguri in order to channelize the scope of silk 
marketing system and to prevent exploitation of the farmers by the traders. The floor price of eri cut cocoon 
has increased from Rs.100 to Rs.750 per kg after the establishment of the cocoon bank. Launching of 
Integrated Eri Silk Development project under North Eastern Region Textile Promotion Scheme by 
utilizing Tapioca plantation is another milestone of BTC government in the eri sector. It will help for 
sustainable livelihood to poor women folk of BTC. Introduction of tapioca plantation will benefit the eri 
growers in dual way. It will help in doubling the farmers income as the leaves and tuber can be used. 
Launching of sericulture logo by the Directorate of Sericulture, BTC is another achievement as it creates 
its own identity amongst the department of BTC. One handloom cluster was established in Baksa district 
in order to create job opportunity for the local artisan of BTR. Bodoland silk logo was officially launched 
during 2017 for brand promotion of Bodoland silk in national and international market. This will assure 
quality and purity of the natural silk. Vanya Silk Shoppe at New Delhi was opened by the Directorate of 
Sericulture, BTC in order to provide a platform and to facilitate the entrepreneur for marketing the 
products at the national level. BTC has chalked out a long-term vision document with a target to 
employment generation of 1,50,000 of rural population during 2030. Sericulture farmers of BTR started 
earning a minimum of Rs. 300000 to Rs. 400000 per annum and started adopting sericulture as a primary 
livelihood avocation as reported by Dr. Jogesh Deuri (Retd. Director, DOS BTC). 

Conclusion 
Sericulture of BTR region has been emerging like a dazzling star in the whole of northeast India. Eri culture 
has been able to provide direct employment to large section of Bodo population. Launching a eri mission 
like the muga mission of Assam will help in augmentation of the eri silk production in the days ahead. 
Adoption of the scientific practices in eri culture in BTR will not only increase eri production but will also 
provide higher income. It is the high time to choose the ‘non-violent’ silk for boosting the rural economy of 
Bodoland Territorial Region. 
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AgroStar APK for Android 

 
AgroStar for Android is a agridoctor app specially designed to be fully-featured crop app. Krishi Gyaan 
: AgroStar’s ‘Agronomy Centre of Excellence’ (ACE) is a team of expert agri-doctors who help farmers with 
farming advice, tips, and solutions. All farmers have now come together to help each other progress and 
win making AgroStar Agri-Doctor App the biggest and most loved online farmer group in India!. 
Key Features of AgroStar: 

a. Best Kisan Helpline & Farmers Agriculture Application | Agri Product | Farm Crop 
b. Kisan Helpline & Farmers Agriculture App 
c. A agridoctor crop app that is an excellent Krishi Network Agriculture App alternative. 
d. AgroStar APK for Android is available for free download. 
e. Updated on Jan 5, 2022. 

Krishi Network Agriculture App APK for Android 

 
Krishi Network Agriculture App for Android is a network app specially designed to be fully-featured 
agriculture app. Track nearby Mandi Bhav, farming of dhan ki kheti, ganne, bajre kheti, jwar, 
tamatar.latest Info on Dept Agriculture & Kisan yojana like PM Krishi Sinchayee Yojana, Soil Health 
Card, Crop Insurancemung ki kheti . Stay updated about, and social network the krishi app for Indian 
farmers. 
Key Features of Krishi Network Agriculture App: 

a. Indian Agriculture App for Kheti Badi Tips, Plant Protection & Weather Forecast 
b. Krishi Network Agriculture App APK for Android is available for free download. 
c. Updated on Jan 21, 2022. 

https://www.androidfreeware.net/tag-agridoctor.html
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BigHaat Smart Farming App APK for Android 

 
BigHaat Smart Farming App for Android is a farmer’s app specially designed to be fully-featured crop 
app. Combining years of experience in agriculture with the power of data, science and technology, BigHaat's 
Farmer Centric Platform is empowering the farmers to acquire the right knowledge about crops, get timely 
and vital advice, shop for wide range of Agri products (seeds, pesticides, fertilizers and agri instruments) 
and connect with strong farmer communities. 
Key Features of BigHaat Smart Farming App: 

a. BigHaat offers Personalized Crop Advisory to Farmers with Genuine Agri Products. 
b. Learn, Connect & Grow. 
c. BigHaat Smart Farming App APK for Android is available for free download. 
d. Updated on Jan 17, 2022. 

DeHaat Kisan APK for Android 

 
DeHaat Kisan for Android is a kisan app specially designed to be fully-featured agriculture app. Our 
Farmers App offers end to end agriculture services to Indian farmers with an aim to improve their lives 
and bring efficiencies in the agriculture value chain.It instantly makes all information available by sending 
daily updates or notifications consisting of modern agriculture such as - Weather Forecast, Market 
Demands, Prices, Information about Seeds, Fertilizers, Soil Quality Check and Various crop options, PM 
Kisan Yojna, etc. 
Key Features of DeHaat Kisan: 

a. Get answers to farming problems, join the DeHaat progressive farmer community 
b. Farming Guide 
c. A kisan agriculture app that is an excellent Farming Master 3D alternative. 
d. DeHaat Kisan APK for Android is available for free download. 
e. Updated on Jan 14, 2022. 

Bijak APK for Android 

 

https://www.androidfreeware.net/tag-kisan.html
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Bijak for Android is an agri app specially designed to be fully-featured mandi app. Bijak is an online 
agriculture trading platform that connects thousands of verified agri traders (Farmers, Loaders, 
Commission Agents, Brokers) across India. Connect with verified buyers, suppliers, post selling/buying 
requirements, create orders & run your agri trade with absolutely zero risk. 
Key Features of Bijak: 

a. Agriculture commodity market for agri trader, daily mandi bhav of agri commodity 
b. Agri Mandi Trade Online 
c. A agri mandi app that is an excellent Krishify Agriculture Kisan App alternative. 
d. Bijak APK for Android is available for free download. 
e. Updated on Jan 23, 2022. 

Krishe APK for Android 

 
Krishe for Android is a crop app specially designed to be fully-featured advisory app. Krish-e by 
Mahindra group is the best in-class app that provides valuable agriculture information and a personalized 
crop calendar for your farm. These Agri advisory services provide you a scientific and personalized crop 
calendar for every farm.What does Krish-e offer to farmers??Personalized Crop Calendar for all your farm 
needs. 
Key Features of Krishe: 

a. Smart agriculture app for crop planning, agriculture information Farming & agriculture app for 
Kisan Krishi 
b. Krishe APK for Android is available for free download. 
c. Updated on Jan 15, 2022. 

Bakhabar Kissan APK for Android 

 
Bakhabar Kissan for Android is a kissan app specially designed to be fully-featured digital app. With 
an interactive and user-friendly interface, the application provides dynamic information regarding various 
agricultural topics ranging from weather, crop advisory, livestock advisory, modern practices and disaster 
management. Videos: Watch videos on best farm management practices and production technologies 
regarding crops, soil, livestock, fertilizers, Agri machinery, disease and pest control, etc. 

https://www.androidfreeware.net/tag-agri.html
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Krishe APK for Android 

 
Krishe for Android is a crop app specially designed to be fully-featured advisory app. Krish-e by 
Mahindra group is the best in-class app that provides valuable agriculture information and a personalized 
crop calendar for your farm. These Agri advisory services provide you a scientific and personalized crop 
calendar for every farm. What does Krish-e offer to farmers??Personalized Crop Calendar for all your farm 
needs. 
Key Features of Krishe: 

a. Smart agriculture app for crop planning, agriculture information  
b. Farming & agriculture app for Kisan Krishi 
c. Krishi APK for Android is available for free download. 
d. Updated on Jan 15, 2022. 
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Introduction 
Invasive alien species (IAS) or invasive species or alien species or non-native organisms (animals, insects, 
microorganism, diseases, or undesired plants) means populations that invade and establish in new areas 
and result in uncontrolled growth and spread causing economic and environmental problems. Invasive 
species are considered as the major and most rapidly growing threats to the agricultural ecosystem and 
environment and they change the native biological diversity. Invasive pests in India have posed a serious 
threat to agricultural products, household commodities, human health and the environment.  
Recently in India, tobacco thrips, Thrips parvispinus (Karny) (Thysanoptera: Thripidae) is one of the 
destructive invasive pest threatening on chilli cultivation.  They are introduced from Indonesia (Mound 
and Collins, 2000) and it was first reported in papaya plantations in India by Tyagi et al. (2015). This 
species is a crucial biosecurity species since it is widely dispersed now and is documented from Thailand to 
Australia. T. parvispinus has drastically extended its global range over the last twenty years, and it is 
already reported to happen in Greece, Hawaii, Reunion, France, Spain, Mauritius, Tanzania, and the 
Netherlands, in addition to India. Andhra Pradesh, Tamil Nadu, Karnataka, Kerala, Chhattisgarh, 
Gujarat, Maharashtra, Odisha, and Assam were among the nine states in India where research was 
accomplished.  
The NBAIR, Bengaluru has been receiving thrips samples from different part of India since 2016 for the 
purpose of species identification. A samples size of 1257 were investigated from five states, including 652 
from Andhra Pradesh, 94 from Chhattisgarh, 328 from Karnataka, 27 from Kerala and 156 from Tamil 
Nadu; these data include both manually gathered material and samples provided for recognition. In India, 
thrips species were gathered from 9 distinct host plant species belonging to 7 different families as of 2015.  
This thrips seems to have the capacity to feed and proliferate in a broad variety of agro environments, 
including four fruit crops, three ornamentals, and one each of vegetable and field crop. Field assessments 
in chilli farms revealed an alarmingly high prevalence of thrips on blooms. Thrips infestation affected 90 
to 95 percent of flowers, with an average of 18.20 thrips per bloom. 
Despite the fact that T. parvispinus has yet to be identified as a Tospo virus vector, it is possible that it 
will develop pathogenicity. As a result, domestic quarantine procedures must be enhanced much further to 
stop the occurrence of this invasive and dreaded thrips throughout India. 

 
Fig. (A)and (B) Thrips feed on pollen and flower (C) Thrips infested field of chilli 
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The body of T. parvispinus is brown, with a lighter head and thorax than the abdomen. Legs are yellow, 
with brown forewings and a light base. Head is wider than long. Thrips' body size and colour vary, most 
likely as a result of the environment during growth. Thrips induce flower withering, distortion, and fruit 
drop in chillies, resulting in a significant output loss. 

Strategies for Checking the Spread of the Invasive Thrips on Chilli Crops 
1. Management of existing crop: 

a. Organize awareness programs for farmers by including scientists and state extension agents at 
village level. 
b. Intensive and regular monitoring of thrips in all chilli growing areas and other host plants 
c. Use pest free seedlings for planting.  
d. Continual and exhaustive monitoring and inspection for further infestation of this pest through 
surveys of chilli growing areas 
e. Use of neem oil, pongamia oil in the case of heavy infestation.  
f. Judicious use of insecticides and fertilizers as per the package of practices recommended by the 
local regions/Universities.  
g. Create awareness regarding erection of blue sticky traps@ 25- 35 per acre for mass trapping in 
thrips infested field. 
h. Advise farmers to apply neem cake to the beds @ 100 kg/acre in two split doses at the time of 
planting and 30 days after transplanting, spraying of NSKE 5% or Neem oil 3% and other Neem 
formulations, 
i. Spraying of Beauveria bassiana @ 5gm and Lecanicillium lecanii @ 5 gm and 0.5 gm of adjuvant 
per liter of water,  
j. Sprinkle water over the seedlings to check thrips multiplication during nursery stage. 
k. Apply Pseudomonas fluorescence @20g/l or Bacillus albus @20g/l spray focusing on flowers and 
fruits. 
l. Conserve predators such as predatory mite (Amblyseius swirskii), insidious flower bugs (Orius 
insidiosus) etc. 

2. Management for new crop: 
a. Completely destroy previous crops debris. 
b. Uproot the weeds (Parthenium spp. and Abutilon spp) on field bunds which are acting as off-
season host for thrips. 
c. Adopt crop rotation with non- host crop. 
d. Erection of blue sticky traps@ 25- 35 per acre for mass trapping immediate after transplanting. 
e. Use of other Plant protection as listed above under Management of existing crop. 
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Social behavior involves cooperation between individuals of the same species and the degree of that 
cooperation defines the type of sociality that species demonstrates. Of all the insects in the world, only 
about two percent are considered to be truly social. Social insects are an important component of Earth’s 
biological diversity. E. O. Wilson has noted that eusocial insects (including termites, ants, bees, and wasps) 
make up a significant proportion (75%) of the world’s insect biomass. The evolutionary and ecological 
success of social insects is evident in both tropical and temperate ecosystems. 

Advantages of Social Behavior in Insects 
Social insects gain several advantages over their solitary cousins. Social insects work together to find food 
and other resources and to communicate their findings to others in the community. They can mount a 
vigorous defense of their home and resources when under attack. 
Social insects also can out compete other insects, and even larger animals, for territory and food. They can 
quickly construct a shelter, and expand it as needed, and they can divide chores in a manner that ensures 
everything gets done expeditiously. 

Characteristics of Social Insects 
Eusocial, meaning truly social, represents, the most highly evolved level of sociality, defined by E. O. Wilson 
as the state where "Individuals of the same species cooperate in caring for the young: there is reproductive 
division of labour, with more or less sterile individuals working on behalf of fecund individuals, and there 
is an overlap of at least two generations in life stages capable of contributing to colony labour, so that 
offspring assist parents during some period of their life". Thus, the important characters namely:  
1. Share a common nest site 
2. Individuals of the same species cooperate in caring for the young 
3. Reproductive division of labor — sterile (or less fecund) individuals work for the benefit of a few 
reproductive individuals. 
4. Overlap of generations — offspring contribute to colony labor while their parents are still alive. 

Degrees of Sociality 
Species that lack one or more of these characteristics are classified presocial Within this category are 
subsocial species (in which the parents care for their offspring) and parasocial species (which have a 
common nest site but lack one or more of the other eusocial characteristics). 
1. Solitary: Solitary, of course is the term that characterises the absence of any extent of sociality so that 
members of a species may not interact with each other at all except during courtship and mating. 
2. Social. 

Presocial Insects 
Presocial insects have one to two characteristics of sociality. Presocial insects includes insects that provide 
limited parental care to their offspring.  
Pre-social, however, refers to everything beyond the solitary and before the eusocial i.e., it includes the 
subsocial, communal, quasisocial and the semisocial. Even among the eusocial it is common practice to 
distinguish two levels. 

https://www.thoughtco.com/how-honey-bees-communicate-1968098
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1. Subsocial: Subsociality is widely distributed and refers to the adults caring for their own young ones 
for some time. These species protect or shelter their eggs, nymphs, or larvae; eggs and larvae may be given 
parental care in an enclosed nest. Examples may be found among crustaceans, spiders, mites, scorpions, 
millipedes, centipedes, cockroaches, crickets, bugs and beetles. 
2. Parasocial: Parasocial is a relatively new term which includes communal, quasisocial and 
semisocial but excludes the sub social. This term is useful because there appear to have even two routes 
in the evolution of eusociality namely, the Subsocial route and the Parasocial route. 

a. Communal Societies: Communal species include insects of the same generation that share a 
nest site without any form of collective offspring care. Communal species are those where members 
of the same generation use the same composite nest or nesting area, but show no cooperative 
brood care or any other feature of eusociality. 
b. Quasi-Social Societies: Quasisocial is one step higher than communal because it also 
involves cooperative brood care. it includes one of the three features of eusociality namely, 
cooperative brood care but not the others. Again, spiders are good examples of this society. 
c. Semisocial Societies: Semisocial refers to a situation which incorporates two features of 
eusociality namely, cooperative brood care as well as reproductive caste differentiation but lacks 
overlapping of generations. Many wasps and bees are semisocial. 

Primitively Eusocial Insects 
The sole difference between eusocial insects and primitively eusocial insects lies in the sterile worker caste. 
In primitively eusocial insects, the workers look the same as queens, with little or no morphological 
differences between the castes. Some sweat bees are primitively eusocial. 
Bumblebees, for example, are also considered primitively eusocial, although they're an unusual example in 
that the queen is slightly larger than her workers, and therefore can be differentiated. 

Eusocial Insects 
Highly eusocial, as the name implies, refers to the most advanced societies where there is clear cut 
morphological caste differentiation and little, if any, flexibility in the social roles that adult insect may 
adopt. Caste determination occurs almost exclusively before eclosion and involves rather complicated 
nutritional and hormonal mechanisms. All termites, most ants and many bees and wasps such as the honey 
bees and the vespine wasps, respectively, are highly susocial. Without exception the highly eusocial state 
is restricted to the orders Hymenoptera ind Isoptera in the entire animal Kingdom. 
Table: Classification system of Presocial and Eusocial insects: 
 Common nest 

site 
Cooperative 
brood care 

Reproductive 
castes 

Overlap of 
generations 

Solitary No No No No 
Communal or 
subsocial 

Yes No No No 

Quasisocial Yes Yes No No 
Semisocial Yes Yes Yes No 
Eusocial yes Yes Yes Yes 
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Introduction 
There are different genome editing tools developed including Mega nucleases, Zinc finger nucleases (ZFNs), 
Transcription activator-like effector nucleases (TALENs) and Clustered Regularly Interspaced Short 
Palindromic Repeats (CRISPR). The genome editing differs from RNA interference as shown in table 1. GE 
tools are based on exploiting the natural repair mechanism in organisms (HDR/NHEJ) which gets activated 
due to double stranded breaks created by GE tools. 
Table 1: Difference between RNA interference and Genome editing: 
RNA Interference Genome Editing 
Targeting the expression of particular gene 
(mRNA silencing) 

Help to alter, remove, replacement of gene 

Target specificity Target specificity 
Knockdown of gene Knockout of gene 

In the CRISPR/Cas-9 system, the non-homologous end joining (NHEJ) and homology-directed repair (HDR) 
pathways are used to repair DSBs caused by Cas-9 protein (Liu et al., 2019). NHEJ aids in the repair of 
DSBs by enzymatically connecting DNA fragments in the absence of external homologous DNA and is 
active throughout the cell cycle. It is the most common and effective cellular repair method, but it is also 
the most error-prone, since it can result in minor random insertions or deletions (indels) at the cleavage 
site, resulting in frameshift mutations or premature stop codons. HDR is a very accurate technique that 
requires a homologous DNA template (table 2). 
Table 2: Difference between non-homologous end joining and homology-directed repair: 
Non-homologous end joining Homologous end joining 
Broken ends can be joined without a homologous 
template 

Broken ends require a template to guide repair 

More dominant during G0/G1 and early S-phase More dominant during G2 and late S-phase 
Susceptible to frequent mutation errors due to 
nucleotide insertions and deletions (indels) 

Fewer errors or chances of mutations if the DNA 
template used during repair is identical to the 
original undamaged DNA sequence. 

Efficient repair mechanism that is most active in 
the cell 

Dominant mechanism for precise DSB repair but 
with low efficiency 

Clustered Regularly Interspaced Short Palindromic Repeats (CRISPR) 
CRISPR are genetic elements that bacteria (discovered in E. coli) use as a kind of acquired immunity to 
protect against virus (Marraffini, 2015). These have palindromic repeats clusters which are separated by 
non-repeating DNA sequences called spacers. 

Mechanism of CRISPR/CAS 9 Genome Editing 
The identification, cleavage, and repair phases of the CRISPR/Cas-9 genome editing system may be split 
into three categories (Shao et al., 2016). Through its 5’crRNA complementary base pair component, the 
proposed sgRNA drives Cas-9 and detects the target sequence in the gene of interest. In the absence of 
sgRNA, the Cas-9 protein stays inactive. At a location three base pairs upstream from PAM, the Cas-9 
nuclease generates (DSBs) double-stranded breaks (Ceasar et al., 2016). The PAM sequence is a short (2–
5 base-pair length) conserved DNA sequence downstream of the cut site that changes in size depending on 
the bacterium. Cas-9 protein, the most widely used nuclease in genome editing, detects the PAM sequence 
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at 5-NGG-3. Cas-9 initiates local DNA melting followed by the creation of an RNA-DNA hybrid after it has 
discovered a target spot with the right PAM. The Cas-9 protein is then activated to cleave DNA. The HNH 
domain cleaves the complimentary strand of target DNA, whereas the RuvC domain cleaves the non-
complementary strand, resulting in mostly blunt-ended DSBs. Finally, the host cellular machinery repairs 
the DSB (Mei et al., 2016). 

 
(Source: CRISPR: Implications for materials science by Philip Ball, November 17, 2016.) 

Application of CRISPR Technique in Crop Improvement 
The threat of agricultural resource scarcity is significant as the world's population grows. As a result, new 
technologies are required to increase and improve natural food production. 
1. Improvement in nutritional value of food (e.g., low gluten content in wheat, high amylose in potato, low 
phytic acid and high oil content in rapeseed). 
2. Increasing food shelf life 
3. Drought-tolerant varieties 
4. Enhance disease resistance 
5. Improving the crop physical appearance: 

a. Modification of Shape and Size. 
b. Color modification. 

Challenges 
1. Off target activity 
2. Single nucleotide substitution is more important in case of GWAS studies in plants 
3. Depend on repair mechanisms 
4. Mutation due to double stranded break 
5. Protospacer Adjacent Motif (PAM) requirement. 

Conclusion 
Researchers now have the capacity to adjust crop-specific features more precisely and effectively thanks to 
the CRISPR/Cas9-based gene-editing technique. In crop breeding and functional genomics, the 
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CRISPR/Cas9 system has become the most widely utilized and adaptable technique. Its peerless capacity 
to regulate genes aided in the development of several crop types with desirable agronomic characteristics. 
However, most crop-improvement gene-editing research is still in the early stages of revealing genomic 
function and regulatory processes. 
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Abstract 
Organic farming is an agricultural strategy that emphasises crop rotation and companion planting while 
utilising organic fertilisers such as compost manure, green manure, and bone meal. It began in the early 
twentieth century as a reaction to rapidly changing agricultural techniques. Globally, certified organic 
agriculture covers 70 million hectares, with Australia accounting for more than half of that total. Various 
organisations are still working to improve organic farming today. Biological pest control, mixed cropping, 
and insect predator breeding are all encouraged. Organic guidelines are intended to allow the use of 
naturally occurring compounds while forbidding or severely restricting the use of synthetics. Natural 
insecticides like pyrethrin and rotenone, for example, are permissible, whereas synthetic fertilisers and 
pesticides are often prohibited. Copper sulphate, elemental sulphur, and Ivermectin are examples of 
synthetic chemicals that are permitted. In cattle husbandry, the use of genetically modified organisms, 
nanomaterials, human sewage sludge, plant growth regulators, hormones, and antibiotics is prohibited. 
Sustainability, openness, self-sufficiency, autonomy and independence, health, food security, and food 
safety are all claimed benefits of organic farming. To improve the ecosystem resilience by practice of Green 
manure crops and Green leaf manure crops incorporation and application of Bio-fertilizers,Compost,Vermi-
compost, Cowdung, Poultry manure, Goat/sheep droppings, Piggery wastes and Panchakavya are the key 
to conserve nature and improve the production and productivity of farming.  
Keywords: Organic certification, Green Manure, Green Leaf Manure, Piggery wastes etc. 

Introduction 
Natural farming is an agricultural method in which the chemical fertilizers, pesticides and herbicides are 
avoided, in the production of food crops. Organic farming is also referred as growing of crops and domestic 
animals/cattles in the natural way, to get toxin-free food materials. The nutrients for the crops are supplied 
through natural manures and the pests and diseases are controlled by micro-organisms and phytoorganics. 
Same crops should not be grown and the crops should be cultivated in a cyclic manner. In India natural 
farming, Madhya Pradesh state top the list followed by Rajasthan. 

Importance of Natural Farming 
1. By the natural farming, human beings are receiving non-toxic food materials of cereals, pulses, 
vegetables and fruits. 
2. Natural farming fruits and vegetables are having high keeping quality and rich taste. 
3. By this natural farming, soil fertility is not only increases but also soil becomes more suitable for 
sustainable agricultural production. 
4. Prevents soil pollution. 
5. Conserves the irrigation water. 
6. Soil biodiversity increases in turn the beneficial living organisms of the soil. 
7. Prevents the wastage of nutrients. 
8. Crops are able to receive the soil nutrients easily. 
9. Prevents the soil micronutrients deficiency. 
10. Farmers can get high remunerative prices for their produces in the market. 
11. In the natural farming, the nutrients are supplied through natural manures. 
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The Natural Nutrients Supplying Manures are as Follows 
1. Green manure crops 
2. Green leaf manure crops 
3. Bio-fertilizers. 
4. Compost 
5. Vermi-compost 
6. Cowdung 
7. Poultry manure 
8. Goat/sheep droppings 
9. Piggery wastes 
10. Panchakavya. 

Green Manure Crops 

 
Green manure application is a method in which certain crops are raised in the fields and ploughed in-situ. 
These types of crops are known as Green manure crops. Most of the green manure crops have nodules in 
their roots, where the beneficial bacteria are surviving. These beneficial micro-organisms fix the 
atmospheric nitrogen and supply to the crop plants. Examples are sunhemp, kolinji, cattle fodder, grasses 
and cluster beans. These green manure crops, increases the quality of soil; increases the Water Holding 
Capacity of soil and also prevents soil erosion. 

Green Leaf Manure 

 
Green leaf manure is the dumping of green leaves/twigs of big trees into the field and closing with mud/soil. 
The tree leaves used are Neem, Soobabul, Acacia, Glyricidia etc. These green leaf manure increases soil 
structure, Water Holding Capacity and reduces soil erosion; Controls soil weeds. This green leaf manure is 
also useful for rectifying the alkaline soil. 

Bio-Fertilizers 
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Beneficial bacteria and fungi of soil are isolated; purified and multiplied and supplied as bio-fertilizers. 
These living fertilizers act upon the soil and release the nutrients for the crop availability. Azospirillum is 
a biofertilizer which fixes the atmospheric nitrogen and supply to the crop plants. This Azospirillum is 
suitable for all the crop plants. These organisms release the growth promoting hormones like Gibberellic 
acid and Indole acetic acid, in turn the crop growth and yield is good. Blue Green Algae and Azolla are 
biofertilizers especially for the paddy crop. Rhizobium biofertilizer is prepared from bacteria which lives 
inside the root nodules and fixes the atmospheric nitrogen. This Rhizobium is suitable for legume crops 
like groundnut, soybean, black gram, green gram, red gram, Bengal gram, cowpea etc. 
Bacteria that solubilize the phosphorus nutrient are known as phosphor-bacteria. These bacteria produce 
organic acids in which the phosphorus solubilizes and availabie to the crop plants. Bacillus megaterium, 
Pseudomonas putidy, Xanthomonas agilis, Vibreo proteolytics are some of the bacteria that are being used 
as phospho-bacteria. Potassium solubilizing bio-fertilizers are made by using the micro-organisms that are 
able to solubilize the Potassium and supply to the crop plants. Bacillus circulans, Phaenobacillus, 
Acetithiobacillus are some of the bacteria that are used for the preparation of K-solubilizing bio-fertilizers. 
Nowadays, Zinc solubilizing fertilizers are also being sold. These are prepared from the bacteria like 
Pseudomonas piragi, Pantova disperia. These biofertilizers are nowadays also available as liquid-
biofertilizers. 

Compost 

 
Farmers can prepare the compost from the agricultural wastes by themselves. Agricultural wastes are 
dumped into a pit or heap and over that the cowdung or Goat/sheep droppings are sprayed as slurry. 
Cowdung slurry is prepared by mixing 1 kg of cowdung in 20 litres of water. The microbes in the slurry 
degrades the agricultural wastes and convert it as compost. 

Vermicompost 

 
Vermicompost is an organic manure produced by the earthworms, by the degradation of agricultural 
residues along with cattle dung/ Goat/sheep droppings. This vermicompost is rich in nutrients and growth 
promoting substances than the normal compost. This vermicompost can be prepared by heaping the 
agricultural wastes/kitchen wastes, then spraying with cowdung over these wastes. Regularly spray the 
water and maintain the moisture content of 50 to 60%. After 10 to 15 days, add the earthworms into the 
heap @ 2 kg/ ton of wastes. 
We can use the earthworms like red earthworms, or African earthworms (Both are Epigeic). Regularly, 
maintain the moisture content and avoid the water stagnation. After 30 to 40 days, vermicastings will 
appear in the heap; this is an indicator of maturity of compost. Then, the vermicompost can be harvested 
and dried in the shade area for one day. After that, sieve the vermicompost with 4mm sieve. This 
vermicompost is having all the 16 nutrients required for crop growth and also Growth promoting hormones 
and vitamins. 
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Farm Yard Manure 

 
Cowdung is converted as Farm yard manure, by keeping it as such for 15 to 20 days. This type of Farm 
Yard Manure contains the nutrients Nitrogen, Phosphorus and potassium but also Calcium, Magnesium 
Sulphur, Manganese, Copper, Boron, Iron etc. 

Poultry Manure 

 
In the poultry farm, the litters in the ground are mixed with the poultry droppings and urine of the poultry 
birds. This litter wastes can be used as Poultry manure. 
The poultry droppings are to be spread in the shade area and mixed with the leaf wastes or coir pith wastes. 
Then spray water and maintain the moisture content of 40 to 50%. After 10 days, these wastes will become 
as a better organic manure. This poultry manure contains more quantity of Nitrogen and phosphorus than 
the Farm Yard Manure. 

Goat/Sheep Droppings 

 
Goat/Sheep droppings can also be used as an organic manure. The sheeps are allowed to stay in the land 
overnight, during which the droppings and urines of these sheeps fertilize the soil. This type of night stay 
of sheep/Goat is a nutrient enriching technique followed traditionally. Goat/Sheep droppings contain more 
nitrogen. These droppings can also be composted and used as mulch in the field crops. When compared to 
other animal wastes, these Goat/Sheep droppings are in the dry condition and have no odour. Hence, it is 
a good manure. These Goat/sheep manure contains Nitrogen, Phophorus, Potassium, Calcium, Magnesium 
and sulphur nutrient. We can also mix the leaf litters/ Grasses/Kitchen wastes/Egg shells to Goat droppings 
to make it as an enriched manure. 
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Piggery Manure 

 
Pig wastes can also be conveted as organic manure by proper composting. Bad odour is normally coming 
out from the piggery wastes. Pig manures may be composted for 5 to 6 months and then converted as 
organic manure. Piggery wastes can be mixed with either leaf litters or paper wastes or Grasses or kitchen 
wastes and also with cowdung. The moisture content should be maintained as 40-50%. This piggery waste 
compost has higher quantity of copper and Zinc content than other organic manures. 

Panchakavya 

 
Panchakavya is a naturally prepared nutrient rich liquid good for the growth and development of crop 
plants with high immunity. Panchakavya contains cattle dung, cattle urine, milk, curd and ghee. This can 
be sprayed during flowering and fruiting season for the crops. 
Some farmers are mixing banana, jaggery and tender coconut also into the Panchakavya. This is not only 
serving as growth promoting hormones but also increasing the immunity of plants against the pests and 
diseases. If we use these types of natural manures only for crop cultivation, we can get the organic 
certificate.  
Organically produced and certified agricultural produces ont only fetches high income, but also increases 
the foreign exchange for our country by export. 
In the natural farming, when we are in need of organic certificate, the following agricultural inputs should 
not be used. 
1. Chemical fertilizers 
2. Chemical pesticides 
3. Chemical herbicides 
4. Fungicides 
5. Artificial growth promoting hormones. 
6. Genetically engineered organisms. 
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Getting Organic Certificate 
Organic certificate is issued for the naturally produced agricultural produces by the agricultural 
department of Government of Tamil Nadu. 
Agricultural officers should be approached with your farm chitta, farm map, annual crops grown, soil and 
irrigation water report and the agreement form. The fees for the organic certification are fixed based on 
the sales of produces either inside the country or exports to foreign countries. Once the organic certificate 
is obtained, we can sell the produces at higher price. 
Follow natural farming and uplift our country. 

Conclusion 
The need for organic farming or natural farming in India to improve the ecosystem resilience and improve 
the biodiversity of the ecosystem. The individuals, public, farmers, scientists, and students should 
understand the methodologies to practice the organic farming techniques to improve production and 
productivity and to protect the environment in a balanced way to conserve the system. 

References 
1. India, Department of Agriculture and Farmers' Welfare, Annual Report, 2017-18, p.58, 
2. Organic agriculture in India: A summary, International Journal of Agriculture, International 

esearch,2017;URL:https://ijair.org/administrator/components/com_jresearch/files/publications/IJAIR_2411_FI NAL.pdf 
3. The world of Organic Agriculture: Statistics and Emerging Trends, 2018, FiBL & IFOAM, Organics International, Pg no. 51,58,66, 191, URL: 

https://shop.fibl.org/CHen/mwdownloads/download/link/id/1093/?ref=1 
  

https://ijair.org/administrator/components/com_jresearch/files/publications/IJAIR_2411_FI%20NAL.pdf


 

 
Volume 04 - Issue 04 - April 2022       613 | P a g e  
 

Organic Farming – Definition, Benefits, Pest control, 
Disease Management 

Article ID: 36713 
M. Vahitha Rasool1, M. Ayisha2 

1S. Thangapazham Agriculture College, Vasudevanallur, Tenkasi, Tamil Nadu (627 760), India. 
 

 

Abstract 
Organic Farming is one of the fastest growing sectors of world agriculture. Although it represents only 1% 
of world agricultural area, Organic is one of the most recognized food labels and most people in developed 
countries consume some amount of organic food today. There is a wide range of interpretations of what 
organic means by different actors in the sector. Here we examined about the benefits, Pest and disease 
control in Organic Farming. 
Keywords: Organic Farming. 

Introduction 
The concepts of Organic agriculture were developed in the early 1900s by Sir Albert Howard, F.H.King, 
Rudolf Steiner, and others who believed that the use of animal manures(often made into compost), cover 
crops, crop rotation, and biologically based pest controls resulted in the better farming system. 

Definition 
Organic Farming is the production system which avoids or largely excludes the use synthetically 
compounded fertilizers, pesticides, growth regulators, genetically modified organisms and livestock food 
additives. To the maximum extent possible organic farming system rely upon crop rotation, use of crop 
residues, animal manures, legumes, green manures, off farm organic wastes, bio-fertilizers, mechanical 
cultivation, mineral bearing rocks and aspects of biological control to maintain soil productivity and tilth 
to supply plant nutrients and to control insect, weeds, and others pests. 

Benefits 
1. It helps to maintain environment health by reducing the level of pollution. 
2. It reduces human and animal health hazards by reducing the level of residues in the product. 
3. It not only saves energy for animal and machine, but also reduces the risk of crop failure. 
4. It ensures optimum utilization of natural resources for short-term benefit and helps in conserving them 
for future generation. 
5. It helps in keeping agricultural production at sustainable level. 

Pest Control 
Practices and tactics used in organic farming are based on the three management strategies, which include 
prevention, monitoring, and suppression. 
1. Identification and monitoring: Identification of insect pests and their natural enemies is an 
important step in any pest management program. Monitoring is the regular inspection or scouting of field 
crops for pests, including insects, pathogens, nematodes, and weeds, to determine their abundance and 
level of damage. 
2. Prevention and Suppression: Integrated Pest Management (IPM) program in Organic Farming 
incorporates a variety of pest management tactics such as cultural, mechanical, biological, and bio-
pesticide. 

Disease Management 
Plant diseases are major constrains for reductions in crop yield and quality in organic and low input 
production systems. Proper fertility management to crops through balanced supply of macro and micro 
nutrients and adoption of crop rotation have shown to improve the resistance of crop to certain diseases. 
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Thus, one of the biggest rewards of organic farming is the healthy soil that is alive with beneficial 
organisms. These healthy microbes, fungi and bacteria keep the harmful bacteria and fungi that causes 
diseases. 

Conclusion 
Organic Farming is the best and the most viable alternative for tradition farming techniques. The only 
disadvantage of organic farming is it is costlier in comparison to convention farming methods. Organic 
Farming yields more nutritious and safe food. 
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Introduction 
Insect behaviour and development are influenced by light in a number of ways that may be classified into 
several categories. Phototaxis is one of the most typical responses to light (Jander, 1963).  
The following phototactic behaviours are seen in insects:  
1. Attraction: It is termed as positive phototaxis where the organism moves towards a light source. This 
response may be employed to catch pests, although the wavelengths and intensities that are effective differ 
by species (Yang et al., 2003) 
2. Repulsion: It is termed as negative phototaxis where the organism moves away from light source. By 
delivering light at wavelengths and intensities that repel pests, this may be utilised to prevent pests from 
entering a cultivated area (Kim et al., 2013). There are a wide range of responses to light beyond phototaxis.  
3. Light adaptation: It is a phenomenon in which nocturnal insect species become light-adapted within 
minutes of being exposed to light (Walcott, 1969) and display typical daytime behaviours such as stopping 
movement and settling down. When nocturnal insects are exposed to intense light at night, they lose the 
ability to fly and reproduce. 
4. Circadian rhythms: Flight, locomotion, feeding, courtship, mating, and other daily behavioural 
patterns are included (Shimoda and Kiguchi, 1995). Artificial illumination over a period of time throughout 
the night might cause insects' diurnal/nocturnal behaviour to be shifted (Okada et al., 1991). In 
chronobiology, this is referred to as a "phase shift" (Truman, 1976). 
5. Photoperiodicity: It is the physiological response of insects to the light schedule. The onset of diapause 
can be prevented by exposing insects to light repeatedly for several days (Saunders, 2012). Insects that do 
not enter dormancy are unable to overwinter. 
6. Light toxicity: It occurs when the retinas of an insect's compound eyes are damaged and structurally 
degraded as a result of UV and blue light exposure (Stark et al., 1985). Furthermore, certain insects are 
unable to grow or survive normally (Ghanem and Shamma, 2007). This type of photo-irradiation can also 
be used to treat crops after they have been harvested. 
7. Dorsal light reaction: Some free-flying insects exhibit this phenomenon, in which they maintain their 
horizontal orientation by detecting light that shines on their dorsal side during flight, much like sunlight 
does (Jander, 1963). Many flying insects, such as dragonflies and desert locusts, have the ability to control 
roll using the dorsal light reaction (Goodman, 1965). The natural direction of flight is disrupted by light 
reflected from below by covering the ground with a highly reflecting mulching sheet. 

Utilization of Light in Pest Management 
1. Attraction of insects to light sources at night: Artificial light attracts many nocturnal insect species 
such as moths, beetles, and stinkbugs. The light sources that attract nocturnal insects the most are those 
that release a significant quantity of UV radiation (blue fluorescent lights, black lights, and mercury lamps) 
(Aoki and Kuramitsu, 2007). Rice stem borers, Chilo suppressalis Walker, and Tryporyza incertulas Walker 
moths were all controlled by insect light traps employing blue fluorescent light in paddy fields (Ishikura, 
1950). In addition, various electric insect killers have been developed that utilise light sources that have a 
strong attraction to insects. In many countries, these devices are used to control pests in greenhouses and 
stores that are open at night. 
2. Attraction of insects to colour plates: At night, certain diurnal insects are drawn to light sources. 
Artificial light sources, on the other hand, are less efficient for pest management during the day due to the 
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intensity of sunlight. The employment of coloured devices, such as yellow pan traps or yellow sticky traps, 
to capture diurnal pests is widely recognised. Important agricultural pests such as planthoppers, 
leafhoppers, aphids, whiteflies, thrips, and leaf miner flies are all attracted to these yellowish devices 
(Mainali and Lim, 2010). 
3. Suppression of nocturnal insect activities by yellow light: Fruit-piercing moths like Eudocima 
tyrannus Guenee and Oraesia emarginata Fabricius damage orchard fruits. Running yellow fluorescent 
lights in the orchard at night can help avoid damage (Nomura, 1967). This strategy makes use of the fact 
that when moths encounter light above a certain brightness at night, under which their compound eyes are 
light-adapted as in the daytime, the light adaptation suppresses nocturnal behaviours such as flying, 
sucking the juice of fruit, and mating. Furthermore, because LED illumination is becoming more affordable, 
yellow-emitting LEDs have lately been used to control nocturnal moth behaviour (Yoon et al., 2012). LEDs 
can create extremely monochromatic light in a wide range of colours, from ultraviolet to red. This optical 
property of LEDs is advantageous for pest management.  
4. Control of pest infestation using UV-absorbing films: The use of UV-absorbing plastic films in 
greenhouse horticulture that block near-UV light radiation (300–400 nm) has been demonstrated to be 
useful in keeping pests from entering greenhouses (Raviv and Antignus, 2004). Near-UV light radiation is 
particularly sensitive to insect eyes, and UV vision is vital for orientation in many species (Prokopy and 
Owens, 1983). For these insects, a greenhouse covered with UV-absorbing film is said to seem dark. Many 
insect species avoid the latter when given the choice between a space with UV radiation and a space with 
no near-UV radiation. Insects including aphids, whiteflies, and thrips have been shown to be less common 
in facilities with UV-absorbing film (Ohta and Kitamura, 2006).  
5. Inhibition of flight by reflective mulching films: The use of mulching films that reflect light in open 
crop fields is known to suppress the arrival of alate aphids (Kimura, 1982). Spreading reflective sheets over 
the ground surface has also been reported to control the invasion or outbreak of thrips and whiteflies 
(Simmons et al., 2010). 

Conclusion 
LED devices with various wavelengths can now be manufactured due to recent technological advances, and 
new agricultural technology using light is starting to attract attention. Understanding the light response 
mechanisms of insects and developing advanced applied technologies can be an eco-friendly alternative for 
pest management. 
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Summary of Article 
Jaggery is one of the most widespread Indian sweeteners which is formed by concentrating sugarcane juice 
along with molasses. It has a high value in Indian traditional cuisine as well as it has numerous uses in 
Indian customs. Jaggery is mainly processed in the form of either solid form, semisolid form or in the form 
of granules. It is rich in mineral content. It is found to have around 50 times more mineral than refined 
sugar and around 5 times higher compared to brown sugar. This makes it a high value sweetener. Jaggery 
processing is still a traditional practice in India with little mechanization. The sector is also mostly 
unorganized. This paves the way for numerous researches in the processing aspects of jaggery. The present 
article gives an overview of jaggery processing in India along with the future of this field. 

Introduction 
Jaggery is one of the most important sweeteners of India having a lot of application in food formulation as 
well as in the field of Ayurveda. It can also be regarded as one of the oldest processing industries in India. 
It is considered to give employment to around 2.5 million of rural people in India with minimum capital 
investments. Traditionally sugarcane juice is boiled along with some amount of clarificants to obtain 
jaggery. It can be in the form of solid, granular or liquid. The traditional methods of jaggery manufacturing 
and processing are simple and less mechanized, but they consume higher energy due to low thermal 
efficiency of the process. The traditional way of jaggery storage is also very problematic as it has less shelf 
life. With the progress of time, many researches have been made in jaggery manufacturing as well as 
processing, leading towards an efficient process as well as a high quality jaggery which can be utilized not 
just as a food but as a nutraceutical. 

Recent Advances in Jaggery Processing 
The major problem associated with jaggery manufacturing is regarding the energy consumption. This 
leading problem has been addressed many times by the researchers and many new innovations have been 
made towards solving this problem. Some of the technologies adopted are use of two, three or four pan 
plants, which can utilize the maximum thermal energy of heating gases. Some other researches include the 
application of heat transfer surfaces like fins, baffles or some energy boosters like economizers, preheaters 
etc. The boiler efficiency can also be improved by checking the height of chimney and making it as per 
design. Some plants have utilized heat pumps. The construction materials can also be very important for 
jaggery making process. They can also be altered in design and construction to generate an effective heat 
transfer surface (Kumar & Kumar, 2018). 
Regarding the processing aspects of jaggery, storage is the most severe challenge for the jaggery 
manufacturer, as they degrade in colour, taste and texture with storage (Agarwal et al., 2020). The 
traditional methods for storage included metal drums, wooden structures or earthen pots. With the 
advancement in the researches of food packaging, many new packaging materials have been discovered. 
Jaggery storability is also researched with packaging innovations like PET films, edible coating, modified 
atmospheric packaging, vacuum packaging, low temperature storage etc. Different natural compounds like 
ginger, pepper, cardamom or lemon etc. are added to make functional jaggery with added flavour and better 
nutritive qualities (Dutta D, 2015). 
Nutrition supplements like protein, vitamins, and phytochemicals or additives like texture modifiers, and 
taste enhancers are also added to jaggery, to boost its quality and value. Many traditional foods are 
supplemented with jaggery like rosagolla, peda, curd, and laddu (puffed cereal, nuts, and sesame, etc.), but 
fewer technical researches are available in this context. This also provides a wide scope for research in the 
field of functional jaggery based foods. 
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Conclusion 
The sugarcane-based business is critical to the agricultural sector's growth. Manufacturing high-quality, 
value-added jaggery with a focus on hygienic processing and packaging will aid in the sugar industry's 
overall integration, as well as the transformation of the rural economy into a dynamic and buoyant 
industrialized sector. Initiatives like value addition, processing aids and novel manufacturing techniques 
will assist the industry in entering a new market, thereby creating work chances for a large group of people, 
as well as providing a high-quality product to the market and its clients. 
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Abstract 
Vertical farming or vertical agriculture is the practice of growing crops in vertically stacked layers within 
controlled atmospheric conditions in order to save space and use water and energy as a minimal rate. It is 
a soilless farming such as hydroponics, aeroponics and aquaponics. This technology needs to be manifest 
both in the agricultural technique and architectural technology together. Vertical farming holds the 
promise of addressing environmental issues by enabling more food to be produced with less resources use. 
In vertical farming there are various techniques and types are there. 
Keywords: Vertical Farming, High yield, Less resources, Types, Technique. 

Introduction 
By rising a global population, it creates pressure on agricultural land for food production. Attention is 
increasingly turning to vertical farming approaches to increase the crop yield by using less resources. As 
urban populations continue to rise, so the innovators are looking beyond the traditional farming as a way 
to feed everyone while having less impact on our land and water resources. Vertical Farming is one such 
solution that’s been implented around the world. Vertical farming is mostly suitable for urban areas. Types, 
Technique, Advantages and Disadvantages are given below. 

History of Vertical Farming 
The word “Vertical Farming” was coined by Gilbert Ellis Bailey in 1915 and he wrote a book titled “Vertical 
Farming”. Next, the modern concept of vertical farming was proposed by professor Dickson Despommier. 
He founded the root of the concept of vertical farming. In 1999, he challenges his students to calculate how 
much food they could grow in the rooftops of New York. The result was unsatisfied. With this result 
Despommier suggested growing plants indoors instead on multiple layers vertically with advanced 
techniques of hydroponics, aeroponics. That could produce enough food for 50,000 people. 

Techniques Involved in Vertical Farming 
There are three main processes involved in vertical farming. There are Hydroponics, Aeroponics, 
Aquaponics. 
Hydroponics: It is the pre-dominant method. It is the method of growing crops in an mineral nutrient 
solution without soil. The essential nutrients used in the hydroponics system are calcium nitrate, 
potassium sulphate, potassium nitrate, mono potassium phosphate and magnesium sulphate. 
Micronutrients like Boron, Chlorine, Copper, Iron, Manganese, Sodium, Zinc, Molybdenum, Cobalt, Nickel 
and Silicon. 
Aeroponics: It was motivated by the initiative of NASA in 1990. In this system, the plant roots are 
suspended in air. So, the roots are nourished by misting the root zones with a nutrient solution on a 
continual basis by using a fine spayer to ensure the root get the sufficient oxygen. It reduces the fertilizers 
usage and increase the crop yield by 75%. 
Aquaponics: It combines both aquaculture and hydroponics in the same ecosystem. Here fish waste is 
used as nutrient supplier. Fish waste are rich in ammonia. Nitrifying bacteria converts the ammonia first 
into nitrites then to nitrates finally the solids are converted to vermicompost, which can be used as a bio 
fertilizer. 

Types of Vertical Farming 
Despommier Skyscrapers: Dickson Despommier, microbiologist at Columbia university. In this type 
crops can be grown in vertically stacked shelves, mass produced within closed and controlled condition that 
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are not influenced by the external factors. These skyscrapers can be built anywhere regardless of any 
agronomic constraints. 
Mixed Use Skyscrapers: In these skyscrapers, crops are grown in natural sunlight such as top floor of 
the building that receive the most sunlight. 
Stackable Shipping Containers: Recycled shipping containers are an increasingly popular option for 
housing vertical farming system. It was equipped with LED lighting, heating and ventilation for climate 
control and also have monitoring sensor.  
Deep Farm: A deep farm is a vertical farm built from refurbished underground tunnel or abandoned my 
shafts. As temperature and humidity in underground are generally temperate and constant. It requires 
less energy for heating. Deep farm can also use nearby groundwater to reduce the cost of supply. 

Advantages of Vertical Farming 
1. Land requirement is quite low 
2. Water consumption is 80% less, water can be recycled and saved. 
3. It is pesticide free. 
4. Resistant to weather 
5. Environmental conservation. 

Disadvantages of Vertical Farming 
1. It is feasible to grow only high value crops. 
2. Crops require space, light, carbon dioxide and water, which is freely available in nature but in vertical 
farming all these needs to be supplied at a cost. 
3. Structures need to be built, generating additional costs. 

Conclusion 
Vertical Farming is a surely a solution to critical issues in Indian farming like an absence of providing or 
oversupply of farm produces, too much use of pesticides and fertilizers and even unemployment. So, the 
vertical farming is the solution for reducing the arable land. 
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Water is one of the most critical renewable natural resources for life support. Earth's total water resources 
are estimated to be around 1384 M km3. Oceans contain more than 97 percent of the world's water 
resources, which are too salty for most industrial applications. The remaining two-thirds is encased in ice 
caps and glaciers. Fresh water makes up only 3% of the total, and only a small portion of that is available 
as surface water. With India's growing population and overall development, water use is expanding at a 
rapid rate. India receives roughly 4000 km3 of annual precipitation (including snowfall) on average. Only 
1123 km3 of the total available water resource is usable (690 km3 from surface water resources and 433 
km3 from ground water resources). Water demand was 634 km3 in 2000, and it is expected to rise to 1093 
km3 by 2025. Due to the country's rapidly rising population and economy, demand for water will continue 
to climb, and it will become scarce in the future decades. (Moin and Kamil 2018). 
Agriculture consumes the most water, accounting for 70% of global consumption and 87 percent in 
developing countries. In developed countries, however, it is only 30%. With increasing demand for non-
agricultural uses of water, the share of accessible water for agriculture has decreased to 62 percent in the 
globe and 73 percent in developing nations, respectively. 

 

Importance of Dry Farming in Indian Agriculture 
1. Approximately 70% of the rural population lives in arid farming areas, where their livelihood is 
dependent on crop success or failure. 
2. Dryland agriculture is important in Indian agriculture, accounting for 60% of farmed land and 
supporting 40% of the human population and 60% of the cattle population. 
3. Rainfed agriculture contributes roughly 42% of total food grain production in India, 75% of oilseeds, 90% 
of pulses, and 70% of cotton. By the end of the 20th century the contribution of drylands will have to be 60 
per cent if India is to provide adequate food to 1000 million people. Hence tremendous efforts both in the 
development and research fronts are essential to achieve this target.  
4. Rainfed sorghum, peanuts, and pulses cover more than 90% of the land. Rainfed maize and chickpea 
cover 82 to 85 percent of the region. Even 78 percent of cotton land is irrigated by rain. Rainfed 
rapeseed/mustard covers around 65.8% of the area. Rainfed rice, barley, and wheat account for 61.7, 44.0, 
and 35.0 percent of the total area under cultivation, respectively. 

Constraints for Crop Production in Dry Farming Regions 
1. Climatic constraints: 

a. Rainfall characteristics: Among the different climatic parameters’ rainfall is an important 
factor influencing the crop production in dry regions. 
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b. Variable rainfall: Rainfall occurs in a variety of ways, both in terms of time and space. Annual 
rainfall fluctuates dramatically from year to year, with a significant coefficient of variation.  
c. High atmospheric temperature: Because of high atmospheric temperature the atmospheric 
demand for moisture increases causing high evapotranspiration losses resulting in moisture stress. 
d. Low relative humidity: Low relative humidity results in high ET losses causing moisture stress 
whenever moisture is limiting. 
e. Hot dry winds: Hot dry winds cause dessication of leaves resulting in moisture stress.  High 
turbulent winds especially during summer months cause soil erosion resulting in dust storms and 
loss of fertile soil.  
f. High atmospheric water demand: Due to high atmospheric water demand the potential 
evapotranspiration (PET) exceed the precipitation during most part of the year. 

2. Soil Constraints: The different soil groups encountered in dryland areas are black soils, red soils and 
alluvial soils. The constraints for crop production are different in different soil groups. The predominant 
soil group is alluvial where the problems for crop production are not so acute as in red and black soil. The 
different soil constraints for crop production are  

a. Inadequate soil moisture availability: The moisture holding capacity of soils in dry regions 
is low due to shallow depth especially in alfisols (red soils), low rainfall and low organic matter 
content. 
b. Poor organic matter content: The organic matter content in most of the soils under dryland 
conditions is very low (< 1 %) due to high temperature and low addition of organic manures. Poor 
organic matter content adversely affects soil physical properties related to moisture storage.  
c. Poor soil fertility: Due to low accumulation of organic matter and loss of fertile top soil by soil 
erosion the dry land soils are poor in fertility status. Most of the dry land soils are deficient in 
nitrogen and zinc.  

Efficient approaches for crop planning under limited water conditions could help to sustain agriculture 
productivity and meet increasing food grain demand. The important approaches for crop planning under 
limited conditions given follows: 

a. Conservation tillage 
b. Efficient cropping system 
c. Use of mulches 
d. Use of antitranspirants. 

Conclusion 
1. With the increased alternative uses of water, its availability for agricultural practices has been showing 
a declining trend.  
2. For achieving higher agricultural production with limited water availability it is important to adopt 
approaches like conservation tillage, use of mulches, antitranspirants, improved methods and time of 
irrigation application as well as in-situ water conservation. 
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Abstract 
The agricultural industry, being a major economic activity in many communities, necessitates well-
coordinated planning in order to accomplish development and deal with crises. Sustainable agriculture is 
more efficient in its use of resources like soil and water, and it is in harmony with the environment. In 
addition to depleting natural resources, conventional agricultural and monocropping methods pollute the 
environment. Intercropping is a multiple cropping technique in which two or more crops are planted in the 
same field at the same time during the growing season. Intercropping is a method of increasing agricultural 
ecosystem diversity. With the use of intercropping systems, environmental balance, resource usage, product 
quantity and quality increase, and insect, disease, and weed damage is reduced. The most common varieties 
of intercropping are row-intercropping, mixed-intercropping, strip-intercropping, and relay-intercropping. 
Intercropping boosts crop productivity by increasing growth rate, reducing weeds, pests, and diseases, and 
making better use of resources. Intercropping reduces pest and disease damage compared to pure cropping 
because the second crop species attracts pests and pathogens. Weeds are also controlled when crops in an 
intercropping system have a complementary effect. Because of the increased amount of biological nitrogen 
fixing, soil fertility improves when leguminosae plants are intercropped. 

 

Role of Intercropping in Sustainable Agriculture 
1. Sustainable agriculture: It is farming in sustainable ways (meeting society's food and textile needs in 
the present without compromising the ability of future generations to meet their own needs). 

a. Agriculture that is sustainable is environmentally sound, commercially viable, socially just, and 
humane. 
b. These four sustainability goals can be applied to any agricultural system, from production to sale 
to processing and consumption. 

2. Benefits of sustainable agriculture: 
a. Contributes to Environmental Conservation: Sustainable agriculture contributes to the 
replenishment of the soil and other natural resources like as water and air. This replenishment 
assures that future generations will be able to live on these natural resources. 
b. Public Health Safety: Pesticides and fertilisers are not used in sustainable agriculture. 
Sustainable farmers are able to protect humans from infections, poisons, and other dangerous 
pollutants by carefully and properly managing livestock waste. 
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c. Reduction in Cost: Sustainable agriculture minimises the requirement for fossil fuels, resulting 
in significant cost savings in both the purchase and transportation of these resources. As a result, 
the overall costs of farming are reduced. 
d. Biodiversity: Biodiversity is produced by sustainable farms because they generate a diverse 
range of plants and animals. Plants are rotated seasonally during crop rotation, which helps in soil 
enrichment, disease control, and insect outbreak prevention. 

Role of Intercropping in Sustainable Agriculture 
1. Crop Rotation: Crop rotation is one of the most effective sustainable agriculture practices. Its goal is 
to avoid the negative impacts of planting the same crops in the same soil year after year. Farmers can grow 
particular crops during rotation to restore plant nutrients. Chemical fertilisers aren't needed as often with 
these crops. 
2. Cover Crops: The farmer can fulfil his aims of minimising soil erosion, controlling weed development, 
and improving soil quality by planting cover crops like clover or oats. Cover crops help reduce the need for 
fertilisers and other chemicals. 
3. Soil Enrichment: A vital component of agricultural ecosystems is soil. Overuse of pesticides can often 
damage healthy soil, which is rich of life. Soil quality can be maintained and improved in a variety of ways. 
Crop residue left on the field after harvest, as well as the usage of composted plant material or animal 
manure, are examples. 
4. Natural Pest Predators: It is critical to consider the farm as an ecosystem rather than a factory in 
order to maintain effective pest control. 
5. Bio intensive Integrated Pest Management: also called as Integrated pest management (IPM). This 
is an approach, which really relies on biological as opposed to chemical methods. 
6. Stability and uniformity Yield: For farmers with limited resources, agricultural systems' revenue 
and steady yield are critical. 

 

Conclusion 
1. In conventional agriculture system only monocropping system get follow due to which cultural practices 
are followed for a single crop which cause various type of losses like biodiversity loss, soil health loss etc. 
2. For practicing agriculture in a long-term manner we have to shift to multiple cropping system and follow 
those practices on farmland which leads the conventional agriculture to sustainable agriculture. The 
practices include use of crop rotation, mulching, adoption of organic agriculture, conservation tillage etc. 
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A lepidoteran pest, Spodoptera frugiperda (J. E. Smith) which is commonly known as fall armyworm (FAW) 
and was recently added to noctuid group. It is being invasive, causing massive economic loss to cereals in 
general and maize crop in particular. 
The FAW is a native to tropical and subtropical region of the America and reported for the first time on 
maize from Shivamogga, Karnataka, India during May-June, 2018 (Sharanabasappa et al., 2018). The pest 
was believed to be migrated from African continent where it was first noticed in late 2016 for the first time 
and covering 44 African nations. After its invasion in India, reports of its occurrence in several parts of 
Karnataka started pouring in. Simultaneously, its presence was also reported from other states viz., Andra 
Pradesh, Tamil Nadu, Chhattisgarh, Maharashtra, Gujarat and Odisha. 

Description of Life Cycle 
Egg: The egg is dome shaped; the base is flattened and the egg curves upward to a broadly rounded point 
at the apex. The egg measures about 0.4 mm in diameter and 0.3 mm in height. The number of eggs per 
mass varies considerably but is often 100-200 and total egg production per female averages about 1500 
with a maximum of over 2000. The eggs are sometimes deposited in layers, but most eggs are spread over 
a single layer attached to foliage. The female also deposits a layer of grayish scales between the eggs and 
over the egg mass, imparting a furry or moldy appearance. 
Larva: There are six instars in FAW and head capsule widths are about 0.35, 0.45, 0.75, 1.3, 2.0 and 2.6 
mm, respectively. Larvae attain lengths of about 1.7, 3.5, 6.4, 10.0, 17.2, and 34.2 mm, respectively, during 
these instars. Young larvae are greenish with a black head and in the second, but particularly the third 
instar, the dorsal surface of the body becomes brownish, and lateral white lines begin to form. In the fourth 
to the sixth instars, the head is reddish brown, mottled with white, and the brownish body bears white 
subdorsal and lateral lines. Elevated spots occur dorsally on the body; they are usually dark in color, and 
bear spines. The face of the mature larva is also marked with a white inverted “Y” and the epidermis of the 
larva is rough or granular in texture when examined closely. Mean development time was determined to 
be 3.3, 1.7, 1.5, 1.5, 2.0, and 3.7 days for instars 1-6, respectively, when larvae were reared at 25°C. 

 
Fig 1: Life cycle of Fall armyworm 
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Pupa: Pupation normally takes place in the soil, at a depth 2-8cm. The larva constructs a loose cocoon, 
oval in shape and 20-30 mm in length, by tying together particles of soil with silk. If the soil is too hard, 
larvae construct cocoon on the soil surface by webbing leaf debris. The pupa is reddish brown in colour and 
measures 14-18 mm in length and about 4.5 mm in width. Usually, pupal stage is about 8-9 days. 
Adult: The moths have a wingspan of 32- 40 mm. In the male moth, the forewing generally is shaded gray 
and brown with triangular white spots at the tip and near the center of the wing. The forewings of females 
are less distinctly marked and the hind wing is iridescent silver-white with a narrow dark border in both 
sexes. Adults are nocturnal and are most active during warm, humid evenings. After a pre-oviposition 
period of 3-4 days, the female normally deposits most of her eggs during the first 4-5 days of life, but some 
oviposition occurs for up to 6 weeks. The average adult life span is about 10 days. 

Host Plants 
This species seemingly displays a very wide host range, with over 375 plant species belonging to 76 plant 
families, mainly Poaceae (106), Asteraceae (31) and Fabaceae (31) has been recorded, but clearly prefers 
grasses. Since it is polyphagous, it may attack and damage many other crops such as sugarcane and 
vegetable crops like cabbage, tomato, potato, onion, beans, beet and fruit crops like apple, grape, orange, 
papaya, peach and weed hosts like Bermudagrass, crabgrass, bentgrass, johnsongrass, pigweed, sandspur 
and other crops are cotton, peanut, tobacco, soybean. 

Damage 
The larva is the damaging stage and it has an inverted white “Y” shaped structure on the head and black 
coloured four dots at 9th abdominal segment arranged in the trapezoidal manner are the two striking 
characters to identify FAW larvae. The developing larvae can cause damage in all the phonological stages 
and they eat different parts of the host plant, depending on crop, stage of the crop development and age of 
the larvae and usually the early instars feed on the developing leaves by skeletonization and producing 
semitransparent patches and late instars feeds and causes ragged appearance by leaving a moist saw dust 
like frass near the whorl. This can be an easily spotted, ensuring the sign of larval feeding in the field 
condition (Sharanabasappa and Kalleshwaraswamy, 2018). 

 
Fig 2: Damage symptoms 

According to recent studies, FAW can cause maize yield losses ranging from 8.3-20.6 million tonnes per 
year in the absence of management practices. Thus, its management is very important and it can be 
managed by:  

a. Cultural method  
b. Mechanical method  
c. Physical method  
d. Biological method  
e. Chemical method. 
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Conclusion 
Since the occurrence of FAW in India, insecticides have been widely used as emergency responses to 
minimize the damage in maize. Furthermore, dependence on insecticides results in the development of 
resistance, effects on non-target organisms and pollution to the environment. Moreover, because of its 
hidden nature its management becomes difficult by using chemicals. Thus, biological control is one of the 
ecological alternative methods to reduce ill effects of insecticides by using parasitoids and predators. 

References 
1. Invasive Species Compendium, 2020. https://www.cabi.org/isc/datasheet/29810. 
2. Sharanabasappa, Kalleshwaraswamy, C. M., Asokan, R., Swamy, M. H. M., Maruthi, M. S., Pavithra, H. B., Hegde, K., Navi, 

S., Prabhu, S. T. and Goergen, G., 2018, First report of the fall armyworm, Spodoptera frugiperda (J E Smith) (Lepidoptera: 
Noctuidae), an alien invasive pest on maize in India. Pest Management in Horticultural Ecosystems, 24(1): 23-29. 

 

https://www.cabi.org/isc/datasheet/29810


 

 
Volume 04 - Issue 04 - April 2022       629 | P a g e  
 

Organic Carbon: An Important Tool for Cultivation 
Article ID: 36720 

Sandeep1, Jitender1 
1Department of Agronomy Chaudhary Charan Singh Haryana Agricultural University, Hisar, Haryana. 

 
 

Many developments have been witnessed in the agricultural industry from the beginning to the present. 

Traditional agriculture's primary purpose was to support one's own family, but intensive agriculture's 

primary goal is to extract maximum yield from the land. With the introduction of the Green Revolution 

(1966-1967), there was a considerable increase in the use of fertilisers, insecticides, and other agricultural 

chemicals, resulting in a great increase in crop output but a negative impact on the quality of agricultural 

land. In today's world, a farmer wants to make the most money from his farm, so he employs expensive 

fertilisers, pesticides, and other chemicals to maximise the yield from his property. Not only is the use of 

these expensive pesticides hurting the quality of agricultural land, but it is also dramatically increasing 

the farmer's crop production costs, reducing the farmer's profit rate. The current rate of inflation will make 

it more difficult for farmers to use fertilisers in the future. 

Because of the continued usage of these pesticides, the soil quality of agricultural land is decreasing. These 

have an impact not only on the number of beneficial bacteria in the soil, but also on the rate at which 

organic carbon in the soil is depleted as a result of their continued use. By limiting the quantity of 

burrowing earthworms, this has a significant impact on soil structure and air exchange. According to a 

United Nations report, we only have 60-80 harvests left to harvest. This study also discovered that by 2045, 

we will produce 45 percent less food than we do now, despite the fact that our population is expected to 

surpass 9 billion people. Our agricultural land in India has an average organic carbon content of less than 

0.5 percent, when the ideal rate is between 8 and 10%. As a result, in today's world, we need embrace such 

crop production activities in order to retain the quality of our fields' soil while also increasing the profit 

rate per crop. 

Measures to Increase Soil Quality and Organic Carbon 
Conservation tillage: It is a managerial action whose primary purpose is to lower the intensity and 

frequency of ploughing of agricultural land, which not only raises farmer brothers' revenue but also helps 

to conserve the environment. At least 30% of the crop residue is left on the surface of the agricultural land 

throughout this procedure, reducing the intensity of soil erosion. This activity is beneficial for weed control 

as well as lowering evaporation. 

Good quality irrigation water: By boosting vegetative cover, organic input, and microbial count, good 

quality irrigation water increases organic carbon in the soil. This results in a build-up of water in the soil, 

which helps to keep the organic carbon in the soil for longer. 

Integrated nutrient management: Organic fertilisers such as Azospirillum, Rhizobium, Blue Green 

Algae, Phosphorus soluble microorganisms, vesicular arbuscular mycorrhiza, fungi, and others, as well as 

integrated nutrient and chemical fertiliser management, dung manure, green manure, and other organic 

fertilisers, contribute significantly to increasing biocarbon in the soil. As a result, there is more vegetative 

input and the density of organic carbon in the soil increases. 

Development of drought, salinity and temperature tolerant varieties: Many species, such as native 

acacia or kikar, have deep root systems that allow them to persist even in places with limited water 

resources by absorbing deep water. Before experiencing drought, the short-lived moong crop completes its 

life cycle. By genetically engineering genes from these plants, new species can be created. Drought-tolerant, 

salinity-tolerant, and temperature-tolerant species enhance the amount of organic carbon in the soil. 

Promotion of agro-forestry system: Farming, forestry, fruit and flower production, and animal 

husbandry are all part of this integrated and sustainable crop and tree production system. Agroforestry is 

one of the best ways to reduce agricultural uncertainty, meet dwindling land availability, and fulfil per 

capita food, fodder, and fuel needs. Due to the extended vegetation cover on the land, organic carbon levels 
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continue to rise in this type of production approach. As a result, soil testing and correct manure and 

fertiliser management can help to reduce greenhouse gas emissions. 

Inclusion of pulse crops: Pulses must be included once a year in various cropping schemes. Pulse crops 

have glands in their roots where bacteria live, which produce organic matter in the soil. Pulses also have 

leaves that fall in the field, which add to the organic matter. 

Conclusion 
Today, the quality of the soil is degrading over time owing to the use of imbalanced chemicals; to conserve 

it, we should turn to alternatives such as natural agriculture, permaculture, and organic agriculture, which 

not only increase the soil's condition. Rather, a sustainable environment for agriculture can be built. 
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Effectiveness of herbicides is determined by four factors: 

1. Adequate plant contact. 

2. Plant absorption. 

3. Translocation (i.e., movement) inside the plants to the site of action without deactivation. 

4. Hazardous levels at the site of action. 

When the herbicide is applied, whether pre-plant integrated, pre-emergence, or post-emergence, it 

primarily influences when and how much of the plant is contacted. The primary biochemical or biophysical 

events that result in the ultimate herbicidal effects are referred to as the site of action or mechanism of 

action. The sequence of events from absorption into plants to plant death is referred to as mode of action. 

The herbicide's mode of action may influence the application strategy required for optimal outcomes. 

Herbicides that influence photosynthesis but have a low soil residual, such as desmedipham (Betanex) or 

paraquat (Gramoxone Extra), for example, must be applied to leaf tissue post-emergence. To effectively 

restrict freshly sprouting seedlings, seedling growth inhibitors such as trifluralin (Treflan) and EPTC 

(Eptam) must be added to the soil. 

Knowing how herbicides destroy weeds (herbicide mode of action) can help you choose and apply the right 

herbicide. Herbicide mode of action information can also help with herbicide harm diagnosis. Knowing how 

herbicides work inside plants makes it easier to apply them correctly and explain the effects. Herbicides 

must reach the right site or sites of action within the weeds in order to cause a fatal reaction. A herbicide 

must enter the weed plant, move through the plant by diffusion or other mechanisms, avoid being detoxified 

by the weed, and then attack a fundamental plant process critical to the weed's survival. 

Plant Physiological Processes 
Some of the most Important physiological processes that are affected by herbicides are listed below: 

1. Photosynthesis - the synthesis of carbohydrate by which the chlorophyll in green plants provides the 

basic food material for other processes. 

2. Nitrogen metabolism - the incorporation of inorganic N into organic compounds, making possible the 

synthesis of proteins and protoplasm itself. 

3. Respiration - the oxidation of food in living cells, releasing the energy used in assimilation, mineral 

absorption and other energy using processes. 

4. Translocation - movement of water, minerals, food and hormones from place to place. 

5. Growth - permanent increase in size from the interaction of the above processes. 

6. Growth regulation - the complex interaction of hormones and nutritional balance that controls the growth 

of plants. 

Penetration and Movement of Herbicides within Plants 
Shoot penetration: Plants absorb herbicides both through their upper and lower surfaces. The lower 

surface (epidermis) is usually penetrated most easily and particularly through open stomata (leaf pores), 

natural fissures or other breaks in the cuticle (the waxy protective layer on the outside of the leaf). Sprays 

with the addition of suitable wetters readily enter plant leaves through open stomata. 

If a herbicide enters a leaf through the cuticle, it enters by diffusion. When weeds are under pressure, e.g., 

through age, drought or poor growing conditions, the cuticle tends to be thicker and herbicides may enter 

the leaf less readily. This helps to explain why glyphosate works better when weeds are growing well and 

why some surfactants may be beneficial as they improve penetration through the waxy covering. Not all 

surfactants are useful with particular herbicides   as some may damage cell tissue and this could impede 

absorption of the herbicide and translocation from the leaf. 
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Root penetration: Herbicides enter plants via the roots just the same way as nutrients. This may either 

be by passive or active mechanisms (requiring energy). If passive, the herbicide enters with absorbed water 

and may continue to move with water through the plant mainly in the water conducting tissue (the xylem). 

Active uptake involves entrance into the protoplasm and movement via the symplast system. 

Light rainfall usually improves the effect of root absorbed herbicides as the chemical is incorporated more 

effectively through the root absorbing zone of the weeds. Moist soil is essential for good results with 

simazine and, more particularly, isoxaben. On the other hand, heavy and prolonged rainfall may leach 

herbicides, such as propyzamide, from the weed germinating zone, especially on light soil and reduce its 

herbicidal effect. 

  



 

 
Volume 04 - Issue 04 - April 2022       633 | P a g e  
 

Bio Enzyme 
Article ID: 36722 

Sathyashobika. L1, Kaviya. J1, Suruthi. M1 
1UG Scholar of S. Thangapazham agriculture college. 

 
 

Abstract 
The enzymes are biological catalyst (also known as biocatalyst) that speed up reaction in the living 

organisms, and which can be pulled out from cell and then used to catalyse a wide range of commercially 

important process excessive usage of harmful chemical household product causing degradation of eco 

system. The cleaning product used every day in house are made of many harmful and toxic elements which 

most of us are unaware ad unconcerned. 

Keywords: bio enzymes, Bio catalyse, Fermentation, Stabilizer, Extract, Astonishing. 

Introduction 
Enzymes were known to catalyse more than 5000 biochemical reaction types. These are organic solutions 

produced by fermentations of fruits, vegetables, sugar and water. these cleaners use good bacteria to digest 

wastes, soils, stains, and bad odurs. these bacteria do this by producing enzymes specifically designed to 

break down certain molecules such as waste and soils into smaller pieces. sounds too simple to be true? it 

is indeed a miraculous solution according to thousands of users. 

What are Bio Enzymes Natural Cleaners? 

 

A DIY product created with kitchen wastes; these cleaners do the deed without hurting the environment 

bio enzymes have gained lot of popularity in the recent years. They are organic cleaning solutions that are 

produced by the fermentation of citrus fruits, jaggery and water. This organic solution comprises good 

bacteria which produces enzymes to digest the wase, stains, soils, and malodors. 

Process of Bio Enzymes 
During the process the process of fermentation, the bacteria attack the stains to break down the molecules 

into smaller particles so that it becomes food for the bacteria and finally gets converted into carbon dioxide 

and water. 

Types of Bio Enzyme Cleaners 
The bio enzyme cleaners comprise different types of enzymes they are: 

Proteases: It is the enzyme. these are effective in breaking down of protein-based molecules like food and 

blood. 

Amylases: It is an enzyme. these are break down all the starchmolecules. 

Lipases: It is break down the fats andgreases. 

Cellulases: It is helps to soften the fabric and also restore colour to its fibres. 
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Preparation 
The procedure for the preparation of bio – enzymes is given below: 

1. Take jaggery, citrus peels and water in the ratio of 1:3:30 and 1 tsp of yeast. note that you can also 

optional for the peels of carrot, cucumber, pineapple, sweet lime and lettuce. 

2. Mix all these ingredients in a plastic bottle or containers with a crew bottle cap should be opened and 

stirred at least once a day. note that the solutions always be covered so the fruit flies do not get into the 

solution containing bottle. 

3. Ferment the mixture for one month in anaerobic conditions. 

4. After one month, strain the liquid and store in plastic container or bottles. 

5. Now the bio enzymes are ready and can be used as a multi-purpose cleaner. 

 

Applications of Bio Enzymes 
1. Bio enzymes are use it as multipurpose cleaner disinfectant various surface of the home like flooring , 

glass windows and preservatives in food industry  like pickles . 

2. These can repel small insects, ants and cockroaches at home. 

3. The organic solutions can be used to clean pesticides and other chemicals from fruits and vegetables. 

4. Bio enzymes are natural pesticides and herbicides. 
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Conclusion 
It is the concluded that the enzymes are biological catalysts that is bio catalyst hence known as bio – 

enzymes which speed up the bio chemical reaction in living organism , useful in a wide range of 

commercially imported process.bio – enzymes helps to reduse some waste and trun into a useful substance 

to the society because which is cheaply available and he end product can be completely useful .the best 

thing is that the residue peels need not be thrown away , it can be added to you compost pile, its paste is 

an mixed with water and added to your plants as a natural fertilizer. Imagine if every household uses bio 

– enzymes cleaners instead of the commercially available chemical filled harsh cleaners, our water bodies 

will be rejuvenated in no time! we will no longer have toxic lakes spewing methane allergy free cleaning. 

this list can go on .no other cleaner is as versatile and inexpensive as a bio- enzymes cleaners. more 

importantly, it is extremely safe for us as well as the environment. 
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Introduction 
Nayuruvi is scientifically known as Achyranthes aspera; this is an annual perennial herb with the wood 

base. The native of this weed is the tropical part of Asia, and it is widely grown in the tropical regions of 

Asia, Australia, Africa, and America. This plant is widely known for its medicinal properties, and also it is 

rich in protein, carbohydrates, and other components, such as tannins, flavonoids, and saponins, which 

helps to maintain overall health. 

Medicinal Properties 
Antiviral Property: The methanol extract of the nayuruvi has sufficient inhibitory effects on the epstein-

barr virus, which is the antigen induced by the tumor promoter 12-O’Tetradecanoylphorbol–13-acetate in 

the cells.  

Anti-inflammatory Property: The alcohol extract of the seeds and leaves of this nayuruvi has anti-

inflammatory properties. The 50, 100, 200 mg/kg dosage of the ethanol extract of this plant is effectively 

used to treat chronic and acute inflammation.  

Anti-arthritic Property: The water-soluble alkaloid achyranthine of this nayuruvi indicates the anti-

inflammatory and antiarthritic property that is effectively fighting against the carrageenan induced 

granuloma pouch, foot odema, adjuvant arthritis, and formalin-induced arthritis. 

Anti-fertility Property: The alcohol extract of the root bark of the nayuruvi resists the oxytocin response, 

but it does not resist the acetylcholine and serotonin response in the mice uterus. 

Antioxidant Property: The callus and leaves extracted from the nayuruvi have the antimicrobial 

property. The chloroform and ethanol extract of the nayuruvi seeds has the antibiotic property that is 

effectively fighting against the E-coli, Bacillus subtilis, and Pseudomonas aeruginosa.  

Antifungal Property: The ethanol extract of the nayuruvi leaves has a high quality of antifungal property 

that fights against the cryptococcus neoformans, candida kefyr, 16 A. flavus, and Aspergillus niger. 

Health Benefits of Nayuruvi 
Treats Indigestion: Nayuruvi is an excellent appetizer because of its digestive property. Consuming the 

leaves of the nayuruvi helps to improve the digestive system, and also it helps to reduce the ama from the 

body.Boost immunity system the deficiency of immunity power may cause a lot of health problems. The 

chaff flower has a lot of antioxidant properties, which helps to improve the immunity power of our body.  

Treat Diabetes: The nayuruvi has anti hyperglycemic properties, which help to reduce the resistance of 

insulin. This antihyperglycemic property of this herbal plant is effectively fighting against the 

hyperglycemic formation in the body. 

Treat Kidney Stone: Regular consumption of the extract of the nayuruvi leaves effectively helps to treat 

kidney stones. This herbal plant has a good amount of diuretic that helps to flush out the kidney 

stones.Usually, the kidney stone is defined as the mixture of calcium oxalate components, in folk medicine 

this nayuruvi is used to treat kidney stones. 

Treat Constipation: The deficiency of fiber and protein causes constipation; this chaff-flower is rich in 

protein and fiber that helps to treat the constipation problem. Consuming the powder of nayuruvi 

with honey in an empty stomach helps to treat constipation problems. The purgative quality of this herbal 

plant helps to loosen the stool and also it increases gut movement. 

https://www.moolihai.com/product/buy-pure-mountain-honey-online/
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Promotes Weight Loss: In Ayurveda, consuming the powder of dried chaff-flower helps to the weight loss. 

Mix the chaff-flower powder in the glass of water or milk and drink it two times per day that shows benefits 

on weight loss.The chaff lower has an ability to reduce the absorption of fat in the body so that it can avoid 

the excess formation of fat in the body. Moreover, the chemical contained in this herbal plant helps to burn 

the excess fat; hence you can maintain the proper structure. 

Relieves Arthritis pain: Anti-inflammatory is one of the well-known properties of this plant. Due to this 

property, this nayuruvi helps to treat inflammation of arthritis and joint pain.It is also used to treat the 

inflammation of internal organs and uterus. This nayuruvi is one of the herbal plants used to inflammation 

in folk medicines. 

Treat anemia: The deficiency of iron in the blood is the main cause of anemia. The nayuruvi has a good 

quality of iron, which is used to treat anemia in ancient times. Consuming this herbal plant helps to 

increase the red blood cells, and also it helps to absorb the iron to the blood so that it effectively treats 

anemia. 

Oral Care: The seeds of this nayuruvi is a good mouth cleaner; it can easily clean and whiten your teeth. 

You can use the powdered seed with the salt for mouth cleaning; it can prevent gum bleeding. The dried 

stem of this plant is also used as a toothbrush. 

Safety Concerns of Nayuruvi: This Achyranthes Aspera is not suitable for pregnant women. The 

children and lactating mothers can use the herbal plant in a low dosage for a limited period of time.The 

high dosage of the Achyranthes Aspera may cause vomiting.This is not suitable for the men undergoing 

infertility treatment, and it is better to avoid long term usage. 

Conclusion 
In India, this nayuruvi is widely used in folk medicine to treat various health problems. The other names 

of these herbal plants are chaff-flower, prickly chaff flower, crokars staff, crocus stuff, and devil’s horsewhip. 

The leaves and roots of this plant treat many health issues. It is a traditional healer, and it is used to 

treat bleeding, asthma, cough, cold, piles, and other health problems. 
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What is Forensic Entomology? 
Forensic entomology is the scientific study of the invasion of the succession pattern of arthropods with their 

developmental stages of different species found on the decomposed cadavers during legal investigations 

(Verma and Paul, 2016). It is the application and study of insect and other arthropod biology to criminal 

matters. It also involves the application of the study of arthropods, including insects, arachnids, centipedes, 

millipedes, and crustaceans to criminal or legal cases. It is primarily associated with death investigations; 

however, it may also be used to detect drugs and poisons, determine the location of an incident, and find 

the presence and time of the infliction of wounds. Forensic entomology can be divided into three subfields: 

urban, stored-product and medico-legal/medico-criminal entomology. 

Medico Legal Forensic Entomology 
It focuses on the criminal component of the legal system and deals with the necrophagous (or carrion 

feeding insects) that typically infest human remains. Medico Legal category relates to death investigations 

talks about time since death i.e., Post Mortem Interval (PMI), Movement of the corpse, Manner and cause 

of death and Association of suspects with the death scene (Sukontason et al., 2004). 

Insects can talk about (A) Whether the body was moved after death (B) Presence and position of wounds 

on the body (C) Length of time of abuse or neglect in living victim (D) If the victim used drug or was poisoned 

(E) Whether the body was disturbed (F) Post Mortem Interval (PMI) (Gupta et al., 2011). 

Examples of Arthropods which are Indicators of Forensic Entomology 
Coleoptera: Majorly insects which are the forensic indicators belongs to the order Coleoptera, Diptera and 

Hymenoptera. The coleopteran insects which are involved majorly in forensic entomology are Necrobia 

(Cleridae), Dermestes (Dermestidae), Geotrupes (Geotrupidae), Hister (Histeridae), Necrodes, Silpha 

(Silphidae), Aleochara (Staphilinidae). 

 

Diptera: Several flies (Dipterans) are involved in forensic indication such as Lucila, Calliphora 

(Calliphoridae), Drosophilla (Drosophilidae), Fannia (Fannidae), Musca, Muscina (Muscidae), Conicera, 

Megaselia (Phoridae), Piophila (Piophilidae), Sarcophaga (Sarcophagidae), Hermetia (Stratiomyidae). 
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Hymenoptera: Similarly, like Coleoptera and Diptera orders, Several Families of Hymenoptera also used 

as forensic indicators. Several insects like Alysia (Ichneumonidae), Nasonia (Pteromalidae) are most 

effective in forensic use. 

Steps of Forensic Entomology 
The steps involved in Forensic entomology are: 

a. Collection of insects from the body at the scene 

b. Collection of insects after body removal  

c. Collection of insects after body removal. 

Observation of scene should note the general habitat and location of the body in reference to Vegetation, 

Sun and Shade condition, location of insect infestation on the body, Stage of insect, geographical location, 

date and hour of collection, case number, location on the body were removed and the name of the collector. 

Newer Techniques in Forensic Entomology 
There are several new techniques are evolved in forensic entomology such as 1) SEM 2) Mitochondrial DNA 

3) Gene expression study 4) Mock crime Scene 5) KMnO4 Staining etc. 

Conclusion 
Thus, Forensic entomology can be an effective method for crime detection and investigation by using the 

right techniques in right time. 
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Introduction 
In plant tissue culture, organogenesis means genesis of organs like shoots, roots, leaves, flowers, etc. The 

earliest report on induction of shoot organogenesis in vitro was by White (1939) using a tobacco hybrid; and 

the first observation of root formation was reported by Nobecourt (1939) using carrot callus. Till late 1950s, 

the basic regulatory mechanism underlying in organogenesis was not identified. Skoog and Miller (1957) 

were responsible to recognize the regulatory mechanism as a balance between auxin and cytokinin. As per 

their finding, a relatively high level of auxin to cytokinin favoured root formation and the reverse favoured 

shoot formation. Using this concept, it has now become possible to achieve organogenesis in a large number 

of plant species by culturing explants, calli and cell suspension in a defined medium.   

In organogenesis, the shoot or root may form first depending upon the nature of growth hormones in the 

basal medium. The genesis of shoot and root from the explants or calli is termed as caulogenesis (caulm = 

stem) and rhizogenesis (rhizo = root) respectively. 

 
Figure 1. Pathways of in vitro organogenesis 

Events During Organogenesis 
It is a general rule that the organ formation would be through a process of differentiation in the 

undifferentiated mass of parenchyma. Most of the parenchymatous cells are highly vacuolated and with 

inconspicuous nuclei and cytoplasm, sometimes with lignification. In this group of cells, regions showing 

random cell division would occur, leading to radial files of differentiated tissues. These scattered cell 

division regions would form regions of high mitotic activity resulting in the formation of meristematic 

centres, otherwise termed as meristemoids. These meristemoids may be either on the surface of the calli or 

embedded in the tissue. Continued cell division in these meristemoids would produce small protuberances 

on the surface of the calli, giving nodular appearance to the tissues. From the meristemoids, the primordia 

of organs by repeated mitotic activity form either shoot or root. This was discovered by Torrey in 1966.   

The meristemoids consist of a spherical mass of small isodiametric meristematic cells with dense cytoplasm 

and a high nucleo-cytoplasmic ratio. Normally, callus tissues accumulate starch and other crystals before 

organogenesis, but the substances disappear during meristemoid formation. During the initial stages of 

meristemoid formation, the cytoplasmic protrusions enter the vacuoles thus distributing the vacuoles 

around the periphery of each cell or dispersed throughout the cytoplasm. The nucleus is in the centre with 
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maximum possible size. Thus, cells in the meristemoids resemble the cells of highly active meristem in an 

intact plant. 

 
Figure 2. Stages of organogenesis 

Conclusion 
In the tissue engineering field, organogenesis plays a vital role and the goal of organogenesis is to generate 

tissues that are biocompatible, fully functional, able to grow with the recipient over time and durable 

enough to last for the lifetime of the patient. 
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Insect Traps 
Insect traps are used to monitor or directly reduce populations of insects or other arthropods, by trapping 

individuals and killing them. They typically use food, visual lures, chemical attractants and pheromones 

as bait and are installed so that they do not injure other animals or humans or result in residues in foods 

or feeds. Visual lures use light, bright colors and shapes to attract pests. Chemical attractants or 

pheromones may attract only a specific sex. Insect traps are sometimes used in pest management programs 

instead of pesticides but are more often used to look at seasonal and distributional patterns of pest 

occurrence. This information may then be used in other pest management approaches. 

Passive Traps 
Do not use any lure of any kind 

Flying insect traps: Designed for flying insects or wind-blown insects, transparent traps are built. 

Window flight traps: A collection receptacle is placed under an interception surface comprising a single 

vane (bidirectional interception), or two crossed vanes (multidirectional interception) oriented vertically. 

The trap will intercept highly mobile flying insects whose flight is heavy and which allow themselves to 

fall on collision with an obstacle. 

Malaise trap: A more complex type, is a mesh tent-like trap that captures insects that tend to fly up rather 

than down when impeded. Made up of tyrelene material. e.g., Hymenoptera and Diptera. 

 

Barrier traps: Consist of a simple vertical sheet or wall that channels insects down into collection 

containers. 

Stationary net: A net stretched out across the axis of the dominant winds will capture insects carried 

along or deflected from their route by the wind, along with migratory insects (if the net is across the 

migration flow axis). 

 
Bucket trap: A contrivance to let air and condensed water out of steam pipes and radiators with but little 

escape of steam. For rats, mouse. 
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Cone traps: Are essentially bucket traps with funnels, but the funnel is very large in relation to the size 

of the bucket or collecting tube. E.g.  small arthropods. 

 

Pan traps (also called water pan traps): are simple shallow dishes filled with a soapy water or a 

preservative and killing agent such as antifreeze. Pan traps are used to monitor aphids and some other 

small insects that present on land surface. 

 

Bucket traps and bottle traps: Often supplemented with a funnel, are inexpensive versions that use a 

bait or attractant to lure insects into a bucket or bottle filled with soapy water or antifreeze. e.g., moths 

(bucket traps) wasp and beetle (bottle traps).  Homemade mosquito trap (mosquito). 

 

Aquatic Arthropod Traps 
Aquatic interception traps: typically involve mesh funnels or conical structures that guide insects into 

a jar or bottle for collecting. 

Aquatic emergence traps: are cage-like or tent-like structures used to capture aquatic insects such as 

chironomids, caddisflies, mosquitoes, and odonates upon their transition from aquatic nymphs to terrestrial 

adults. Aquatic emergence traps may be free floating on the water's surface, submerged, or attached to a 

near shore. 

 

Aerial rotary and suction traps: This is based on the interception of insects in flightusing a device 

comprising one or more netsoriented perpendicularly to shaft and rotated horizontally by a motor (aerial 

rotary trap) or by a fixed electrical aspirator fitted with a conical canvas structure and collection container 

(aerial suction trap). 

Suction trap was devised in order to sample small, airborne insects, particularly Aphids, whiteflies. 
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Coloured trap: This type of trap is based on the visual attraction of colours (imitating those of flowers) 

for heliophilic and floricolous insects. The attracted insects fall into the trap which contains a wetting agent 

and preserving fluid. 

Composite entomological Trap: This is a device originally designed for monitoring rather than 

inventories and combines aerial interception (window flight and Malaise trap) and ground trap (pitfall trap) 

plus an attraction trap (coloured trap). 

USB Based rotary trap: Highly efficient traps E.g. flying insects. 

 

Active Traps 
Light traps: Light traps, with or without ultraviolet light, attract certain insects. Light sources may 

include fluorescent lamps, mercury-vapor lamps, black lights, or light-emitting diodes. Designs differ 

according to the behavior of the insects being targeted. For nocturnal moths, grasshopper and some beetles 

can be caught. 

Dome fly trap: With liquid baiting use to trap mediterranean fruit fly. 

 

Adhesive Traps 
Sticky traps may be simple flat panels or enclosed structures, often baited, that ensnare insects with an 

adhesive substance. Baitless ones are nicknamed "blunder" traps, as pests might blunder into them while 

wandering. Sticky traps are widely used in agricultural and indoor pest monitoring.Shelter traps, or  

artificial cover traps, take advantage of an insect's tendencies to seek shelter in loose bark, crevices, or 

other sheltered places. Baited shelter traps such "Roach Motels" and similar enclosures often have adhesive 

material inside to trap insects. 

 

Yellow sticky trap: are designed to attract and capture a variety of insects such as winged aphids, fungus 

gnats, whiteflies, olive fruit flies and cucumber beetles. 

 

Ball sticky trap: A ball smeared with sticky element. 
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Pheromone trap: It is a type of insect trap that uses pheromones to lure insects. Sex pheromones and 

aggregating pheromones are the most common types used. Funnel trap, delta trap, nomate trap, plastic 

moth trap. 

 

Bait traps: The principle here is the attraction of insects responding to a food-related stimulus. 

Microtube ant trap: A microtube containing a sugary solution (diluted honey) (tube one-third full) and 

plugged (half way down the tube with a hydrophilic cotton plug allowing slow diffusion of the odour of the 

sugary solution) is buried in the soil in order to attract ants. The microtubes may be collected an hour or 

more after placing and closed for subsequent laboratory identification of the trapped ants. 

Advantages 
1. Are affordable 

2. Easy to install and manage 

3. Nontoxic and no residue in food. 

4. Can be used season long. 

Disadvantages 
1. Accurate insect catch won’t be there. 

2. Destruction of traps by other animals is frequent 

3. This is relative method of trapping 

4. If population is very low, these traps are useless. 

References 
1. ‘Insect traps’. Wikipedia. Available at:  https://en.m.wikipedia.org./wiki/insect_trap (Accessed: 28 August 2020). 

2. Juillet, J. A. (1963). A comparison of four types of traps used for capturing flying insects. Canadian Journal of Zoology, 41(2), 

219-223. 

3. Epsky N.D., Morrill W.L. and Mankin, R. (2004) Traps for Capturing Insects. In: Encyclopedia of Entomology. Springer, 

Dordrecht. https://link.springer.com/referenceworkentry/10.1007/0-306-48380-7_4376 

  

https://en.m.wikipedia.org./wiki/insect_trap
https://link.springer.com/referenceworkentry/10.1007/0-306-48380-7_4376


 

 
Volume 04 - Issue 04 - April 2022       646 | P a g e  
 

Transgenic Silkworm: A Way Forward to Modern 

Sericulture 
Article ID: 36727 

Shilpa Saikia1, Pompi Konwar2, Monimala Saikia3 
1,2Sericulture Facilitator, NERTPS, Govt. of Assam, Khanapara, 

      3Assistant professor, Department of Sericulture, Assam Agricultural University, Jorhat. 

 
 

Summary 
Transgenic silkworms are breeds into which one or more genes from another species have been incorporated 

into the genome through genetic engineering processes. They are genetically modified to express desirable 

traits such as disease resistance, pest resistance, enhance silk production and many more. Silkworm is 

highly prone to microbial diseases which cause a huge loss to the industry annually. Prophylactic measures 

are the only way to prevent the incidence of diseases. Introduction of improved breeding and genetic 

methods has enormous role to play in this regard. Not only in the field of silkworm development for silk 

production but also has the potential for the sake of mankind through biomedical applications of silk. 

Transgenics are expected to substantially improve sericulture and fulfil the demand and need of growing 

population with environmental concern. 

Introduction 
Silkworm culture is an age-old tradition practised by humans to extract economically useful product, silk. 

Traditional silkworm rearing involves a series of indoor and outdoor activities along with participation of 

labour to obtain the precious fibre. Many factors are attributed to get a successful crop and alteration of 

each may pose a threat. Silkworm is adversely affected by diseases, sudden fluctuations of temperature 

and humidity, improper hygiene and maintenance. Silkworm crop loss due to diseases was about 15-20% 

and viral disease contributed almost 70% to the total loss in India (Babu et al., 2009). Many studies are 

carried out in various fields to compensate the loss due to these biotic and abiotic factors and it’s the high 

time to transform this field for real output. The advent of biotechnology has paved the way towards a new 

beginning and hope by minimizing the crop loss along with the quality improvement. One of the major 

biotechnological approaches is the development of genetically engineered silkworm or transgenics by 

incorporating a foreign gene. 

The Japanese had initiated their research in the field of transgenic silkworm development since 2000. In 

India, the first ever genetically modified baculovirus resistant silkworm (RNA interference) was developed 

by State Sericulture Research and Development Institute (APSSRDI), Andhra Pradesh. The silkmoths 

were injected with nuclear polyhedrosis virus (BmNPV) and transgenes from those resistant to virus were 

transferred to commercial mulberry silkworm strains through breeding with the help of fluorescent protein 

for observation (Anon., 2022). 

Research Studies in Transgenics 
Toshiki et al. (2000) developed a system for stable germline transformation in the silkworm Bombyx mori 

L. using piggyBac, a transposon discovered in Trichoplusia ni. Preblastodermic eggs were injected with a 

mixture of vector marked with green fluorescent protein and helper DNA. After mating or backcrossing, 

green fluorescent protein expression was visible in all larval, pupal and adult tissues except embryos. Tan 

et al. (2004) generated transgenic silkworm that expresses juvenile hormone esterase (JHE) by using binary 

GAL4/UAS system in embryonic stage to study the physiological events that occur from embryogenesis. 

Three colours of fluorescent silks (green, red and orange) were generated from mass production of 

transgenic silkworms using a vector originating from fibroin H chain gene and a classical breeding method 

(Iizuka et al., 2013). Another strain of transgenic silkworm was developed by Kuwana et al. (2014) by 

cloning spider dragline protein gene to express the fusion protein of the fibroin heavy chain and spider 

dragline protein. The tensile strength of raw silk was improved by 53% as a result of the fusion. Itoh and 

co-workers (2016) were succeeded in producing transgenic silkworms over expressing human lysosomal 



 

 
Volume 04 - Issue 04 - April 2022       647 | P a g e  
 

enzymes in silk glands by purifying catalytically from the middle silk glands. This could serve as future bio 

resources and provide safe therapeutic enzymes for the treatment of lysosomal storage diseases. Chen et 

al. (2018) provided an effective strategy to produce therapeutic protein human platelet derived growth 

factor (PDGF-BB) in large quantities using a transgenic silkworm. The high transcriptional expression of 

this gene in the transgenic silkworm inhibited the expression of endogenous sericin-1 gene which was about 

37.5% and a quantity of approximately 150.7 µg was extracted from 1g of cocoons. They concluded that silk 

gland bioreactor can produce active recombinant PDGF-BB as an effective nitrogen and wound healing 

agent. Production of human serum albumin (HSA) in sericin layer of transgenic cocoon, production of 

glycoproteins with reduced antigenecity in transgenic silkworm is some of the advances in the field of 

sericulture (Minagawa, 2018; Qian, 2018). 

Some of the contributions of Seri Biotech Research Laboratory, Kodathi, Bangalore are as follows: 

1. A recombinant silk fibroin fusion protein Cecropin B, was developed in a heterologous expression system 

effective against gram-positive and gram-negative bacteria with enhanced wound healing capacity in rats 

and human dermal cells. 

2. Relish 1 and Drosomycin B, two transgenic silkworms were developed to over-express antimicrobial 

genes with successful over-expression with increased resistance and tolerance by Relish 1. 

3. Feeding of silkworm with bacterially expressed dsRNA restricts viral multiplication. Bacteria based 

RNAi technique was developed for larger production of dsRNA. Ie-1 and lef-1 genes were involved in 

BmNPV viral DNA multiplication was chosen for dsRNA production which results in successful use of non-

pathogenic bacteria as a vector for dsRNA and RNA against BmNPV in silkworm. 

Scope and Importance 
Silkworm acts as a bioreactor to produce products valuable for silk industry and other sectors. Isolation, 

cloning, characterization and expression of gene of interest are becoming possible because of new 

techniques of genetic engineering. Fabrication and use of silk-based biomaterials, sutures, silk-based 

hydrogels, cosmetics, scaffolding matrix, 2D films, nano fibres mat have drawn attention in present times. 

Apart from silk, many other by- products of economic importance are generated as waste; proper utilization 

of these products will add extra benefit to the farmers. 

Limitation 
Production of transgenics is highly expensive and requires skill and expertise. There is a possibility of 

escaping of transgenes in the nature and mix-up with natural population which may lead to development 

of unwanted characters. Repeated researches should be conducted in every field to approve a transgenic 

variety for commercialization. Environmental and ethical issues are also associated to it which may slow 

up the process of transgenic silkworm production. 

Conclusion 
In recent times, development of new technologies for well-being of the mankind is the need of hour. Silk is 

no longer a high-end textile material but has variety of uses in diversified fields and several new 

applications have been developed. There exists a vast potential in silk industry to explore and dive deep by 

adopting biotechnological tools to maximise the benefits. It has certain limitations along with the 

advantages, so efforts must be done to minimize the risks. These modern biotechnological approaches will 

surely help in development of this industry as a whole. 
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Abstract 
Button mushroom (Agaricus bisporus) is famously consumed in world market. In India mushroom are 

produced almost throughout the year in small, medium and large farm. The Total yield of button mushroom 

per 1 square foot is 10 kg to 15kg.while the same yield per 250 square foot is about 2,500kg. if you see the 

cost of button mushroom per kg in the market it is about 120. 

Introduction 
Mushroom is a fungus producing a fleshy fruiting body. Pileus it is a cap like structure, mycelia it is a 

thread like structure these are the parts of mushroom. There are many types of mushroom the most popular 

mushroom, white button mushroom represents about 90% of mushrooms consumed in United States. 

In India button mushroom are grown seasonally it is grown during the winter months in the north-west 

plains of India and for 8–10 month on the year on the hills. 

White button mushroom requires 20–28 degree Celsius for vegetative growth (spawn run) and 12–18 degree 

Celsius for reproductive growth. It requires relative humidity of 80-90% and enough ventilation during 

cropping in controlled environment room. 

Content 
The whole process of mushroom production can be followed in 6 steps. 

1. Spawn production: Half cooked sorghum grains, air dried, mixed with calcium carbonate powder at 

2% level, fill the grains in empty glucose drip bottles, plug with cotton and sterilize in cooker for 2 hours. 

Put the pure culture of mycelium is placed onto steam sterilized grains, the grain and mycelium mixture 

is called spawn, and spawn is used to seed mushroom compost. Preparation of mother spawn (Figure. 1). 

2. Compost preparation: First phase, the whole thing is mixed thoroughly with the straw made into 

stack almost 5 feet high, 5 feet wide and of any length can be made with the help of wooden boards. The 

stack is turned and again watered on the second day. On the fourth day the stack is again turned for 2nd 

time by adding gypsum and water. The third and final turning is given on the 12th day. The maturity of 

compost shows dark brown in colour and it starts anything strong smell of ammonia. Second phase, is the 

pasteurization phase.in this phases it kills and desirable microbes and competitors and to convert ammonia 

into microbial protein. 

4. Spawning: The process of mixing spawn with compost is called spawning. Different methods of 

spawning, spot spawning, surface spawning, layer spawning. 

5. Spawn running: The time between spawning and casing during which the mycelium fully colonizes. 

This period is also called the vegetative growth or incubation period. 

6. Spawn casing: Casing is a top-dressing applied to the spawn-run compost on which the mushrooms 

eventually form. Casing soil is a nutrient deficient medium, which helps in converting the vegetative phase 

into fruiting. Clay-loam field soil, a mixture of peat moss with ground limestone, or reclaimed weathered, 

spent compost can be used as casing. 

7. Fruiting: The stalk and cap that come to mind when you think about a mushroom are called the fruiting 

body, they comprise the organism’s reproductive structure. Below the surface, however, is a web of mycelial 

fibres the support and produce the fruiting body. 
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Figure 1: Preparation of mother spawn 

Conclusion 
Mushroom production will improve the socio-economic status and solve the employment problems of rural 

economy by generating the income and job opportunities. The foremost aim of this course is to promote self-

employment. 
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Effectiveness of herbicides is determined by four factors: 

1. Adequate plant contact. 

2. Plant absorption. 

3. Translocation (i.e., movement) inside the plants to the site of action without deactivation. 

4. Hazardous levels at the site of action. 

When the herbicide is applied, whether pre-plant integrated, pre-emergence, or post-emergence, it 

primarily influences when and how much of the plant is contacted. The primary biochemical or biophysical 

events that result in the ultimate herbicidal effects are referred to as the site of action or mechanism of 

action. The sequence of events from absorption into plants to plant death is referred to as mode of action. 

The herbicide's mode of action may influence the application strategy required for optimal outcomes. 

Herbicides that influence photosynthesis but have a low soil residual, such as desmedipham (Betanex) or 

paraquat (Gramoxone Extra), for example, must be applied to leaf tissue post-emergence. To effectively 

restrict freshly sprouting seedlings, seedling growth inhibitors such as trifluralin (Treflan) and EPTC 

(Eptam) must be added to the soil. 

Knowing how herbicides destroy weeds (herbicide mode of action) can help you choose and apply the right 

herbicide. Herbicide mode of action information can also help with herbicide harm diagnosis. Knowing how 

herbicides work inside plants makes it easier to apply them correctly and explain the effects. Herbicides 

must reach the right site or sites of action within the weeds in order to cause a fatal reaction. A herbicide 

must enter the weed plant, move through the plant by diffusion or other mechanisms, avoid being detoxified 

by the weed, and then attack a fundamental plant process critical to the weed's survival. 

Plant Physiological Processes 
Some of the most Important physiological processes that are affected by herbicides are listed below: 

1. Photosynthesis - the synthesis of carbohydrate by which the chlorophyll in green plants provides the 

basic food material for other processes. 

2. Nitrogen metabolism - the incorporation of inorganic N into organic compounds, making possible the 

synthesis of proteins and protoplasm itself. 

3. Respiration - the oxidation of food in living cells, releasing the energy used in assimilation, mineral 

absorption and other energy using processes. 

4. Translocation - movement of water, minerals, food and hormones from place to place. 

5. Growth - permanent increase in size from the interaction of the above processes. 

6. Growth regulation - the complex interaction of hormones and nutritional balance that controls the growth 

of plants. 

Penetration and Movement of Herbicides within Plants 
Shoot penetration: Plants absorb herbicides both through their upper and lower surfaces. The lower 

surface (epidermis) is usually penetrated most easily and particularly through open stomata (leaf pores), 

natural fissures or other breaks in the cuticle (the waxy protective layer on the outside of the leaf). Sprays 

with the addition of suitable wetters readily enter plant leaves through open stomata. 

If an herbicide enters a leaf through the cuticle, it enters by diffusion. When weeds are under pressure, e.g. 

through age, drought or poor growing conditions, the cuticle tends to be thicker and herbicides may enter 

the leaf less readily. This helps to explain why glyphosate works better when weeds are growing well and 

why some surfactants may be beneficial as they improve penetration through the waxy covering. Not all 

surfactants are useful with particular herbicides   as some may damage cell tissue and this could impede 

absorption of the herbicide and translocation from the leaf. 
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Root penetration: Herbicides enter plants via the roots just the same way as nutrients. This may either 

be by passive or active mechanisms (requiring energy). If passive, the herbicide enters with absorbed water 

and may continue to move with water through the plant mainly in the water conducting tissue (the xylem). 

Active uptake involves entrance into the protoplasm and movement via the symplast system. 

Light rainfall usually improves the effect of root absorbed herbicides as the chemical is incorporated more 

effectively through the root absorbing zone of the weeds. Moist soil is essential for good results with 

simazine and, more particularly, isoxaben. On the other hand, heavy and prolonged rainfall may leach 

herbicides, such as propyzamide, from the weed germinating zone, especially on light soil and reduce its 

herbicidal effect. 
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Pigeon pea (Cajanus cajan L.) commonly known as Tur, Redgram, Arhar etc., is an erect and short-lived 

perennial shrub legume. Next to chickpea, it is the second most important pulse crop in India accounting 

for about 20 percent of total pulse production. The daily per capita availability in the country is less than 

10 g and is declining with the growing population. Pigeon pea crop is susceptible to a large number of 

diseases and insect pests which cause heavy losses and thereby leading to less production and productivity. 

In order to meet the needs and demands of the flooding population, more emphasis should be given to major 

causes of yield decline and in which insect pests are playing a major role. In pigeon pea, hemipteran, 

lepidopteran, dipteran and coleopteran group of insects are major problems. Some of the major insect pests 

include Pod Borer, Spotted pod borer, Pod bug, Pigeon pea Pod Fly, Gram cut worm, Blister beetle etc. 

Major insect pests of pigeon pea with their damage symptoms and management are listed below. 

Pod Borer Helicoverpa armigera (Lepidoptera: Noctuidae) 
Nature of damage: Larvae feeds on the tender leaflets by scrapping green tissue and then shift to flower 

buds and tender shoots. Slowly, it enters and feeds on the seeds inside the pods. The half portion of larvae 

remains inside pod while feeding on the developing seeds. They can cut hole on one to another locule and 

feed 20-25 pods in its lifetime. 

Management: 

a. Use of short duration and resistant varieties. 

b. Deep summer ploughing. 

c. Sowing should be done by the end of June to avoid pod borer attack. 

d. Spraying of Ha-NPV at 500 LE with adjuvant like teepol, tinopal and jaggery etc. 

Spotted Pod Borer Maruca testulalis (Lepidoptera: Pyraustidae) 
Nature of damage: The characteristic symptom is webbing together of pods, flowers and leaves with frass 

often on pods and shoot tips. Discoloration and shedding in damaged flowers. Damaged pods have small 

darkened entry holes on the surface and borers inside. Many a time, leaves and pods are stuck together by 

webbing with signs of surface feeding. 

Management: 

a. Timely sowing should be done preferably up to first quarter of July. 

b. Excess application of nitrogen should be avoided. 

c. Water logging should be prevented. 

Pod Bug Clavigralla gibbosa (Hemiptera, Coreidae)  
Nature of damage: Nymphs and adults suck sap from tender pods and shoots. Seeds become shrivelled 

with dark patches and lose germination. 

Management:  

a. Planting of medium duration varieties, JKM-7 or JA-4. 

b. Need based spray of monocrotophos or endosulphan. 

Pigeon Pea Pod Fly Melanogromyza obtusa (Diptera: Agromyzidae)  
Nature of damage: No obvious external symptoms of pod fly attack till the fully grown larvae chew holes 

in the pod walls leaving a “window” cut through which the flies emerge after pupation in the pod. Damage 

grains don’t mature and lose their viability. 
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Management: 

a. Grow resistant varieties 

b. Intercropping with jowar, maize and groundnut etc. 

c. Crop rotation 

d. Conservation of parasite, Ormyrus sp. 

Plume Moth Exelastis atomosa (Lepidoptera: Pterophoridae)  
Nature of damage: Hairy larva found inside the irregular bore hole in red gram pod it also feeds on flower 

buds. The larvae excrete inside the damaged grains and pods and due to this fungus develops in it. 

Management: 

a. Timely sowing of the crop.  

b. Adoption of mixed or intercropping with non-host plants. 

c. Don’t repeat sowing of pigeon pea crop in same field. 

d. Need based spray of Endosulphan 35 EC or monocrotophos 36 SL. 

Pulse Beetle Callosobruchus chinensis (Coleoptera, Bruchidae)  
Nature of damage: Grubs feed on the inner content of the seed. Infested stored seeds can be recognised 

by the white eggs on the seed surface and round exit holes. 

Management: 

a. Drying of pods to optimum moisture level of about 7%. 

b. Fumigation with aluminium phosphide. 

Red Gram Pod Borer Eteilla zinckenella (Lepidoptera, Phycitidae)  
Nature of damage: Larvae bores into the pods and feeds on the inner contents of the developing seeds. 

Faecal pellets are seen inside the damaged seeds. 

Management: Spraying of Endosulphan 35 EC 0.07% (2ml of 35ec/L of water) or monocrotophos 36 SL. 

Gram Cut Worm Agrotis ipsilon (Lepidoptera, Noctuidae)  
Nature of damage: The caterpillars hide during daytime and come out in the evening for damage. 

Irregular bore hole in red gram pod and it also feeds on flower buds. 

Management: 

a. Deep summer ploughing of field. 

b. Use of well decomposed organic manner. 

c. Intercropping with wheat or linseed or mustard reduces infestation. 

d. In the early stages pick the insects and destroy. 

e. Conservation of natural enemies such as Braconids, Microgaster sp. 

Bister Beetle Mylabris pustulata (Coleoptera, Meloidae)  
Nature of damage: Flowers are partially eaten and petals are damaged. When disturbed, the beetle 

exudes an acrid yellow fluid called cantharidin which causes blisters on the skin. 

Management: 

a. Avoid excess application of nitrogenous fertiliser. 

b. Manual collection or collection using insect net and killing of adult beetles in kerosenized water. 

c. Need based spray of carbaryl or fenthion. 

Summary  
For successful management of insect pests in pigeon pea crop, the first and foremost is to identify the insect 

attacking the crop along with the damage symptoms. Adoption of integrated pest management practices 

should be encouraged to farmers rather than the sole use of chemical pesticides which are harmful to living 

beings as well as environment. IPM tools such as use of resistant varieties, promotion of biological control 

agents and natural enemies, pheromone traps and exploring the possibilities of botanicals are urgent needs 

for an effective and environmental-friendly way of insect pest management. 
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Introduction 
In the current scenario of the increasing population, quantity is way more preferred over quality to feed 

every mouth. However, we can counter the problem of hunger in this way but a more prominent problem 

of hidden hunger arises, which is more prevalent amongst poor and developing countries. 

Hidden hunger is a deficiency of essential food elements such as vitamin A, Zn, Fe, Mn and iodine due to 

inadequate intake of food in terms of either quantity and/or quality. This hidden hunger could be countered 

by adopting several strategies like food diversity, food supplements, food fortification, and biofortification.  

Food diversity includes a combination of diverse types of healthy foods to maintain a balanced diet for 

normal human nutrition and health, whereas food supplementation is referred to as adding 

micronutrient(s) into a person’s diet to remedy deficiencies.  Fortification is the addition of key vitamins 

and minerals to staple foods to improve their nutritional content.  

Biofortification is a process of enhancing the nutritional value of food crops by increasing the density of 

bioavailable micronutrients, vitamins, and minerals in edible parts of plants.  It differs from fortification 

because it aims to make plant foods naturally more nutritive rather than adding nutrient supplements to 

the foods during food processing (Malik and Maqbool, 2020). 

It helps in achieving overall health improvement in the people as crops are more resilient to diseases, pests, 

droughts, etc. by providing better yields and offering a food-based, sustainable and low-dose alternative to 

food supplements. 

It is highly cost-effective since once the initial research is done, the process can be easily replicated and 

scaled and has the potential to reach the poorest section of society. Biofortification could be achieved 

through various genetic (agronomic practices) and non-genetic (plant breeding, and transgenic) approaches. 

Agronomic Biofortification 
Agronomic biofortification includes several strategies and measures like management practices, target 

element(s) fertilization, and soil organic matter status improvement to increase nutrient availability in soil 

which is ultimately reflected in the edible parts of food plants through root uptake. Agronomic 

biofortification results in an increase of both yields as well as the nutritional quality of staple crops. 

Agronomic biofortification has shown enormous potential for increasing the concentration of minerals in 

crop plants but the same is not true in the case of vitamins. 

Biofortification through Plant Breeding  
Biofortification through plant breeding consists of the development of micronutrient-enhanced crop 

varieties through plant breeding. Biofortified varieties are 1.5 to 3.0 times more nutritious than the 

traditional varieties. Biofortification through plant breeding can be achieved through identifying and 

developing parent lines with high vitamin or mineral contents and crossing them over several generations 

to produce plants with the desired nutrient and agronomic traits. Biofortification through selective 

breeding could be implemented through a series of activities which can further be divided into the following 

three phases: 

1. Discovery: This phase involves identification of targeted people population and targeted micronutrients 

and setting and validation of target nutrient level, followed by a screening of existing crop varieties and 

germplasm accessions for identification of genetic variation for a particular trait. 
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2. Development: The development phase consists of breeding crops with the desired micronutrient levels 

followed by subsequent nutrition research to measure the retention and bioavailability of those 

micronutrients in the target crops.  

3. Delivery: The delivery phase includes the release of developed biofortified varieties in target countries. 

This phase aims to ensure that farmers are growing the new biofortified varieties, and consumers are 

eating these biofortified foods. 

Biofortified Varieties Developed through Plant Breeding  
1. Rice: CR DHAN 310 (protein-rich variety), DRR DHAN 45, and CR DHAN 315 (zinc-rich varieties). 

2. Wheat: DBW 303, DDW 48, HD 3298 (protein & iron rich varieties), HPBW 01 and WB 02 (zinc & iron 

rich varieties) 

3. Maize: Maize hybrid 1, Maize hybrid 2, Maize hybrid 3, Pusa Vivek, Pusa HM 4, Pusa HM 8, Pusa HM 

9, and QPM9 Improved (lysine & tryptophan-rich hybrids)  

4. Pearl millet: HHB 299 (iron & zinc-rich hybrid) and AHB 1200 ((iron-rich hybrid) 

5. Mustard: Pusa Mustard 30, Pusa Mustard 31, and Pusa Mustard 32 (low erucic acid varieties) 

6. Lentil: Pusa Ageti Masoor iron-rich variety) 

7. Sweet Potato: Bhu Sona (β-carotene-rich variety) and Bhu Krishna (anthocyanin-rich variety) 

8. Peanut: Girnar 4 and Girnar 5 (Oleic acid-rich variety) 

9. Cauliflower: Pusa Beta Kesari 1 (β-carotene-rich variety) 

10. Pomegranate: Solapur Lal (iron, zinc, and vitamin c rich hybrid). 

Transgenic Biofortification  
Transgenic biofortification consists of the utilization of unlimited interspecies and interspecies gene pools 

for the transfer and expression of desirable nutrient traits from one organism to another, which is 

evolutionary and taxonomically distinct from each other. 

It is a valid alternative to fortify such crops where a specific micronutrient is not naturally produced, or 

when there is a limited or no genetic variation in nutrient content among plant varieties. Biofortified 

Transgenic crops have been developed either by introducing novel genes, overexpressing the genes already 

present, downregulating the expression of certain genes, or interrupting the synthesis pathway genes of 

inhibitors. 

Transgenic biofortification can be targeted to redistribute micronutrients between tissues, enhance the 

micronutrient concentration in the edible portions of commercial crops, increase the efficiency of 

biochemical pathways in edible tissues, or even the reconstruction of selected pathways (Garg et al., 2014). 

Golden Rice 2 is the best example of the transgenic biofortified variety of rice (Oryza sativa) produced to 

biosynthesize beta-carotene, a precursor of vitamin A, in the edible parts of rice. It is intended to produce 

a fortified food to be grown and consumed in areas with a shortage of dietary vitamin A. 

It was developed by a team of researchers at Syngenta in 2005 by combining the phytoene synthase gene 

from maize with crt1 from the original golden rice. Golden Rice 2 produces 23 times more carotenoids than 

golden rice (up to 37 µg/g), and preferentially accumulates beta-carotene (up to 31 µg/g of the 37 µg/g of 

carotenoids). 

Conclusion  
Biofortification provides a cost-effective and feasible means of countering the problem of hidden hunger in 

weaker and rural sections of undeveloped & developing countries, by delivering naturally fortified foods to 

people. Agronomic biofortification is an effective and immediate strategy for enhancing the concentrations 

of trace elements in crops, nevertheless, from a future perspective, genetic biofortification is more cost-

effective in the long term. The selective breeding approach appears to be most efficient and cost-effective 

by utilizing available sources within screened germplasm accessions but with recent developments in 

science, the genetic engineering approach will prove to be a valid substitute for the development of 

biofortified varieties by utilizing even interspecies and interspecies gene pools from the evolutionary and 

taxonomically distinct organism. 
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Climate influences the planning of the crop in a location, whereas its variability decides the agricultural 

production. The increase in climatic variability and associated extreme weather episodes such as erratic 

rainfall distribution, abrupt change in day and night temperatures during crop season and sudden 

outbreaks in pest disease population, is a major threat to crop sustainability and food security of the 

country. To manage the climate variability, weather-based crop management is one of the strategies for 

helping the farmers in curtailing the costs of inputs and various field operations for timely adopting the 

contingencies to save the crop and sustaining the production levels. 

Crop weather calendar is one such comprehensive tool for farmers and planners which provides 

synchronized information on average weather and crop stages, planting/sowing times and harvesting 

periods including stage-wise pest disease infestation information of locally adapted crops in a specific agro-

ecological zone.  World over crop calendars were developed for operational use in agriculture. In India, 

India Meteorological Department (IMD) had prepared district-wise crop-weather calendars almost two 

decades ago using normal weather, crop water requirement for major cereals, pulses and oilseed crops. 

further it revised by incorporating present cropping patterns, soil types and conditions favorable for 

development of pests and diseases.  But all these based on the generalized information available on crops. 

The ICAR-All India Coordinated Research Project on Agrometeorology (AICRPAM) with its planned and 

coordinated research at its 25 centers across India, collected experimental crop phenological information 

as per the Standard Meteorological Weeks. Further, information on the favourable meteorological 

conditions for the crop (stage-wise or whole crop growth period) which lead to high yield were deduced from 

the long-term experimental data. Crop-stage wise pest disease information also collected from several 

experiments and finally crop weather calendars for 9 major crops viz. Rice Wheat, Groundnut, Rabi 

Sorghum, Soybean, Mustard, Maize, Cotton and Chickpea were developed (Fig. 1) (Rao et al., 2015). 

Further, this work will be up-scaled to different districts of the country. 

 
Fig. 1 Crop weather calendar for soybean developed by Akola centre of AICRPAM 

For adapting to ongoing climate variability /change process, the above CWCs are not suitable since, they 

are static in nature.  In order to make them dynamic, AICRPAM unit has developed dynamic crop weather 

calendar (DCWC) by incorporating the onset of monsoon, date of sowing and different climate sensitivities 
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and weather forecasts into the CWC system. The outcome from these DCWC will be in the form of agromet 

advisories and contingency crop plans, which may be directly sent to the stake holders including farmers 

on weekly and fortnightly basis. This will also help in identifying the extreme weather conditions at a 

sensitive crop stage and facilitate to plan ahead of the event to save the crop.  The DCWC may prove useful 

to the planners, agricultural administrators, plant breeders and the farmers in the formulating policy 

matters regarding plant breeding, crop adoption, drought proofing, supplemental irrigation, maximising 

the yield etc under the projected climate change scenario conditions. 

Reference 
Rao VUM, Subba Rao AVM, Chandran MAS, Kaur P, Kumar PV, Rao BB, Khandgond IR, Rao CS. (2015). District level crop 

weather calendars of major crops in India. ICAR-Central Research Institute for Dryland Agriculture. 

  



 

 
Volume 04 - Issue 04 - April 2022       660 | P a g e  
 

Conservation Agriculture: A New Approach to 

Sustainability 
Article ID: 36733 
Abhishek Patidar1 

1M.Sc. Scholar, Department of Agronomy, Indian Agriculture Research Institute, New Delhi. 

 
 

Summary 

Conservation Agriculture systems with acceptable crop and soil operation packages have been described as 

one of the long-term results for the reduction of natural resources and environmental quality in agriculture. 

This composition analyses the significance of conservation agriculture and constraints for espousing 

conservation husbandry. Adding enterprises for sustainable husbandry has been seen as a positive 

response to both low-input, conventional husbandry, and ferocious ultramodern agriculture, which relies 

on high inputs for crop products. Sustainable agriculture is the successful operation of resources for 

agriculture to satisfy the changing mortal requirements while maintaining or enhancing the quality of the 

environment and conserving natural resources. 

Introduction 

Tillage facilitates sowing a crop by loosening and aerating the soil and mixing residue from the former crop, 

soil organic matter, and other nutrients similar as ordure and chemical diseases unevenly throughout the 

upper layers of the soil within the root zone of the coming crop. Tillage destroys weeds, dries the soil before 

sowing, and creates a smooth, invariant soil surface that facilitates planting. Throughout utmost of history, 

tillage had more in common with current conservation husbandry than with ultramodern ploughing 

practices. In the late 1940s, the preface of plant growth controllers developed during World War II made 

possible the development of ultramodern conservation tillage. 

What is Conservation Agriculture? 

Conservation Agriculture (CA) is a conception for resource-saving crop products that strives to achieve 

respectable gains together with high and sustained product situations while coincidently conserving the 

environment. The CA is grounded on enhancing natural processes over and below the ground. Interventions 

analogous to mechanical soil tillage are reduced to an absolute minimum and the use of external inputs 

analogous as agrochemicals and nutrients of mineral or organic origin are applied at an optimum position 

and in a way and volume that does not intrude with or disrupt the natural processes.  

The CA is characterized by three principles that are linked to each other: 

a. Minimal mechanical soil disturbance.  

b. Endless organic soil cover.  

c. Diversified crop rotations in the case of periodic crops or plant associations in the case of 

imperishable crops. 

Definition 

The collaborative term is generally given to no-tillage, direct-drilling, minimal-tillage, and/ or crest-tillage, 

to denote that the specific practice has a conservation thing of some nature. Generally, the retention of 30 

percent surface cover by residues characterizes the lower limit of bracket for conservation tillage, but other 

conservation objects for the practice include conservation of time, energy, earthworms, soil-water, soil 

structure, and nutrients. Therefore, residue situations alone don't adequately describe all conservation 

tillage practices. 

This has led to confusion among the agronomical scientists and more importantly, the farming community. 

To add to the confusion, the term' conservation agriculture has lately been introduced and its pretensions 

defined by FAO.  
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Conservation agriculture (CA) aims to conserve, ameliorate and make further effective use of natural 

resources through the intertwined operation of available soil, water, and biological resources combined with 

external inputs. It contributes to environmental conservation as well as to enhanced and sustained 

agriculture products. It can also be appertained to as resource-effective or resource-effective agriculture.  

According to FAO, CA is a set of practices that leave crop residues on the surface which increases water 

infiltration and reduces erosion. It's a practice used in conventional to reduce the drastic effects of tillage 

on soil erosion. However, it still depends on tillage as the agriculture structure-forming elements in the 

soil. Nonetheless, conservation tillage practices similar to zero tillage practices can be transition way 

towards conservation agriculture. 

An appropriate definition of CA appears to be “a sustainable agriculture production system comprising a 

set of farming practices adapted to the requirements of crops and local conditions of each region, whose 

farming and soil operation ways cover the soil from erosion and declination, ameliorate its quality and 

biodiversity and contribute to the preservation of the natural resources, water, and air while optimizing 

yields”.           

Distinguishing features of conventional and conservation agricultural systems: 

Conventional Agriculture Conservation Agriculture 

Cultivating the land, using science and technology 

to dominate nature 

Least interference with natural processes 

Excessive mechanical tillage and soil erosion No-till or drastically reduced tillage (biological 

tillage) 

 

High wind and soil erosion Low wind and soil erosion 

Residue burning or removal (bare surface) Surface retention of residues (permanent cover) 

Water infiltration rate is low Water infiltration rate is high 

Use of ex-situ materials  Use of in-situ materials 

Kills established weeds, but stimulates more weed 

seeds to germinate  

Weeds are a problem in the early stages of 

adoption but decreases with time 

Productivity gains in long-run are in declining 

order 

Productivity gains in long-run are in incremental 

order 

Principles of Conservation Agriculture 

The main principles of conservation agriculture are conservation husbandry system utilizes soils for the 

production of crops with the end of reducing inordinate mixing of the soil and maintaining crop residues on 

the soil surface. 

By doing this CA will: 

1. Give and maintain an optimum environment of the root zone to the maximum possible depth: 

Roots are suitable to serve effectively and without restrictions to capture high quantities of nutrients and 

water.  

2. Assure that water enters the soil so that: 

a. Shorts no way or for the shortest time possible, suffer water stress that will limit the expression 

of their implicit growth.  

b. Residual water passes down, not flowing over the surface as runoff.  

3. Favour salutary natural exertion in the soil in order to: 

a. Maintain and rebuild soil architecture.  

b. Compete with implicit in-soil pathogens.  

c. Contribute to soil organic matter and colorful grades of muck.  

d. Contribute to capturing, retention, chelation, and slow release of nutrients.  

4. Avoid physical or chemical damage to roots that affects their effective functioning. 

The Three Principles of Conservation Agriculture Include 

1. Direct planting of crop seeds.  
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2. Endless soil cover, especially by crop residues and cover crops. 

3. Crop rotation. 

Advantages of Conservation Agriculture 

Advantages can be grouped as: 

1. Economic benefits: 

a. Time-saving and therefore reduction in labour demand. 

b. Reduction of costs (energy, ministry operating costs, and conservation).  

c. Advanced effectiveness in the sense of further affair for a lower input. 

2. Agronomic benefits: 

a. Organic matter increases. 

b. In-situ soil water conservation. 

c. Enhancement of soil structure and therefore reduces lodging.  

3. Environmental benefits: 

a. Reduction in soil erosion. 

b. Improvement of water quality. 

c. Improvement of air quality. 

d. Biodiversity increases. 

e. Carbon sequestration. 

Disadvantages of Conservation Agriculture 

1. Most important limitation in all areas where conservation agriculture is practiced is the lack of initial 

knowledge. 

2. High initial costs of specialized planting equipment.  

3. A new dynamic farming system that requires new management skills and a learning process by the 

farmer.  

4. As conservation agriculture partly relies on the use of herbicides, at least during the initial stage of 

adoption, some people are worried that adoption of conservation agriculture will increase herbicide use and 

that in turn will lead to the increased impurity of water by herbicides.  

5. Reduction in leaching of pesticides under conservation agriculture might be caused by greater microbial 

activity degrading pesticides faster or to greater organic matter adsorbing the pesticides. 

6. There is no blueprint available for conservation agriculture, as all agro-ecosystem are different. 

Constraints for Adopting Conservation Agriculture 

An internal change of growers, technicians, extensionists, and experimenters down from soil demeaning 

tillage operations towards sustainable product system like no-tillage is necessary to gain changes in 

stations of growers, still, noted that presumably, the most important factor in the adoption of CA is 

prostrating the bias or mindset about tillage. The following are a few important constraints that impede 

broad-scale adoption of CA: 

1. Lack of applicable seeders especially for small and medium-scale growers: These would 

include the development of a permanent bed and furrow planting system and harvest operations to manage 

crop residues. 

2. Widespread use of crop residues for livestock feed and fuel:  

a. Especially under rainfed situations, farmers face a scarcity of crop residues due to less biomass 

production of different crops.  

b. There is competition between CA practice and animal feeding for crop residue. This is a major 

constraint for the creation of CA under rainfed situations. 

3. Burning of crop residues:  

a. For timely sowing of the next crop and without machinery for sowing under the CA system, 

farmers prefer to sow the crop in time by burning the residue.  

b. This has come to a common point in the rice-wheat system in north India. 

c. This creates environmental problems for the region. 
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4. Lack of knowledge about the potential of CA to agricultural scientists, extension officers, and 

farmers. 

5. Skilled and scientific manpower:  

a. Managing conservation agriculture system, will call for enhanced capacity of scientists to address 

problems from a system perspective and to be able to work in close partnerships with farmers and 

other stakeholders.  

b. Strengthened knowledge and information-sharing mechanisms are demanded. 
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Summary 

Climate is one of the five important factors of soil formation. When there are variations in climatic factors 

such as rainfall or temperature, soil formation is also affected. Climatic conditions play a significant role 

in pedogenesis and evolution. This article deals with the climosequence, effect of climate on soil genesis, 

weathering indices of soil development under a climosequence. 

Introduction 

Soil genesis is a very complex and time-consuming process which has the involvement of several factors. 

Changes in climatic characteristics and pattern of precipitation have profound impact on sedimentation, 

erosion episodes and flood deposits. In India, climatic shifts have resulted in variations in pedogenic 

processes resulting in chemical degradation. Thus, climate is known to be a very important factor involved 

in soil genesis and formation. 

Climosequence 

Soil formation is interplay of different factors such as climate, organisms, relief, parent material and time 

(Jenny, 1941). The influence of climate on soil development may take much time to show its effects. Even 

from the different parent rocks, a single soil can develop as a result of effects of climate as evidenced mainly 

in the tropics. This indicates the dominance of climate over influence of parent rock. Climosequence refers 

to the sequence of soil profiles from the same parent material differing in the profile development as a 

result of local or site differences under climatic conditions. These climosequences are best observed over 

large areas.  Climosequences are usually found in mountain slopes in highland areas. Climosequences have 

variations in temperature and rainfall across it. 

Influence of Climate on Soil Genesis 

Climate has significant effects on soil genesis and evolution (Wilson et. al., 2017). It plays a significant role 

in the reactions of mineral weathering and soil formation across the climosequence. Climate has a very 

important role mainly due to its involvement in mineral weathering. When there are high temperatures 

and rainfall, intense weathering results (White and Brantley, 1995). With changes in elevation or latitude, 

strong climatic gradients may arise and these encompass rainfall and temperature across short distances 

and record climate effects on soil development and weathering. Several soil properties such as clay content, 

water holding capacity, cation exchange capacity etc are correlated with rainfall on soils derived from flood 

basalt of the Deccan Trap. 

Soil Development Indices Under Climosequence 

In a climosequence, climatic factors are correlated with soil development indices. These soil development 

indices could be increase in clay content (Lybrand and Rasmussen, 2015), elemental losses or redistribution 

(Chadwick et.al., 2003) and mineral transformations. These weathering reactions as a result of interactions 

with climate play an important role in profile formation. These include mainly the processes like carbonate 

dissolution, pyrite oxidation or plagioclase feldspar dissolution. The process of clay dissolution controls the 

overall thickness of regolith. Some weathering reactions like carbonate dissolution, biotite oxidation, or 

plagioclase feldspar dissolution are considered as the deepest weathering reactions. 

Conclusion 

Detailed characterization of soils under a climosequence is necessary to understand the effects of climate 

on soil formation. This should focus on morphological, physical and mineralogical studies to identify the 
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various weathering processes involved in the genesis of soils under a climosequence. Climatic data helps 

in determining the molar ratio Si:Al in the soil which indicates the rate of weathering. Thus, quantifying 

weathering rates as a function of climate is of huge importance in assessing the impact of climate on soil 

genesis. 
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Introduction 

Water status in soil is the measure of an amount of water is available for irrigation that required to the 

crop plants and water status in plants is the measure of maximum amount of water can hold by the plant 

tissues. Water stress is also known as drought stress that can be caused due to many factors like abiotic 

stress etc., and lack of availability of water in plants may causes reduction in yields which may indirectly 

affect food security the nation. 

Importance of Water in Plant and Soil 
Water is one of the main ingredients for metabolic activities and soil provides growing medium for plant 

growth by providing nutrients and support the root growth.  Water stress one of biggest threat to yield 

reduction in crops hence, it must to carefully addressed. There are many ways to detect water stress in 

plants like destructive sampling.  Which requires plants needs to be destroyed, time consuming and 

laborious process. Now-a-days new technological advancements like remote sensing, machine learning 

came up with successful solutions. By using remote sensing technology data from the plants can be collected 

and assessed through machine learning (ML). 

Sensor Based Water Stress Assessment 

Remote sensing: It is defined as the science of obtaining information about objects or areas without having 

any physical contact by using satellite or drones etc called as Remote sensing. 

Machine learning: It is a branch of artificial intelligence which has the capability of intimate intelligent 

behaviour of human being through computer algorithms and can improve automatically through experience 

and by use of data. 

 
Fig.1. Plant water stress assessment methods based on state-of-the-art sensory measurements. 
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Deep Learning 

An advanced part of machine learning and artificial intelligence called Deep learning. It consists of 

Artificial Neural Networks (ANN) that represents non-linear processing of data. In present day modern 

agriculture huge amount of data collected through wireless sensor networks (WSN) and it can help the 

deep learning for better performance. In conventional machine learning methods often requires well 

defined pre-processed data like colour (RGB colour ratio), texture (Grey-level concurrence matrix (GLCM), 

spectral reflectance (vegetation indices (VI) and thermal radiation (crop water stress index (CWSI) for 

analytical processing.  

There are some methods which can improve data analysis through deep learning: 

a. Deep Belief Network  

b. Convolutional Neural Network (CNN) 

c. Long-Short Term Memory Network (LSTM). 

Deep Learning in Plant Water Stress Assessment: DL applications were divided into sub-categories 

via the main methods used in plant water stress assessment including soil moisture estimation, soil water 

modelling, evapotranspiration estimation, evapotranspiration forecasting, plant water status estimation, 

and plant water stress identification. 

Soil Moisture Estimation 

Soil moisture (SM) is an important parameter for assessing plant water stress as it is directly related to 

water availability for plant consumption. Traditional methods of estimation of soil moisture content time 

taking and laborious process. The advanced remote sensing technologies which help the SM estimation is 

low cost and wide scale of monitoring. DL techniques have been used for fast and accurate SM estimation 

from several remote sensing platforms. DL for aerial image analysis which could be easily captured using 

an unmanned aerial vehicle (UAV) for SM estimation. 

Soil Water Modelling 

Modelling the soil water distribution using collected data can be beneficial for predicting in advance the 

moisture condition in soil by a few days earlier. This will not only support in planning an appropriate 

irrigation schedule, but can also reduce the impact of drought conditions. However, modelling soil water 

distribution is not an easy task due to the complex hydrological nature of soil and the correlation with plant 

and environmental variables. 

Efficient algorithms are necessary to deal with the nonlinear complex characteristics. DL has played an 

important and increasing role in soil water modelling using soil, plant and environmental measurements 

and has shown better performance than the conventional ML model. DL has also been used for large scale 

soil moisture prediction based on satellite data such as SMAP. 

Plant Water Status Estimation 

Plant water status (PWS) is estimated by several methods such as relative water content (RWC), equivalent 

water thickness (EWT) and fuel moisture content (FMC). Other techniques are based on the changes in the 

plant physical system as a response to water content, such as stem diameter variations (SD). 

These parameters have been used as indicators for assessing plant conditions related to drought (as water 

stress index) and irrigation management. Recent progress has seen remote sensing measurement estimate 

plant water status non-destructively with various modelling methods have used to correlate the 

measurement and ground measured plant water status, ranging from simple linear regression to machine 

learning technique. 

The DL model is currently being investigated as a fast and robust method for PWS estimation using 

aggregated data collected from various sensory measurements. 

Evapotranspiration Forecasting 

Forecasting of Evapotranspiration can be helpful for assessing plant water stress and irrigation scheduling.  

The less of data recorded due to high cost of installation of sensors and limited manpower. Deep learning 

has the ability to forecast ET accurately. 
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Plant Water Status Identification 

Water stress detection in the plants can be distinguishing water stress and non-water stress in the labelled 

plant. A computer vision system for plant water stress identification has been developed over the years 

using conventional ML algorithms such as ANN, Adaptive neuro-fuzzy classifier, and Gradient Application 

boosting decision tree (GBDT).  However, the need for feature extraction from the images and for selection 

of conventional ML has limited the performance of the analysis.  DL superiority in image recognition by 

automatically learning from patterns has been leveraged in plant water stress identification, with CNN 

becoming the standard model for automated feature extraction and transformation. 

Conclusion 

Present day modern agriculture needed advanced technologies like remote sensing, machine learning and 

deep learning because these technologies have the capability to forecast plant water stress, weather 

forecasting, plant health assessment etc. Deep learning has high learning capacity it can be applied as an 

advanced tool for image processing for the fast detection of plant water stress and pest and disease forecast. 
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Introduction 

The Solanaceae family is one of the most well-known plant groups, with 3000-4000 species divided into 90 

genera, including tomato, potato, pepper, and eggplant. Potatoes are the 3rd most productive crop on the 

earth and are frequently considered as a major security crop because they are easy to acquire, use, nutrient-

dense, reliable, and the primary component in many cuisines globally, so they have the ability to 

fight hunger, poverty, and malnutrition in underdeveloped and developing countries. New issues in 

cultivation have arisen as a result of climate change and the exponential rise of the world population 

(Vreugdenhil et al., 2008). Trichomes are specialised epidermal projections that may be seen on a wide 

variety of plants, like in Solanaceae plants that help them protect themselves against biotic and abiotic 

stress, such as from other creatures and the harsh environment. 

Types of Trichomes Formation 

Leaf development is influenced by both endogenous and exogenous factors, that aid in trichome formation. 

The formation of trichomes is divided into 3 different stages: cell fate determination in this stage 

trichoblasts is specialised epidermal cells capable of developing into trichomes, endoreduplication is the 

stage in which DNA synthesis is not followed by cytokinesis, which increases the average DNA content to 

32C (Schnittger, 2002), and mitosis is the stage in which cells divide and differentiate to perform specific 

functions. Trichomes arise when epidermal cells grow and divide perpendicular to the epidermal surface. 

Differential tissue tension may operate as a direct signal or produce local auxin build-up, resulting in an 

increase in trichome precursors such as gibberellic acid, cytokinins, and jasmonic acid. Auxin buildup 

reduces the rigidity of the cell wall, enabling the cell's inflating pressure to produce main organ 

enlargement. 

Different Types of Trichomes 

Trichomes are classified based on their morphology, which includes whether they are single-celled or 

multicellular, whether they are branching or unbranched, and whether they are glandular or non-

glandular. Simple single-celled non-glandular trichomes, for example, are seen in the model plant 

Arabidopsis. They are classified as glandular (types I, IV, VI, and VII) or non-glandular (types II, III, V, 

and VIII) depending on their structural development (Glas et al., 2012). Types I and II have the longest 

trichomes, with a multicellular stalk and base, while type I has a unicellular gland on top. Trichomes of 

type III lack granularity and have a unicellular base. In addition, they are shorter than type II trichomes. 

Trichomes of type IV and V have a multicellular stalk and a unicellular base similar in length. The tip of 

type IV trichomes features a unicellular gland, which is unique to young developing leaves (Vendemiatti et 

al., 2017) and also present in adult leaves of several developmental mutants and wild species. Type VI 

trichomes may be identified by their sizeable four-celled gland and unicellular stalk. Type VI trichomes 

play an essential function in avoiding herbivorous tomatoes by producing defence chemicals. Type VII 

trichomes contain 812 celled glands and are typically bent, making them the smallest trichomes. (Luckwill 

et al., 1943; Chang et al., 2019). 

Uses of Trichomes in Abiotic and Biotic Stress 

In the presence of abiotic stress, trichomes regulate water loss photoinhibition, safeguard photosynthesis, 

and minimise transpiration and carbon dioxide diffusion rates. Many plants also store UV-absorbing 

compounds, such as flavonols, in their trichomes, which protect the underlying tissues from damaging UV-
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A and UV-B rays. In the case of both abiotic and biotic stresses, both glandular and non-glandular 

trichomes are engaged; glandular trichomes produce secondary metabolites such as terpenoids, 

phenylpropanoids, flavanols, methyl ketones, acyl sugars, and glutathiones, which aid in fighting stressful 

circumstances. In contrast, non-glandular trichomes hold those compounds and protect against them. 

Trichomes, for example, defend plants from a range of insects and diseases (Kang et al., 2010), and 

glandular trichomes typically release antifungal exudates, as indicated by Phytophthora infestans 

resistance in a wild potato species (Solanum berthaultii) (Lai et al., 2000). Leptin I and II are two distinct 

glycoalkaloids that are expressly produced from solanine and chaconine in the green tissues of S. chacoense. 

These glycoalkaloids are well-known repellents and toxins for the Colorado Potato Beetle (Flanders et al., 

1992). Leptin and glandular trichomes are two interactions with the voracious bug Colorado Potato Beetle. 

Because both glandular and non-glandular trichomes in potatoes can interfere with the insect, at least as 

a mechanical barrier, and guard against a wide range of insects (Peiffer et al., 2009; Pelletier & Smilowitz, 

1990). Long multicellular type I trichomes with a tiny glandular vesicle at the apex of hypocotyls, for 

example, successfully inhibit the parasite Cuscuta pentagona from infecting tomatoes (Solanum 

lycopersicum) (Runyon et al., 2010). A recent study has found that the presence, density, duration, and size 

of type I and type IV glandular trichomes correlate with resistance to whitefly in various tomato wild 

cousins (Firdaus et al., 2012). The glandular and non-glandular varieties of trichomes cause physical and 

chemical deterrents, trapping, decreased feeding, digestive difficulties, and poor reproductive functions, 

affecting insect behaviour and biology. 

Importance of Trichomes in Breeding 

For example, glandular trichomes on the leaves and stems of Solanum berthaultii are associated with an 

essential type of insect resistance (Plaisted et al., 1992). Resistance to the Colorado potato beetle is related 

to the presence of defensively active type I trichomes in S. berthaultii. They feature a tetralobulate 

membrane-bound gland at the end of the shorter type-I trichomes. After a pest kills the glands physically, 

the component oxidase hits the phenolic substrate in a "browning reaction," and the resultant chemicals 

collect in various regions of the predator's body. The exudate of type II trichomes enhances resistance 

expression (Neal et al., 1989), and S. tarijense is linked to aphid resistance (Pelletier & Smilowitz, 1990). 

Some genes, such as the B-type cyclin gene (SlCycB2; SlCycB3; SlCycB4), auxin response factor 4 (SlARF4), 

C2H2 zinc finger proteins, auxin-regulated gene (IAA15), and HD-Zip proteins, have been identified in 

tomatoes and other Solanaceae plants for both glandular and non-glandular trichomes, and they are 

essential regulation in their differentiation (Yuan et al., 2021). 

 
The interaction between Colorado potato beetle larvae on the leaf (on left) (Rakosy-Tican) 

and Trichomes on tomato plant (on right) 

Conclusion and Future Scope 

Trichomes are not only hair-like structures coming out from the epidermis but have a huge value in biotic 

and abiotic stress. So, using the genes which promote trichomes formations may help the farmers to produce 

the crop at low expenses. A lot studies were done on tomatoes, this knowledge can be used for domesticated 

potatoes, in breeding for biotic and abiotic resistance in potatoes that has been difficult. 
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Summary 

Infrared (IR) heating provides significant advantages over conventional heating, including reduced heating 

time, uniform heating, reduced quality losses, absence of solute migration in food material, versatile, 

simple, and compact equipment, and significant energy saving. Infrared heating can be applied to various 

food processing operations, namely, drying, baking, roasting, blanching, pasteurization, and sterilization. 

Combinations of IR radiation with other common conductive and convective modes of heating have been 

gaining momentum because of increased energy throughput. This article reviews applications of IR heat 

processing of food materials. 

Introduction 

Infrared (IR) is part of the electromagnetic spectrum that is located between the visible region and 

microwaves, and its wavelength ranges from 0.75 to 1000 µm. Infrared rays are divided into three types: 

Near-IR (NIR) whose wavelength ranges from 0.75 to 1.4 µm at temperatures below 400 °C, and mid-IR 

(MIR) whose wavelength is between 1.4 and 3 µm at temperatures between 400 and 1000 °C and far-IR 

radiation (FIR) wavelength of 3–1000 µm at temperatures above 1000 °C (Jain, D. and Pathare, P. B., 

2004). Infrared penetration causes vibrating movement of water molecules at a frequency of 60,000–

150,000 MHz and thereby causes heating. The dissipation of radiant energy in the form of heat produces a 

warming of the surface of the food and the penetration depth depends on the thickness of the product, the 

water activity, the product components and the wavelength of the infrared radiation. 

 
Fig. 1. Electro-magnetic radiation spectrum 

The IR heater is usually divided into two types, namely the electric heater and gas-fired heater. For the 

electric heater, the radiation is emitted by passing an electric current through a resistance. While for the 

gas-fired heater, the catalytic infrared radiation (CIR) emitter is powered by natural gas or propane to 

produce combustion on the burner surface. Generally, the CIR emitter is more energy efficient than the 

typical IR emitters because it directly converts natural gas to radiant energy (Huang et al., 2021). 

Applications of IR Heating in Food Processing 

IR heating is an emerging advanced thermal technology due to its advantages, such as energy conservation, 

uniform and quick heating, lower drying time, effectiveness in unfavorable conditions, suitable for food-

grade applications, highly customizable and controllable process parameters, clean process, efficient and 

precise target application, as well as easier integration with other technologies such as freeze drying, 

microwave, and vacuum process. Although IR treatment has been commercially used for many years in the 

baking industry for browning of bread and other baked goods, it has been explored and employed in 

roasting, drying, grain decontamination, fruit and vegetable drying and peeling, pasteurization, blanching, 

as well as sterilization. 
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Decontamination of Foods and Surfaces 

IR with its inherent advantages can act as a vehicle to inactivate pathogens from the surface of foods 

without significantly altering the characteristics of foods with sensitive textural and flavor properties. IR 

treatment has been successfully employed as a decontamination technique in various food products, such 

as tortilla, almonds, pistachios; spices including oregano, black pepper, cumin, paprika powder; ready-to-

eat ham, oil-browned turkey, eggs; dairy products such as milk; fruits including figs, strawberries, and 

apples; vegetables such as carrots, onions; and honey. IR radiation in grains is applied both as a 

decontamination tool against microorganisms and spores as well as disinfestation tool against insects, 

larvae, and eggs. IR heating results in extracellular and intracellular damage of DNA, cell walls, shrinkage 

of cytoplasmic membranes, and ribosomal structure with protein denaturation disrupting the cell function. 

Microorganisms that do survive may be sub-lethally injured. Additionally, absorption of IR radiation by 

the food sample leads to an increase in the surface temperature of the sample that provides an effect similar 

to conventional heating processes such as pasteurization and blanching. Process parameters such as IR 

power level, peak wavelength, air velocity, temperature, processing time, and product parameters such as 

sample depth, type of microorganisms, physiological phase of microorganisms, and moisture content affect 

the efficiency of IR heating on pathogen inactivation. 

IR Blanching 

Conventional methods of blanching are energy-intensive unit operations with low energy efficiency and 

long processing times, and they result in inferior product quality. The efficacy of IR blanching treated carrot 

slices with FIR for a few seconds and found that IR heating can damage carrot cells up to a depth of 0.5 

mm from the surface, while the texture, vitamins, and minerals in undamaged internal tissues can be well 

preserved. Pan and McHugh (2004) developed a method of using IR heating to blanch of fruits and 

vegetables. Since no additional steam and water are involved in the process, it was named IR dry-blanching 

(IRDB) and based on this technology, a simultaneous IR dry blanching and dehydration (SIRDBD) method 

was developed.  

Key processing parameters of SIRDBD include IR radiation intensity, product thickness, processing time, 

and product surface temperature, which can affect the heating rate and heating kinetics. For most fruits 

and vegetables, relevant processing quality aspects may include surface color, moisture reduction, texture, 

and enzyme activities of residual polyphenol (PPO) oxidase and peroxidase (POD). The mobile unit can be 

operated in two heating modes: continuous and intermittent heating. Continuous heating may be beneficial 

for applications that require quick blanching and moisture reduction. Intermittent heating is best for 

producing blanched and dried products. 

IR Drying 

Materials containing high levels of moisture can be dried rapidly using IR radiation if they can be spread 

thinly on a flat surface, or reduced in thickness. To achieve a high drying efficiency, the wavelengths 

emitted by the IR sources need to match the absorption bands of water molecules in foods. A major 

advantage of IR drying is that it does not require any heating medium for transmission of thermal energy 

from heating source to target.  

Combined IR and hot air drying, sequential IR and freeze drying, and vacuum IR drying are three typical 

applications of IR heating in drying processes stated that a drying process that combines IR and hot air 

has a more synergistic effect than processes that use only IR or hot air. Typically, there are two methods 

that can be used to control the vacuum IR drying operations. 

In the first method the surface temperature of a drying product or the temperature of a drying medium 

presented in a drying chamber determines the heating time and power intensity of the IR heaters. This 

control strategy is generally applied to a product that could be damaged or sensitive at higher 

temperatures. 

Alternatively, IR heating can be controlled by adjusting the energy input to the IR heaters and thus the 

output of the radiation intensity, which is the radiation power output per unit area, can be regulated to a 

desired level.  
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Sequential IR radiation and freeze-drying (SIRFD) is a two-step drying process involving IR pre 

dehydration followed by the freeze-drying. Combined IR and freeze-drying technology dries products more 

rapidly than regular freeze-drying. The tissue structure of products processed with SIRFD tends to have 

higher crispness than those processed by either regular freeze-drying or sequential hot air and freeze-

drying. SIRFD also produces products with rehydration properties intermediate between those of freeze-

dried and sequential hot air and freeze-drying method. The fact that high quality, crisper dried products of 

lower rehydration ratio can be produced in significantly shorter drying times compared with regular freeze-

drying makes the combined IR and freeze-drying technology very attractive. 

IR Peeling 

The use of IR radiation for peeling fruits and vegetables promises to produce high-quality peeled products 

without using water and chemicals. IR radiation has fast heating and low penetration depth characteristics 

and is an ideal method for heating only a shallow layer of the fruit’s surface while leaving the edible inner 

part of the fruit with minimum change in texture. Since no chemicals or heating medium such as steam or 

water are needed, the new process is called “IR dry peeling”. 

IR peeling produced lower peeling loss, thinner peel thickness, and slightly firmer texture of peeled 

products than regular lye peeling while achieving the same degree of peelability. Studies undertaken to 

elucidate the mechanism of IR dry peeling suggested that the IR radiation impinging the tomato surface 

with a high amount of thermal energy generated vapor pressure, resulting in loosened skin. 

Compared with regular wet-lye peeling, the IR peeling method achieved high peelability (>80%) and peeling 

yields (>90%) with better color and texture characteristics of peeled products. Simulation results illustrated 

that IR heating induced a dramatic temperature increase (>90 °C) on the tomato surface, which extended 

to a depth of 0.6 mm during a 60 s heating period, whereas the temperature at the tomato center remained 

low (>30 °C). 

IR Baking and Roasting 

IR heating has been used in the baking industry to shorten processing times, enhance product quality, and 

reduce energy consumption IR baking can be combined with other heating technologies such as microwave 

heating or hot air heating to improve the heating rate and moisture distribution inside foods. The rapid 

surface heating characteristics of IR radiation aid quick removal of moisture from product surface, which 

promotes color and crust formation. 

Roasting is a time- and temperature-dependent process that leads to an improvement in flavor, color, 

texture, and appearance. Compared with conventional drum roasting, using electric heating, IR roasting 

has the advantages of lower investment cost, higher production rates, and more compact design of the 

roaster configuration. 

Yang et al. (2010) describes the development of a new sequential IR and hot air roasting (SIRHA) approach 

for improved microbial reduction and reduced roasting time. It was found that the SIRHA is a superior 

roasting method for producing pasteurized roasted almonds with potential to reduce costs due to reduced 

roasting time compared with current hot air roasting under the same roasting temperature. The roasting 

process can be easily implemented in the industry by adding an IR preheating device in front of regular hot 

air roasters. 

Conclusions 

IR heating for food and agricultural processing holds great potential for improved processing efficiency and 

product quality. The significant attractive merits of IR heating over conventional heating methods for 

various food-processing applications include high heat delivery rate, no need for heating medium, reduced 

processing time, improved energy efficiency, and enhanced product quality and safety without significant 

negative environmental footprint. 

The development and commercialization of IR-based food-processing technologies could open new avenues 

to deliver desirable foods to consumers while reducing the consumption of natural resources. Selective IR 

heating and use of IR in combination or in sequence with other technologies are areas of high research 

interest. Selective heating can result in higher-quality food products that are safe for consumption. 



 

 
Volume 04 - Issue 04 - April 2022       675 | P a g e  
 

Sequential or combination of IR with other treatments also offers diverse food-processing merits including 

improved process efficiency, product characteristics, and safety. 
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Introduction 

In India, soil is degraded day by day due to continuous cultivation and over-exploitation of natural 

resources. Land, water, and plants are the three vital resources to support life. Various natural and 

anthropogenic factors are putting pressure on these resources.  Traditional food production systems, 

undulating geography, and large and severe rains all contributed to the region's devastation by accelerating 

resource deterioration and depletion processes, which ultimately cause wreaking havoc on the ecosystem 

as a whole. Soil erosion has an effect, not just on-site, where fertile soil is destroyed, but also off-site, where 

flash floods in the lower valleys and plains cause harm to farming, water supplies and irrigation systems, 

dams, highways, and bridges, as well as loss of life and property.  

There is unethical deforestation, large-scale shifting farming, rising urbanization, and floods in the valleys, 

foothills, and other places. Anthropogenic activities and agricultural practices cause erosion, resulting in 

the depletion of natural resources and the destruction of the ecosystem. On the other hand, overexploited 

denuded forest regions and wastelands have a lot of potential for providing feed, fuel, fibre, minor fruits, 

low-quantity timber, and so on. Appropriate soil conservation programs are required to attain these 

objectives. The purpose of agricultural system management is to scientifically manage the slope area which 

is now under continuous cultivation. To keep farmers away from shifting cultivation and to promote 

sustainable agriculture through natural resource management, it requires agronomical soil protection 

measures. Agriculture system management for sustainable production will focus on the following aspects 

in order to progress towards agricultural sustainability. 

Agronomic Measures 

Contour farming, conservation tillage, strip cropping, mulching, mixed cropping, and other improved 

practices are examples of agronomic measures. These techniques assist to intercept raindrops and prevent 

splashing, enhancing organic matter content and soil structure, which ultimately leads to reduce overland 

run-off. The use of agronomical methods is totally reliant on soil types, land slopes, and rainfall conditions. 

Contour Farming 

Contour farming is the technique of ploughing, planting, and cultivating land across a slope rather than 

up and down. Contour farming is one of the most often used agronomic solutions for soil and water 

conservation in steep agro-ecosystems and sloppy fields. Ploughing, sowing, inter-culture, and other 

agricultural activities are all carried out along the contour line. The ridges and furrows carved into the 

slope form a series of barriers to the flow of water, lowering runoff velocity and thereby soil erosion and 

nutrient loss. It increases infiltration rate and concentration duration to save soil moisture in low-rainfall 

areas while lowering soil loss in high-rainfall areas. In both scenarios, it reduces soil erosion, conserves soil 

fertility and moisture, and hence increases total crop output. However, the effectiveness of this strategy is 

determined by the quantity of rainfall, soil type, and terrain of a particular location. 

Crop Rotation 

Growing a series of crops in a regular sequence over the same field over a given length of time is known as 

rotation. Continuously producing jowar or bajra produces greater erosion, but if followed by a legume crop 

such as gram that covers the soil, erosion is reduced. Rotation also aids in the consistent removal of plant 

nutrients from the depths and the maintenance of soil fertility. Gram's adoption in Jowar rotation not only 

helps to conserve moisture, but it also helps to increase crop yields. 
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Contour Ploughing 

Contour ploughing is a well-known agronomic practise that aids in soil and water conservation. Water is 

concentrated in downhill furrows, which minimises runoff velocity and, as a result, soil erosion. Contour 

ploughing, on the other hand, is used to construct a barrier between the furrows and rain flow. More water 

is retained when the rate of infiltration rises. Contour ploughing is especially important when biological 

conservation benefits are insufficient at the start of the wet season. The efficacy of contour ploughing 

decreases as the slope gradient and length, rainfall intensity, and soil erodibility increase. 

Contour Hedgerow Technology 

Contour hedgerow technique allows for the cultivation of hillslopes with the least amount of soil loss. 

Hedgerows can be built by planting fast-growing, deep-rooted leguminous trees or shrubs, such as Leucaena 

leucocephala, Gliricidia sepium, and Erythrina spp., along the contours and across 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. 

Tillage 

Different types of tillage implement have different effects on these physical features and consequently on 

erosion. There are two types of tillage namely conventional tillage and conservation tillage. Ploughing twice 

or three times, harrowing, and planking are all part of traditional tillage. It does not leave any land 

unploughed or leftovers on the field. Conservation tillage disturbs the soil to the bare minimum while 

leaving crop leftovers on the surface. Soil loss may be reduced using conservation tillage technologies. Hard 

pans cause quicker runoff and limit crop growth by limiting root development. Subsoiling increases 

agricultural output by improving soil moisture regimes, reducing runoff and soil erosion. 

Strip Cropping 

Strip cropping refers to the practise of cultivation of crops in a regular width across a slope. It's a farming 

practise that is used when a slope is too steep or lengthy, or when there's no other option. Row crops such 

as maize, soybeans, cotton, or sugar beets are alternated with strips of closely planted crops such as hay, 

wheat, or other minor grains. Strip cropping prevents soil erosion by creating natural water dams, which 

helps to maintain soil strength. Some layers of plants take more nutrients and water from the soil than 

others. Water is frequently carried away when it comes into contact with inferior soil, which lacks the 

minerals needed to strengthen it. The weaker soil is unable to wash away as quickly as it would normally 

when soil strips are strong enough to obstruct the passage of water through them. As a result, agriculture 

can continue to produce for much longer. 

   
Strip cropping Cover crop Mulching 

Cover Crops 

If the land has enough crop canopies during the peak season, erosion from cultivated fields can be 

minimised to a certain extent. A good ground cover canopy protects the land like an umbrella. A cover crop 

can be defined as a close-growing crop which is raised mainly for the protection of soil. Close spacing and 

development of good canopy for interception of rain drops determine the effectiveness of cover crop as it 
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expose minimum soil surface for erosion. The foremost 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. As rain drops have 

energy and they scribe the bare soil, break particles from the soil mass. These soil particles get lost through 

runoff. Plant cover controls splash erosion can be controlled by plant cover as it intercepts the rain drops 

and absorbs their kinetic energy. Pulse crops such as green gram, cowpea etc. are generally more suitable 

for such purposes. Bean as a cover crop in combination with mechanical measures reduces soil and water 

loss in tea plantations. 

Mulching 

A blanket of material which is applied to the soil's surface is known as mulch. It is utilized for a number of 

purposes, such as maintaining soil moisture, increasing soil fertility and health, restricting the growth of 

weeds, and improving the aesthetic value of a region. A mulch can be either temporary or permanent 

depending upon its use. It may be used on bare as well as soil covered under vegetation. Mulching reduces 

soil evaporation, conserves moisture, regulates temperature, inhibits weed growth, and enhance 

microbiological activity. Mulches are also commonly used for the planting of low-maintenance plants in 

restoration zones. Mulches can be used both in agricultural as well as landscaping contexts to alleviate a 

range of stress scenarios. 

Mixed Cropping 

When two or more crops are cultivated on the same piece of land at the same time it is known as mixed 

cropping. Cultivation of wheat and legume are grown on the same piece of land at the same time is an 

example of mixed cropping. It protects farmers against crop failure due to extreme weather conditions. 

Crops for mixed cropping are selected on the basis of some principles such as nutrients demand, maturity 

period, root growth patterns etc. The crops planted together should have different maturity periods. It's 

best to cultivate one tall and one dwarf crop simultaneously. One crop's nutritional requirement should be 

different from the other. If one crop is deep rooted the other should be shallow rooted., while the roots of 

the others should be shallow. All of these factors combine to provide an effective mixed cropping system. 

Merits of Mixed Cropping 

1. Soil fertility is enhanced as the crop’s thick canopy protects the land from erosion. 

2. Increase in crop yield. 

3. Reduction in the risk of crop failure. 

4. Proper utilisation of soil. 

5. Minimization in pest infestation. 

Alley Cropping 

Alley cropping is defined as planting of rows of trees or shrubs, along contour and food crops and cover 

crops in between the rows. Hedgerow plants should be trimmed on a regular basis. The width of the alley 

depends on the extent of shade provided by hedge row plants and the slope. The width of the alley must be 

at least 4 metres. 

Advantages of Alley Cropping 

1. Higher cropping intensity. 

2. The system is flexible enough to adopt by small farmers as well as large farmers. 

3. Check erosion and boost in fertility due to litter fall and its decomposition. 

Fallowing of Agricultural Land 

Fallow is a farming practise in which fertile land is left unplanted for one or more cropping cycles. The 

purpose is to allow the soil to recover and store organic matter along with preserving soil moisture and 

disrupting disease lifecycles by eliminating disease hosts temporarily. 

Tree Planting 

Agroforestry is a long-term land management technique that includes the cultivation of trees or shrubs 

along with the production of crops on the same piece of land. It's a novel approach to conserve soil and 
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water conservation successfully that incorporates a number of measures for controlling soil erosion, 

developing sustainable agricultural production systems, reduce pollution, and increasing farm profitability. 

Leaf litter protects the soil from erosion, improves soil health and moisture retention capacity, and 

increases crop yield. It not only prevents soil erosion, but also create a wide range of economic tree-based 

products. 

Conclusion 

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 adoption of 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 soil conservation techniques helps to ensure the region's production system's long-

term viability. These methods aid in the in-situ conservation of rainwater, minimize soil loss and preserving 

soil fertility. 
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Abstract 

Among various things, field preparation, sowing, irrigation, application of fertilizers, weeding, insect and 

pest control, harvesting and storage are few of the activities involved in agriculture's life cycle. Indian 

farmers’ face a variety of obstacles, including extreme weather, a lack of nutrition, poor irrigation 

infrastructure, and faulty production and protection decisions. In this case, artificial intelligence played a 

key part in the successful decision-making and implementation of agricultural tasks. Artificial intelligence 

is defined as the capacity of a computer to perform cognitive activities such as thinking, perceiving, 

learning, problem solving, and making decisions. 

Keywords: Artificial intelligence, Unmanned aerial vehicle. 

Introduction 

Artificial intelligence is based on the premise that human intellect can be defined in such a manner that a 

computer can easily imitate it and carry out tasks ranging from simple to complex. Several agricultural 

sectors are benefiting from artificial intelligence to boost productivity and efficiency. Artificial intelligence 

(AI) is supporting almost every industry to overcome traditional barriers in every industry. In agriculture, 

artificial intelligence is supporting farmers in enhancing their farming efficiency while lowering negative 

environmental impacts. In order to enhance overall performance, the agriculture industry has welcomed 

AI with open arms. As a result of artificial intelligence, the way food is produced is changing. By 

incorporating artificial intelligence (AI) into agricultural assistance any undesired natural phenomenon 

must be controlled and managed easily. 

Application of AI in Agriculture 

Use of unmanned aerial vehicle (UAV) to monitor agriculture data: Unmanned aerial vehicles 

(UAVs) are autonomous vehicles based on remote sensing that captures photographs and data about a 

particular location. Deployment of unmanned aerial vehicles in large-scale environmental projects (UAVs) 

results in low operational costs. Drone technology is gaining momentum among farmers’ because it provides 

new ways to do things such as in-depth crop analysis, long-distance crop spraying, and high-efficiency crop 

analysis which ultimately leads to increase in agricultural yields. 

 

Monitoring of soil health and seed sowing: AI may be used to monitor soil health by scanning the soil 

for nutritional properties using sensors, cameras, and infrared rays. It also helps to figure out how specific 

seeds react to different soils, the influence of weather changes on the soil, and the probability of disease 

and insect spread. 

Water and nutrient management: Using high-definition photographs from aerial equipment, real-time 

estimation may be done during the cultivation phase by creating a field map and pinpointing places where 
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crops require water, fertiliser, or pesticides (drones or copters). This leads to optimum utilisation of 

resources. 

Drones for spraying: One of the most critical uses of drones in agriculture is its flexibility to move around 

in swift motions and maneuver to the destined locations. This ability of drones helps spray fertilizers and 

insecticides to nurture crops and provide them required nutrients. 

 

Issues pest-related advisories: A computer-aided system can accurately diagnose diseases and prescribe 

treatment options. After that, the infected part can be clipped and transferred to distant labs for further 

investigation. Image processing may also be used to identify pests and diagnose nutritional deficiencies. 

Precision farming: Precision farming is a method of farming that requires high level of accuracy and 

control. Some of the advanced technologies that enable precision farming include high precision positioning 

systems, 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. It mainly works on the 4R’s principle. It provides farm 

inputs at the appropriate time, in the appropriate location, the appropriate source, and in the appropriate 

quantity. 

Determine harvesting stage: Images of different crops taken in a white/UV-free environment can be 

used to predict harvesting phases. Capturing light determines the ripening stage of the crop/fruits. Farmers 

can determine several levels of preparedness depending on the crop/fruit type. 

Post- harvest monitoring of Agricultural Products: Storage, drying, and grading of harvested crops 

are also significant components of agriculture. The artificial intelligence idea can be used to monitor and 

manage the quality of agricultural goods. 

Artificial intelligence technologies for accurate supply and demand data: Artificial intelligence 

has made great advances in agricultural demand and supply management. Its successful application in 

supply chain planning and optimization, including demand forecasting and logistics. It also assisting 

stakeholders in overcoming the problem of information asymmetry. 

Greenhouse Automation:  Plant development and ripening of products in a greenhouse are influenced 

by a variety of variables. Farmers are not able to analyse all of these variables. AI allows for the 

examination of all of these development elements and offers very accurate results after assessing the plant 

growth. 

Driverless Tractors: Self-contained tractors that do all farm operations autonomously and perfectly. 

They're equipped with sensors that can monitor barriers and determine where agricultural inputs should 

be applied, among other things. Agriculture is already merging off the-shelf technologies like GPS systems, 

radars, and sensors to open up new farming opportunities. 

Weather Forecasting:  Meteorologists use a range of sensors, satellites, and computer models to forecast 

weather trends. Artificial intelligence (AI) approaches use reinforcement learning to analyse prior 

predictions and actual results. As a result, AI is effectively used to reduce the risk of crop losses and 

increase output. 
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Ways to Improve Adoption of AI at Farmer Level 
1. Organizing educational events and demonstrations on artificial intelligence applications and their use 

in agriculture. 

2. Capacity-building programmes for farmers that convey knowledge and skills to them. 

3. AI-based communities must be established at the grassroots level in order for AI practises to be adopted 

and disseminated. 

4. Identification of master trainees at the village level in order to increase the horizontal diffusion of AI 

technologies. 

5. AI applications are taught to farmers, researchers, and extension personnel at SAUs, as well as officers 

from agriculture departments, on a regular basis. 

6. After the adoption of AI technologies at the farmer level, a follow-up system should be implemented. 

7. Updating the knowledge and skills of scientists, extension workers and farmers for using these platforms. 

8. Subsidies in the procurement of AI technology should be made available to make them more affordable 

to farmers. 

9. Network fluctuations and erratic power supplies should be minimized through the development of 

necessary infrastructure to better serve rural farmers in remote areas. 

10. Creating agriculture and rural development policies based on artificial intelligence. At the national, 

state, and local levels, money for AI research and development for the benefit of farmers should be allocated. 

Conclusion 

Artificial intelligence may be useful and efficient way to optimize the resource utilization in agriculture 

industry. It alleviates resource and labour shortages to a significant extent. The application of artificial 

intelligence in agriculture has shown to be quite beneficial. Farmers will be aided and challenged by AI in 

making the best decisions possible. AI has the potential to be a technological revolution and a boom in 

agriculture, helping to feed the world's growing population. 
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Virgin coconut oil is extracted from fresh coconut milk obtained from mature kernel of coconut by 

mechanical or natural means, with or while not the applying of heat, that doesn't cause alteration of the 

character of the oil. It is often consumed in its state without the necessity for more processing. Hence, 

Virgin oil does not undergo chemical refining, bleaching or deodorizing. Virgin coconut oil is colorless, freed 

from sediment and has natural fresh coconut scent. It’s free from rancid odor or taste. Virgin coconut oil 

consists primarily of medium chain fatty acids. The fatty acids in virgin oil are distinct from animal fats 

that primarily comprise long chain saturated fatty acids.  

Virgin coconut oil is mainly composed of medium chain fatty acids. The most important medium chain fatty 

acid found in virgin coconut oil is lauric acid. It constitutes 48% of virgin coconut oil. Lauric acid has 

powerful antimicrobial properties capable of destroying pathogenic bacteria, fungi, viruses and parasites. 

Research shows that the presence of medium chain fatty acids in breast milk is the main ingredient that 

protects babies from infections during the first few months of life, while their immune systems are still 

developing. 

Dr. Jon J Kabara, Ph.D. and consultant at Michigan State University, USA, conducted pioneering studies 

on the antimicrobial properties of fatty acids in the 1980s. Two of his most important findings are that 

Lauric acid is the most active antimicrobial fatty acid and monolaurin is the most effective antimicrobial 

compound that can be derived from chemicals in coconut. According to him, the medium chain fats in 

coconut oil are similar to the fats in breast milk and have similar nutritional benefits. Virgin coconut oil 

has great potential for therapeutic uses as an antimicrobial, drug against HIV / AIDS, for the treatment of 

cancer, and for the treatment of Alzheimer's disease. 

Health Benefits of Virgin Coconut Oil 
1. Virgin coconut oil is rich in vitamins, minerals and antioxidants, making it the “mother of all oils. 

2. Extracted from fresh coconut without any chemical process, it is the purest form of coconut oil, water 

white in color.  

3. Virgin coconut oil is an important source of lauric acid and vitamin E.  

4. The high quality of this oil makes it an ideal massage oil for babies as well as for skin and hair 

applications.  

5. Protects the skin from infections caused by bacteria, viruses and fungi, prevents dandruff and hair loss.  

6. Also relieves muscle pain.  

7. Supplement your body with antioxidants. The antioxidant is your body's natural defense against free 

radicals.  

8. Prevents the chain reaction of free radicals and sagging and unsightly wrinkles.  

9. Rich in vitamin C and vitamin E, virgin coconut oil slows down the aging process and ensures the best 

of life and beauty for your skin.  

10. It also helps in the absorption of fat-soluble vitamins A, D, E and K. 

11. Virgin coconut oil is free of trans fatty acids, medium chain triglycerides (MCTs) called lauric acid, 

which is the same as the special group of fats found in human breast milk.  

12. Virgin Oil is widely consumed as MCT oil for the treatment of weight loss, etc.  

13. MCTs are more easily and quickly digested than other types of fat because they require lower amounts 

of enzymes and bile acids for absorption from the intestines.  
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14. MCTs are metabolized very quickly in the liver and are thought to promote increased energy 

expenditure while reducing fat storage.  

15. Numerous studies suggest that replacing MCT oil with other fats in a healthy diet can therefore help 

support healthy weight and body composition. 
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Lemongrass (Cymbopogan flexuosus) is the source of lemongrass oil obtained from the leaves and shoot of 

the plant. GLC analysis of the oil showed the presence of the following constitutents; myrcene (0.02%), p-

cymene (0.04%), terpinene (0.60%), beta terpineol (0.40%), alpha terpineol (2.25%), triphenyl acetate 

(0.90%), borneol (1.90%), geraniol + nerol (1.50%), citral-b (27.7%), citral-a (46.60%), farnesol (12.80%), 

farnesal (3.00%) and the rest being unidentified compounds. The lemongrass oil is mainly used in the 

manufacture of perfumes for soaps, hair oils, scents and medicines. It also has the antibacterial properties. 

One of the most important raw materials for the manufacture of vitamin 'A' is ionone, which is derived 

from the citral found in lemongrass oil. 

Origin and Distribution 

It is considered that the species originated in India. It can be found growing wild in many tropical and 

subtropical regions of Asia, Africa, and North America. The plant is cultivated for its oil on West Indian 

islands as well as Central and South American countries, Thailand, Bangladesh, the Comoros Islands, 

Madagascar, and China. Despite the fact that the oil has been known in India since ancient times, 

systematic cultivation and distillation of the grass only began about 90 years ago in Kerala. It is now 

commercially farmed in the northern districts of Travancore and Cochin, Assam, Maharashtra, portions of 

Uttar Pradesh, and Jamind, among other places. In India, the crop is grown on an area of roughly 2000 

hectares. 

Area and Production 

India used to be the leading provider of lemongrass oil to the global market, but that is no longer the case. 

Oil production, which peaked at 1800 t in 1961-62, has since dropped to around 400 t. Due to the entry of 

Guatemala and a few other Latin American countries, including Brazil and Mexico, Puerto Rico, Dominica, 

Haiti, and China, India's monopoly on lemon grass commerce in the world market has been broken. 

Description of the Plant 

C. flexuosus var. flexuosus can reach a height of 3 metres. The plant's leaves are linear and lanceolate, 

measuring 125 cm long and 1.7 cm wide. Panicles are large, drooping lax, greyish or greyish green, with 

the receme pairs in dense masses, spreading, 100-135 cm tall, slightly hairy, lower glumes of the sessile 

spikeletes 3-4, rarely 4-5 mm long, 1 mm wide, with 1-3 definite or obscure introcrainal nerves, shallowly 

concave with one or two depressions. 

Types and Varieties 

Lemongrass is divided into two types: East Indian or true lemongrass (C. flexuosus) and West Indian (South 

American) lemongrass (C. citratus). The East Indian oil, which is obtained by distilling the grass of C. 

flexuousus, is a genuine oil of commercial importance. It is produced in Kerala and is known as Cochin oil 

because it is mostly shipped from the Cochin port. C. pendulus, often known as North Indian lemongrass 

or Jammu lemongrass since it is grown primarily in Jammu and other North Indian states, contains a 

small amount of oil. C. citratus oil is extracted in Indo-China, Madagascar, Guatemala, Brazil, Haiti, 

Tanganiyaka, Congo, and the West Indies, among other places. East Indian oil produced in South India 

has been discovered to be easily soluble in alcohol. Both varieties are said to have around the same citral 

content (75-86 percent), However, in addition to citral, West Indian oils include additional aldehydes that 

reduce the oil's amount. The authentic oil is produced by C. flexuosus, a red stemmed shrub with chocolate 

to purple-colored stems. The authentic lemongrass oil is not produced by the white stemmed grass that 
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grows in the wild. Recent research has revealed the existence of a new lemongrass species, C. khasianus, 

that is important for its geraniol content. Scientists have also identified selections of C. flexuosus that are 

high in geraniol and citral, respectively. The following are some of the lemongrass varieties that have been 

released for cultivation. 

Sugandhi 
The Aromatic and Medicinal Plants Research Station in Odakkali, Kerala, has released it, yielding 80-100 

kg oil per hectare with 80-88 percent citral. Pragathi: It’s an OD-19 clonal selection developed at 

Lucknow's Central Institute of Medicinal and Aromatic Plants, with 86 percent citral, the average oil 

content is 0.63 percent. Praman: At the Central Institute of Medicinal and Aromatic Plants in Lucknow, 

it was developed through clonal selection from C. pendulus, the cultivar is said to produces 227 kg of oil 

per acre each year, with a citral content of 82 percent. RRL-16: Jammu Lemongrass is an evolution of C. 

pendulus that was released for cultivation by the Regional Research Laboratory in Jammu. The typical 

herb yield is 15-20 t/ha per year, yielding 100-110 kg of oil. Oil concentration ranges between 0.6 and 0.8 

percent, with 80 percent citral. CKP-25: It’s a cross between C. khasianus and C. pendulus developed by 

Jammu's Regional Research Laboratory. The strain produces 80-85 tonnes of herb and 350-400 kg of oil 

per hectare each year. The citral content of the oil is between 80 and 85 percent. 

Soil and Climate 

It grows well in a wide range of soil types, from rich loam to poor laterite. It necessitates good manuring 

on sandy loam and red soils. Calcareous and waterlogged soils should be avoided because they are unsuited 

for growing it. It necessitates a warm, humid climate with lots of sunshine and rainfall ranging from 200 

to 250 cm spread evenly throughout the year. Supplemental irrigation can be used in areas where rainfall 

is scarce. It thrives at elevations of 1000-1200 metres. 

Propagation and Nursery 

Lemongrass is usually grown from seeds; however, it can also be propagated vegetatively or through rooted 

slips. Seedlings and rooted slips reportedly performed equally well in terms of growth and yield. However, 

due to the high cost of transplanting, direct seeding is frequently used in Kerala, particularly on plains and 

terraced areas. A seed rate of 20 to 25 kg per hectare is advised for direct seeding to raise the crop. To 

promote consistent seed dispersion during sowing, the seeds are thoroughly mixed with dry river sand in a 

1:3 ratio. A 1000 m2 space is required to raise seedlings for planting one hectare of land. The area has been 

adequately prepared, with raised beds ranging in width from 1 to 1.5 metres and lengths that are suitable. 

3 to 4 kg/hectare is the recommended seed rate. The seeds are evenly distributed across the beds, then 

covered with a thin layer of soil and watered at regular intervals. Seeds gathered in January and February 

is normally planted in the nursery in April and May. 

Transplanting 

The area is ploughed and harrowed repeatedly, and beds of 1 to 1.5 m width and appropriate length are 

laid out with 30 to 50 cm spacing between them. On sloppy soil, the beds are built along the contour. During 

the monsoon season (May-June), three to four leafed 50-to-70-day old seedlings are planted in Kerala. 30 × 

30 cm spacing is recommended, with a plant density of 111000 plants per hectare. Over fertile irrigated 

area in North India, wider spacing of 60 x 45 cm for seedlings and 90 x 60 cm for slips has been advised. 

Manures and Fertilizers 

Lemongrass is a high-yielding crop that eliminates 275 kg N, 25 kg P2O5, and 175 kg K2O per hectare each 

year. At the time of bed formation, the crop is given 2 t/ha of compost prepared from spent grass and 2 t/ha 

of wood ash to encourage growth and increase oil yield. It must also be fertilized using chemical fertilisers. 

Under odakkali circumstances, it was discovered that applying 100 kg N in three to four splits was the 

most effective, while responses up to 200 kg were observed. 

P and K's responses were found to be inconsistent. In West Bengal, a basal dose of 50 kg of P2O5 and K2O 

per hectare was shown to produce promising effects. In West Bengal, it is advised to apply 60:45:35 kg/ha 

N, P2O5, and K2O, accordingly. 
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Intercultural Operations 

Because the root section of lemongrass tends to grow above the soil, earthing up the plant after about 4 

months and again after each harvest is good. Weeds aren't allowed in the field. During the year, 2-3 

weedings are usually required. Herbicides such as diuran (1.5 kg a.i./hectare) and oxyflurofen (1.5 kg 

a.i./hectare) are efficient at controlling weeds. In a row-planted crop, interculturing can be done with a 

tractor-drawn cultivator or a manual hoe. In Kerala, before to the arrival of the monsoon, dried grass and 

stubbles of the standing crop are burned to prevent white ant attacks and to regenerate the old clumps 

under rainfed circumstances. If there are no rains after planting, the crop should be irrigated every other 

day for almost a month. Under north Indian circumstances, four to six irrigations are advised from 

February to June for maximum output. 

Harvesting and Yield 

The crop is perennial and can produce good yields for up to five years. The grass is harvested by cutting it 

10 cm above the ground level. Three cuttings are acquired during the first year of planting, followed by 5-

6 cuttings every year, depending on weather circumstances. By May, the harvesting season has begun and 

will go until the end of January. About 90 days after planting, the first harvest is carried out. The time 

between harvesting and harvesting has a significant impact on oil yield and quality. Both immature and 

over-matured grass produce less oil. The ideal period for local lemongrass is 40-50 days. When grown on 

hilltops and in low-lying regions, the best harvesting seasons are 60 and 50-55 days, accordingly. We could 

get a 15-tonne herbage output each harvest and a 0.3-0.5 percent oil recovery from fresh grass. Steam 

distillation is used to get the oil. From the second year onwards, an oil output of 350-400 kg per hectare is 

regarded sufficient. 
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Introduction 

In India, agriculture and animal husbandry are interwoven with the intricate fabric of society in cultural, 

religious and economic ways. They give employment to 52% of the work force. We depend upon animals for 

milk, meat, egg, transportation etc, Livestock is the only source of cash income during subsistence farming 

and serves as insurance in the event of crop failure. 

India has the largest livestock population, which accounts for 20% of the world’s livestock population. 

However, livestock productivity is constrained by an acute shortage of quality feed and fodder. There is 

shortage of 21.9% dry fodder and 61.1% green fodder in India. 

Increase in area is not feasible due to ever increasing demand of food and farmers prefer to grow grain and 

cash crops even on grasslands and pastures. 

The approaches to bridge the wide gap between fodder requirement and availability are: 

a. Increase area under fodder production 

b. Exploiting the untapped feed resources 

c. Importing from other countries 

d. Increase the productivity of existing production systems through scientific fodder management, 

use of dual-purpose varieties, through various cropping systems, through agro -forestry etc. 

Green Fodder Augmentation through Cropping Systems 

Increase in productivity can be accomplished through introduction of mixed cropping/ intercropping in the 

existing cropping systems, which are primarily for food grain purpose. 

1. Advantages of intercropping 

a. Improved herbage quality 

b. Increased biomass production 

c. Efficient utilization of natural resources i.e., sunlight, moisture, space. 

d. Smothering of weeds 

e. Economic use of inputs 

f. Efficient utilization of land and labour 

2. Growing a combination of crops rather than a pure crop has been found to produce more yield as well as 

good quality of fodder. 

3. Scientific studies demonstrated that crop growth in terms of plant height, number of leaves per plant, 

fresh weight per plant and dry matter accumulation per plant at various stages of crop growth varies under 

various intercropping systems. 

Inclusion of forages in crop sequences: 
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Source: Hand book of agriculture (published by ICAR) 

Fig. 1: Supply and demand scenario of forages and roughages in India (in million tonnes) 

 

 
Fig. 2: Different fodder crops in India 

Cereal Fodders 

1. Cereals are the crop plants belonging to grass family Gramineae and grown for their edible starch seeds 

botanically known as ‘caryopsis’.  

2. Cereal fodders and grasses are characteristically determinate in growth habit and their herbage quality 

starts deteriorating after flowering. 

3. Cereal fodders like maize, sorghum, pearl millet and oats provide energy-rich herbage to livestock.  

4. These have wider adaptability and variability in terms of growth, regeneration potential, yield and 

quality of herbage. 

Legumes 

1. The word legume is derived from the Latin word “Legre” (to gather) because the pods have to be gathered 

or picked by hand as distinct from ‘reaping’ the cereals.  

2. The plants belong to family Leguminosae and having nitrogen fixing nodules on their roots. Legumes by 

and large are indeterminate in growth and thus, maintain quality traits over longer periods.  

3. The leguminous fodders have special significance because of high herbage protein and partial 

independence from soil for their nitrogen needs. 

Association of Forage Grasses and Legumes 

1. Includes introduced and native grasses for pasture, grazing and hay crops. Perennial pasture grasses 

have vast acreages of land.  
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2. Attempts were made to select suitable ideotypes of perennial grass and forage legume components in 

order to reduce the necessity of repeated sowing and tillage and to economise the use of irrigation water in 

the system.  

3. Such types of system are less sensitive to fluctuations in soil moisture and are more suited to southern 

region where both the components grow throughout the year. 

Fodder Crops-Tree Based Cropping System 

1. Most of the tree species are widely spaced and they utilize only less sunlight.  

2. Therefore, it is important to harness the resources to balance nutrient deficits in feed systems and to 

generate additional income for resource poor farmers by integrating crop and fodder production. 

3. Besides fodder production, they assist in weed control, maintain and improve soil fertility and control 

soil erosion. 

4. It is efficient way of forage production, where light is sufficient to satisfy the high light requirement for 

photosynthesis characteristics of tropical forage crops. 

Intensive Forage Sequences Recommended for Different Regions 

The intensive cropping systems when managed properly using modern techniques of soil and crop 

management are able to yield 180 - 300 tonnes of green fodder (30 -55 tonnes dry fodder) per ha/year. 

1. North Zone: 

a. Maize + Cowpea – Sorghum + Cowpea (two cuts) – Berseem + Mustard. 

b. Sudan grass + Cowpea – Maize + Cowpea – Turnip – Oats (two cuts). 

c. Hybrid Napier or Setaria inter-planted with cowpea in summer and Berseem in winter (9 -10 

cuts/year). 

Western and Central Zone: 

a. Bajra + Guar (Cluster bean) (two cuts) – Annual Lucerne (6 cuts). 

b. MP Chari + Cowpea (2 cuts) – Maize + Cowpea - Teosinte + Cowpea (2 cuts). 

c. Hybrid Napier or Guinea or Setaria grass inter-planted with Cowpea in summer+ Berseem in 

winter (8-9 cuts/year). 

Southern Zone: 

a. Sorghum + Cowpea (3 cuts) – Maize + Cowpea – Maize + Cowpea. 

b. Hybrid Napier or Guinea or Setaria grass inter-planted with Lucerne (8-9 cuts) or Hybrid Napier 

+ Subabul / Sesbania (9-11 cuts/year). 

c. Sudan grass + Cowpea (3 cuts) – M.P. Chari + Cowpea (three cuts) and Para grass + Centro 

(Centrosema pubescens) (9-11 cuts/year). 

Eastern Zone: 

a. Maize + Cowpea – Teosinte + Rice bean (2 cuts) – Berseem + Mustard (3 cuts). 

b. M.P. Chari + Cowpea – Dinanath grass (2 cuts) – Berseem + Mustard (3 cuts)  

c. Hybrid Napier or Setaria grass inter-planted with Subabul (9-10 cuts/year). 

Conclusion 

Adopting different cropping systems is an ideal way to increase productivity of green fodder crops. Cropping 

systems helps to get an increased yield through efficient utilization of natural resources. Selection of crops 

and varieties are important for higher green forage production. Cereal-legume intercropping is widely 

adopted and comparatively the best. Multi-cut varieties are more remunerative compared to single cut 

varieties. Growing forage grass in widely spaced trees had also proved to be profitable. 
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Introduction 

Sugarcane (Saccharum officinarum L.) is widely grown in tropical and subtropical regions of the world and 

is one of the most important cash crops in India, which plays a crucial role in national economy, while sugar 

industry is the second largest agro- industry next to textile and is a source of food, fuel, fodder and fiber. 

Sugarcane is the main sugar producing crop that contributes nearly 75% to the total pool at the global level. 

Sugarcane crop produces a heavy biomass, which tends to remove substantial quantum of plant nutrients 

from the soil. A cane crop producing 100 t cane/ha remove about 208, 53, 280, 3.4, 1.2, 0.6 and 0.2 kg N, P, 

K, Fe, Mn, Zn and Cu/ha, respectively from the soil (Chinnusamy et at., 2004). The major causes of low 

productivity of sugarcane in India are intensive agriculture and excessive use of inorganic fertilizers during 

the green revolution resulted in deterioration of soil health and productivity viz; soil chemical, physical and 

biological properties. Intercropping in sugarcane help replenish soil health, it improves soil health by 

introducing plants that fix nitrogen or plants that can be turned under after their growing season is 

complete to add additional nutrients to soil. 

Composition of Sugarcane 

Fibre 14-17% 

Water 63-75% 

Total solids of the juice 17-22% 

Reducing sugars 0.1-1.0% 

Soluble impurities 1.5-2.5% 

Sucrose 12-20% 

Intercropping 

It refers as a multiple cropping practice involving growing of two or more crops simultaneously on the same 

piece of land with a definite raw pattern. Crop intensification is in both time and space. Traditional 

agriculture has always included different forms of intercropping as practiced through the centuries. 

Farmers grown a variety of crops, often intermingled in the same field, to sustain themselves and their 

families. Intercropping can also help to maintain the productivity of relatively fertile land. Intercropping 

is considered as the practical application of ecological principles such as diversity, crop interaction and 

other natural regulation mechanisms. 

 

Principles of Intercropping 

1. Component crop should be complimentary to the main crop 
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2. Component crop should be short duration and fast growing to utilize early slow growing period of main 

crop 

3. Component crops should require similar agronomic practices 

4. Erect growing crops should be intercropped with cover crop 

5. Erosion permitting crop should be intercropped with erosion resisting crop 

6. Component crops should have different rooting pattern and depth of rooting  

7. Select crops as per characteristics and constraints of soils. 

Types of Inter-Cropping 

Mixed intercropping: Growing two or more crops simultaneously with no distinct row arrangement. 

 

Row intercropping: Growing two or more crops simultaneously where one or more crops are planted in 

rows. 

 

Relay inter-cropping: Two or more crops simultaneously grown during the part of the life cycle of each. 

2nd crop planted after the 1st crop has reached reproductive stage, before it is ready for harvest. 

 

Strip Inter-cropping: Two or more crops simultaneously grown in strips; wide enough to permit 

independent cultivation but narrow enough for crop interaction. 

 

Intercropping is Divided into Following Three Groups 

1. Parallel Cropping: Under this cropping two crops are selected which have different growth habits and 

have a zero competition between each other and both of them express their full yield potential. e.g.  Green 

gram or black gram with maize. Green gram or soybean with cotton. 

2. Companion Cropping: In companion cropping the yield of one crop is not affected by other, in other 

words, the yield of both the crops is equal to their pure crops. That the standard plant population of both 

crops is maintained. e.g.  Mustard, wheat, potato, etc. with sugarcane. 
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3. Multistoried Cropping or Multi-tire cropping: Growing plants of different height in the same field 

at the same time is termed as multistoried cropping. It is mostly practiced in orchards and plantation crops 

for maximum use of solar energy even under high planting density. e.g.  Sugarcane + Potato + Onion, 

Sugarcane + Mustard + Potato. 

Advantages of Intercropping in Sugarcane 

1. Higher income per area. 

2. Reduces the marketing risks. 

3. Maintenance of soil fertility. 

4. Reduction in soil run off and erosion. 

5. Control weed. 

Choice of Intercrops 

1. Short duration  

2. Non or less competitive to sugarcane 

3. Less- branching, non -shading and non -bushy types 

4. Should have no allelopathic effect 

5. Should be easily managed by farmers 

6. Should have assured market 

7. Should not attract more pests and diseases. 

Crops Suitable as Intercrops in Sugarcane 

A.  Tropical region 

Green gram Groundnut Onion Okra 

Cowpeas Sesame Coriander 
 

Finger millet Sunflower Radish 
 

Maize Soybean Peas 
 

B.  Sub-tropics region 

Wheat Onion Mustard Berseem 

Potato Garlic Carrot Tobacco 

Gram Coriander Radish Tomato 

Basic Principles for Soil Health Management 

1. The Nutrient removal by crops must be replenished in the soil. 

2. Physical condition of the soil must be maintained, 

3. Humus level must be constant or increased. 

4. No increase acidity, alkalinity or toxic elements. 

5. Soil erosion must be controlled to rate of soil genesis. 

Tend to Promote Soil Health 

1. No till or conservation tillage 

2. Cover crops 

3. Diverse crop rotations 

4. Organic manure and fertilizers 

5. Crop residue retention 

6. Integrated pest management 

7. Weed control by mulching and/ or cultural practices. 

Monitoring Soil Health 

Each plot of land is like to human being. It has to leaded like a child. There is the need to find differentiated 

and properly considered prescription for each of them varieties rather than tanning with one kind of brooch 

which is going to work in agriculture. 
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Conclusion 

Intercropping in sugarcane with cereals, legumes and pulses as well as green manure crops play a vital 

role to improve soil health in terms of physical, chemical and biological properties as compare to sole 

cropping system of sugarcane. 
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Abstract 

Biochar is a form of charcoal produced by the thermal breakdown of biomass without using oxygen. It's 

utilised as a soil conditioner for boosting soil carbon, nutrients, and organic matter, as well as improving 

soil microbial population, soil retention, and aeration capacity. Agriculture wastes, plant biomass, and 

animal waste can all be used to make biochar. Eichhornia crassipes is an aquatic plant that produces a lot 

of biomasses and is used for a number of things all over the world. Biochar made from E. crassipes biomass 

has high nutritional value, and its use in the soil improves agricultural crop productivity while also 

improving soil health. The conversion of E. crassipes biomass to biochar is not only a superior alternative 

to chemical fertilisers, but it is also a long-term management strategy for this invasive plant species. 

Keyword- Biochar, invasive weed. 

The growing population has resulted in the depletion of natural resources as a result of increased demand. 

This combined effect may have a negative impact on long-term agricultural production and food security. 

Crop yields have been increased using a range of chemical synthetic fertilizers, insecticides, and other 

items. Nonetheless, these chemical fertilisers include hazardous metals that undermine soil health through 

a series of antagonistic interactions, resulting in soil degradation and stressful conditions for plants. As a 

result of the overuse of chemical and inorganic fertilizers, agricultural yield and soil fertility have 

decreased. 

Natural substances or products produced from them have been shown to be both economically and 

environmentally viable for improving agricultural output as well as soil fertility. biochar, a carbonaceous 

solid substance, is one of the products with a high proportion of aromatization and significant anti-

decomposition properties. It can also be made from weeds, food wastes, lumber debris, straw, rice shell, 

crop residues, and other materials. Biochar made from organic biomass is an innovative way to boost soil 

fertility, agricultural productivity, and organic matter while also preventing soil degradation. 

Biochar is utilised as a soil amendment in various nations, including India, Europe, China, Japan, and the 

United States. Utilization of weeds especially high biomass producing species for production of biochar has 

become a novel tool due to its easy availability and cost-effective nature. 

Water hyacinth (Eichhornia crassipes) is a prominent alien weed. It's well-known for its stubborn growth 

near water bodies. Eichhornia crassipes, popularly known as the "terror of Bengal" or common water 

hyacinth, is an aquatic plant native to the Amazon basin that is often an extremely problematic invasive 

species outside of its native region. The exotic free-floating perennial vascular aquatic plant E. crassipes 

(water hyacinth) is notorious for its rapid growth all over the world, which has resulted in major ecological 

and socioeconomic changes to the ecosystem. It is native to the Amazon basin of tropical and sub-tropical 

South America and belongs to the "Pontederiaceae" family. It reproduces both sexually and asexually, but 

high nutrient concentrations and ideal temperature are thought to be the most important elements in water 

hyacinth growth and reproduction. Because of its free-floating root system, water hyacinth is not restricted 

to shallow water like other emergent macrophytes. It has nearly encroached on over 50 countries across 

several continents, and it may spread to higher latitudes as temperatures rise as a result of increased 

greenhouse gas emissions and climate change. 

The rapid growth of water hyacinth affects drainage systems and irrigation patterns, spreads pathogens, 

alters water quality and hydropower and water supply routes, sabotages water transport, obstructs canals 

and rivers, lowers dissolved oxygen in water, and lowers the aesthetic value of tourist destinations. Despite 

the negative consequences, water hyacinth has some advantages. It can be used in traditional medicines, 
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biogas production, mushroom bedding material, carbon black production, rope production, fiberboard 

production, animal fodder and fish feed, green manure, compost, biochar, and as an ornamental plant. 

Biochar has a lot of active organic clusters and aromatic structures, as well as a good cation exchange 

capacity, a good pH, a lot of surface area, and a negative surface charge. Biochar application improves soil 

organic matter and enzymes, stimulates soil microbial population, aids in improved water holding capacity, 

limits leaching behavior of chemically derived fertilisers, promotes soil aeration, extends nutrient retention 

time, and increases soil stress tolerance capacity, among other things. 

Pyrolysis and hydrothermal carbonization are most suitable and practical Methods for the extraction of 

biochar. 

Pyrolysis 

Pyrolysis is the most promising method for converting waste into valuable biochar, liquid, or gas. The 

quality of the biochar and the surface structure of the particles may be affected as the temperature rises in 

this process. Pyrolysis can be divided into two types: slow pyrolysis and fast pyrolysis. 

The waste materials are easily decomposed by the fast pyrolysis, which results in gases, aerosol particles, 

and biochar. High heating, short reaction times, temperatures of 500°C or higher, quick char product 

removal, and rapid vapour cooling are all part of this process. Aside from these, bio-oil derived from dry 

biomass, as well as charcoal and gas, are constituent products. It's a quick process that takes only a few 

seconds to complete. The yield in this method is 60 percent bio-oil, 20 percent biogas, and 20 percent.  

Slow pyrolysis, on the other hand, is defined by slower heating rates, more solid materials, and lower 

temperatures (400°C or less) than fast pyrolysis. Biochar is the most important product (35–45%) in slow 

pyrolysis, followed by bio-oil (25–35%) and syngas (20–30%). 

Hydrothermal Carbonization 

The hydrothermal carbonization (HTC) process, which uses water as a reaction medium above saturation 

pressure and operates at temperatures ranging from 180 to 350°C, is a cost-effective and environmentally 

beneficial method. Due to the use of water as the individual reaction medium under pressure and heat, the 

HTC process is a cleaner and risk-free approach. The HTC is a cost-effective process since it is run in highly 

sophisticated pressurised rotary drums, kilns, and stoves. HTC creates biochar that retains nutrients like 

nitrogen and phosphorus, which can help restore soil fertility. 

Biochar Production from E. crassipes Biomass 

E. crassipes is a nitrogen-rich plant (up to 3.2 percent dry matter) with a C/N ratio of 1:5, indicating that 

the plant has a high level of organic matter. It's also a good source of minerals and can be used as a cost-

effective feed for making biochar. The dry matter of water hyacinth contains 5.2 percent nitrogen, 0.22 

percent phosphorus, 2.3 percent potassium, 0.36 percent calcium, 280 parts per million of iron, 45 parts 

per million of zinc, 2 parts per million of copper, and 332 parts per million of manganese. Biochar made 

from water hyacinth improves the soil's carbon, organic matter, and water-holding ability. Given the 

foregoing qualities, water hyacinth stands out as an excellent candidate for biochar production. Biochar 

made from water hyacinth biomass pyrolysis effectively takes carbon from the atmosphere's carbon cycle 

and transfers it to long-term soil storage, resulting in increased carbon-nitrogen percentages in plants. 

Effects of Water Hyacinth Biochar on Soil and Plant Productivity 

Biochar made from Eichhornia biomass has proven to be a low-cost and environmentally friendly 

biotechnological application. Biochar is used for a variety of applications, including soil enhancement, 

wastewater treatment, climate change mitigation, waste minimization, and waste management. Biochar, 

on the other hand, can improve soil qualities as well as soil fertility and nutrient content, particularly by 

reducing nitrate, phosphate, and other anionic nutrient leaching, improving soil structure and soil–water 

capacity, and boosting soil microbiological properties. Water hyacinth biomass contains up to 75.8% organic 

matter, 1.5 percent nitrogen, and 24.2 percent ash, as well as 28.7% K2O, 1.8 percent Na2O, 12.8 percent 

CaO, 21.0 percent Cl, and 7.0 percent P2O5. Biochar increased crop yield, improved water quality, reduced 

nutrient leaching rates, decreased soil acidity, increased water retention capacity, and reduced fertiliser 
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consumption. Because of its high surface area, broad surface functional group, and interlocking patterns, 

Eichhornia biochar can be utilised as a soil amendment to minimise heavy metal and phytotoxicity. 

Biochar made from E. crassipes (water hyacinth) biomass could be an effective way to manage and use the 

biomass of this invasive weed. 

Because of its high C-N concentration and abundance of minerals including Fe, Cu, Mn, K, P, Zn, and 

others, water hyacinth is an excellent option for biochar production. The conversion of water hyacinth 

biomass into biochar and its use in agricultural environments has various advantages and enhances the 

economy over time. This invasive plant is also commonly used for biochar production and soil quality 

management in numerous places of the world. 
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Human Wildlife Conflict happens throughout the world and of late, it has become graver. Destruction is 

caused as the cropping pattern invites wildlife to the human habitat invariably. Cultivation area may also 

be located on the animal’s habituated movement path. New understandings developed in an approach 

called Adaptive Impact Management (AIM) through experience and research. Recognizing the nature of 

the problem, it could be solved when local community realizes that benefits from wildlife outweigh the 

damage caused by them. 

Death of many people, damage to thousands of acres of crops and psychological stress on the community 

affected are due to the wild animals at the national level. Habitat loss and fragmentation, change in 

cropping pattern adopted by the farmers, growing pressure of ever-increasing human population and 

increase in the number of various forms of wildlife are the major causes which attributed to the current 

state of affairs in the human -animal conflict. (An analysis of threats for biodiversity conservation and 

management of natural resources in various forest divisions of Kerala shows that human-wildlife conflict 

is a threat in almost all forest divisions.) 

Proliferation of conflict issues in areas far from the forest fringes turned out to be the more recent 

phenomenon related to conflict. Various measures have been followed to mitigate the problem by the usage 

of Elephant Proof Trenches, rail fences, solar powered fences and bio-fences etc.(page no :19 , last 3 paras 

read pani add paniko). 

Early warning and monitoring of the movement of the animal would be done by the radio-collaring 

elephants. Drones help to reduce human-wildlife conflict. In Wayanad Wildlife Sanctuary, early warning 

system has been functional. Divisional control rooms managed by Rapid Response Team receive 

information on rogue animal sightings and Elephant Information Groups were formed in different areas. 

(Bonnet is considered to be a problem even in villages far away from the forest areas. Immuno-

contraceptives used to control the elephant population in Africa and surgical sterilization is reported to be 

successful on monkeys. Use of scaring devices like bioacoustics, metalized reflective ribbon, specific fences 

with low-cost materials and other habitat manipulation techniques could be used in accordance with the 

behavior and damage pattern of wild animals. 

Growing unpalatable crops as a buffer to farm lands does not seem to be practical and unacceptable in 

many areas. To mitigate the human -wildlife conflict, voluntary relocation of people from forest settlements 

in HWC hotspots have been done. Another option to mitigate HWC is elephant corridors. Jana Jagratha 

Samithis are said to be effective and payment of ex-gratia is an approach popular with communities 

adversely affected by wild animals. 
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Major reasons for the losses of food grains which occur during the storage period before getting dispersed 

in the market are post- harvest losses, insect infestation and microbial infection. A wide range of insect 

control measures were developed after conducting various researches over a long period of time and those 

measures were categorized as physical and chemical methods. Use of both the methods was limited to a 

certain extent even though they possessed some benefits. On the other hand, Montreal protocol phased out 

many chemical insecticides. Overcoming the drawbacks, botanicals and medicinal extracts with their 

repellent or deterrent effect were found to be effective against the insects. As per the studies researchers 

need to focus on controlling from the egg stage itself instead of adult insects. Novel techniques such as 

dielectric heating, microwaves, Radio frequency (RF), controlled atmosphere and plasma treatment were 

having the ability to disinfest but its utilization in bulk is still the major limitation.  

Dielectric heating, a mode of disinfestation has recently gained popularity and the two well-known 

classes are radiative dielectric heating or the microwave heating (MW) and capacitive dielectric heating or 

the radio frequency (RF) heating. The difference between them lies in the reach of penetration or its 

penetration depth. RF proved effective against all the drawbacks and proved better than microwave in 

terms of heating uniformity and treatment of bulk samples by high penetration depth. 

Microwave heating is effective for the disinfestation of external feeders and in the adults of internal 

feeders, despite its limited penetration depth.  

Also, theoretically it’s proven that radio frequency at lower frequency than microwave has uniform 

heating over grains with well deep penetration and hence with further research can be used as better 

disinfectant. 

With the latest to be on T. castaneum, plasma treatment dependent on ionizing gases proved effective 

against several insect species.  

In the control of adult insects Carbon dioxide, Oxygen and Nitrogen in several combinations of controlled/ 

modified atmosphere (MA) were effective and did not affect the grain’s vigor and germination capacity 

but it could not affect certain life stages of internal feeders. Low moisture commodities can be safely stored 

using hermetic storage. 

Plant extracts can be adopted for Integrated Pest Management (IPM) and include edible oils which cover 

the surface of the legume and cut its connection from the atmospheric air, plant powders or products which 

attain repellent effect used for the safe storage of legumes and essential oils used in the terms of medicines, 

cosmetics and safe storage of legumes too. 

With all the emerging technologies, there arises a huge potential of its implementation in commercial food 

industries for the control of stored product insects. 
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Abstract 

Nutrition is the process of eating the right kind of food to grow properly and be healthy. Malnutrition occurs 

when a person eats too much or too little food (and nutrients) or is unable to use the nutrients in the food 

they eat, which results in undernutrition, underweight and, over nutrition, and micronutrient deficiencies.  

Nutrition-sensitive agriculture is a food-based approach to agricultural development that puts nutritionally 

rich foods, dietary diversity. Extension and advisory services (EAS) can be a powerful tool to help 

smallholders break the cycle of malnutrition, vulnerability and poverty. The EAS activities like nutrition 

education and training in home scale, preservation of fruits and vegetables, mass awareness campaigns, 

development, production, and distribution of educational/ training material, and mass media 

communication helps in linking agriculture and human nutrition.  

Keywords: Extension and Advisory Services, Nutrition-sensitive agriculture. 

Introduction 

Even after decades of the green revolution, malnutrition remains a major development challenge in many 

countries and has negative consequences for individuals, households, and society. The most vulnerable 

group towards poor nutrition are women of reproductive age, infants, young children, sick and elderly, poor 

households. Malnutrition is a condition of poor health that results from not eating enough food, from eating 

food without the proper nutrients, or from illnesses that prevent absorption of nutrients by the body 

(GFRAS, 2012). Over 33 lakh children in India are malnourished and more than half of them fall in the 

severely malnourished category (FAO, 2020). The nutritional issues in India are complex and therefore 

require a multi-faceted, multi-disciplinary solution. Agriculture has the potential to support healthier diets 

and better nutrition. 

The Link Between Agriculture and Nutrition 

Nutrition sensitive agriculture “Improvement in nutritional status and health of a population by improving 

adequate nutrition, by increasing the availability, access, and consumption of food that meets people’s 

nutrition needs”. It aims to maximize the impact of nutrition outcomes for a population through sustainable 

farming systems that employ a “nutrition lens,” while minimizing the potential for unintended negative 

consequences that may result from the sector ‘s economic and production-driven goals (Fanzo et al., 2013). 

The root of nutritional insecurity begins right from the lack of availability of nutritious foods. Beyond just 

producing or having access to nutritious foods, we also know three main pathways that potentially improve 

nutrition: agricultural production, agriculture-derived income, and women’s empowerment. 

Role of Extension and Advisory Services 

The role of agricultural extension has changed substantially, from a production-oriented and technology 

transfer model to improving rural livelihoods through a demand-led, participatory and market-oriented 

approach including nutrition interventions. Disseminating nutrition-sensitive agricultural knowledge is 

not currently an activity of agricultural extension in India, but there is a great potential for integrating it 

through the well-established network of extension officers. An agricultural extension can play a key role in 

promoting nutrition outcomes, enhancing food and nutritional security of household members, and 

ensuring sustainable food systems that promote healthy diets. Food security is built on four pillars i.e, 

availability, access, utilization, and stability. 
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In Availability 

Promoting backyard vegetable farming for improved nutrition availability round the year, crop 

diversification and increased production of nutrient-dense crops and animal rearing practices (integrated 

farming systems), promotion of biofortified crops, reduce post-harvest losses (handling, storage, processing, 

transport, marketing). 

 

In Access 

Enhanced marketing strategies for nutrient-rich vegetables, improved linkages to markets, increased 

availability of missing sources of nutrition through tracking of seasonal foods, income generation to 

purchase nutrition-rich foods. 

In Utilization/ Consumption 

Increased dietary diversity, use of complementary foods rich in nutrients for infants and young children, 

infant and young child feeding counselling. 

In Stability 

Extend production across different seasons (e.g., through water management practices), Identify local and 

indigenous foods available throughout the year, improve post-harvest handling, storage, and processing, to 

extend their availability. (MANAGE,2020). 

Constraints and Suggestions 

In the process of Nutrition -sensitive agriculture, EAS systems facing a lack of priority from the community, 

lack of education, lack of information sources on nutrition, lack of time and poor knowledge and skill on 

gender issues are major constraints (Nyoni et al., 2020). Agriculture policy must be brought in tune with 

nutrition policy with incentives provided for encouraging the production of nutrient-rich crops such as 

pulses and oilseeds and the cultivation of local crops for self-consumption. Policies for the agricultural 

sector must promote agricultural productivity, dietary diversification, and environmental security, thereby 

improving households' food security. Conducting nutrition education to extension professional and farmer 

level, training in home scale preservation of fruits and vegetables to women and mass awareness campaigns 

will work towards linking between human and nutrition. 

Conclusion 

Nutrition security is a prime concern of our country. Children, women, and extension advisors all need 

nutrition instruction concerning basic dietary principles. Coordination amongst EAS providers in 

delivering nutrition-specific programmes and supplying food baskets high in nutrition to children, 

pregnant, and lactating mothers could help to reduce the effects of malnutrition. Agricultural policies must 

boost agricultural production, dietary diversification, and environmental security, resulting in improved 

food security for households. 
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Introduction 

Ecologically sustainable and economically suitable agricultural practices are important in maintaining soil 

quality and farmers’ growth. Crop residues are considered an important natural resource for sustaining 

and enhancing soil productivity mainly by increasing soil organic carbon (SOC). The storage of SOC 

depends on the balance between the inputs from plant biomass and losses via the decomposition of residues 

and existing stored carbon. The rice-wheat cropping system (RWCS) has substantially contributed in 

making India self‐sufficient in food grain production; however, rice residue management is of great concern, 

threatening the sustainability of this system. Rice residue has been invariably disposed by farmers through 

open burning. The management of crop residues is a key component of sustainable cropping systems and 

has received much interest in recent years as a means of increasing soil organic matter and nutrient 

supplying capacity, reducing the ill effects of residue burning. Crop residue burning significantly increases 

the quantity of air pollutants and accounts for the loss of organic carbon, nitrogen, and other nutrients, 

which would otherwise have retained in soil. Numerous laws that are in operation pertaining to crop 

residue burning are: The Section 144 of the Civil Procedure Code (CPC) to ban burning of paddy; The Air 

Prevention and Control of Pollution Act, 1981; The Environment Protection Act, 1986; The National 

Tribunal Act, 1995; and The National Environment Appellate Authority Act, 1997. Particularly, in the 

states of Rajasthan, Uttar Pradesh, Haryana and Punjab stringent measures have been taken by the 

National Green Tribunal (NGT) to limit the crop residue burning. One of the alternatives to overcome these 

problems and sustain the RWCS is managing the rice residues in the field itself. 

 
Fig. 1: Schematic overview and strategies for efficient crop residue management 

Major Problems with Paddy Residue Management 

1. Wide C:N ratio- immobilization- slow decomposition. 

2. Less palatability- high silica content. 

https://www.sciencedirect.com/topics/engineering/plant-biomass
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3. Incorporation- cost and energy intensive. 

4. Less availability of suitable machinery. 

Why Farmers Burn Paddy Residues? 

1. Cheap and easy 

2. Convenient for tillage 

3. Field appears clean 

4. Kill weeds, insects and pathogens. 

5. Saves labour. 

6. Timely sowing of wheat. 

Consequences of Crop Residue Burning 

1. Loss of nutrients (N, P, K, S) and organic carbon 

2. Adverse effects on soil flora and fauna 

3. Soil hardening and erosion due to no cover 

4. Environmental pollution affecting human and animal health. 

5. Emission of greenhouse gases leading to global warming. 

Effect of In-Situ Residue Management on Soil Properties 

Ali and Nabi (2016), in an incubation study, reported higher soil organic carbon content and aggregate 

stability upon incorporation of rice residues as compared to their surface placement and removal. Zhao et 

al. (2019) observed significant improvement in soil physical properties (soil moisture content, maximum 

water holding capacity and bulk density) upon straw incorporation than removal in silty clay loam soil of 

China. A higher carbon sustainability index than the control has been observed under different rice residue 

management strategies viz., mould board plough, rotavator tillage, zero tillage and happy seeder than 

conventional tillage with residue removal (Singh et al., 2020). Adoption of strip planting accompanied by 

higher residue retention significantly reduced the bulk density and increased the total organic carbon, total 

nitrogen and microbial biomass carbon over other tillage and residue retention treatments in silty clay 

loam soil of Bangladesh (Alam et al., 2018). 

A significant increase in soil organic carbon and available P and K has been reported in surface 10 cm soil 

upon adoption of zero tillage with residue retention and in surface 5 cm soil layer when zero tillage was 

practiced without residue retention. The content of micronutrients improved significantly only in the 

surface 5 cm soil layer in the residue retention treatment (Kharia et al., 2017). Similar results were also 

reported by Thind et al. (2020). They also observed significant increase in soil organic carbon, available N 

and P contents and grain yield of wheat upon adoption of zero tillage with residue retention. Sharma et al. 

(2019) also found significant increase in different fractions of soil organic carbon and microbial biomass 

carbon besides the improvement in carbon management index. Long-term adoption of zero tillage in clay 

loam soil significantly improved the infiltration rate of the soil and increased the soil organic carbon stock 

upto 40 cm soil depth (Singh et al., 2014). Choudhary et al. (2018) evaluated the impact of different residue 

management systems on soil biological characteristics. They reported significantly higher microbial counts 

as well as enzymatic activity in the residue incorporation treatments while zero tillage performed better 

when the residue incorporation treatments were compared under different tillage systems. Kharia et al. 

(2017) also found higher enzymatic activity under zero tillage system with 100% residue retention. A 

significant increase in the microbial biomass carbon, basal respiration rate, soil organic carbon and 

microbial and metabolic quotient has been reported under zero tillage with residue retention as compared 

to conventional and zero tillage with residue removal (Saikia et al., 2019). An increase of 33.1 and 31.4 per 

cent was observed in wheat yield when the rice residues were incorporated and burnt, respectively than 

the treatment with residue removal (Dotaniya et al., 2013). Kahlon (2014) reported significant higher 

profile moisture storage at 75 days after sowing and wheat straw yield sandy loam and loamy sand soils. 

Kumar et al. (2016) reported highest dry matter accumulation, grain yield and net returns in zero tillage 

with residue retention than other tillage and residue management treatments. Significantly higher grain 

yield of wheat was obtained in clay loam soil upon long-term adoption of zero tillage with residue retention 

(Singh et al., 2014). 
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Conclusions 

Burning of rice residues poses a serious threat to sustainability of rice-wheat cropping system. Besides 

causing environmental pollution it also deteriorates soil health. Among the available options for residue 

utilization, in-situ management is the most desirable and feasible one. In-situ residue incorporation solves 

the problem of air pollution in addition to improving the nutrient status and overall health of the soil. 

Among the soil physical properties, in-situ residue management significantly decreased the bulk density 

(6.0-8.5%), increased infiltration rate (28-52%) and aggregate stability (43.9-50.0%). It significantly 

increased the available N (7.0-55.1%), P (8.4-28.8%) and K (3.6-9.4%) as well as micronutrients (3.4-14.4%) 

and organic carbon content (8.7-54.0%) in soil. In-situ residue management serves as a viable option for 

carbon sequestration as higher carbon sustainability and management indices have been reported in 

different studies. Significant increase in the microbial counts (16.1-43.1%) and enzymatic activities have 

been observed in various experiments. Returning the residues to the soil also improved dry matter 

accumulation (20.3-21.6%), yield (2.3-13.3%) and net returns in succeeding wheat crop (9.5-30.4%). 
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Abstract 

Indigenous Technical Knowledge is the sum total of knowledge and practices which are based on people’s 

accumulated experiences in dealing with situations and problems in various aspects of life and such 

knowledge and practices are special to particular culture. A blend of indigenous technical knowledge and 

scientific technologies has to be used for practicing sustainable agriculture. Sustainable Agriculture is 

farming in sustainable ways meeting society’s present food and textile needs, without compromising the 

ability for current or future generations to meet their needs. It helps in conservation of natural resources 

and is also profitable. Indigenous Technical knowledge helps in water management, soil and nutrient 

management, crop husbandry, animal husbandry, fisheries, etc. There is a need to document, validate and 

integrate ITK’s with scientific practices to achieve sustainability. Policy reforms need to be aimed at 

building local ecological knowledge in educational curriculum, development of markets for indigenous and 

organic products and supporting collective resource management institutions. 

Keywords: Indigenous Technical Knowledge, Sustainability, Agriculture. 

Introduction 

According to the 2020 World Population Data Sheet, the total population of world is 7.8 billion in 2020 and 

it is projected to increase to 9.9 billion by 2050. This indicates an increase of 25% from the year 2020.  The 

total food produced by world every year is around 4 billion metric tons, out of which 1.3 billion tons goes to 

waste, at retail and consumer levels in developed nations and inadequate storage systems in developing 

nations. Nearly, equal amount of food is wasted in developing and developed nations. The Food and 

Agriculture Organization (FAO) stated that we need to produce 60% more food by 2050 in order to feed the 

entire world population, which is difficult to attain by practicing the existing way of farming, wherein 

depletion of natural resources and lack of sustainability is prevailing. A blend of indigenous technical 

knowledge and scientific technologies has to be used for practicing sustainable agriculture. 

Sustainable Agriculture is farming in sustainable ways meeting society’s present food and textile needs, 

without compromising the ability for current or future generations to meet their needs. Sustainable 

agriculture aims to attain 3 objectives: a healthy environment, economic profitability & social and economic 

equity. All the people involved in value chain system of agriculture can contribute to sustainable 

agriculture by conserving resources at every level. 

Need for Sustainable Agriculture 

1. It helps in soil conservation and management. 

2. It works along with nature but not against it. 

3. Helps in conservation of energy 

4. It protects water resources and conservation of water. 

5. Sustainable agriculture protects diversity. 

6. It provides climate change resilience. 

7. It supports local sustainable farms, communities and economies. 

8. It is beneficial for farmers, natural environment and is profitable. 
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Elements and General Principles of Sustainable Agriculture 

Elements of Sustainable Agriculture are permaculture, agroforestry, mixed farming, multiple cropping and 

crop rotation. General principles used in sustainable agriculture are selection of species and varieties that 

are well suited to the site and to conditions on the farm, diversification of crops and cultural practices to 

enhance the biological and economic stability of the farm, management of the soil to enhance and protect 

soil quality, efficient and humane use of inputs and consideration of farmers goals and lifestyle choices. 

Diversified farms are usually more economically and ecologically resilient. 

Role of ITK in Sustainability 

Wang (1988) defined ITK as “the sum total knowledge and practices which are based on people’s 

accumulated experiences in dealing with situations and problems in various aspects of life and such 

knowledge and practices are special to particular culture”. It refers to the unique, traditional, local 

knowledge existing within and developed around the specific conditions of women and men indigenous to 

a particular geographic area (Grenier, 1998). 

1. Water management: 

a. Application of tank silt to increase the fertility and water holding capacity of soil. 

b. Ridge and furrow planting for conservation of rain water. 

c. Broad bed and furrow practice to harvest rain water. 

d. Farm ponds, check dams and shallow wells are water harvesting structures. 

2. Soil conservation and Nutrient Management: 

a. Khus (Vetiver grass) is used as vegetative barrier for soil conservation in dry lands. It is also used 

to mark boundary lines in plain fields. In Tumkur district, it is observed that Khus has prevented 

the occurrence of Striga- a root parasite. 

b. Sand bags as gully checks 

c. Crop residue application in the field 

d. Goats and sheep are penned on fields to enrich soil before cultivation 

e. Ipomea as a vegetative barrier 

3. Bio-pesticides for Pest Management: 

a. 6-8 kg of freshly collected green neem leaves (Azardirachta indica) are boiled in 10 liters of water 

until the liquid turns dark brown. After 10-12 hours, this is mixed with 80-100 liters of clean water 

and sprayed on the fields for controlling the girdle beetle (Oberia brevis), Bihar hairy caterpillar 

(Dicrisia oblique) and other pests in soya bean.  

b. 1.5 - 2 kg of dry tobacco leaves are placed in 5-6 litres of water and boiled until the liquid is 

reduced to 1-1.5 liters and has turned dark black. After 10-12 hours the solution is filtered and 

mixed with 80-90 liters of fresh water to spray one hectare, early in the morning to control the larvae 

of Heliothis armigera. 

4. Fisheries: 

a. Salting followed by sun drying is effective method of fish preservation 

b. After dressing and cutting fish into pieces, mustard oil, salt and turmeric powder are rubbed to 

prevent spoilage. 

c. Banana stems are put in the ponds after harvest, to make water alkaline, to increase fish growth 

5. Crop husbandry: 

a. Burning of stubbles in field for controlling pests. 

b. Neem leaves are buried in soil for termite control. 

c. To prevent storage pests in Paddy, neem leaves and ‘Kanjanam-korai’ plants which emanate 

pungent smell are kept along with grains. 

d. Cotton seed are dipped in cow dung slurry and shade dried before sowing to facilitate better 

germination. 

6. Animal Husbandry: 

a. Spices of mango pickles and neem leaves are fed to animals to cure bloat 

b. A bandage with Jowar, Kerosene and Yellow soil is applied for Foot and Mouth disease in Cattle. 
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c. To cure swelling of udder caused due to Mastitis, bites of poisonous insects or mechanical injury 

or improper milking, 200 g of soil from the termite mound is collected and boiled in water, and the 

boiled suspensions given to animal give relief within a day. 

Conclusions 

Indigenous Technical Knowledge is socially desirable, economically affordable, sustainable, involves 

minimum risk and focuses on efficient utilization of ecofriendly resources. It helps in achieving 

sustainability and food security. There is a need to document, validate and integrate ITK’s with scientific 

practices to achieve sustainability. Policy reforms need to be aimed at building local ecological knowledge 

in educational curriculum, development of markets for indigenous and organic products and supporting 

collective resource management institutions. 
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Introduction 

Plant tissue culture is an essential component of plant biotechnology. Apart from mass multiplication of 

elites, it also provides the means to multiply and regenerate novel plants from genetically engineered cells. 

The promising plant thus produced may be readily cloned in cultures under aseptic conditions. 

Plant tissue culture is a modern method of propagation and conservation of plant species. Apart from their 

use as a tool of research, plant tissue culture techniques have become of major industrial importance in the 

area of plant propagation, disease elimination, plant improvement and production of secondary 

metabolites. Small pieces of tissue (explants) can be used to produce hundreds and thousands of plants in 

a continuous process. A single explant can be multiplied into several thousand plants in relatively short 

time period and space under controlled conditions, irrespective of the season and weather on a year the 

round basis. 

Plant Tissue Culture 

Plant tissue culture is the in vitro aseptic culture of cells, tissues, organs or whole plant under controlled 

nutritional and environmental conditions to produce the clones of plants. The resultant clones are true to 

type of the selected genotype. The controlled conditions provide the culture an environment conducive for 

their growth and multiplication. These conditions include proper supply of nutrients, pH medium, adequate 

temperature and proper gaseous and liquid environment. Plant tissue culture technology is being widely 

used for large scale plant multiplication. 

 

Applications 

1. Obtaining disease free plants.  

2. Rapid propagation of plants those are difficult to propagate.  

3. Somatic hybridization.  

4. Genetics improvement of commercial plants.  

5. Obtaining androgenic and gynogenic haploid plants for breeding programmes. 
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Types of Tissue Culture 

1. Callus culture: Callus culture may be defined as production and maintenance of an unorganized mass 

of proliferative cell from isolated plant cell, tissue or organ by growing them on artificial nutrient medium 

in glass vials under controlled aseptic conditions. 

 

2. Organ culture: That may allow differentiation and preservation of the architecture. The organ culture 

refers to the in vitro culture and maintenance of an excised organ primordial or whole or part of an organ 

in way and function. 

 

3. Single cell culture: Single cell culture is a method of growing isolated single cell aseptically on nutrient 

medium under controlled condition.  

4. Suspension culture: Suspension culture is a type of culture in which single cell or small aggregates of 

cell multiply while suspended in agitated liquid medium. Suspension cultures are used in induction of 

somatic embryos and shoots, production of secondary metabolites, in vitro mutagenesis, selection of 

mutants and genetic transformation studies.  

5. Embryo culture: Embryo culture may be defined as aseptic isolation of embryo (of different 

developmental stages) from the bulk of maternal tissue of mature seed or capsule and in vitro culture under 

aseptic and controlled physical condition in glass vials containing nutrient semisolid or liquid medium to 

grow directly into plantlet.  

6. Another culture: Androgenesis is the in vitro development of haploid plants originating from potent 

pollen grains through a series of cell division and differentiation.  

7. Pollen culture: Pollen culture is the in vitro technique by which the pollen grains (preferably at the 

microscope stages) are squeezed from the intact anther and then cultured on nutrient medium where the 

microspores without producing male gametes.  

8. Somatic Embryogenesis: Somatic embryogenesis is the process of a single or group of cells initiating 

the development pathway that leads to reproducible regeneration of non-zygotic embryos capable of 

germinating to form complete plants. 
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9. Protoplast Culture: It is the culture of isolated protoplasts which are naked plant cells surrounded by 

plasma membrane which is potentially capable of cell wall regeneration, cell division, growth and plant 

regeneration on suitable medium under aseptic condition  

10. Shoot tip and Meristem culture: The tips of shoots (which contain the shoot apical meristem) can 

be cultured in vitro producing clumps of shoots from either axillary or adventitious buds. This method can, 

be used for clonal propagation. 

 

11. Explant Culture: There are variety of forms of seed plants viz., trees, herbs, grasses, which exhibit 

the basic morphological units i.e., root, stem and leaves. Parenchyma is the most versatile of all types of 

tissues. They are capable of division and growth. 

Micropropagation Methods 

Among the various applications of plant tissue culture, micropropagation of plant species has attained the 

status of large plant-based study. The development in the study of various aspects of plant growth and 

differentiation were rapid during 1960s and 70s. The technique of culturing plants becomes a wide subject 

embracing morphology, physiology, biochemistry, molecular biology and genetic engineering.  

a. Somatic Embryogenesis  

b. Axillary Bud  

c. Adventitious Budding 

General Technique of Micropropagation 

The process of plant micropropagation aims to produce clones (true copies of a plant in large numbers). The 

process is usually divided into the following stages: 
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Stage 0: Pre-propagation Stage: The pre-propagation stage requires proper maintenance of the mother 

plants in the greenhouse under disease and insect free conditions with minimal dust. Clean enclosed areas, 

glasshouses, plastic tunnels and net covered tunnels, provide high quality explant source plants with 

minimal infection. Collection of explants for clonal propagation should be done after appropriate pre-

treatment of the mother plants with fungicides and pesticides to minimize contamination in the in vitro 

cultures  

Stage 1: Initiation of Aseptic Culture: In this stage sterilization of explants and establishment of 

explants were done. The plant organ used to initiate a culture is called explant.  

Stage 2: Multiplication of Culture: This is the most important stage and the rate of multiplication 

determines the largely success of micropropagation system this can be achieved by: 

a. Enhanced axillary branching. 

b. Adventitious bud formation.  

c. Through callusing. 

Stage 3: In Vitro Rooting of Shoots: In-vitro grown shoots lack root system. For induction of roots,t 

heses are transferred to rooting medium. For rooting half strength MS medium supplemented with 1.0mg/l 

auxin are used.  

Stage 4: Hardening and Acclimatization of Tissue Culture Plantlets: This is the final stage and 

requires careful handling of plants. The transplantation from completely controlled conditions should be 

gradual. This process of gradually preparing the plants to survive in the field conditions is called 

acclimatization. The plants produced in tissue culture, although green in color; do not prepare sufficient 

food for their own survival. Also, inside the culture vessels humidity is very high and thus the natural 

protective covering of cuticle is not fully developed. Therefore, immediately after transfer plants were 

maintained under high humidity. Optimum conditions were provided to plants in green house. 

Conclusions 

Plant biotechnology has an important role to play in solving problems related to improvement of forest and 

fruit trees. In vitro techniques are being increasingly applied to supplemented the conventional methods 

of vegetative propagation and improvement of plants. Tissue culture is one of the most important parts of 

applied biotechnology. In the coming decades the world’s population will increases more and 

accommodation space, agricultural lands will decrease significantly global climate change is also another 

consideration. Keeping these in mind we have to ensure a peaceful, healthy and hunger free greener world 

for our next generation. For doing this there is no alternate of plant tissue culture. 
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Introduction 

Bt is commonly abbreviated as Bacillus thuringiensis, is a gram-positive, facultative aerobic, rod-like, 

motile and sporulating bacterium. Bacillus thuringiensis (Bt) is a very common bacterium found in a 

variety of distinct environments, from soil, to dessert, to tundra. It was first isolated in 1901 by Japanese 

biologist Ishiwata Shigetane as he studied the causes of a disease afflicting silkworms. Then in 1911, the 

German scientist Ernst Berliner re-isolated Bt from flour moth caterpillars that had been collected from 

Thuringia, Germany (hence the species name). Soon Berliner determined that the Bt bacterium was 

specifically toxic to certain insect larva and not others. However, it wasn’t until 1928 that anyone attempted 

to harness Bt as a tool for pest control. Bt strain produces a wide variety of insecticidal protein active 

against larvae of diverse insect orders. It synthesizes crystal (Cry) and cytolytic (Cyt) toxins, also known 

as delta endotoxins. These crystal proteins (Cry proteins) are insect stomach poisons. Insects stop feeding 

within two hours of a first bite and, if enough toxin is eaten, die within two or three days. It is an important 

biological insect control agent. Bt crystals, sometimes referred as insecticidal crystal proteins (ICP), are 

protein crystals formed during sporulation in some Bt strains coded by cry genes. 

 

Characteristics of Bt 

Bt subspecies can synthesize more than one parasporal inclusion. The parasporal inclusions are formed by 

different insecticidal crystal proteins (ICP).  

Different domains of the ICP are responsible for host susceptibility (receptor recognition) and toxicity (pore 

formation). 

The crystals have various shapes (bipyramidal, cuboidal, flat rhomboid, spherical or composite with two 

crystal types), depending on their ICP composition. 

During sporulation many Bt strains produce crystal proteins (proteinaceous inclusions), called δ endotoxins 

(Cry proteins), which are encoded by cry genes, and have insecticidal action. 

This has led to their use as insecticides, and more recently to genetically modified crops using Bt genes. 

In most strains of B. thuringiensis, the cry genes are located on the plasmid.  

Cry toxins have specific activities against insect species of the orders Lepidoptera (moths and butterflies), 

Diptera (flies and mosquitoes), Coleoptera (beetles), hymenoptera (wasps, bees, ants and sawflies) and 

nematodes.  

Crystal toxins are formed as parasporal crystalline inclusion during the stationary phase of growth widely 

known as δ endotoxins. This includes the Cry and Cyt toxins. 

Cry Toxins 

1. Currently, the Cry proteins constitute the largest group of insecticidal proteins produced by species of 

Bacillus.  

2. To date, the Bt toxin Nomenclature Committee has classified 73 different types of cry protein.  
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3. It shows toxicity against lepidopteran, coleopterans, hemipterans, dipterans and nematodes. 

Cyt Toxins: 

a. Cyt (cytotoxic) proteins, coded by cyt genes.  

b. In contrast, to cry proteins, cyt proteins exhibit a general cytolytic activity in vitro and 

predominantly dipteran specificity in vivo. 

Mode of Action 

When the Cry protein reaches the gut, it is partially degraded, releasing a smaller and potentially toxic 

part of the protein.  

This toxin will only be active if it finds the right matching protein receptor sticking off the cells lining the 

gut of a larval insect. 

 

Once the toxin is bound, the toxin recruits other Cry toxins to the same cell and together they form a hole 

in the cell membrane that ultimately causes the cell to burst.  

The cumulative effect of this happening to many cells is the irreversible destruction to the midgut 

membrane leading to insect death. Developing a Bt Crop. 

Nature has its own genetic engineer called Agrobacterium tumefaciens which induces the growth of 

tumours on woody plants. These tumours are engineered by A. tumefaciens to produce a special food for the 

bacteria (opines) that plants normally cannot make.  

These tumours arise from a unique bacterial transformation mechanism involving the Ti-plasmid which 

coordinates the random insertion of a subset of its DNA (t-DNA) containing opine synthase genes into a 

plant chromosome. The t-DNA sequence of agrobacterium replaces with Bt genes.  

Researchers had been able to use this transformational mechanism and confer Bt traits to many flowering 

plants including grasses such as corn and brinjal. 
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Table showing BT in different crop and their targeted pest: 

 

Advantages of Bt Plants 

1. The pests hiding inside plant parts controlled effectively.  

2. Multiple sprays are not needed.  

3. Bt insecticides do not have a broad spectrum of activity, so they do not kill beneficial insects.  

4. Bt is essentially nontoxic to people, pets and wildlife. 

Conclusion 

Together with the reduction of pesticide application and cost reduction, Bt crops have brought tremendous 

benefit to both the environment and farmers. Expanded use of transgenic crops for insect control will likely 

include more varieties with combinations of two or more Bt toxins. 
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Water is a scarce resource globally. Over the past 100 years, global water use has amplified by a factor of 

six and continues to grow steadily at a rate of about 1% per year. Water scarcity is a function of various 

interconnected factors. Water scarcity occurs when water is grossly inadequate to meet human and 

ecosystem requirements simultaneously. Global water demand will continue to increase with continued 

population growth and economic development.  Water is increasingly recognized as an important 

component in economic development and poverty reduction. An estimated 3.6 billion people (nearly half 

the global population) presently inhabit regions that are potentially water scarce at least one month per 

year. 

Holding the current rates of agricultural water use efficiency constant, an estimated additional amount of 

5700 km3 of fresh water will be required annually to meet the estimated food demand in 2050. Due to 

competing uses of water in society (domestic, industrial, environment, energy, others), limited water 

availability for agriculture is becoming a severe problem worldwide. The issue of water scarcity is further 

aggravated by the rising impacts of climate change. Rising temperatures are creating new weather and 

atmospheric pattern that are altering water availability. The projected demand for water for the years 2025 

and 2050 is presented in Table 1. 

Table 1. Projected demand of water resources (BCM): 

Sector 2025 2050 

Projected demand % of total demand Projected demand % of total demand 

Irrigation 611 72 807 68 

Domestic 62 7 111 9 

Industries 67 8 81 7 

Environment 10 1 20 2 

Energy 33 4 70 6 

Others 60 8 91 8 

Total 843 100 1180 100 

Source: National Commission on Integrated Water Resources Development (NCIWRD, 1999) 

Water availability is among the major factor governing crop production. Therefore, adoption of effective 

methods of water management assumes prominence. Irrigation management is an important component 

impacting crop productivity. The efficiency of irrigation (percentage of water taken up by crops and total 

water applied) ranges between 50% and 90%, depending to a large extent on the type of irrigation.  In 

recent years, there has been a renewed and increasing focus to develop novel irrigation techniques that 

result in the optimization of both yield and crop water productivity. 

Alternate Furrow Irrigation 

Alternate furrow irrigation is regarded as one of the most effective methods to curtail water application 

and irrigation costs and produce higher yield. AFI based on partial root-zone drying holds the potential to 

enhance water productivity without reduction in yield. Alternate furrow irrigation (AFI) is based on the 

partial root drying technique, which manages soil moisture around the root zone to reduce applied water 

and increase crop water use efficiency (yield/water applied; WUE). Alternate furrow irrigation consists of 

selectively watering only every other furrow at each irrigation, while the ‘dry’ furrows receive water at the 

next irrigation.  
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The adoption of AFI contributed towards saving of water considerably in various crops. Alternate furrow 

irrigation saves 34.1% irrigation water in comparison to all furrow irrigation. In Chilli, AFI + 10t/ha coir 

pith contributed towards saving 30.8% irrigation water over all furrow irrigation. In comparison to normal 

farmer’s practice AFI saves 24% water in Brinjal. AFI proved beneficial in saving 34% and 55.5% irrigation 

water in comparison to all furrow and check basin respectively in tomato crop indicating the adoption of 

this strategy could aid in saving substantial amount of irrigation water. 
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Summary 

Automation with robots and sensors have the capacity to make labor intensive work such as fertilizer 

application, irrigation, planting and harvesting to be handled proficiently. The use of robots with sensors, 

drones and augmented vision cameras have allowed the growers to monitor the climatic condition, predict 

presence of diseases and pest and implement effective management of greenhouse of crops and have also 

enabled to predict the harvesting stage of the crops thus providing a platform to harvest at the right stage. 

Introduction 

Ornamental horticulture encompasses the floriculture, landscape and turf science sectors. The subject 

deals with the anything that has to do with the activities involving flowers whether it is growing and 

marketing of the plants, landscape design or management of turf. Recent advancement in technology has 

found a new leap in the ornamental horticulture sector. Automation has become a trend that has a lots of 

functionality in these sectors in the past few years.  Experts believe that this has to do a lot with the labors 

becoming scarce and costly (Bram, 2021). 

Automation in Ornamental Horticulture 

Automation with robots and sensors have the ability to make labor burdened works to be done proficiently 

at ease. These can help in easing the work of several operations such as fertilizer application, irrigation, 

planting, intercultural operations and harvesting which in turn have been found to have several 

advantages for the crop growing farmers, such as improving production quality thereby, increasing market 

price and livelihood of the growers while reducing cost of production and preventing hazardous working 

conditions.  

Several automotive systems such as cultivating, harvesting and spacing robotics are being employed in the 

sector recently. Due to automation and use of robotics in the field, about 50% of the labor is reported to 

have been reduced. The use of specialized sensors and its implementation on the fields that monitor climate 

variables has allowed the growers to anticipate possible problems by predicting crop diseases, presence of 

pests, seasons with lack of light, reducing cost implementation and these have also reduced the prevalence 

of hazardous working conditions.  It is widely known that crop loss is mostly observed during harvesting 

period mainly due to manhandling injuries and improper time of harvest. This can be reduced when 

automation and robotic systems are applied in the field while harvesting. Abarna and Selvakumar (2015) 

proposed a sensor based rose harvesting robot, where after several trials, they found that the system is 

90% efficient in detecting and harvesting of mature rose flowers.  Gerbera harvesting system that uses IR-

Filter was proposed by Kawollek and Rath (2008) and concluded that the error in the system is about 5-

10% despite of which it is possible to harvest complicated horticultural crops through automatic robots. 

Wheeler et al. (2018) performed a trial with soil moisture sensor based augmented irrigation system in 

poinsettia and geranium for the ease of production and the studies have shown that automation of such 

have produced quality produce and greatly reduced the labour and consequently, reallocation was made 

possible. Sensor based augmented vision have made it possible to predict the perfect stage for harvesting 

gerberas (WUR). Several disease detecting systems have been developed around the world among which 

Wageningen University and Research is one of the pioneers in such work. Hyperspectral imaging disease 

detection on cyclamens, and detection of breaking virus in tulip in the open field may be mentioned. 

Conclusion 

After several trials and experiments, it has been substantiated that use of automation and robots are 

proving to be a great help in reducing the workloads that are labor intensive. However, due to several 
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factors such requirement of skilled technicians and labors and high investment and low productivity 

(mainly due to technical gap) at the initial stage, many growers are not opting for the advanced technology. 

And hence, the growers are compelled to use the traditional methods of crop productions. Taking into 

account the present scenario, full automation may face very significant challenges in overcoming 

traditional, cultural and economic practices. So, proper guidance on application of automation and robotics 

to the growers in the fields is very much necessary. 
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Summary 

Coastal sandy soils do not have a provision of canal irrigation facility and have only shallow depth of good 

quality irrigation water. Also, there is a high risk of sea water intrusion and salt water up coning which 

replaces the fresh water with the sea water that effects the soil water plant environment.  In order to 

extract fresh water, traditional doruvus were used by the farmers to irrigate their lands using pitchers and 

due to some limitations, enhanced doruvu technology was adopted which plays a crucial role in extracting 

the seasonal amount of the fresh water below the ground level. Therefore, this enhanced doruvu technology 

provides a better quality of fresh water for the rainfed agriculture near coastal areas. 

Introduction 

Among the various natural resources on earth, water is a vital and essential natural resource for all the 

living beings. Of all water that exists on earth, roughly 97% of water is salt water and less than 3% is fresh 

water. Most of the earth’s fresh water is present in glaciers, frozen icecaps or deep underground aquifers. 

Less than 1% of the earth’s water is the fresh water that is easily accessible to us to meet our needs and 

most of that water is replenished by precipitation. Now a days, the coastal aquifers which are mainly 

replenished by the precipitation encounter the danger of sea water intrusion and saline water up coning. 

In this scenario, majority of fresh water is replaced by sea water which there by impacts the irrigated 

agriculture. In order to stabilize the crop production in coastal zones, seasonally recharged fresh water 

skimming technology is the only alternative.  

Many problems of the irrigated agriculture arise from the inefficient management of irrigation water 

especially when it carries high salt concentrations. One of the main problems confronting the present-day 

agriculture is the decreasing availability of good quality irrigation water. With the increase in demand and 

decreasing availability of good quality irrigation water, farmers are tending to use the poor-quality water 

for crop production. Indiscriminate use of poor-quality waters leads to high risks to soil health and 

environment. Therefore, quality of irrigation water plays a crucial role for better management of soil water 

plant environment.  

The effect of poor-quality irrigation water on the soil leads to the soil salinization. This high soil salinity 

affects almost all aspects of the plant development including germination, vegetative growth and 

reproductive development. various stages. Plants in the salt affected environments experiences two kinds 

of stresses, osmotic stress and nutrient stress. This osmotic stress leads to the low osmotic potential of the 

water in saline soils which adversely affects water absorption of plants. Nutrient stress is due to both 

toxicity and deficiency of plant nutrients.  

In coastal areas, entire precipitation percolates into the soil because of the high permeability of soil sands 

and infiltrated rain water with lesser density forms the fresh water over the sub surface saline water. Most 

of these coastal sandy soils do not have provision of canal irrigation facility and have only shallow depth of 

good quality waters. As these irrigation facilities are not possible either through canal or tube wells in most 

of the coastal sandy soils, the situation has forced to search for the other alternative technologies. In order 

to overcome this problem, a traditional technique is innovated which is used to draw water manually that 

collects in the dugout conical pits locally called as ‘doruvus’ (Raghubabu et al, 2012).  

The skimming well (Doruvu) technology is adopted to extract fresh water in places where shallow ground 

water management is needed and where water table is high and quality of ground water is poor. Usually, 

density of fresh water is less than the density of the salt water. So, fresh water will be on the top of the 
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saline water. This skimming well technology consists of dug out conical pits called Doruvu is used to skim 

fresh water floating on the saline water. It is used to draw water manually and is applied on crops like 

vegetables, flowers, nurseries of paddy etc using pitchers. Each Doruvu will occupy an area of about 200 

square meter and the water collected will be sufficient to irrigate 800 square meter requiring 10-12 doruvu 

per ha. This will result in the 20% loss of the cultivable area and adoption to the modern irrigation 

equipment is not possible. 

As an alternative to the traditional doruvu, an enhanced Skimming well (Doruvu) technology was 

developed by AICRP, Saline Water Scheme, Bapatla. In this, multiple pipes were fixed below the ground 

where the fresh water is available and these pipes were connected to the collection sump. In this sump, all 

the fresh water is collected and utilized for irrigation purposes. In this, flow of water from 1.8 to 2.4 m 

below the ground to the collection sump was accomplished. The water is pumped and used to irrigate crops 

using sprinklers and drip. It helps in the minimization of the irrigation cost and savings in land waste of 

15 to 20 percent. 

Conclusions 

The enhanced skimming well technology plays a crucial role in extracting the fresh water in the coastal 

areas compared to traditional skimming well technique. It helps in improving the crop productivity near 

coastal areas. This is also useful for reducing the amount of salt content in the soils which helps in better 

soil water plant environment.  This technique helps to reduce the irrigation cost and savings in land waste 

of 15 to 20 percent.  
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Introduction 

Plant biologists have developed a variety of strategies to design and develop resistant plants to reduce the 

losses caused by plant diseases. RNAi or RNA interference-based induction of resistance to insect pests has 

been a powerful tool in the last two decades for engineering resistant crops. Due to its potential applications 

in gene silencing, the technology has been widely used during past few decades in plant sciences. RNAi has 

the potential applications in development of next generation crop varieties through trait improvement in 

crop plants. 

RNA Interference 

RNA interference is the process in which the gene expression is inhibited by double stranded RNA (Ribo-

Nucleic Acid) molecules by preventing the translation or transcriptional repression of targeted mRNA 

molecules. It is also known as RNA silencing. Andrew Fire and Craig Cameron Mello reported their work 

on RNAi in the nematode worm Caenorhabditis elegans in 1998 and were awarded with the Nobel prize in 

2006. 

Mechanism of RNA - Interference 

Double standard RNA (dsRNA) is formed by replication of RNA virus, bidirectional transcription of a gene 

or exogenously introduced dsRNA. DsRNA is cleaved by Dicer endonucleases from the 3’ prime end to form 

small 21- 24 nuclotide long small interfering RNA or SiRNA and the 3’ prime end of SiRNA is methylated. 

One strand of the methylated SiRNA is bound to the organo protein of the RISC complex (RNA interference 

silencing complex) and served as guide to bring the RISC complex to the homologous site on target mRNA. 

Binding of RISC complex on mRNA leads to the cleavage and its degradation. If the there is no homology 

between the SiRNA and target mRNA cleavage does not happen and it obstructs the ribosomal movement. 

The target mRNA will not be translated in either case. 

 
Fig.1. Mechanism of RNAi mediated gene silencing 

Applications of RNA Interference in Crop Plants 

Recently, application of dsRNA for knocking specific genes has been well-documented in several crops as 

follows (Table 1). 
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Table 1. Application of RNA interference in inducing resistance: 

Plant species Insect/ pathogen Target gene 

Arabidopsis thaliana Meloidogyne spp. 16D10 

Oryza sativa L Magnaporthe grisea and                          

Xanthomonas oryzae pv oryzae 

OsSSI2 

Prunus domestica L Plum pox virus (PPV) PPV coat protein gene 

Gossypium hirsutum Helicoverpa armigera Cytochrome P450 gene (CYP6AE14) 

Nicotiana rustica Bemisia tabaci V – ATPase A 

Zea mays Diabrotica  virgifera,  

Virgifera leconte  

Genes encoding protein 

Medicago sativa Acyrthosiphon pisum C002 

Nicotiana benthamiana 

Arabidopsis thaliana 

Myzus persicae M. persicae Rack1, 

M. persicae , C002(MpC002) 

Nicotiana rustica Helicoverpa armigera EcR 

Citrus aurantifolia Citrus tristeza virus CTV-CP 

Juglans regia L. Agrobacterium tumefaciens Tryptophan mono-oxygenase (iaaM) 

and isopentenyl transferase (ipt) 

Genus malus Agrobacterium tumefaciens iaaM, iaaH and ipt  

Oryza sativa L. Nilaparvata lugens NlHT1, Nlcar,Nltry 

Genus malus Venturia inaequalis GEP transferase and tri-hydroxy- 

naphthalene reductase gene (THN) 

RNAi-based Corn Worm Resistant Maize Hybrid 

In Maize, rootworm is one of the devastating insect pests in certain regions. In general, genetic engineering 

was employed in corn and transgenic Bt corn varieties with resistance to rootworm. A next generation 

technology such as RNAi technology was employed to develop rootworm resistant corn hybrid by Bayer 

Crop Science which had crossed all field trials and set to be released this year. This technology works 

differently than a soil applied insecticides or Bt traits to control rootworm, it can increase corn’s ability to 

defend rootworm. RNAi works by interfering in a natural occurring process to stop the production of protein 

which plays an important role in the insect survival. Head et al. (2017) developed the hybrid maize contains 

two Bt gene to target corn rootworm and also RNAi technology to silence the m-RNA which helps in the 

production of protein that helps in rootworms survival. As a result, the absence of protein becomes lethal 

to corn rootworm.  

Some of the promising works in preliminary stage of varietal development are Rice Black-Streaked Disease 

resistance appeared to be induced at a high degree using RNA interference with the expression of S7-2 or 

S8 genes (Ahmed et al. 2016); Cotton Leaf Curl Disease (CLCuD) infection is effectively combated using 

dsRNA mediated resistance approach of RNAi (Khatoon et al. 2016). The amplicon V2 RNAi construct 

inhibited virus multiplication and might be deployed in the field to control Cotton Leaf Curl Kokhran Virus 

- CLCuV. (Yasmeen et al., 2016). A dominant opaque phenotype was discovered in maize transformed with 

RNA interference (RNAi) constructs derived from a 22-KD zein gene (Segal et al. 2003). 

RNAi in Trait Improvement 

Plant metabolic pathways have been modified using RNAi to improve nutritional content and reduce toxin 

generation (Table 2). The method takes advantage of plant RNAi phenotypes that are heritable and stable. 

Table 2. RNA interference in quality improvement: 

Trait Target Gene Host Application 

Enhanced 

Nutrient 

Content 

Lyc Tomato Increased concentration of Lycopene 

DET 1 Tomato Higher flavonoids and Beta cariotene 

SBEII Wheat, Sweet Potato, 

Maize 

Increased levels of amylase for 

glycemic management  and digestive 

health 

FAD2 Canola, Peanut, Cotton Incresed oleic acid content  

SAD1 Cotton Increased stereic acid content 
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ZLKR/SDH Maize Lysine fortified maize 

Conclusions 

RNAi has become a cost effective and highly specific powerful tool of functional genomics for silencing the 

gene expression for crop improvement. It could be further exploited for functional analysis of target gene 

for crop protection and crop improvement. Concerns have also been raised about off-target effects in plants, 

which could have a negative impact on agronomic performance and crop quality. The US Environmental 

Protection Agency (EPA) organised a scientific advisory council in 2014 to address a variety of questions 

about potential human health and environmental risks of employing RNAi technology. However, recently 

a maize hybrid was successfully developed for deployment against corn root worm and has crossed all the 

field trials and set to be released. Once the hybrid released this year, it would be the first case of RNAi 

product reach from lab -to- field -to- farmer stage. 
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Introduction 

Soil organic matter (SOM) is one of the most important soil constituents because of its ability to influence 

plant growth both indirectly and directly. It indirectly improves soil chemical and physical conditions by 

increasing ion exchange capability, also known as buffering result, and improving aggregation, aeration, 

and water retention. The improvement of soil biological properties affects soil microorganism diversity and 

population, creating an acceptable environment for plant root growth and soil microbes. 

Increasing the organic carbon content of soils generally leads to an increase in stability, regardless of the 

strain's origin. The structure of well-managed soils will boost crop productivity and property production. 

Within intensive farming fields, soil degradation and ensuing crop production loss are serious agricultural 

and economic challenges. Intense soil cultivation alters several physical features of the soil, resulting in 

structural damage. 

Vermicompost is a very important source for increasing soil organic carbon. Vermicompost (vermi-

compost, vermiculture)- product of the composting process using various species of worms, usually red 

wigglers, white worms, and other earthworms, to create a mixture of decomposing vegetable or food waste, 

bedding materials, and vermicast. Vermiwash- A liquid that is collected after the passage of water through 

a column of worm action and is very useful as a foliar spray. 

It is a collection of excretory products and mucus secretion of earthworms along with micronutrients from 

the soil organic molecules. So, use of Vermicompost is very important for crop production. Vermicompost 

not only increase soil aggregate stability but also increase soil health that benefit for long term all ecological 

process. 

Vermicompost Production Methodology 

1. Selection of suitable earthworm 

2. Selection of site for vermicompost production 

3. Containers for vermicompost production 

4. Vermiculture bed. 

Methods for Vermicomposting 

1. Bed method: Composting is done on the pucca / kachcha floor by making bed (6x2x2 feet size) of organic 

mixture. This method is easy to maintain and to practice 

2. Pit method: Composting is done in the cemented pits of size 5x5x3 feet. The unit is covered with thatch 

grass or any other locally available materials. This method is not preferred due to poor aeration, water 

logging at bottom, and more cost of production. 

Vermicomposting Materials 

1. Decomposable organic wastes such as animal excreta, kitchen waste, farm residues and forest litter are 

commonly used as composting materials.  

2. In general, animal dung mostly cow dung and dried chopped crop residues are the key raw materials. 

3. Mixture of leguminous and non-leguminous crop residues enriches the quality of vermicompost.  

4. There are different species of earthworms viz. Eisenia foetida (Red earthworm), Eudrilus eugeniae (night 

crawler), Perionyx excavatus etc.  

https://en.wikipedia.org/wiki/Worm
https://en.wikipedia.org/wiki/Eisenia_foetida
https://en.wikipedia.org/wiki/Eisenia_foetida
https://en.wikipedia.org/wiki/Enchytraeus_buchholzi
https://en.wikipedia.org/wiki/Earthworm
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5. Red earthworm is preferred because of its high multiplication rate and thereby converts the organic 

matter into vermicompost within 45-50 days. Since it is a surface feeder it converts organic materials into 

vermicompost from top. 

Steps Followed for Vermicompost Preparation 

Cow dung and chopped dried leafy (3:1) ->Partial decomposition for 15-20 days ->A layer of 15-20 cm of 

chopped dried leaves/ grasses as bedding material at the bottom of the bed. -> Beds of partially decomposed 

material of size 6 x 2 x 2 feet should be made -> Each bed should contain 1.5-2.0 q of raw material->Red 

earthworm (1500- 2000) should be released on the upper layer of bed. ->Water sprinkling with immediately 

after the release of worms->Maintain moisture and humidity and turned once after 30 Days -> Compost 

gets ready in 45-50 days. 

Phases of Vermicomposting 

PHASE 1: Collection of wastes, shredding, mechanical separation of the metal, glass, ceramics and storage 

of organic wastes  

PHASE 2: Pre digestion of organic waste for twenty days by heaping the material along with cattle dung 

slurry make them fit for earthworm consumption.  

PHASE 3: Preparation of earthworm bed  

PHASE 4: Collection of earthworms after vermicompost harvest. Sieving the composted material to 

separate fully composted material. The partially composted material will be again put into vermicompost 

bed. 

PHASE 5: Storing the vermicompost in proper place to maintain moisture and allow the beneficial 

microorganisms to grow. 

Harvesting 

1. When raw material is completely decomposed it appears black and granular. 

2. Watering should be stopped as compost gets ready. 

3. The compost should be kept over a heap of partially decomposed cow dung so that earthworms could 

migrate to cow dung from compost. 

4. After two days compost can be separated and sieved for use. 

Nutrient Analysis of Vermicompost 

Parameters Content 

Organic carbon 9.5 – 17.98% 

Nitrogen 0.5 – 1.50% 

Phosphorous 0.1 – 0.30% 

Potassium 0.15 – 0.56% 

Sodium 0.06 – 0.30% 

Calcium and Magnesium 22.67 to 47.60 meq/100g 

Copper 2 – 9.50 mg kg-1 

Iron 2 – 9.30 mg kg-1 

Zinc 5.70 – 11.50 mg kg-1 

Sulphur 128 – 548 mg kg-1 

Sources-TNAU AGRITECH PORTAL 

Doses of Application 

1. The doses of vermicompost application depend upon the type of crop grown in the field/nursery.  

2. For fruit crops, it is applied in the tree basin.  

3. It is added in the pot mixture for potted ornamental plants and for raising seedlings 
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Vermicompost should be used as a component of integrated nutrient supply system.  

         Crops                            Dose/rate  

                         Field crops                          5-6t/ha       

                         Fruit crops                          3-5kg/plant  

                             Pots                               100-200g/pot 

Preventive Measures 

1. The floor of the unit should be compact to prevent earthworms’ migration into the soil 15-20 days old cow 

dung should be used to avoid excess heat. 

2. The organic wastes should be free from plastics, chemicals, pesticides and metals etc. 

3. Aeration should be maintained for proper growth and multiplication of earthworms. 

4. Optimum moisture level (30-40 %) should be maintained  

5. 18-25 ºC temperature should be maintained for proper decomposition. 

Advantages of Vermicompost 

1. It provides efficient conversion of organic wastes/crop/animal residues. 

2. It is a stable and enriched soil conditioner. 

3. It helps in reducing population of pathogenic microbes.  

4. It helps in reducing the toxicity of heavy metals.  

5. It is economically viable and environmentally safe nutrient supplement for organic food production. 

6. Vermicompost is rich in all essential plant nutrients. 

7. Provides excellent effect on overall plant growth, encourages the growth of new shoots/leaves and 

improves the quality and shelf life of the produce. 

8. Vermicompost is free flowing, easy to apply, handle and store and does not have bad odour. 

Conclusions 

1. Vermitech, introducing earthworms into soil or to from vermicompost is one of the most natural, ancient 

and perhaps the best among all sustainable agriculture practice. 

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

3. Enhancement of soil productivity  

4. The produce with better taste, luster and keeping qualities without toxic residues  

5. Vermicompost are rich in nutrients content and this may be good asset for sustainable agriculture in 

India. 

6. Wastes become valuable raw material for the soil biotechnological processes. 

7. More ground water recharge and less ground water depletion. 

8. Soil salinization is reduced with low soil erosion and runoff 

9. Boost up rural economy. Reduced wasteland formation. 

Future Thrust 

1. Need for further investigation to determine optimum crop response and treatment level. 

2. Studies are required to isolate and identify various microflora present in earthworm gut 

3. Inoculation with microflora to get better quality vermicompost and its products Organizing awareness 

programmes. 
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Introduction 

Mango (family Anacardiaceae) is a perennial, evergreen tree approximately 30 to 40 feet tall at maturity. 

The mango fruit is a large, fleshy drupe that contains a laterally compressed stone. Among the several 

hundred named mango cultivars worldwide. Often called “the king of fruits,” mango grows throughout the 

tropics and subtropics and is one of the world’s most important fruit crops. India ranks first among the 

world’s mango-producing countries accounting for about 50% of the world’s mango production. Two fungal 

diseases of mango (Mangifera indica L.) flowers and young fruits, mango powdery mildew and mango 

anthracnose, are the primary causes of the widespread problem of poor mango fruit set and yield in Hawaii. 

Worldwide, Mango powdery mildew is a sporadic disease that causes up to 90 percent crop loss can occur 

due to its effect on fruit set and development. Mango powdery mildew was present in India before 1874; it 

was first reported in Hawaii in 1983. Mango powdery mildew (Oidium mangiferae) is one of the most 

serious diseases in the cultivation of mango and it affects all the stages of growth i.e., both in the vegetative 

and reproductive stages. it causes destruction and great yield loss of up to 90 percent. This disease is 

worldwide in distribution and it is reported from India, Pakistan, Ceylon, and South Africa. In India, it is 

particularly destructive in Uttar Pradesh, Maharashtra, and Karnataka. 

Symptomatology 

The symptoms of the disease are white, fungal powdery growth on leaves and inflorescence. It can also be 

seen on panicles, flowers and young fruits. Initially, the fungal infection starts from the inflorescence and 

spreads backward covering the floral parts and immature leaves.  Young leaves are attacked on both sides 

but it is more conspicuous on the grower surface. often these patches coalesce and occupy larger areas 

turning purplish-brown. Leaves become twisted, curled, and defoliated. The fungus parasitizes all parts of 

the inflorescence, leaves and fruits. Severely infected floral parts are dropped. Fruits are sometimes 

malformed or discolored due to severe mildew attacks. Fruits drop prematurely, reducing the crop load 

considerably or might even prevent the fruit set. Because of poor fruit set and heavy flower and fruit drop, 

the loss due to the disease may go as high as 70 - 90 percent. 

 
White powdery growth on Infected Mango inflorescence 
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Powdery growth on infected twigs and Fruits 

Favorable Conditions 

The disease is severe during the cooler months i.e., November through December, and the disease is favored 

by rain, mists, and warm humid weather with cooler nights during flowering. 

Pathogen Description 

Oidium mangiferae Mycelium is branched, hyaline, superficial, septate, and haustoria are lobate. Conidia 

is barrel-shaped and hyaline and borne on short, club-shaped conidiophores and they are unicellular. 

Conidia are always seen in chains. Cleistothecium consists of many asci and is made up of myceloid 

appendages. The growth of the fungus is ectophytic in nature. The dissemination of pathogens is by conidia 

and it is along the direction of the wind in the orchards. 

  
Conidia- barrel-shaped Conidiophores (chain) 

 
Cleistothecium 
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Life Cycle of Mango Powdery Mildew 

 
Control/ Management Practices 

1. Resistant varieties like Neelum and Bengaluru 

2. It can be controlled with two preventive sprays with wettable Sulphur 0.3% once before the flowers open 

and 2nd after the fruit set.  

3. Dusting again twice or thrice with fine Sulphur (250-300 mesh) at a rate of 0.5 kg per tree, dust the 

plants. 

Conidiophore with conidia (Asexual stage) 

 

 

 

 

 

 

 

 

 

 

 

 

   

Oidium mangiferae 
 

 

 

 

 

 

                                 

                 

 

  

 

 

 

 

Infected inflorescence 

 

Infected Twigs/fruits  

    Cleistothecium (Sexual stage) 



 

 
Volume 04 - Issue 04 - April 2022       731 | P a g e  
 

4. The first application can be made immediately after blooming, and the second 15 days later. spray with 

Wettable sulphur (0.2%), Carbendazim (0.1%), Tridemorph (0.1%), or Karathane (0.1%). (0.1 percent). 

Life cycle JPG format: 
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Turmeric (Curcuma longa) (Family: Zingiberaceae), known as haldi in Hindi, is a popular and sacred spice 

from India. It is nicknamed as ‘Indian Solid Gold’ and ‘Indian Saffron’ owing to its golden yellow colour. It 

has profound significance as a condiment, dyeing agent, flavoring agent and even as a medicine. It is an 

inseparable ingredient in Asian cuisine especially in Indian curry preparations. A by-product of turmeric 

is ‘kumkum’ or the sacred vermilion. It has a place of importance in many Hindu religious ceremonies, 

offerings and festivals. Owing to the increasing demand of pure, organic food products, turmeric is an 

important food colouring agent. 

India is a leading producer and exporter of turmeric in the world. Andhra Pradesh, Tamil Nadu, Orissa, 

Karnataka, West Bengal, Gujarat, Meghalaya, Maharashtra and Assam are some of the important states 

cultivating turmeric, of which, Andhra Pradesh alone occupies 38.0% of area and 58.5% of production. 

Turmeric cultivation is an extremely viable and profitable business. The ease of growing turmeric and the 

fact that it requires minimum surveillance and care has made it an attraction. Along with turmeric 

cultivation, turmeric processing is also a good agribusiness. 

Area and Production 

All India Turmeric Area and Production (Area in ‘000 ha and Production in ‘000 MT): 

Year Area Production 

2018-19 253 961 

2017-18 238 1133 

2016-17 222 1056 

2015-16 186 943 

2014-15 184 830 

2013-14 233 1190 

Source: National Horticulture Board (http://www.nhb.gov.in/) 

The major insect pests of turmeric are shoot borer, rhizome scales, leaf roller, thrips and whereas, diseases 

are rhizome rot, leaf spot and leaf blotch. The farmers are unaware of the nematodes as mostly, their 

damage goes unnoticed by them because the symptoms caused are insidious and often undiagnostic under 

field conditions. Hence, the farmers should be made aware of the damage and symptoms caused by these 

nematodes. Therefore, regular awareness programs and training should be given to non- specialists like 

state government officials like agricultural officers, horticultural officers, extension workers as well as 

corporate sector workers who are engaged in the field work.  

The major plant parasitic nematodes associated with turmeric are Meloidogyne species, Radopholus similis 

and Pratylenchus coffeae. The minor nematode associated with turmeric are Helicotylenchus spp., 

Rotylenchulus reniformis, Tylenchorynchus spp., Xiphinema spp., Aphelenchus avenae, Hoplolaimus spp., 

etc. The main source of infection is the infested seed material or the soil. Hence, the planting of nematode 

free rhizomes is very important. 

Biology and Life Cycle 

The root knot nematodes are the sedentary endoparasites and this nematode develops endoparsitically 

feeding on the vascular tissues. The adult females are sac like and lay the eggs in masses on the surface of 

the roots or on the galls, but in advanced stages the eggs are laid inside the compound galls. During summer 

months, the life cycle is completed in 25-30 days and in winter it is prolonged to 60-90 days under north 

Indian conditions. The Radopholus similis and Pratylenchus coffeae are the migratory endoparasites and 
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all the stages infect the rhizomes. These nematodes feed, develop and lay eggs in the cortical tissues while 

migrating. At all the stages of the lifecycle they can leave the roots and come out into the soil. 

Nature of Damage 

The plants affected with these nematodes especially with root knot nematode have stunted growth, 

yellowing of the foliage, marginal and drying of the leaf tips and reduced tillering. The plants that are 

infested age, dry faster and die prematurely leaving a poor crop stand at harvest as shown in Picture 1. As 

well, the infested rhizomes lose their bright yellow colour.  

Root knot nematodes cause galling and rotting of the roots as shown in Picture 2. The roots that are 

damaged by R. similis and most of these decayed roots retain only the epidermis lacking cortex and stellar 

regions. Water-soaked brownish areas are seen on the surface of the rhizomes.  The infested rhizomes are 

of yolk yellow colour compared with golden yellow colour of healthy rhizomes and have shallow water-

soaked brownish areas on the surface.  

Management aspects:  

a. Deep summer ploughing and solarisation of the nursery beds for a minimum of forty days during 

the hot summer months is effective.  

b. The nematode free rhizomes should be used for fresh planting. For this, the rhizomes should be 

thoroughly washed free of soil and dried in shade. Or, the rhizomes can also be dipped in hot water 

at 50-55oC for 10 minutes or 45oC for 50 mins. 

c. Application of organic amendments like FYM (farm yard manure) @ 25-30 t/ha or neem cake @ 2 

t/ha during planting is effective. 

 
Picture 1: Above ground symptoms of turmeric crop caused by nematodes 

 
Picture 2: Turmeric secondary rhizomes (fingers) infested with root knot nematode. 
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Introduction 

Nature is full of numerous supernatural fragrances, which have their own magic and are pleasant to our 

senses. Fennel, often known as Saunf (Foeniculum vulgare), is a member of the Apiacae family. Fennel 

originates from Mediterranean region, but it can be found around the world today. Fennel is grown in India, 

which is the world's largest producer. Fennel is mainly cultivated in Gujarat, Rajasthan and Uttar Pradesh. 

Fennel is a valuable garden plant. 

Fennel has a wide range of applications outside of the kitchen. It's a condiment as well as a culinary spice. 

Fennel is also a powerful treatment for digestive, endocrine, reproductive, and respiratory issues. It has 

been used for constipation, gas, diarrhoea, and cough since ancient times. Fennel contains volatile 

compounds, flavonoids, phenolic compounds, fatty acids, and amino acids. It has antibacterial, antipyretic, 

antispasmodic, antithrombotic, apoptotic, antiviral, anti-inflammatory, anti-mutagenic, anti-nociceptive, 

cardiovascular, chemomodulatory, anti-tumor, hepatoprotective, hypoglycemic, hypolipidemic, and 

memory boosting qualities. 

It also acts as a galactagogue stimulating milk production in lactating mothers. A decoction of the leaves 

and roots of fennel is useful for snakes ‘bites and to neutralize vegetable poison, such as mushrooms. Fennel 

has been used to restore psychological and physical well-being. 

History 

Fennel is one of the most popular herbs all over the world from ancient time. The word fennel is derived 

from the place name Marathon (meaning "place of fennel"), site of the Battle between the Athenians and 

the Persians. 

The Athenians won this battle and waived fennel stalks as a symbol of victory. They gave fennel as an 

award to Pheidippides, who ran from Marathon to Athens to deliver news of a military victory against the 

Persians. In ancient times, it was believed that fennel seeds help in improving eye-sight. Greeks used 

Fennel as a slimming agent, memory booster and trusted that it gave courage and long life. 

Fennel was eaten by Greek athletes for improving their performance. Now fennel is the most popular herb 

all over the world possessing several uses in kitchen as well as in medical field. Today, the United States, 

France, India and Russia are amongst the foremost cultivators of fennel. 

Nutrient Value of Fennel 
Nutrients Values per 5.8 gram 

Energy 31 kcal 

Water 0.511g 

Carbohydrates 7.29 g 

Dietary fibre 3.1 g 

Fat 0.20g 

Protein 0.476g 

Moisture 90.21g 

Sugar 3.93g 
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Medicinal Properties 

Anti-inflammatory activity: Methanol extract of Fennel exhibits inhibitory effects against acute and 

subacute inflammatory diseases. It significantly increases the level of serum transaminase, aspartate 

aminotransferase (AST) and alanine aminotransferase (ALT) and it seems that it acts on both the 

cyclooxygenase and lipoxygenase pathways and shows anti-inflammatory activity. 

Antibacterial activity: Fennel has antibacterial activity against both gram positive bacteria and gram-

negative bacteria. Fennel prevents bacterial invasion of Escherichia coli and Bacillus megaterium 

effectively. 

Anti-oxidant: Fennel contains flavonoid anti-oxidants compounds like kaempferol and quercetin which 

helps eliminate harmful free radicals from the body, thus protecting from infection and aging. Rutin bolster 

inadequate circulation due to its ability to strengthen blood capillaries. 

Respiratory disorder: Fennel is an excellent remedy for cold and used as an expectorant. Creosol and 

alpha-pinene helps in reducing phlegm and bronchial secretions thereby cure stubborn coughs, colds, 

respiratory chest congestion and bronchitis. Quercitin present in fennel has anti-inflammatory properties 

can help ease asthma symptoms. 

Digestive Aid: Phytoconstituents such as anethole, limonene, anisic aldehyde, pinene, myrcene, fenchone, 

chavicol and cineole are supposed to have antioxidant, antspasmodic, digestive, carminative and anti-

flatulent properties. Fennel stimulates secretion of digestive and gastric juices also, reduce inflammation 

of GIT and increases absorption of nutrients from the food. Fennel acts as cathartic, laxative and purgative 

as it contains volatile oils, which stimulate the mucus membranes in the digestive tract, increase motility 

and peristalsis.  

Anti-Cancer Effects: Anethole, vitamin C, flavonoids and essential oils, are the most important 

constituents of fennel, helps in preventing the onset and spread of cancer by reducing NF-kappa B- a gene-

altering and inflammation triggering molecule-along with tumor necrosis factor (TNF)- a cancer-signaling 

molecule. As fennel is a good source of fibre, helps in removal of toxins from the colon and therefore may 

be helpful in colon cancer prevention. Fennel seed extract play a role in preventing various strains of breast 

and liver cancers. 

Diuretics: Fennel is a good natural diuretic, helps in flushing out of excess water and toxin from body by 

frequent urination. Thus, it helps to reduce inflammation that causes rheumatism and swelling. 

High Blood Pressure: A natural diuretic, Fennel seeds help flush out excessive water from the body 

through the kidney. By reducing fluid content Fennel causes a reduction in arterial blood pressure, without 

altering the heart and respiratory rates. Fennel is a good source of potassium, which is a key mineral 

known to reduce high blood pressure. Lowering blood pressure can reduce risk of strokes and heart attacks. 

Weight loss: Fennel increases the metabolism of fats and sugars in liver and pancreas. It dissolves fat 

deposits in bloodstream also and allows it to be used as an energy source. These aspects combined with its 

natural diuretic effect and a reputation as an appetite suppressant makes it an excellent remedy for weight 

loss. 

Osteoporosis: Fennel contains several nutrients, including, iron, phosphorous, calcium, magnesium, 

manganese, zinc and vitamin K, which contribute to maintaining strong bones and prevent post-

menopausal bone loss and osteoporosis. The fennel worked by reducing osteoclast- cells that break down 

weakened bone differentiation and function. This offers a protective effect on the bones. 

Hair: Fennel is a good source of iron, creating more red blood cells, consumption of fennel prevents 

premature graying apart from strengthening and stopping hair loss. 

Boosts Immune System Health: Fennel contains vitamin C, which is an outstanding source that helps 

to strengthen our immune system. It has ability to rid free radicals, is also important because it repairs 

skin tissue and protects blood vessel walls. 

Protects Against Aging: Fennel is a natural aid for skin care. Fennel seeds, stalks, bulbs, and leaves are 

all packed with nutrition and are an excellent source of vitamins. These vitamins, including vitamin C, are 

essential for maintaining good skin health and even promote collagen synthesis to keep the skin firm and 

tight. 
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Conclusion 

Fennel has been used in traditional medicine for a wide range of diseases related to digestive, endocrine, 

reproductive and respiratory systems. Fennel seed also act as galactagogues by improving the milk flow of 

lactating mothers. Fennel tea may aid healthy digestion and is used for various digestive problems 

including heartburn, bloating, loss of appetite, and colic in infants. It has anxiolytic action and is used as 

an anti-stress agent. Fennel helps in curing digestive, endocrine, reproductive, and respiratory systems 

related problems. 
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Crop Improvement 

A global concern for food and nutritional securities are continuous population growth and climate crisis. 

Current crop breeding strategies doesn’t ensure a sufficient rate of crop improvement to meet the short-

term demands and long-term sustainability. 

Impact of Climate Change on Major Crops 

Different crops will have adverse effect i.e., Maize 12%, Rice 23%, Wheat 13%, Others 8%. So, the major 

question is that what Plant Breeders or Plant Breeding can do? To solve this question Plant Breeders gave 

the 5G’s concept. These are as follows:   

1. Genome assembly (GA)  

2. Germplasm characterization (GC) 

3. Gene function identification 

4. Gene editing (GE) 

5. Genomic breeding (GB). 

Genome Assembly (GA) 

The genome sequence produced after chromosomes have been fragmented, those fragments have been 

sequenced, and the resulting sequences have been put back together to create a representation of the 

original chromosomes. 

Importance of GA 

1. Saturated genetic maps  

2. QTL identification  

3. Parental selection 

4. Haplotype analysis. 

Germplasm Characterization (GC) 

Passport Data → Characterisation Data → Priliminary Evaluation Data → Full Evaluation Data 

Germplasm Repositories / Banks 

1. Storage house 

2. Rich source of diverse alleles that may be vital for future crop improvement, Approx. 1750 germplasm 

banks worldwide hold approx 7.4 million accessions but <2% of these materials have been used as plant 

genetic resources. 

3. GC at two levels:  Genotypic and Phenotypic. 

Genotyping 

Determining differences in the genetic make-up of an individual or individuals of a population. 

1. Whole-genome re-sequencing (3010 rice accessions) and Genotyping-by-sequencing has been utilized to 

characterize large crop germplasm collections e.g. 44624 wheat breeding lines & 20,000 wild and 

domesticated barley.  

2. However, for mining useful genetic information viz.  Identification of marker-trait associations, it is very 

important to phenotype the collections. 
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Phenotyping 

Assessment of complex plant traits like growth, development, tolerance, resistance, physiology, ecology, 

yield etc. It gives information on potential alleles for valuable traits, GxE effects and genetic load. 

Gene Function Identification 

A direct way to find out what a gene does or what happens to the organism when an individual gene is 

missing. 

1. Mutants often hold the key to understand the gene function. 

a. Chemical or radiation mutagenesis. 

b. Insertional mutagenesis. 

c. Searching for homologous sequences and determining when and where a gene is expressed. 

2. Generating mutant organisms and characterizing their phenotype (Reverse Genetics approach) through 

important technologies. 

DNA Microarrays 

1. Monitors the expression of thousands of genes simultaneously. 

2. Provides detailed & comprehensive view of dynamic patterns of gene expression.  

3. Generation of mutant libraries.  

4. Every gene in an organism has been systematically deleted or disrupted for exploring the role of each 

gene. 

5. Once function of superior alleles identified, then researchers can exploit this to predict desired allelic 

combinations that will uncover improved economic traits. 

Gene Editing (GE) 
It involves insertion/deletion/replacement/modification of native nucleotide sequences within the genome. 

Genome editing relies on site specific double stranded break and subsequent endogenous repair. 

Mechanism 

Non homologous end joining or Homologous directed repair pathway. 

Methods 

 
 

DNA binding domain | Cleavage domain 

Comparison 
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Importance of GE 

1. Precised and efficient targeted modification 

2. Creation of novel alleles 

3. Promotion of superior alleles 

4. Removal of deleterious effect alleles 

Genomic Breeding (GB) 

Lines are selected for crossing and advancing generations based on genomic estimated breeding values. 

Approaches in GB 

1. Marker-assisted selection (MAS) 

2. Marker-assisted backcrossing (MABC) 

3. Marker-assisted recurrent selection (MARS) 

New Approaches 

1. Forward breeding (FB) 

2. Haplotype-based breeding (HBB)  

3. Genomic selection (GS), coupled with speed breeding 

4. Scheme for genomic selection 

 
Source: Marker Assisted Plant Breeding by B.D. Singh and A.K. Singh 

Advantages of Genomic Selection 

1. The marker estimated from the training population can be used directly for GS in the concerned breeding 

population. 

2. GS produces greater gains per unit time than phenotypic selection. 

3. GS is able to predict the performance of breeding lines more accurately than that based on pedigree data. 

4. Phenotyping for every selection cycle in the breeding population is not required. 

Significance of 5Gs 

1. Provide means to adapt at the speed and scale needed for the current pace of climate change. 

2. Development of climate-resilient HYVs and their rapid availability to farmers. 

Conclusion 

A comprehensively applied 5G breeding can enhance the precision and efficiency of any breeding program 

and delivers a high rate of genetic gain. 
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Introduction 

Post-Harvest losses of fruits and vegetables occur at all the points in the value chain from the production 

in the field to the food being placed on a plate for consumption. Post-harvest activities include Harvesting, 

Handling, storage, processing, packaging, transportation and marketing. Post-harvest losses alone 

contribute about 40 % of total produce. Hence there is a need to prevent the losses of fruits and vegetables. 

Zero Energy Cool Chamber (ZECC) is one of the cheap and best way to store the fruits and vegetables after 

harvesting. 

ZECC 

Zero Energy Cool Chamber is originally developed in India. It is a small chamber made out of bricks and 

sand where farmers can store freshly harvested produce before it is transported to market. The ZECC 

works on evaporative cooling principles that can be used to provide a cool environment. It stays 10-to-15-

degree Celsius cooler than the outside temperature and maintain about 90 % relative humidity. 

Site Preparation 

The site needs to be on flat ground, under shade, having natural air flow and near a water source. Level 

the land with a rake and clear away any debris. Add a layer of sand, raked flat. This is the foundation and 

helps with drainage. Easy to build out of locally available materials, such as brick, sand, bamboo, straw 

and gunny bags. 

Steps for Construction of ZECC 

1. Select an upland having a nearby source of water supply.        

2. Make floor with brick 165 cm X 115 cm.  

3. Erect double wall 70 cm high, leaving a cavity 7.5 cm wide between two walls.    

4. Drench the chamber with water and soak fine river bed sand with water.   

5. Fill 7.5 cm cavity between the double wall with this wet sand.     

6. Make a frame of top cover with bamboo, sirki, straw or dry grass (165 cm X 115 cm) frames.   

7. The cavity between the walls is filled with sand and the bricks and sand are kept saturated with water.  

8. During hot summer months in India, this chamber is reported to maintain an inside temperature 

between 15 to 18 degrees Celsius and a relative humidity of about 95 %.  

9. Build a thatched-roof shed over the chamber to shield the chamber from direct sun and rain. 

Advantages 

1. Better marketability.  

2. Retain nutritive value.  

3. Environment friendly storage system with no pollution.  

4. Can be constructed by an unskilled person.   

5. No mechanical or electrical energy is needed.   

6. Allows small farmers to store produce for a few days and thus avoid costly rush selling and distress sale.  

7. Ideal for household storage.  

8. Reduces losses and thus pays for itself in a short time.  

9. Useful for temporary storage of curd, milk and cooked food.  

10. Can also be used for mushroom cultivation, storage of biofertilisers. 
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Disadvantages 

1. Requires a significant capital investment.  

2. Operation relies on a reliable source of water throughout the year. 

Precautions 

1. Site in a place where breezes blows. 

2. Build on an elevated sit to avoid water logging.  

3. Use clean, unbroken bricks with good porosity.  

4. Always keep the bricks, top cover and sand saturated with water.  

5. Prevent water drops coming in contact with stored material.  

6. Keep the chamber clean and disinfect the chamber periodically with permitted insecticide/ fungicide/ 

chemical, to protect from fungus, insect or pests, reptiles, etc., 

7. Construct under a thatch to avoid direct exposure to sun light. 
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Summary 

This article highlights the importance of women empowerment and its contribution in agricultural growth 

of the country. Women despite of being an important part farming community yet their contribution often 

goes unrecognized due to various constraints primarily due to lack of land rights, decision making, 

traditionally institutionalised gender roles, low female literacy and awareness. Time to time various efforts 

have been made by Government for feminization of Indian agriculture so that women can equally 

contribute and thereby enhance productivity. It is past time for us to make a concerted effort to create a 

favourable environment for bringing women farmers into the mainstreams well as to empower them at the 

grassroots level through direct access to information on agricultural technical and financial aspects, as well 

as links to markets. 

The dream of women's socioeconomic empowerment will not be realised unless those working on the ground 

level are also empowered - those who begin their day before sunrise and end it after sunset. Because of 

patriarchal traditions and gender socialisation, their voices frequently go unheard and they struggle a lot 

to establish their identity. Women devote a significant amount of their time not only to agricultural 

activities, but also to livestock, poultry and other animal care. The true picture of female labour and their 

contribution to family expenditure on the other hand, is rarely presented. Many economically productive 

activities performed by women go unrecorded or are categorised as "domestic work." 

Gender discrimination persists in a variety of ways, including the fact that women are not recognised as 

farmers in Indian policies, preventing them from accessing institutional supports such as banks, insurance, 

cooperatives and government departments. Their voices must be heard at both the policy and 

implementation levels if we are to realise the dream of a progressive India and women empowerment. It is 

noteworthy to mention that women farmers in India perform a majority of farming tasks, right from sowing 

to harvesting yet they have less access to resources than men. Various reports indicate how closing the 

gender gap is critical for increasing the agricultural sector's growth rate.  

Women's contributions to agriculture are crucial not only in India but around the world. More than 400 

million women labour are engaged in farming globally. Women work in non-mechanized farm vocations 

such as sowing, winnowing, harvesting, and other labor-intensive procedures like rice transplantation all 

over the world yet are deprived of recognization. A major roadblock in this regard is land rights. 'Land 

rights discrimination is a violation of human rights’ (United Nations Committee on the Elimination of 

Discrimination Against Women). According to recent statistics from the University of Maryland and the 

National Council of Applied Economic Research (NCAER, 2018), women make up over 42% of the 

agricultural labour force in India despite the fact that they own less than 2% of farmland. Further, in the 

absence of land rights and lack of collateral adversely impacts women farmer’s ability to access institutional 

credit, subsidies like fertilizers, seeds, pension schemes etc. and benefits like input credit under PM-Kisan 

or other governmental schemes that are mostly designed for land owners. 

Another cutthroat is that compared to men these women lack equal access to the decision-making process. 

“Our day starts at early 4am and goes on until everyone else in the household sleeps. We take care of all 

the household chores as well as actively participate in farm operations but still have no say in any decision 

making in the family” said Anima Borah, a 45 year old female farmer (also a member of SHG) from Jorhat 

district of Assam. Traditionally institutionalised gender roles, low female literacy and awareness, and male 

dominance in administrative, judicial and other public decision-making bodies at all levels are factors that 

limit women's ability to exercise their rights. It should be noted that lack of awareness about women's land 

rights worsens the situation. Another factor impeding women's right is their reluctance to engage in conflict 

with male family members and relatives. 
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According to the Economic Survey 2017-18, with increasing male workers migration from rural to urban 

areas in pursuit of industrial work, there is a 'feminisation' of the agriculture sector, women having to take 

on more responsibilities in their farms. Migration from rural Bihar, for example highly feminized its 

agricultural sector with 50.1% of the total workforce engaged in farming activities being women. As a 

result, redefining the role of women and increasing women's decision making and social mobility at the 

village level. As per UN's Food and Agriculture Organization report, women might enhance farm output 

by 20-30% if they had equal access to productive resources as men. This might increase total agricultural 

output in developing nations by 4%, resulting in a reduction of 12–17% of the world's hungry population 

(about 100–150 million people). To bring women working in agriculture into the mainstream and empower 

them with direct access to knowledge of improved agricultural methods, an inclusive strategy is required 

from policy making to implementation. 'Women Farmers Entitlement Bill' introduced in Rajya Sabha by 

M S Swaminathan in 2011 expired in 2013. Although government has taken steps towards recognition of 

women's contributions in agriculture by commemorating the ‘Rashtriya Mahila Kisan Divas’ on 15th 

October, it is time that such legislation and institutional reform in agriculture are addressed.  

In this regard World Bank has been continuously working to enhance women’s access to land and rural 

finance thereby focussing on gender equity in the agriculture and food sector. “Feed the Future”, the United 

States government's global hunger and food-security initiative, assisted nearly 2.4 million women in 

improving their agriculture and food security related skills, as well as more than 420,000 women in 

accessing agriculture-related credit, in 2016. 

It is high time we make a concerted effort to create a conducive environment for bringing women farmers 

into the mainstream along with empowering them at grassroots level through direct access to information 

on the technical and financial aspects of agriculture and links to markets. In areas where women farmers 

may not enjoy much physical mobility to reach out to markets which are generally considered to be a male-

centric arena digital world can come to rescue through access to various information and communication 

tools. 

The dream of progressive India and Food security requires making rural India - where agriculture forms 

the backbone - progressive. And for this, it is imperative that we focus on our country's women farmers and 

recognize the consequent visibility of the hitherto invisible 'gendered' problem in agriculture. There is a 

quote that really resonates me, ‘If you teach a man to farm, his family will eat. If you teach a woman to 

farm, the community will eat.’ 

 
Photo Taken by Author: An Assamese farmer transplanting rice. 
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Introduction 

GUAVA (Psidium guajava) is commonly cultivated in various parts of tropical and subtropical regions for 

fruit and tender fruit production. In Tamil Nadu commercially cultivated in different districts for the 

production of voluble food products and also cultivated in different hybrid and commercial varieties. In 

Tamil Nadu, southern districts are recorded the high production and protection of guava compared with 

other districts.  Guava fruits are a rich source of vitamin C and also the mature and tender fruits are used 

for various value-added products like juice making, preparation jam, and various food industries in Tamil 

Nadu as well as India. It’s an easily cultivable crop for tropical and temperature regions because of low 

water requirement and low agriculture input requirement crop. There are several biotic and abiotic factors 

highly interrupted in the guava cultivation mainly biotic factors compared with abiotic. Among the various 

biotic factors, sooty mould caused by Capnodium is one of the devastating fungal-associated diseases in 

guava. It affects all parts of plants like leaves, stems, flowers, fruits, and forms black encrustation.  

Severely affected trees or plants are getting high defoliation followed by wilting. The fungus mainly 

colonizes the sugary exudates from various sucking pests like leafhopper, whitefly, aphids and mealybug. 

Highly infected leaves got loss of photosynthetic activity and reduced the fruit set, fruit fall. Therefore, the 

present study tried to understand the biology, Symptomatology, and management of sooty mould in guava 

plantation. 

Distribution 

The sooty mould diseases are present worldwide as well as in India. It’s mostly prevented in all humid and 

cool climate regions particularly sub-tropical areas. In Tamil Nadu more prevent in all the districts. It’s a 

wide host range of effects on various fruit and plantation crops like guava, mango, papaya, citrus, banana. 

Tea, coffee and pomegranate etc. among them mostly affect the guava and mango and causes significant 

loss above 20 to 35 %. 

Symptomatology 

  
Fruit infection Severely infected twigs 
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Dark block colour encrustation of fungal superficial mycelial growth on the all the parts of the affect plants 

particularly leaf portion got higher infestation because the sucking pest excrete (honeydew) are more 

favourable for the association of that pathogen (saprophytically) and sugary exudates are also more 

favourable for the pathogen association. The black discolouration is observed in the best side of the leaf 

and the later stage of infection, the affected gets more abnormal defoliation which leads to loss of 

photosynthesis. Finally, reduced fruit set, flower set and premature fruit have fallen also been done. 

 
Severely infected twigs 

Pathogen 

The pathogen forms epiphytic mycelial growth on the leaves of various plants. The mycelium is dark black 

colour with septate and the fungus produces the micro macroconidia from pycnidia. The pathogen also 

produces five different types of conidia like Torula, Trichothecium, Coniothecium, Brachysporium and 

Ascospore (Perithecium). They are 13 different genera that cause the sooty mould diseases in crop plants 

among them Capnodium magiferae, Capnodium citri, Capnodium thea and Capnodium braziliensis causes 

the heavy loss in fruit crops. Windborne conidia are spread for that disease. 

  

Conidial population Two celled conidia 
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Whitefly Mealy bug and Scale insects 

Management Practices 

Cultural practices: 

a. Field sanitation 

b. Removal of host plants 

c. Spray Maida solution @ 5 % (preparation of Maida solution by boiling of 1 kg of Maida with one 

litre of water for 30 minutes and make dilution to 20 litres) avoid spraying on cloudy weather days. 

d. Spray cool Rice gruel (1: 10 ratio) is also effectively managed for those diseases because of the 

fungi epiphytic mycelial growth on plant leaves. Spray Neem oil, soap oil and freshwater also reduce 

the pathogen inoculum. 

Mechanical methods: Installation of yellow sticky traps. 

Chemical methods: 

a. Management should be done for both sucking pests as well as fungus simultaneously. Spraying 

the following anyone systemic insecticide imidacloprid 200SL at 0.01% or triazophos 40EC at 0.06% 

to manage the insect population. 

b. Spray neem oil 3% or NSKE 5% 

c. Release of predators viz., Coccinellid predator, Cryptolaemus montrouzieri 

d. Release of parasitoids viz., Encarsia haitierrsis and E.guadeloupae. 
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Introduction 

Agriculture and other agricultural-related industries account for the majority of the economy in India's 

rural areas. As a result, the vast majority of rural people rely on the agriculture sector for both work and 

sustenance. Various non-agricultural enterprises, on the other hand, play an essential role in providing 

employment and income opportunities to the labour force of both farming and non-farming households. 

Besides having traditional sources of income such as - agriculture, traditional handlooms and handicrafts 

of India like weaving, pottery, etc. - development in the non-farm sectors of rural India is slowly taking 

place. The Rural Non-Farm Sector (RNFS) encompasses all non-agriculture activities: mining and 

quarrying, household and non-household manufacturing, processing, etc. The rural non-farm economic 

sector comprises of wide-ranging activities which are directly or indirectly associated to and supporting to 

various agricultural and nonagricultural related economic activities, excluding activities related to the 

agricultural production, performed in rural areas. The activities related animal husbandry, fishing and 

hunting, forestry and logging form the part of agriculture sector are commonly included in non-farm sector. 

Other rural non-farm economic activities consist of wide ranging various traditional and modern 

manufacturing activities, mining and quarrying, construction, trading, transport, storage and 

communication, hotels and those are rendering community and personal services. 

Need for Rural Non-Farm Sector 

1. Agriculture's economic contribution to India's GDP has been progressively dropping over time. 

2. As per the tenth agricultural census, the average size of agriculture landholding declined to 1.08 hectare 

in 2015-16 from 1.15 hectare in 2010-11.  

3. This explains the rise of employment in non-farm sector. It is observed that 64 per cent of rural 

employment is in the agriculture sector, while the share of agriculture in rural output is 39 per cent.  

4. Hence, reducing the dependence of rural masses on agriculture as a source of income will help improve 

the overall income of the rural population. 

Strength in Rural Non-Farm Sectors 

1. The introduction of JAM Trinity – Jan Dhan, Aadhar and Mobile has increased the share of total 

disbursement of money in the non-farm sectors.  

2. This is in addition to the existing financial institutions like Khadi and Village Industries Commission 

(KVIC), State Khadi Boards, Small Industries Development Bank of India (SIDBI) etc., which have helped 

in the development of agro-industries, domestic marketing channels for rural non-farm production as well 

as government support in export promotion. 

3. Check on Unregulated Migration: A planned strategy of rural non-farm development may prevent many 

rural people from migrating to urban industrial and commercial centres. 

4. Bridging Rural-Urban Divide: When the economic base of the rural economy extends beyond agriculture, 

rural-urban economic gaps are bound to get narrower along with salutary effects in many other aspects 

associated with the life and aspirations of the people. 

5. Employment Generation: Non-farm rural industries are generally less capital-intensive and more labour 

absorbing. Thus, they can play a critical role in employment growth in rural areas. 
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6. Reducing Inequalities: Rural income distribution is much less unequal in areas where a wide network of 

non-farm avenues of employment exists. 

Challenges in Rural Non-Farm Sectors 

1. Weak Institutional Structure: There are many institutions (KVIC, SIDBI, etc.) which were 

established for the development of the rural non-farm sector. 

a. However, these institutions are marred by issues like administrative inefficiency, lack of financial 

autonomy, overlapping jurisdiction, etc. 

2. Quality of Manpower: High levels of illiteracy in rural India have hampered the growth of the rural 

non-farm sector. 

a. In the rural areas, lack of education leads to labour being stagnant in agriculture or moving to 

casual work occupations in the non-farm sector, and not to salaried employment with higher wages 

and benefits. 

b. Together with a lack of technical skills, there is little incentive for rural firms to invest in 

technology, leading to low levels of labour productivity in the rural manufacturing sector compared 

to urban manufacturing. 

3. Forward and Backward Linkages: The gaps in the integration of the production linkages brought 

about by low accessibility of market, support service weaknesses and intervention of middlemen have 

constrained the development of non-farm enterprises in India. 

a. Apart from this, the most significant bottleneck in generating higher levels of rural non-farm 

activity in India is the quantity, quality and reliability of infrastructure. 

b. Although corrective steps are now being taken, increased infrastructure remains the most 

important priority for the future. 

4. Education and Awareness: High levels of illiteracy in rural India have hampered the growth of the 

rural non-farm sector. Migration of skilled laborers from rural to urban regions also creates shortfall of 

workforce in the rural small-scale industries. 

Conclusion 

The non-farm activities in rural areas play an important role in generating employment for people. It may 

also prevent the migration of rural people from rural areas to the urban, due to the shortage of job 

opportunities. The rural nonfarm activities receive limited resources and engage a larger section of 

workers. With increased urbanization and decrease in the agriculture land, Non-Farm Sector in rural India 

is gradually gathering momentum. This is supported by the implementation of different schemes of the 

union government like Skill India, Make in India, Digital India, etc. More livelihood and poverty alleviation 

programmes will bring in more participation in the nonfarm activities, thus reducing the dependence on 

agriculture. 
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Summary 

Rice is a crop that can be grown in anaerobic conditions however extreme flooding, either complete or 

partial submergence, may result in various environmental stress. Flash flood submergence is an important 

hazard to agriculture-related to climate change. Often rice is grown in the Kharif season so due to different 

causes crop gets submerged during any stage, it can be a seedling stage, vegetative stage, and sometimes 

during the stage of harvesting which results in crop yield loss. Among different types of stresses including 

both biotic and abiotic stresses, submergence stress is considered the third limitation for yield loss in 

eastern India (Setter et. al., 1998). When we study different types of stress, plant survival is the most 

important factor to keep into consideration. Plant survival during flash floods not only depends on the 

duration or depth of water level but is also dependent on different biophysical and physiological factors. 

The gene which is responsible for submergence tolerance is the SUB1 gene which has been identified before 

1950 by CRRI (central rice research institute) from the landrace of Orissa FR13A “Dhallaputia” grown in 

Odisha .and it was located on chromosome no 9. Breeding techniques like marker-assisted backcross are 

now done successfully to develop submergence tolerance cultivars with a higher yield. Cultivars having 

SUB1 QTL/genes have less or almost nil mortality rates and can withstand flash floods due to the 

maintenance of antioxidant enzymatic activities. 

Introduction 

Rice is one of the most important cereal crops which belongs to the genus Oryza. Among different species, 

two mainly grown species are Oryzasativa (Asian rice) and Oryzaglaberrima (African rice) with 

chromosome number 2n=24. It is mainly grown as a staple food all over the world but it is mainly grown in 

Asia. 

It is a crop that can withstand different adverse environmental conditions and can be grown from low 

altitude to higher altitude, but it is grown mainly in areas that experience heavy rainfall, that is the reason 

why it is mainly grown in the Kharif season and it is said to be a Kharif crop. Asia produces the total 90%of 

global rice production china leads in the production (27.13%) followed by India (22.07%). In India, Paddy 

occupies nearly 44.14 million hectares which cover a 35 percent share of the cultivated land under food 

grain with 106.65 million tonnes of production. West Bengal is the largest producer of rice in India. 

(Directorate of Economics and Statistics, DA&FW). 

India is the second-largest producer of rice and rice is grown mainly on tiny farms, to meet the demand of 

families, larger production is mainly done by affluent farmers having large landholding to fulfill the market 

demand. The yield and price of rice vary from time to time due to different biotic n abiotic stresses, where 

submergence is also responsible for it. 

Submergence or flash flood abiotic stress is one of the most common factors that cause losses in the yield 

and production of a crop. It occurs due to different causes such as heavy rainfall, river discharge, improper 

drainage, and flash flood. Submergence resulting from the flash flooding affects 16% of the total rice 

cultivated area of the world or approx. 22 * 106 ha, in lowland (0-50 cm water depths) and deepwater (50-

100 cm water) rice areas (Khush, 1984). 
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Factors Responsible for Plant Survival 
As we know that rice is a crop that can withstand anaerobic condition however flash flood sometimes results 

in mortality of a crop and huge yield loss. Plant survival depends on different factors, plant survival not 

just depends on the depth of water or duration of flooding but also depends on the quality of floodwater, 

including concentrations of O2, CO2, and C2H4, light intensities, temperature, pH, and turbidity. 

Light is essential for any crop growth and development, during the submergence, the amount of light 

reaching the crop canopy depends on turbidity, and it limits the photosynthesis process.  the light regime 

in submergence conditions is a major factor controlling the CO2 and O2 concentration and it influences the 

physiological status of rice plants under submergence (Sarkar et.al., 2006). 

The rate of turbidity is high during the initial flood and as the soil, silt accumulates on the soil surface, the 

water becomes clearer and promotes more light to pass and reach the plant canopy and increase the rate 

of photosynthesis. 

The temperature during winter has a better survival rate as compared to summer, there is not much 

variation in the pH and O2 levels of the floodwater. Higher temperature induceethanolicfermatation and 

results in crop mortality. 

The diffusion of gases is slower than 10,000 times in water than in air (Armstrong, 1979). 

The amount of O2in the water in submergence conditions is very high but in some environmental conditions, 

the water may become anoxic, usually during the night period when the O2 produced during daytime is 

consumed in respiration. During turbulent flash floods, the concentration of CO2 in floodwater tends to be 

in equilibrium with that in the air due to rapid mixing. 

Rice plants adopt different strategies to survive under submergence conditions, and due to the presence of 

aerenchyma tissue it is well adapted in flooded conditions, the plants in submergence conditions possess 

greater aerenchyma tissue compared to the low water condition. 

The physiological basis of submergence tolerance includes Photoperiod sensitivity, Elongation ability, and 

duration of the flood. 

Most of the traditional cultivars are photoperiod sensitive but not high yielding and avoids submergence 

during their growth and many high yielding cultivars are not photoperiod sensitive and hence could not 

withstand submergence condition. 

Limitation elongation growth during submergence stress is a favorable trait, reduced elongation during 

submergence is favorable as it helps during crop regeneration after the flood resides. 

The number of carbohydrates plays an important role in providing energy for the maintenance of metabolic 

processes during submergence and regeneration. 

Management of nutrients during submergence conditions is essential for plant survival. 

Plant Growth: Elongation or Quiescence 

Intolerant cultivars when undergoes turbid flood water condition with low light and CO2, greater pH and 

temperature results in greater depletion of CHO, limiting photosynthesis and there is greater mortality of 

cultivars and decreased chances of survival and slow regrowth in tolerant cultivars. 

Greater Ethylene in tissues induces the activity of SK1, SK2gene, GA Biosynthesis, elongation of the plant 

increases to escape flooding and results in tissue death and mortality in lowland cultivars and deep water 

cultivar survive results into lodging after submergence. 

Sub 1 gene plays a vital role in plant survival and helps to reduce the elongation, and helps in regrowth of 

plant after submergence. As I have already mentioned that Sub 1 gene has been identified from the cultivar 

Dhallaputia (FR13A). The gene has been ingress via marker-assisted selection in  ‘Swarna’ and other rice 

cultivars of southeast Asia and proves to be tolerant to submergence conditions about better agronomic 

traits. 

Conclusion 

Different biotic and abiotic stresses reduce crop productivity and affect their growth and development. 

Developing cultivars that can tolerate different stresses should be the main focus of the breeder. SUB1 
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gene plays an important role in submergence tolerance and introgression of this gene helps to develop some 

rice cultivars which is appropriate to grow in flash flood-prone areas. Besides SUB1, evaluation and 

identification of more new genes/ QTLs should be done, which may be more useful for submergence 

tolerance and future breeding approaches. 

Other than genetic factors, some of the agronomic practices should be followed properly like spacing, 

nutrient management, proper drainage for plant survival, and avoiding submergence stress. 
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Indian seed industry is one of the mature and vibrant industry occupying 6th positions in the world. The 

seven sisters namely, Assam, Arunachal Pradesh, Manipur, Mizoram, Nagaland, Tripura, Meghalaya 

constitute the North Eastern region of India. Agriculture is the dominant economic activity in this region 

and rice is the principal crop. The area under rice cultivation in this region is about 35 lakh hectare and 

the production is 72 lakh tonnes (Konjengbam et al. 2021). Though production potentiality of rice 

cultivation in this region is very high still farmers are not able to achieve that target till now. There could 

be various reasons but lack of availability of good quality seed is one of the main concerns. The rice yield 

can be increase by using high yielding varieties (HYVs) but due to unavailability or delayed accessibility of 

good quality seed farmers are unable to get the expected return and the main reason behind this is the very 

few paddy seed producer those can’t fulfill the yearly requirement of paddy seed in north-eastern states. 

Therefore, this could prove to be a very good business to become financially strong as well as make 

availability of good quality seeds. 

“Good seed harvests good crop”. Seed is the most important component of agricultural production system. 

For a good harvest, a good crop is required and to raise a good crop many factors like fertile land, quality 

seed, timely sowing, transplanting, irrigation, fertilizer application, weeding, protection from insects and 

diseases, harvesting, threshing, processing and storage are to be cared for. If there is any set back with any 

of these factors, that ultimately affects the crop production. Though all these factors contribute for a good 

crop yield, among them quality seed is a unique and important factor that alone can enhance the yield by 

20%; and without this other factor fail to contribute to their potential. Therefore, the role of quality seed in 

enhancing crop production is very important. Quality seed is physically pure, healthy, true-to-the-type and 

genetically pure, which leads to a good production. Quality seed should have the following qualities: 

a. It should be genetically pure with the exact varietal features.  

b. It should be physically pure; that means physical impurities like soil particles, small stones, 

broken seeds etc. should not be there.  

c. Seed should be fully matured, healthy and of uniform size.  

d. Seeds of weedy grasses, other rice varieties or other crop should not be found mixed with it.  

e. Seed should be free from diseases.  

f. Seed should not be affected by insects. 

g. Seed should have a maximum of 13% moisture content. 
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h. Seed should have a minimum of 80% germination. Higher the germination percentage better is   

the seed quality. 

Different Types of Quality Seed and Tags 

1. Nucleus seed: Nucleus seed refers to the seed produced by the breeder who developed the variety. This 

is the initial seed of a particular variety used for the purpose of maintaining that variety by the originating 

breeder. There is no tag for this type of seed. 

  

Fig: Different types of seed Fig: Tags of different types of seed 

2. Breeder seed: It is the progeny of nucleus seed. But it can also be the progeny of nucleus seed or breeder 

seed itself. Breeder seed can only be produced by the institute from where the variety has been developed. 

This type of seed is marked with golden yellow tag. 

3. Foundation seed: It is the progeny of breeder seed. But it can also be the progeny of breeder seed or 

foundation seed itself. Foundation seed can be produced by all the State Seed Corporations, State Farm 

Corporation of India (SFCI), National Seed Corporation (NSC), Government Farms, Agriculture 

Universities, Krishi Vigyan Kendras (KVK), registered seed producer organisation or registered growers. 

This type of seed is marked with white tag. 

4. Certified seed: It is the progeny of foundation seed. But it can also be the progeny of foundation seed 

or certified seed itself. Mainly certified seed is produced by registered seed producer organisation, KVKs, 

NGOs and registered growers and farmers. The certified seed production is supervised by the Seed 

Certification Agency and monitored by the Seed Certification Officer. Once the field level quality 

parameters and the seed quality parameters are confirmed to the fixed quality standard norms of that 

particular class of seed, quality certificate & tags are awarded. This seed sis tag with blue colour. 

5. Truthfully Lebelled Seed: Beside breeder, foundation and certified seed, another type of quality seed 

named as Truthfully Labelled seed (TL seed) is available for crop production. When other quality seeds like 

breeder, foundation and certified seed can be produced only after the new variety gets notified, TL seed can 

be produced just after the release of the variety without looking at its notification status. It can be produced 

by using breeder seed, foundation seed, certified seed or TL seed of the specific variety. It is mainly 

produced by Government research organizations, Agriculture Universities and registered Private 

Companies for use by the farmers in crop production purposes. This seed is tag with opel green colour. 

Seed Certification 

Farmers can certify the paddy seeds in their own field. For that they have to register their name in State 

Seed Certification Agency. To produce certified seed the source should be foundation or certified seed itself. 

After collecting the good quality seeds, they have to submit the details of the cultivation practices if the 

minimum standard prescribed by the SSCA are fulfilled then the produced seeds will be tested for purity 

and the certification is done with blue colour tag. The name of the crop, its variety, class of seed, purity 

percentages are to be printed on the label to provide details of the certified seed. 
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Seed Production Industry and North-East 

At present, Agriculture University and Krishi Vigyan Kendra of different states are playing key role in 

production of paddy seed according to the demand of the respective state. Different Krishi Vigyan Kendras 

are providing training to youth, farmers and farm women regarding production of good quality seed. Still 

we are dependent on other states of India for good quality seed and spending crores of rupees. 37% of our 

farmers do not get quality seed mainly due to shortage in production and thus they depend on farm saved 

seed. Except Assam, organised seed production programme does not exist in any of the NE states. Majority 

of the farmers use locally available material or previous season’s balance produce as seed therefore, it is 

now time to energise our seed production system to produce more quality seed and get higher yield by using 

high yielding varieties (HYV). 
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Introduction 

Dryland agriculture refers to cultivation of crops entirely under natural rainfall without irrigation. It is a 

form of subsistence farming in the regions where deficit of the soil moisture retards the growth of water 

consuming crops like rice, sugarcane etc. Dryland areas are characterized by low and erratic rainfall and 

no assured irrigation facilities. 

Dryland agriculture is important for the economy as most of the coarse grain crops, pulses, oilseeds, and 

raw cotton are grown on these lands. Dryland areas receive rainfall between 500- and 1200-mm. Dryland 

agriculture plays an important role in contributing world food security. 

Out of 143 m ha of cultivated land, 85 m ha is dryland, which is 60 per cent of the cultivated land and 

contributes 44 percent of the total food production that supports 40 per cent population of the country such 

land suffers from low rainfall, drought and excess rainfall (Bhattacharya et al., 2009). 

Globally, 40% of word’s land area are covered by drylands and supports around 2 billion people, 90% of 

whom reside in developing countries (UNEP-WCMC, 2011). Dryland agriculture is that form of subsistence 

farming where deficit of the soil moisture retards the growth of water consuming crops. The rainfall receive 

in these areas are generally between 500 to 1200 mm. 

Based on the amount of rainfall received, dryland agriculture has been categorized into three groups: 

1. Dry farming: It is production of crops without irrigation in areas where rainfall is less than 750 mm. 

Crop failures are more frequent under dry farming condition owing to prolonged dry spells during crop 

period. The growing season is less than 200 days. It is generally practiced in arid regions of the country. 

2. Dryland farming: Cultivation of crops in areas receiving rainfall between 750 mm and 1150 mm is 

known as dryland farming. Dry spells during crop duration occur, but crop failures are less frequent. Semi-

arid regions are included under this category. 

3. Rainfed farming: It is the practice of crop cultivation without irrigation in areas receiving more than 

1150 mm rainfall, mostly in sub-humid and humid areas. Here, chances of crop failure and water stress 

are very less. 

Constraints of Drylands 

Drylands are characterized by low and uncertain rainfall therefore; crop failure is common feature. The 

various constraints of drylands include (Randy et al., 1998): 

1. In dryland areas the rainfall is low and highly variable which results in uncertain crop yields.  

2. The distribution of rainfall during the crop period is uneven, receiving high amount of rain when it is 

not needed and lack of it when crop need it the most. 

3. Soils of the drylands are not only thirsty but they are hungry too. 

4. The temperature in dryland varies greatly. During the period of moisture stress and drought, the 

temperatures accelerate the forced maturity.  

5. Chilling or frost injury at flowering results in poor grain setting and deteriorates the grain quality. 

6. Dryland areas suffer from various process of soil degradation especially soil erosion. 

7. Small size of land holdings, lack of market facilities, frequent crop failure, poor economic condition and 

other socio-economic problem related to drylands. 

8. Extremely poor condition of farmers, lack of infrastructure to boost production. 

 



 

 
Volume 04 - Issue 04 - April 2022       757 | P a g e  
 

Improved Dry Farming Practices 

1. Bunding: The first essential step in dry farming is bunding. Bund is small embankement constructed 

across the slope of land either with soil or stone. It is used for retaining water and creating obstruction to 

surface runoff. Bunds are of two types: 

Bunds Slope Rainfall Purpose 

Contour bund <6% <600mm To conserve the rain water 

Graded bund >6% >600mm To dispose excess runoff 

2. Contour Cultivation or Contour Farming: It is the practice where ploughing, sowing, 

intercultivation done across the slope to reduce soil and water loss. By contour farming, each ridge of furrow 

and each row of crop act as obstruction to runoff thereby provide more time for water to enter into soil 

which ultimately leading to conserve the soil and water. 

3. Strip cropping: In strip cropping, alternate rows of erosion resisting crops and erosion permitting crops 

are grown across the slope to prevent soil loss and runoff. Erosion permitting crops are sorghum, maize, 

pearlmillet etc. while erosion resisting crops are cowpea, groundnut, green gram etc.  

4. Summer fallow: Summer fallow is very important in dryland areas as there is not enough precipitation 

during crop growing season that provide sufficient water to produce a crop. Hence, summer fallow is used 

to store water in the soil profile. 

5. Conservation tillage practices- Conservation tillage is disturbing the soil to minimum extent and 

leaving residues on soil. Conservation tillage i.e., minimum and zero tillage help in reducing the soil loss. 

Also, conservation tillage reduces the soil loss by 50% over conventional tillage.   

6. Mulching: Mulch is any material applied on soil surface to check evaporation and improves soil water. 

Mulch may be organic (straw, hay, leaf) or synthetic (paper, polyethylene). Mulch present on soil surface 

intercepts the rainfall impact on soil, reduces runoff, increases infiltration, thereby helps in conserving the 

soil moisture and also helps in minimizing the soil loss. 

7. Cropping systems: It depend on amount of rainfall received, length of rainy season and soil storage 

capacity.   

a. Monocropping- where annual rainfall is less than 500mm, single crop is taken.  

b. Intercropping- where annual rainfall is 600-850mm, intercropping is practiced.  

c. Double cropping- where rainfall is more than 900mm. 

8. Selection crop and variety: In dry farming, choice of varieties is important. Varieties which are suited 

for irrigated areas are generally unsuited for dry land conditions. Varieties with short-stemmed with 

limited leaf surface minimizes the transpiration and crop varieties with deep, prolific root system helps in 

moisture utilization from deeper layer of soil. 

9. Shelter belts and Wind breaks: Wind breaks are the structures which break the wind flow and reduce 

the wind velocity, they are also known as “Environmental Buffers” (USDA, 1997).  Shelter belts are the 

blocks consisting of several rows of trees which are established to reduce the wind velocity and provide 

protection for the leeward area. The minimum length of a shelterbelt should be about 25 times its height 

and orientation depend on the direction and velocity of the winds. Shelterbelts have a spiracle, triangular 

shape by raising tall trees in the centre. Some of the examples are: Dodonaia viscosa, Cassia sp., 

Clerodendron, Acacia arabica, Dalbergia, Eucalyptus sps., Parkinsonia sps., Prosopissp sps., are commonly 

used etc. 

10. Grasses and Pastures: In dry farming areas, Grasses help in preventing soil erosion by intercepting 

rainfall, by binding the soil particles and by improving soil structure. Generally, Grass-legume association 

is ideal for soil conservation. 

Conclusions 

Dryland agriculture is important for the Indian economy as most of the coarse grain crops, pulses, oilseeds, 

and raw cotton are grown on these lands. Drylands are 60 per cent of the cultivated land and contributes 

44 percent of the total food production that supports 40 per cent population of the country therefore, 

successful management of the drylands is need of the hour to sustain the production and productivity of 

these lands. 
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The main principles for successful dryland crop management are now well known. Essentially, they boil 

down to retaining precipitation on the land, to reducing evaporation, and to use crops with drought 

tolerance and that fit the rainfall pattern. 
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Four crop insurance schemes are being implemented in the country: the National Agricultural Insurance 

Scheme (NAIS), the Pilot Modified National Agricultural Insurance Scheme (MNAIS), the Pilot Weather 

Based Crop Insurance Scheme (WBCIS), and the Pilot Coconut Palm Insurance Scheme (CPIS). Four 

insurance schemes are being implemented namely by the government to support farmers. Coverage under 

PMFBY/WBCIS/CPIS/UPIS is compulsory, if you avail crop loan for notified crops 

Benefits 

Sl. No. Scheme Assistance 

1 Pradhan Mantri Fasal 

Bima Yojana 

• Insurance protection for food crops, oilseeds and annual 

horticultural/commercial crops notified by state 

government. 

• Uniform maximum premium for all farmers: 

o Kharif season – 2 per cent of sum insured. 

o Rabi Season - 1.5 per cent of sum insured. 

• Annual commercial/horticultural crops – 5 per cent of sum 

insured 

• The difference between actual premium and the rate of 

Insurance payable by farmers shall be shared equally by the 

Centre and State. 

• Claims of full Sum Insured (SI), without capping or 

reduction in SI. 

• If the sowing is not done due to adverse weather/climate, 

claims upto 25 per cent of sum insured will be paid for 

prevented sowing/planting risk. 

• When the crop yield is less than the guaranteed yield of 

notified crops,the claim payment equal to shortfall in yield 

is payable to all insured farmers. 

• If 50 per cent loss in mid-season of crop then on account 

advance payment, upto 25 per cent of likely claims will be 

paid as immediate relief. 

• Losses caused due to inundation, hail storm and landslide 

would be assessed at individual farm level. 

• Post-harvest losses assessment for damage to crops in cut 

and spread in the field up to 14 days on account of cyclonic 

rain and unseasonal rain in the entire country. 

• Use of remote sensing Technology and drones to 

supplement Crop cutting experiments for faster settlement 

of claims. 

• Implementing agency will be selected by the State 

Government through bid. 
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2 Weather Based Crop 

Insurance Scheme 

(WBCIS) 

• Insurance protection for notified food crops, oilseeds and 

horticultural /commercial crops 

• Uniform maximum premium for all farmers like PMFBY: 

o Kharif season – 2 per cent of sum insured. 

o Rabi Season 1.5 per cent of sum insured. 

o Commercial/horticultural crops 5 per cent of sum 

insured. 

• The difference between actual premium and the rate of 

Insurance payable by farmers shall be shared equally by the 

Centre and State. 

• When the Weather indices (rainfall/temperature/relative 

humidity/wind speed etc) is different (less/ higher) from the 

Guaranteed Weather Index of notified crops, the claim 

payment equal to deviation/shortfall is payable to all 

insured farmers of notified area. 

• Provision for assessment of losses caused by hailstorm and 

cloud burst at individual farm level. 

• Implementing agency will be selected by the State 

Government through bid. 

3 Coconut Palm 

Insurance Scheme 

(CPIS) 

• Insurance protection for Coconut Palm growers. 

• Premium rate per palm ranges from Rs. 9.00 (in the plant 

age group of 4 to 15 years) to Rs. 14.00 (in the plant age 

group of 16-60 years). 

• 50-75 per cent subsidy of premium is provided to all types of 

farmers. 

• When the palm damaged, the claim payment equal to input 

cost loss damage is payable to the insured in notified areas. 

4 Unified Package 

Insurance 

Scheme (UPIS) as 

pilot in 45 districts 

• To provide financial protection and comprehensive risk 

coverage of crops, assets, life and student safety to farmers. 

• Pilot will include 7 section Viz.., - Crop Insurance (PMFBY / 

WBCIS), Loss of life (Pradhan Mantri Jeevan Jyoti Bima 

Yojna (PMJJBY)), Accident Insurance (Pradhan Mantri 

Suraksha Bima Yojana - PMSBY) , Student safety, 

Household, Agriculture implements and Tractor. 

• Crop insurance will be compulsory. However, farmers can 

choose atleast 2 sections from remaining. 

• Farmers may be able to get all requisite insurance products 

for farmers through one simple proposal/ application Form 

and through single window. 

• Two flagship schemes of the Government viz PMSBY & 

PMJJBY have been included apart from insurance of assets. 

• Pilot scheme will be implemented through single window. 

• Processing of claims (other than Crop Insurance) on the 

basis of individual claim report. 
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They like to be in full sun and can be planted from mid to late spring (March to April); even later will be 

quite satisfactory. The top of the corms should be about 10cm below the surface and slightly deeper will do 

no harm at all. There is no point in purchasing the very large corms as the smaller ones will give just as 

good flower spikes from midsummer to late autumn (July to October) and are cheaper to buy. By and large 

they are fairly trouble free, but it is possible that they may be attacked by thrips, which distort the leaves. 

They are pests easily controlled by certain insecticide. 

 

Once the leaves begin to yellow, which is some time after flowering, the corms should be lifted and dried as 

fast as possible, as by hanging up in an airy, frost-free situation. Later they can be cleaned and stored in 

open slatted trays until the time comes to plant them again. You clean them by removing the old growths 

above the corm as well as the old corm and roots below it. 

Variety Colours 

Large Flowered  

Early  

Bon Voyage  Azalea Pink  

Flower Song  Yellow and Carmine  

Life Flame  Vivid Scarlet  

Mabel Violet  Velvet Purple  

Peters Pear  Orange & Red 

White Friendship Cream  

Mid-season  

Albert Schweitzer Salmon Orange  

Blue Conqueror Violet Blue  

Desico Salmon Pink 

Green Woodpecker Lime Green 



 

 
Volume 04 - Issue 04 - April 2022       762 | P a g e  
 

Hochsommer  Orange and yellow 

Memorial Day  Rose magenta  

Snow Princess  White  

Late  

Bloom fontein Apricot Pink  

Trader Horn Crimson Scarlet 

 

Variety Colours 

Primulinus varieties  

Early  

Canopus  Cyclamen Pink  

Variety Colours 

White City White  

Mid-season  

Apex  Scarlet  

Cosmic  Smoky brown  

Yellow Poppy  Yellow  

Late 

Pretoria  Corel red  

 

Variety Colours 

Miniature varieties  

Delphi  Rose, Salmon shading 

Tropical Sunset  Red and Purple 

Zenith  Shell Pink 

 

Variety Colours 

Butterflies’ varieties  

Early  

Red spot  Yellow and Red  

Riante  Peach Rose  

Mid-season  

Greenwich Greeny  Yellow 
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Agricultural extension work is a significant social innovation, an important force in agricultural change, 

which has been created and recreated, adapted and developed over the centuries. During the past quarter 

century, the work of extension services has often become more diversified. In the less developed countries, 

the main focus remains on agriculture production, but there has been a growing recognition of the need to 

reach, influence and benefit the multitudes of small, resource-poor farmers. Strong efforts have been made 

in this direction, notably through training and visit system.  

Some of the innovative futuristic extension approaches for effective outreach like Farmer FIRST, 

Attracting and Retaining Youth in Agriculture, Mera Gaon Mera Gaurav and Krishi Dak need to be 

validated for further spearheading frontline extension. 

Knowledge System for Homestead Agricultural Management in Tribal Areas 

(KSHAMATA) 
ICAR has initiated a programme keeping in view on the importance of the tribal agriculture, called 

Knowledge system for Homestead Agricultural Management in Tribal Areas. The predominant attitude of 

agriculture officials towards tribal communities is to try to convince them to give up their backward 

agriculture and adopt more modern and high productivity agricultural practices. Often no attempt is made 

to try to understand the traditional agricultural systems and practices of tribal communities. It is taken 

for granted that this is bound to be backward and hence in need of replacement by modern solutions 

available with officials. These indigenous or traditional knowledge systems of the tribal communities are 

to be harnessed to extract maximum benefits in terms of agriculture production. KVKs working across the 

country can take the leading role in mainstreaming tribal agricultural system due to their deep connections 

at grassroot level. Presently about 125 KVKs are working in tribal districts of the country facilitating 

technology support and related inputs to the tribal farmers locate in remote places. About 7.28 lakh tribal 

farmers have been benefitted so far from technology demonstration, skill development, visit to exhibitions 

and exposure visits. They usually practice utera system of cultivation under which several cereals, millets 

and legumes are sown together at the same time. Mixed farming of grains and legumes ensures that soil 

fertility is maintained. In addition, these tribals have excellent knowledge about very diverse uncultivated 

food they could obtain from forests. Many problems among tribals arise not from any lack of traditional 

wisdom but owing to many sided exploitation and disturbances they have to face due to external forces. 

Therefore, any food security system proposed by the government should take into consideration the ability 

of traditional farming tribal systems to provide a very diverse and balanced mix of nutrients in the form of 

several millets, legumes, cereals, fruits, vegetables. Hence it is important for the government to have a 

better recognition of the inherent strength of tribal agriculture. 

Nutri Sensitive Agricultural Resources and Innovation (NARI) 

Agriculture advances are mainly measured in terms of how successfully they narrow the gap between 

current and potential production yields. Achieving success in nutritional security as well as food security 

also requires narrowing the nutrition gap. The structure and policies of institutions that contribute to and 

influence agricultural development need to be reshaped with the values, behaviours, gender relations and 

social norms of societies in which they are situated. The programme is focused on empowering farm women 

with key areas like innovative practices to promote nutrition sensitive agriculture, awareness and capacity 

development of various stakeholders, value chain, literacy campaign. This will encourage intensive 
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exchange of knowledge, good practices and governance related issues to evolve a systematic policy 

framework for agricultural extension systems to promote nutrient sensitive agriculture. 

The salient objectives of the project are: 

a. Creation of awareness on nutria sensitive agriculture among farming community through 

capacity development and different level of interfaces 

b. Promotion of bio fortified crop varieties for nutritional security among farm women and children 

c. Promotion of nutri garden, nutri thaali, nutri villages 

d. Development of entrepreneurship among youth by producing nutritional products 

e. Promoting nutri sensitive innovative practices and value chain development 

The project initially concentrates on gender and nutrition. The project is aimed to include major programme 

on production and product development of bio fortified varieties of major cereal crops, fruits, vegetables, 

minor millets, linseed and root crops having proven nutritional value. 

Value Addition and Technology Incubation Centre in Agriculture (VATICA) 
It was conceptualized by ICAR to create a facility to provide incubation training to rural youyh in processing 

and value addition. KVK s are strategically located and linked with agricultural universities and ICAR 

institutes to identify different trades and establish trade specific value addition and incubation centres for 

educating youth and the farmers to practice various components of technology management at the 

incubation centres and with the support from different lending agencies they can establish their own 

processing and value addition units for commercial purposes.  The VATICA model is to be funded by RKVY, 

Ministry of Agriculture and Farmers welfare and also Ministry of Food Processing. These centres will cater 

the following objectives: 

1. Promotion of appropriate technologies to reduce post-harvest losses. 

2. Promotion of proven farm-based techniques for assuring uality of produce to match with market 

standards 

3. Promotion of proven cropping techniques for yield enhancement 

4. To incubate budding Agri-preneurs and Farmer Producer Organizations on PHM technology-based 

business 
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Introduction 

Groundwater is one of our planet's most valuable natural resources. It is extensively exploited in many 

places of the world, with continued increase in extraction in recent decades due to the availability of new 

but less costly drilling and pumping technology (Córdova et al., 2019). With rising population and 

development activities around the world, the demand for good quality groundwater has increased. One of 

the century's major difficulties is providing safe drinking water to the world's residents.  

Natural or geogenic, occurrences of arsenic in groundwater are a global issue with far-reaching health 

implications for humans and wildlife. Inorganic arsenic (the species found in groundwater) can cause skin, 

vascular, and nervous system diseases, as well as cancer, because it is poisonous and has no positive 

metabolic role. Arsenic-contaminated water is the most common source of inorganic arsenic in the diet, 

although consumption through food, particularly rice, is another important route of exposure. As a result, 

the World Health Organization (WHO) has set a drinking water arsenic limit of 10 mg/liter. Arsenic can be 

found in trace concentrations in almost all rocks and sediments on the planet. Arsenic accumulates in 

aquifers made of recently deposited alluvial sediments in most large-scale examples of geogenic arsenic 

contamination in groundwater. 

Under anoxic circumstances, arsenic is liberated from the aquifer sediments through microbial and/or 

chemical reductive dissolution of arsenic-bearing iron (III) minerals. Arsenic can also desorb from iron and 

aluminium hydroxides in oxidising, high-pH conditions. Other sources of arsenic in groundwater include 

the oxidation of arsenic-bearing sulphide minerals and the release of arsenic from arsenic-rich geothermal 

deposits. 

Health Risk 

Inorganic As3+ is thought to be more hazardous than inorganic As5+, and inorganic arsenic is eliminated 

through urine (Thomas and Bradham, 2016). Methylation and excretion were once thought to be a 

detoxification method. In terms of human metabolism, these methylated forms of As are now widely 

acknowledged to be the most harmful. Long-term consumption of water containing high levels of As can 

result in a variety of cancers. The signs and symptoms, as well as the negative consequences, are area and, 

to some extent, individual specific. It has been claimed that those who are well-nourished suffer less 

damage than those who are malnourished. In 1983, at the Department of Dermatology, School of Tropical 

Medicine, Calcutta, India, the first case of arsenic-induced skin lesions was discovered (Saha, 2003). 

Arsenicosis is the illness that develops as a result of persistent arsenic exposure. Arsenicosis manifests 

itself in the form of skin lesions such as melanosis, keratosis, and leucomelanosis. Arsenicosis is defined by 

the World Health Organization as a "chronic condition arising from a prolonged ingestion of arsenic above 

the safe dose for at least 6 months, usually manifested by characteristic skin lesions of melanosis and/or 

keratosis with or without involvement of internal organs, usually manifested by characteristic skin lesions 

of melanosis and/or keratosis with or without involvement of internal organs." 

Geochemistry of Arsenic 

Arsenic is found in four different oxidation states- arsenate (AsV), arsenite (AsIII), arsenic (As0), and arsine 

(As-III), and its solubility is affected by pH and ionic environment. Among them four, the arsenate being the 

greatest stable form (Gupta et al., 2011). In aerobic water, AsV is the thermodynamically stable form, 

whereas AsIII prevails in a reduced redox environment. Elemental arsenic (As0) and arsine (H3As) can also 

form in reducing conditions (Datta et al., 2017). Arsenic may be found in a wide variety of chemical forms 

in the environment, including monomethylarsonic acid [MMA; CH3AsO(OH)2], dimethylarsinic acid [DMA; 
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(CH3)2AsOOH], trimethylarsine oxide [TMAO; (CH3)3AsO], arsenocholine [AsC], arsenos and arsenobetaine 

(Singh et al., 2015). Table 1 lists several common arsenic minerals. In igneous and sedimentary rocks, the 

average as concentration is 2 mg/kg-1, with most rocks ranging from 0.5 to 2.5 mg/kg-1 (Thornton and 

farrago., 1997), though higher concentrations are found in finer-grained argillaceous sediments and 

phosphorites. Arsenic can be found in high concentrations in some reducing sea sediments, with up to 3000 

mg kg-1. 

When the redox potential is modest or high, H3AsO4, H2AsO4, HAsO4
-2 and AsO4

-3 are pentavalent 

(arsenate) oxyanions that can stabilise As. However, the trivalent arsenite species (H3AsO3) predominates 

in most reducing (acid and weakly alkaline) conditions. Coprecipitation links the retention of As in solution 

with components like Fe, Ba, Co, Ni, Pb, and Zn (Fordyce et al., 1995). The parent materials from which 

arsenic is generated are the principal sources of arsenic in soils. These could be materials carried by wind 

and water or the underlying bedrock. Arsenic can be mobilised as salts of arsenous acid and arsenic acid 

as rocks weather (Irgolic et al., 1995). Arsenic is found in higher amounts in soils than in rocks (Peterson, 

et al., 1981). Arsenates (containing pentavalent arsenic) are the stable species in oxidizing conditions in 

aerobic settings. In iron-rich soil strata, arsenic precipitates as ferric arsenate.  

Table: 1 Common arsenic mineral: 

 

Biogeochemistry and Geobotany 

Arsenic is found in almost all plants. The metalloid can be harmful to plants, and arsenite's toxicity is 

higher than arsenates. According to Streit and Stumm (1993), As uptake is passive and that it is 

translocated to most parts of the plant, with most of it finding in roots and old leaves. Natural As 

concentrations in plants rarely surpass 1 µg/g. The uptake of as into agricultural plants is a source of worry 

since it allows the harmful element to enter the food chain. Arsenic levels in plants can also indicate 

pollution. If arsenic pesticides have been used, arsenic concentrations in leaves may be higher. 

Natural Sources of Arsenic 

1. Arsenic-rich rocks and minerals: Arsenic poisoning is caused by geological factors in India and 

Bangladesh (Sanyal et al. 2015). Around 137 million people in more than 70 countries are poisoned by 

arsenic in their drinking water (USA Today, 30th August, 2007). The most acute problems with arsenic 

poisoning were induced by consuming geogenically arsenic-enriched groundwater in the alluvial Ganges 

aquifers in West Bengal (India) and Bangladesh. In case of the India source of the arsenic is known to be 

geological, and it is linked to iron pyrites in arsenic-rich layers found in the alluvium along the Ganga. The 

excessive use of irrigation water for multiple rice crops is blamed for the arsenic leak. Dropping water levels 

have exposed these arsenic-rich deposits to the air, causing pyrite oxidation and arsenic solubilization. 

2. Mining and smelting residues: The existence of arsenic in sulphide mineral deposits has been 

mentioned and accompanying mining and smelting activities have resulted in significant concentrations of 

this element in agricultural and garden soils, as well as house dusts in historic mining sites, ranging up to 

1000mgkg-1 or more. 

3. Coal burning: Several nations, including Slovakia, China, and India, have documented environmental 

contamination with arsenic produced from coal-burning power plants. The effects of these arsenic emissions 

on human health have yet to be determined. The usage of arsenic-rich coals in an Indian power plant has 

contaminated the atmosphere, soil, and water. 



 

 
Volume 04 - Issue 04 - April 2022       767 | P a g e  
 

Conclusions 

Arsenic poisoning of groundwater occurs because of geology and/or anthropogenic sources in many parts of 

the world, causing detrimental effects in 137 million people. Arsenic poisoning in groundwater affects more 

than 70 countries worldwide. Bangladesh, India, Pakistan, China (including Taiwan, Nepal, Vietnam, 

Burma, Thailand, and Cambodia) are the most impacted countries in Southeast Asia. Long-term exposure 

to arsenic-contaminated groundwater has resulted in serious health problems such as arsenicosis. 
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Introduction 

There are numerous processes that stimulate the development and growth of plants. Such processes are 

continuously governed by the hormones released by plants (known as phytohormones). Out of five 

characteristic phytohormones, one is Abscisic Acid (ABA) which helps in controlling many development 

and growth characteristics of plants. Abscisic acid is referred to as stress hormone as it causes different 

plant responses acting against stress conditions. It facilitates the seed dormancy and ensures seed 

germinates under favourable circumstances. It also causes the closing of stomata when there is a drought. 

They are also critical in withstanding desiccation. Furthermore, they also assist to induce dormancy in 

plants towards the end of the growing season, facilitating abscission of fruits, leaves and flowers. 

Biosynthesis of ABA 

ABA is an isoprenoid plant hormone which is synthesized in the plastid AL 2-C methyl D -erythritol-4 

phosphate (MEP) pathway unlike the structurally related sesquiterpenes which are formed at the 

mevalonic acid derived precursor farnesyl diphosphate (FDP), the C15 backbone of ABA is formed after 

cleavage of C40 carotenoids in MEP. Zeaxanthin is the first committed ABA precursor; a series of enzyme 

catalyzed epoxidations and isomerization via. violaxanthin and final cleavage of the C40 carotenoids by a 

deoxygenation reaction yields the proximal ABA precursor, Xanthoxin which is then further oxidized to 

ABA. 

Physiological Roles 

1. Inhibit seed germination 

2. ABA inhibits GA induced enzyme production, inhibit the   enzyme Amylase, Protease and Peptidase 

3. Inhibit the Shoot growth 

4. By decreasing water potential and stimulates root growth under stress 

5. Counteraction of Auxins, GA and Cytokinin: 

6. Specific antagonist to GA – ‘Anti Gibberellin’ 

7. ABA inhibits Vivipary 

8. Preharvest sprouting - Character of some grain crops - Mature in wet weather, synthesis of GA & Deficit 

of ABA  

9. ABA promotes seed storage & Desiccation Tolerance 

10. Maturing seeds -lose Water -Can Damage membrane, Embryo accumulates sugars and proteins (LEA), 

High viscous – protect membrane from Desiccation Tolerance, ABA promotes synthesis of LEA protein 

11. Induce Dormancy of Seeds and Buds 

12. Embryo dormancy increases ABA level and decreases GA level  

13. Accelerates Senescence & Abscission of leaf, Flowers and Fruits 

14. Principle hormone responsible for senescence – ABA 

15. Principle hormone responsible for abscission – Ethylene 

16. Favors Stomatal closure: 

17. Reduce the TPN rate &regarded as good ‘Anti Transparent’ 

ABA and Abiotic Stress Signaling 

The plant hormone ABA is an essential tool for developmental mechanism and robust stress responses to 

environmental stimuli. Plant encounters more than a few abiotic stresses which involves larger 

concentration of salt (salinity), extremities of temperature (low temperature, i.e., cold (chilling or freezing), 
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normal temperature (warmth) and water scarcity (drought or dehydration). Plant makes use of ABA to 

imitate the impact of a stress situation and might modify ABA stages continuously based on altering 

physiological and environmental conditions corresponding to seed dormancy and delays in germination, 

progress of seeds, promoting of stomatal closure, embryo morphogenesis, production of storage proteins 

and lipids, leaf senescence as well as safety toward pathogens. Exposure to environmental stress, as in case 

of drought, can produce detrimental effects on the progress of plants and the production of vegetation. 

Abiotic stress is a damaging stress for environment, which inhibits crop production and yields even on 

irrigated land worldwide. Overall, stress is a multifaceted phenomenon which occurs at the time of their 

development. Plant responses vary depending on degree of the stress and the plant metabolome activity. 

In view that extra abiotic stresses motives dehydration of the cells and osmotic imbalance, there may be 

some normal gene expression pattern in cold, drought, high salt, or ABA application suggesting that stress 

signals and ABA metabolism have usual factors within the signaling pathway which is able to be in contact 

with each other for cellular homeostasis. It has been explored in a review by that plant tolerance against 

metal stress; increased plant growth, biomass, photosynthetic pigments, and gas exchange characteristics 

can be enhanced by application of endogenous and exogenous amendments of ABA. 

Conclusions 

It is obvious that ABA being a significant signaling compound can transduce the signal perceived in 

response to various abiotic environmental stresses. Though, it is known that genes related to ABA have 

biological significance in advancing stress resistance, there is still a gap in research for generating crops 

having significantly enhanced resistance to stress in fields. 
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Nutrients in the human diet ultimately come from plants. More than 50 per cent of the human population 

worldwide has no access to a healthy variety of fresh food. In developing countries, this reflects the reliance 

on a staple diet of cereals, such as rice or maize, and the lack of fresh fruit, vegetables, meat and fish. India 

is one of the countries having problem of malnutrition. More than 50% of women, 46% of children below 3 

years are underweight and 38% are stunted. Plant based foods offer an array of nutrients that are essential 

for human nutrition and promote good health. However, the major staple crops of the world are often 

deficient in some of these nutrients. Milled cereal grains are poor source of lysine. Vitamin A, folic acid, 

iron, zinc and selenium, which are essential for normal growth and metabolism; yet, about one-third of the 

world's population (mostly in Sub-Saharan Africa and South-East Asia) rely on cereals as their only source 

of nutrition. Hence, deficiencies in some vitamins and iron, although this can be addressed to a certain 

degree by dietary supplements and fortification programs. 

The density of minerals and vitamins in food staples eaten widely by the poor may be increased either 

through conventional plant breeding or through use of transgenic techniques, a process known as bio-

fortification. Crop Bio-fortification is the idea of breeding crops to increase their nutritional value. 

Methods of Crop Bio-Fortification 

1. Agronomical bio-fortification: Agronomic biofortification can provide temporary micronutrient 

increases through fertilizers. Foliar application of zinc fertilizer, for example, can increase grain zinc 

concentration by up to 20 ppm in wheat grain in India. 

2. Conventional selective breeding: Bio-fortification can be achieved through conventional plant 

breeding, where parent lines with high vitamin or mineral levels are crossed over several generations to 

produce plants that have the desired nutrient and agronomic traits. 

3. Genetic bio-fortification: Transgenic approaches are advantageous when the nutrient does not 

naturally exist in a crop or when sufficient amounts of bioavailable micronutrients cannot be effectively 

bred into the crop. For example, pro-vitamin A in rice. 

Harvest Plus which is an interdisciplinary, global alliance of scientific institutions and implementing 

agencies in developing and developed countries seeks to develop and distribute varieties of food staples 

(rice. wheat, maize. cassava, pearl millet, beans and sweet potato) which are high in iron, zinc, and pro-

vitamin A. 

Rice has been bio-fortified to obtain a functioning pro-vitamin A (beta-carotene) biosynthetic pathway in 

rice endosperm (Peter Beyer et al. 2002) through insertion of two daffodil genes (psy) and one bacterial gene 

from Erwinia uredovora (crtl). Iron and zinc concentration in wheat grain has been increased by using 

various bio-fortification strategies such as genetic and agronomic bio-fortification which gave 

complementary and synergistic effects (Velu et al. 2014). 

A lot of work has been done over the past decade with respect to the application of biotechnology to generate 

nutritionally improved food crops. Recently, BRRI dhan 62 has been developed in Bangladesh which is 

world’s first zinc-rich rice variety in 2013. In wheat, Triticum dicoccoids has been effectively utilized for 

improvement of zinc and iron content in wheat through conventional breeding. Tryptophan (41%) and 

lysine (30%) have been improved in maize by using opaque-2 genes results into a quality protein maize. 

But still there is a much need to work over staple crops such as rice, maize and wheat for essential 

micronutrients to benefit the world's poor underprivileged people as well as to bred new varieties of crops 

which have the ability to combat chronic disease. 
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Introduction 

In recent years it is evident that environmental pollution caused by imbalanced or misuse of chemical 

fertilizers and pesticides has led to human health problems. Consequently, farmers in developed countries 

have begun to shift from chemical-based farming methods to organic, alternative or low input sustainable 

agriculture. To meet the increasing food, demand many viable options have to be explored and one such 

option is the use of seaweed extracts as fertilizer. 

All over the world more than 15 million metric tonnes of seaweed products are used annually as nutrient 

supplements and biostimulants in crop production. The seaweed concentrates are applied to crops as root 

dips, soil drenches or foliar sprays. Hence, marine seaweeds have a vital role to play in agriculture, 

especially the country like India where irrational use of chemical fertilizer and pesticides is a cause of 

concern. 

1. Agricultural functions may finally translate into economic and environmental benefits: higher crop yield, 

savings of fertilizers, increased quality and profitability of crop products, enhanced ecosystem services etc. 

2. Bio-stimulant: A plant bio-stimulant is any substance or living organism applied to plants with the aim 

to enhance nutrition efficiency, abiotic stress tolerance, crop yield and quality traits, regardless of its 

nutrients content. 

3. Substances can be single compounds (ex: glycine, betaine) or group of compounds of single natural origin 

(ex: seaweed extracts). 

4. It plays role in “Nutrient efficiency” like nutrient mobilization and uptake from the soil, root 

development, transport, storage and assimilation. 

5. Physiological functions of these include protection of photosynthetic machinery against photo damage, 

initiation of lateral roots, increased synthesis of auxin transporters, tolerance to abiotic stress and 

increased nutrient use efficiency (which depends on the foraging capacity of roots, hence on lateral root 

density).  

6. Agricultural functions may finally translate into economic and environmental benefits: higher crop yield, 

savings of fertilizers, increased quality and profitability of crop products, enhanced ecosystem services etc. 

7. Wild harvest of seaweeds only accounted for about 4.5 percent of total seaweed production and these 

dominate the production of aquatic plants, accounting for over 99.5 percent in quantity. 

8. At least 221 species of seaweeds are exploited globally, with 145 species for food and 101 species for 

phycocolloid production. These include 32 chlorophytes, 125 rhodophytes and 64 phaeophytes. 

Why to Use Seaweed in Agriculture? 

1. Renewable resource of seas 

2. Rich source of macro, micro nutrients, growth hormones etc. 

3. Higher multiplication rate within short period 

4. Easy culture and provides occupation for coastal people. 

5. Low-cost venture and profitable 

6. High return on investment 

7. Eco-friendly. 
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Different Seaweeds Used in Agriculture 

 

 

The Major Uses of Seaweeds 

1. Production of phyto - chemicals such as agar-agar, carrageen and alginate. 

2. Food for human consumption as green vegetable, salad and also in the form of jelly, jam, chocolates and 

pickles. 

3. Raw material in cosmetics and medicine. 

4. Fertilizer or bio-stimulant in the crop fields in the form of liquid fertilizer or compost for increasing 

productivity and quality of crops. 

How does SLF Effect on Growth and Yield of Crops? 

1. It contains macro, micro-nutrients, auxins and cytokinins and other growth promoting substances like 

hormones play an important role in enhancement of cell size and cell division.  

2. Auxins are effective in root development and Cytokinins in shoot generation, while micro-nutrients 

improve soil health. 

3. The bio-stimulant present in seaweed extract increase the vegetative growth (10%), the leaf chlorophyll 

content (11%), the stomata density (6.5%), photosynthetic rate and the fruit production (27%) of  the  crop.  

4. It results in increased root proliferation and establishment, there by plants were able to mine more 

nutrients even from distant places and deeper soil horizons in balanced proportion.  

5. Cytokinins in vegetative plant organs are associated with nutrient partitioning; whereas in reproductive 

organs it reduced flower drop and involved in transport of assimilates from the leaves to the developing 

sink thus, enhanced the yield.  

6. Betaines and other related quaternary ammonium compounds act as anti-stressors in both biotic and 

abiotic stress condition. 

7. High amount of water-soluble nutrients, other mineral and trace elements present in seaweeds are 

readily absorbed by plants and they control nutrient deficiencies in crops. 

8. Alginic acid combine with ions in soil to form high molecular weight complex that absorb moisture, swell, 

retain soil moisture and improve crump formation resulting in better aeration and capillary activity of soil 

pores, which in return stimulates the growth of plant root system and microbial activity. 

8. Application of seaweed as manure on vegetables and field crops found to be significantly better than that 

of farm yard manure due to the easy decomposability of its carbonaceous matter and presence of micro-

nutrients. 

9. Unlike chemical fertilizer, seaweed extract is biodegradable, non-toxic, non-polluting and nonhazardous 

to human. 

Disadvantages 

1. Potential loss of species and habitat diversity 
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2. Reduction in planktonic and benthic productivity, increased sedimentation. 

3. Reduced phytoplankton and benthos 

4. Increased nutrients and possible eutrification  

5. Less benthic and water column productivity possible decease in benthic diversity 

6. Destruction of coral reefs 

7. Destruction of coral reef diseases 

8. Conflicts with local residents and other water users such as boaters, fisherman, residents and tourists. 

Conclusion 

1. Seaweed extract are effective in increasing the growth parameters, yield attributes and yield of 

agriculture crops. 

2. There is increment of protein content in pulses with foliar application of seaweed extract.  

3. Application of seaweed extract resulted in higher oil yield of oilseed crops.  

4. Seaweed extract can be used as a supplemental fertilizer for conservation of natural resources, 

sustainable agriculture. Production and enhance environmental quality. 
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Introduction 

The continuous increase in human population together with loss of agricultural land, decrease in soil and 

soil-water quality and changing climatic condition is posing serious threat to agriculture and food security. 

The FAO reported that to feed a total of 9 billion people by 2050, significant grain yield increase of 

approximately 44 million metric tons per year will have to be achieved. To meet this scale is a great 

challenge especially in the light of projected scenario of different abiotic stresses such as salt, drought, high 

temperature, cold and heavy metals. Thus, in order to provide solution to farmers, the concept of 

sustainable agriculture is introduced. LEISA based agriculture system is based upon the options which are 

ecologically sound, economically feasible, and culturally acceptable. This is generally achieved through the 

exogenous application of low concentration of chemicals termed as “Plant Bio-Regulators (PBRs)”. Their 

successful implementation is dependent upon the interaction between scientists and farmers so that the 

knowledge accrued from plant responses toward different environmental factors at molecular, cellular and 

whole plant level can be utilized to develop an effective PBR. The LEISA is slightly different than that of 

priming. In LEISA, low level of PBRs are applied to the crop as foliar application to modulate the signalling 

associated with plant growth and yield; while, priming is mainly given during seed soaking stage to activate 

stress tolerance mechanism so that plants perform better upon subsequent stress exposure. 

Plant Bioregulators (PBRs) 
These are both endogenous and exogenous substances can be regarded as bioregulators if, in low 

concentrations and without having any biocidal or nutritive action, they exert an influence on the growth, 

development and composition of the plant. 

a. In LEISA, low level PBR’S are applied to the crops as foliar application to modulate the signaling 

associated with plant growth and yield.  

b. While priming is mainly giving during seed soaking stage to activate stress tolerance mechanisms 

so that plant performs better upon subsequent stress exposure. 

c. PBR’S have the ability to modulate the redox mediated signaling. 

d. Most of PBR’S function by modulating cellular redox homeostasis. 

e. All these PBR’S which provides the structural constituents modulate ROS levels and they involve 

in biology of the plant. 

f. PBR’S they provide the tolerance to the drought and cold to the plants. 

Advantages of PBR’S 

1. PBR’S have the ability to activate redox mediated signaling to facilitate rooting. 

2. Maintaining high photosynthesis efficiency 

3. Helps to increase the source-sink translocation for enhanced yield. 

4. They provide the tolerance to drought and cold to the plant  

5. PBR’S helps to develop the stress tolerance. 

Limitations of PBR’S 

1. Most of the PBR’S study limited to the seedling level 

2. Large scale research on PBR’S on different agro-climatic zones is not done. 

3. The basic research on the PBR’S is required on plant redox signaling. 

4. The exact dosage of the PBR’S for different crops is not properly standardized. 

5. The knowledge of PBR’S and educating the farmers about PBR’S is lacking. 
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Sustainable Agriculture 

It is the form of agriculture aimed at meeting the food, fibre and fuel needs of present generation without 

endangering the resource base for the future generations. 

In simplest terms, sustainable agriculture is the production of food, fiber, or other plant or animal 

products using farming techniques that protect the environment, public health, human communities, and 

animal welfare. 

a. Satisfy human food and fiber needs 

b. Enhance environmental quality and the natural resource base upon which the agricultural 

economy depends 

c. Make the most efficient use of non-renewable resources and on-farm resources and integrate, 

where appropriate, natural biological cycles and controls 

d. Sustain the economic viability of farm operations 

e. Enhance the quality of life for farmers and society as a whole. 

Sustainable Agriculture Integrates Three Main Goals 

1. Environmental health 

2. Economic profitability 

3. Social and economic equity. 

Conclusion 

1. Combined application of SA and mepiquat chloride will enhance the stress alleviating characters and 

yield of a crop. 

2. Application of SA to the saline soils will enhance the nutrient concentration in rice seeds.  

3. Application SA and mepiquat chloride will reduce the leaf spot infestation in groundnut. 

4. The net returns and benefit cost ratio will be higher with the application of cycocel @ 500 ppm ha-1. 
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Introduction 

India accounts for about 15-20 % of global oilseeds area, 6-7 % of vegetable oils production, and 9-10 % of 

the total edible oil’s consumption. In terms of acreage, production and economic value, oilseeds are second 

only to food grains. In India oilseed crop is grown in an area of 25.5 m. ha with production of 32.26 m. t. 

The area and production of oilseeds is concentrated in the Central and southern parts of India, mainly in 

the states of Madhya Pradesh (27.89 %), Rajasthan (21.49 %), Maharashtra (14.84 %), Gujarat, Andhra 

Pradesh and Karnataka (12.6 %). 

Among different oilseeds, groundnut, rapeseed-mustard and soybean account for about 80 % of area and 

87 % production of oilseeds in the country during 2019-20. In India, majority of the oilseeds are cultivated 

under rainfed ecosystem (70 %) and 28 % under irrigation (Anon, 2019). 

The area under oilseeds has experienced a deceleration in general, due to their relative lower profitability 

against competing crops like maize, cotton, chickpea etc., under the prevailing crop growing and marketing 

situations. 

This seminar mainly focused on foliar nutrition with seed priming and nano fertilizers, advantages and 

limitation and its effects on growth and yield of oilseed production.  

1. Oilseed sector plays an important role in agriculture and economy of India.  

2. India is the 4th largest oilseed producing country in the world after USA, China and Brazil.  

3. It is the 3rd largest consumer of edible oils.  

4. Oil seeds constitute the second largest agricultural commodity after cereals in India occupying 13 per 

cent of gross cropped area and are cultivated in an area of 26.4 million hectares with a production of 

30 metric tons 

5. India’s average oilseeds yield is 1135 kg ha-1 which is very low as compared to world’s average yield 

of 2000 kg ha-1. 

Importance of Oilseed Crops 

1. Importance of oilseed as sources of both fats and proteins is well known the annual requirement of oilseed 

in India. 

2. In India, a variety of oilseed such as groundnut, sesamum, mustard, soybean, safflower etc., are 

grown. However, 85% of country’s edible oils are derived from groundnut, mustard crops. 

3. Helps to prevent coronary heart disease, apart from food value of oilseeds, several industrial products 

such as biodiesel, fertilizer, medicine, cosmetics, animal feed, fiber and paint 

Constraints in Oilseeds Production 

1. More than 80 % of Oilseeds area is under rainfed condition  

2. Most of the crop suffer due to moisture stress during flowering, peg initiation, and pod filling stages  

3. Oilseeds are generally grown in low fertility soils  

4. Mostly grown as inter-crop / mixtures  

5. Suffer due to major pests and disease (RHHC, Powdery mildew and Rust) causing yield losses up to 50%. 

6. Lack of notified HYV and supply of quality seeds  

7. Lack of mechanization for sowing, harvesting and processing 

8. Poor facilities for marketing, storage and value addition. 
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Oilseeds Production Enhancing Strategies 

1. Varieties for late sowing- Due to shift in rainfall pattern, there is a need to develop and evolve varieties 

suitable for late sowing and tolerant to terminal drought.  

2. Use of improved varieties and maintaining the Optimum plant population/plant stand.  

3. Adopting INM/IPM practices.  

4. Summer ploughing to reduce infestation of pest and disease inoculum 

5. Adoption of efficient cropping systems. Groundnut should be rotated with other crops in order to restore 

soil health and build-up of soil fertility and avoid build- up of pest and disease complex particularly RHC 

and leaf-spot  

6. Provide irrigation at critical stages of flowering and pod development.  

7. Intercropping (Groundnut+ Pigeonpea 4:1, Groundnut+ Chilly/ Pigeonpea/ Cotton 4:2). 

Advanced Agronomic Practices 

 

1. Seed treatments are the biological, physical and chemical agents and techniques applied to seed to 

provide protection and improve the establishment of healthy crops. 

2. Seed priming is controlled hydration of seeds to a level that allow pre-germinative metabolic 

activity to continue.  

3. Seed priming improves seed performance, ensures uniformity and better establishment, and enhances 

the yield in diverse environments, greater tolerance to environmental stress. 

4. It helps to overcome dormancy  

5. Land configuration is the alternation of shape of seed bed and land surface. 

6. It helps in infiltration of rainfall, minimizing erosion, preventing runoff, facilitates drainage and 

ultimately improves water use efficiency 

National food security mission: National food security mission invented and produced the different 

technologies in different oil seed cropping system: 

a. Polythene mulch cultivation in ground nut cropping system  

b. By use of broad bed furrow planting in soybean achieve higher yield as compare to the normal 

method  

c. Inter cropping of arhar in soybean we can get the extra benefit from the inter cropping system  

d. Advanced irrigation system in ground nut to save the water  

e. Inter cropping of arhar in sunflower cropping system. 
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Conclusion 

1. Application of nano fertilizers enhanced by 50-60 per cent of yield in groundnut when compared to 

conventional fertilizers  

2. Drip fertigation improved water productivity by 1.06 kg m-3 and 30 per cent water can be saved over 

surface method of irrigation. 

3. Seed priming with nano ZnO improves the germination, root growth, shoot growth dry weight and pod 

yield of the groundnut.  

4. Use of mechanical measure like groundnut diggers which save 90 to 95 per cent labor cost and time. 
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Introduction 

Milk thistle an herb which is known for its medicinal and therapeutic usage and is mostly grown in North 

Africa, South and North America, Central and Western Asia and southern Australia. Milk thistle, Silybum 

marianum (L.) Gaertn belongs to Asteracae family and grows in light and water deficit soils. It is annual 

and grows up to 2.0m height. 

History 

It was mostly used as a treatment for serpent bites, an antidote for liver toxins, good for congestion of the 

liver, spleen and kidney and its seeds were used to treat various diseases including jaundice, gallstones, 

peritonitis, hemorrhage, bronchitis and varicose veins. 

Chemical Composition 

The fruits and seeds contains silymarin which is related to flavonolignans besides it also contains 

flavonoids like (quercetin, dihydrokaempferol, kaempferol, apigenin, naringin, eriodyctiol, chrysoeriol), 

proteins (25 - 30 %), sugars (arabinose, rhamnose, xylose, glucose), tocopherol, sterols (cholesterol, 

campesterol, stigmasterol, sitosterol) and lipids (15 - 30 %) in the form of triglycerides (60 % linoleic, 30 % 

oleic and 9 % palmitic acid). 

Potential Health Benefits 

Silymarin is most well-known for its antioxidant and chemoprotectant effects on various organs mainly 

liver. 

Hepato Protective 

Liver functions as a detoxifying organ, due to its chemoprotective and antioxidant activity silymarin 

protects liver from various xenobiotics which affects its primary function by: 

a. Free radical formation is prevented 

b. Maintaining electron transport chain by activation of various transcription factors 

c. Activating the synthesis of protective molecules  

d. Inhibiting the lipid peroxidation 

It has antiviral, anti- inflammatory and immune modulatory effects which helps to treat hepatitis C virus. 

Anticancer Properties 

Silymarin and silybin have anticancer properties which protects against various kinds of cancer by 

modulating the imbalance between the cancer cell survival and apoptosis. Tumor cell multiplication was 

controlled in organs like prostate, ovaries, lungs and bladder. 

Anti-Inflammatory and Immunomodulatory Properties 

It helps to control the bronchial inflammation which is normally induced by cigarette smoking through 

suppression of extracellular signal-regulated kinase/p38 mitogen-activated protein kinase (ERK/p38 

MAPK) pathway activity and autophagy. The immunomodulatory effects where it increased the secretion 

of interferon gamma (IFNγ), IL-4, and IL-10 and it stimulates both cellular and humoral immune functions. 

Neuroprotective Properties 

It combats many neurological disorders like Alzheimer’s, Parkinson’s and obsessive-compulsive disorder 

(OCD). Silymarin inhibits the microglial activation, helps to preserve the neurons and maintains 

dopaminergic levels. 

Lactogenic Properties 

It increases circulation of prolactin levels and induces milk secretion. 

Safety 

It has been used safely during pregnancy, in children and adults older than 75 years up to dosage of 560 

mg/d. In cancer patients > 1200 mg/ d are not recommended when receiving cancer chemotherapy because 

such doses may interact with chemotherapy treatment. 

Conclusion 

As it has many medicinal and therapeutic properties it can used in curing many degenerative diseases 

which could be beneficial. 
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Introduction 

“Let food be thy medicine and medicine be thy food” – with this famous quote, Hippocrates reiterates the 

importance of eating well and the potential of certain foods for good health of humankind. What we eat, it 

should be our medicine. 

But in today’s situation it is less likely, due to several reasons because cereals occupy a major part in 

supplying energy and protein needs of humans; while diet diversification for large masses with nutrient 

dense millets, fruits, vegetables are less feasible due to high associated cost. 

This altogether land us in malnutrition – one of the alarming problems in the developing world – accounts 

for about 30 million deaths per year. Hence, biofortification could be one of the best strategies to tackle 

malnutrition. 

Brief Information on Micronutrient Deficiency 

Particulars Function RDA  Deficiency symptoms 

Fe Constituent of hemoglobin  

Oxygen transport 

Myoglobin stores oxygen in muscles 

8 mg 

day-1 

Anemia  

weakness  

dizziness 

Zn Structural stability of proteins 

Gene regulation 

Immunity 

15 mg 

day-1 

Diarrhea 

Weight loss 

Dermatitis 

Poor appetite 

Vitamin A Eye sight 

Vision in low light 

Immunity 

900 µg 

day-1 

Night blindness 

Xeropthalmia 

Vitamin D Bone and teeth formation 15 µg 

day-1 

Rickets 

Bone pain 

Solutions to Alleviate Malnutrition 

1. Industrial fortification of normal consumed food:  Addition of micronutrients in required amount 

in widely consumed staple food during industrial food processing. Eg. Double fortified common salt with Fe 

and I; cooking oil fortification with Vit A and D. 

2. Diet diversification: Substituting consumption of non-biofortified varieties with nutrient dense 

varieties/crops like nutri cereals, fruits and vegetables, etc. 

3. Supplementation: Consumption of nutrient pills/tablets, mineral solutions and medications as a short-

term immediate strategy for chronic malnutrition in small population to improve nutritional health.  

4. Biofortification. 

Biofortification 

Greek word “bios” means “life” and Latin word “fortificare” means “make strong”. Developing or producing 

micronutrient rich staple crops using the best agronomic/crop production practices, breeding and 

biotechnological tools is known as biofortification (Fig. 1) Eg. Golden rice 2 (31 µg g-1 of beta-carotene), 

Quality protein maize, ferti-fortification. 
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Fig 1 Various biofortification approaches 

Table Latest biofortified varieties: 

Crop - variety Biofortification for 

Rice - DRR Dhan 45  Fe, Zn 

Wheat – WB 02 Fe, Zn 

Finger millet -Indravati Ca, Fe, Zn 

Lentil – Pusa Ageti Masoor Fe 

Pusa Mustard 31 Low erucic acid, glucosinolates 

Groundnut – Girnar 4 Oleic acid 

Agronomic Biofortification/ Ferti-Fortification 

Application of fertilizers to seeds, soil and/or foliage, at higher rates than those required for maximum 

yield, to increase the uptake of nutrients into the plants and its translocation into seeds; besides there are 

others benefits like yield improvement, diseases resistance in plants, abiotic stress tolerance from ferti-

fortification (Eg. Zn ferti-fortification). Simply it involves enrichment of micronutrients in the grains by 

application of appropriate fertilizers. It has many advantages over other methods like cheaper, faster, safer, 

possible in number of crops, etc. may favours its large-scale adoption in near future. 

Various factors affect the efficiency of ferti-fortification like source/amount of nutrient applied, time of 

application, tillage, water management and microbial inoculants (PGPR) used decides the success of ferti-

fortification. Sulphur coated urea, zinc coated urea helps in improving Fe, Mn, Zn and Cu concentration in 

rice and wheat grains through better translocation of micronutrients from source to sink (Shivay et al. 

2016; Prasad et al., 2012). And foliar application of Fe, Zn improves its concentration in grains. Soil cum 

foliar application of micronutrients has higher grain micronutrient concentration than either soil or foliar 

application alone (Cakmak, 2008). Siderophores released by soil microbes has high binding affinity for Fe; 

and also solubilizes P and Zn which helps in better micronutrient uptake and translocation (Rana et al., 

2012). 

Conclusion 

Biofortification can be one of the cost-effective strategies helping managing malnutrition problems in the 

present scenario. Similarly, agronomic biofortification bears great importance specifically with respect to 

Zn, Fe and Se enrichment in grains and has been proved as an excellent agronomical intervention for 

raising crop productivity and nutritional quality besides maintaining sustainability in various production 

systems. For countries having high incidence of micronutrient deficiency, site-specific/nutrient-specific 

fertilizer management strategy may prove as a quick solution to curtail such nutrient deficiency issues in 

soil, plants, animals and human as well as helps in biofortification. The effectiveness of any biofortification 

strategy highly depends on the bioavailability of micronutrients throughout entire pathway from soil to 

Biofortification 
approaches 

Conventional 
breeding 

Agronomic 
approaches 

Reducing anti-
nutritional factors 

Increasing bio-
availability 

Genetic 
modification 

Microbial 
inoculants (PGPR) 
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plant, food and into human body for alleviating gross malnutrition. Thus, biofortification may help in 

achieving sustainable alleviation of malnutrition. 
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Abstract 

Indian agriculture is dominated by small and marginal farmers, accounting for over 86% of the total 

farmers. Small and marginal farmers own just 47.3% of crop area with low outcome. The average monthly 

income per agricultural household was estimated to be Rs 6,426 in 2014.  As a consequence, they are unable 

to practice or afford high input agriculture. Nowadays there are plenty of low-cost seeds, fertilizers, 

insecticides, pesticides being used in agriculture. In many parts of India, the provincial governments are 

providing farmers with free training and consultancy services. All these may be treated as low-cost 

agricultural production technologies. 

Introduction 

A critical challenge of the agricultural sector is the high cost for the adoption of new technologies, especially 

for small and medium-sized farmers in developing countries. At the level of smallholders producers, these 

strategies require to be configured and implemented using low-cost digital technologiesThe  low-cost 

technologies includes crop rotation, green manuring and mulching not only control cost of cultivation 

but also helped in conserving soil and moisture. 

 

Low-Cost Technologies 

1. Choice of variety and quality seeds. 

2. Efficient use of manures. 

3. Use of biofertilizers. 

4. Practicing seed treatment. 

5. Crop rotation and crop sequences. 

6. Water conservation. 

7. Use of biopesiticides. 

8. Water management. 

Choice of Variety and Quality Seeds 

The most important feature of low-cost input technology in modern agriculture is use of good quality seeds. 

The yield of pulses can be increased by 10-15% by choosing a suitable variety of good quality seeds. High 

yielding variety are preferred in organic farming. 

Efficient Use of Manures 

Plant nutrient, major and micro nutrient are also supplied through well decomposed FYM, compost and 

vermi-compost. These organic sources also improve soil structure, fertility, aeration, water holding capacity 

and also improves the biological activities in soil. Oil cakes are rich in nutrient. The grass or stubbles or 

weeds should not be fired in the field but can be recycle by decomposition. 
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Use of Biofertilizers 

Bio-fertilizers proved in increasing yield to the extent of 15-20 per cent. Inoculation of Rhizobium in pulse, 

Azospirillium in sorghum, pearl-millet, barley, wheat, Azotobacter in rice, wheat, sorghum, maize, 

vegetables and cotton have increase crop yield. Phosphate solubilizing bacteria (PSB) is also important bio-

fertilizer which makes native P availability to crop. 

 

Seed Treatment 

Seed treatment is important before sowing for early germination protecting crop from seed and soil borne 

diseases, easy sowing. Fungicides 2-3g/kg is applied to prevent the crops from seed borne diseases. Cotton 

seed is treated with Conc.H2SO4 because of its fuzzy. Pearl millet and rice seed are dipped in 3 per cent salt 

(NaCl) solution to remove immature, diseased seed. 

Seed Hardening 

Seed hardening is physiological preconditioning of the seed by hydration to with stand drought under 

rainfed condition. It increases germination percentage, seedling vigour, root growth, seed set, maturity, 

early flowering and yield. 

Crop Rotation and Crop Sequences 

On heavy soils, adequate rainfall is available it is possible to cultivate double cropping, sequential cropping 

pattern. Highly complementary yield is the main advantage of sequential cropping. 

Water Conservation 

Excessive rainfall causing runoff and soil loss. After every rain, crust breaking is necessary to improve soil 

aeration in increased penetration of rain water. Sowing across the slop or contour is also low-cost 

technology. Land treatment like opening of furrow in the crop rows and sowing on broad bed and furrows 

prove helpful in conserving moisture in-situ. 
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Biopesticides 

Bio-pesticides like neem have been known to have insecticidal properties and application of neem extract 

is recommended for bollworm and other pests. In short, instead of chemical pesticides, those obtained from 

naturally occurring plant part or organisms are permitted for use in organic farming. 

Water Management 

Water management is important particularly when the crops are grown under irrigation. Critical growth 

stages for irrigation have been identified for different crops. Pre-flowering and grain filling stages are the 

most important in most of the field crops, if two irrigations are available. Missing irrigation at these stages’ 

causes decreased in yield to the extent of 30-40 per cent in wheat and in also all the crops. 

Conclusion 

Low-cost digital technologies possibility the construction of affordable solutions for smallholders’ producers. 

Strengthening the agricultural production systems and providing information, which permit planning and 

applying field practices at the preventive and corrective levels in a more efficient way. By using low-cost 

technologies, we can minimize our expenses and gets more profit. 
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Introduction 

A diet high in fruits and vegetables and low in saturated fats is well known to be healthy and protective 

against cardiovascular disease and certain cancers. As a result, the World Health Organization 

recommends that each person consume more than 400 g of vegetables and fruits per day. Fruit crops can 

produce more tonnes of yield per unit area than other field crops. For example, a wheat crop yields 12-15 

tonnes on average from a one-hectare area in two crops per year. Even a hybrid rice variety can only yield 

24 tonnes from one hectare of land in three crops per year, whereas a banana crop can yield 35-40 tonnes 

per hectare. Papaya yields 100-150 tonnes per hectare in 2 12 years, equating to 40-60 tonnes per year, 

while mango yields 25 tonnes per hectare. Under tropical conditions, grapevine can yield 60-80 tonnes per 

hectare in two harvests per year. Fruit crop insect pests were studied. According to these surveys, scale 

insects, mites, termites, fruit flies, leaf miners, leaf weevils, and mealy bugs are major pests that cause 

significant damage to fruit trees. In these studies, tried to understand the biology, Symptom of damage and 

management of leaf twisting weevil in fruit crops like Jamun, sapota and mango. In recent years, insect 

pests of mango have been taken seriously in Tamil Nadu's intensive cropping systems. Mango leaf twisting 

weevil (Apoderus transquebaricus) is regarded as one of the most serious pests of mango, both in the 

nursery and in the field. 

Biology 

It is active from May to October. Apoderus transquebaricus biology consists of an egg, five larval instars in 

the grub stage, a pupa, and an adult. The grub stage feeds on the twisted mango leaf, and all life stages 

complete within the leaf lamina and pupate within the leaf roll. 

Egg - The eggs were laid singly in the twisted leaf's peripheral region. During the early stages of egg laying, 

the eggs were surrounded by mucilaginous substances secreted by the adult female in order for them to 

adhere to the leaf surface. The eggs were a bright yellow colour. The egg period was completed in a time 

span ranging from 2.5 to 4.0 days. 

Grub - The leaf twisting weevil's grub stage is divided into early and late grub stages. During the early 

stages, the grubs were small, sluggish, and pale yellow in colour, with no legs. The grubs were yellowish in 

colour, 'C' shaped, with a black small sting like structure, and actively feeding on the twisted region of the 

leaf when they matured. The grub stage lasted 12.3 days on average. 

Pupa - The pupal stage took place inside the leaf roll. It is the inactive stage, which lasted an average of 

6.2 days with a range of 5-8 days. The pupa was a light-yellow colour. 

 
Apoderus transquebaricus 
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Adult - Leaf twisting weevils were medium-sized, reddish shiny reddish-brown creatures with a long neck 

and snout. The adult weevil had a triangular shaped body with a narrow snout and a broad abdomen. The 

head had a long neck and was wider than the neck; the proximal part of the head had a reddish-brown 

rostrum (or) snout. Male and female neck lengths and widths differed. Males had shorter necks and females 

had longer necks. 

Damage Symptoms 

Grub cuts across a leaf from margin to midrib near base. The adult weevil has the habit of cutting and 

twisting the mango leaves into shapely thimble like rolls which remain attached to the parent leaves. The 

grub feeds on the leaf tissue within the leaf roll. The pupation also remines in the leaf thimble. After 

completing their life cycle adult weevil emerged from the thimble make a small hole. 

 
Leaf twisting in Mango 

Management 

1. Field sanitation. 

2. Remove and destroy dead and severely affected branches of the tree. 

3. Spray insecticides like monocrotophos at 1.25 ml or Dimethoate 0.03 % / litre of water to check the spread 

of infestation. 
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Introduction 

Coconut, Cocus nucifera L. (Palmaceae), is a major crop grown primarily in tropical and subtropical areas 

of the world, where millions of people rely on it directly or indirectly. Due to its many functions, it is known 

as "kalpavriksha," or "tree of life," and it is one of the top ten most useful trees in the world, providing 

nourishment for millions of people. Several people work in coconut-based sectors around the world, such as 

coconut oil, dry coconut powder, tender coconut, coir, toiletries, and soon. Coconut is farmed in 93 countries, 

the majority of which being Indonesia, the Philippines, India, and Sri Lanka, which account for 78 percent 

of global production. Throughout the year, a variety of insect pests attack the coconut palm (Chakravarthy 

and Thyagaraj, 2012). In coconut plant damaged by the following vertebrate non insect pests like squirrel, 

rat and civet cat. 

Squirrel - Funambulus 

Southeast Asian squirrels (Sciuridae: Funambulus) have been assigned a variety of roles in natural and 

man-made ecosystems, including pollinators, seed dispersers (Steele et al. 2005), disease vectors (Lane et 

al. 2005), crop depredators, and tree debarkers. Squirrels are an important but underappreciated 

component of both forested and cultivated ecosystems. Funambulus squirrels are significant pests of cocoa 

(Theobroma cacao L.), cashew (Anacardium occidentale L.), coconut (Cocos nucifera L.), arecanut (Areca 

catechu L.), cardamom (Elettaria cardamomum M.), pomegranate (Punica granatum L.), guava (Psidium 

gujava L.) (Chakravarthy and Thyagaraj 2012). It is diurnal and arboreal, spending most of its time on 

tree tops. It builds globular nests on the tree's bushy canopy and even on the rafters of tiled or thatched 

buildings. 

This squirrel has bimodal feeding and activity patterns, with one peak in the morning and one in the 

evening. During the hot mid-day hours, squirrels invariably rest, stretching out on the cooler branches of 

the trees. 

Damage: The western Ghats squirrel is a significant pest of coconut and cocoa. It eats the mucilage by 

gnawing a hole in the center of the pod and extracting the beans. The naked beans are thrown away. It is 

also damaging the nuts by make a hole and drink the water. In Tamil Nadu's Kanyakumari district, the 

extent of rodent damage ranges from 18.5 to 50 percent. 

 
Squirrel damage the coconut flower 
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Black Rat - Rattus rattus wroughtoni 
The black rat, Rattus rattus wroughtoni is medium size and the most common rodent found throughout the 

country. Two sub species of this Rattus rattus wroughtoni and Rattus rattus rufeacens are known to cause 

damage to coconut n mainland. It is a nocturnal and arboreal. It is distributed in Kerala, Tamil Nadu, 

Andhra Pradesh and Maharashtra. In coconut plantations these rats live mainly on the crowns of palms 

by constructing nests either in the interspaces of nuts or inside stipules in the spindle of the palm. They 

move from one palm to the other through the fronds and seldom come to the ground for foraging. These 

rats breed all through the year with peaks during early summer (February and March) and late monsoon 

(July and August) periods. The intensity of breeding is the lowest during summer months (April - June). 

Damage: A typical rat damage to tender coconut consists of a small hole of about 5cm diameter near the 

stalk region. The rat after gnawing the husk consumes the inner contents including the soft shell of the 

nut and such damage nuts usually remain on the bunch for a further period of 2 to 6 days. The fallen nuts 

are seen around the basin of the palm. Three-to-six-month older tender nuts are mostly preferred by these 

animals. The extent of rat damage to tender coconut varies from 8.7% n certain parts of Andhra Pradesh 

to 50% in Lakshadweep islands where close planting is practiced. The intensity of damage s more during 

summer and early monsoon (April-June) and less during post monsoon (August – October). Further, the 

damage increases when certain intercross such as cocoa and cassava are cultivated along with coconut. 

Apart from tender nuts, these rats also damage leaf stalks, un opened spathe, female flowers and mature 

nuts in the field as well as nuts stored in the godown. 

a. The nuts/fruit are the most vulnerable plant part to rats. Fallen nuts that have large holes (5 cm 

in diameter) near where the stem was, are the most common sign of rat damage. 

b. Gnawing damage by rats can often be seen on the trunk of palms. 

c. The rats also gnaw on palm flowers. This can make the palm more susceptible to secondary 

infections such as diseases and insects.  

Rats and squirrels are reported to cause damage to coconut nursery plants and immature nuts. Damage 

varied from 8.7 % to 50 % nuts in South India. 

 

Palm Civet - Paradoxurus hermaphroditus 

The palm civet, Paradoxurus hermaphroditus belonging to the order Carnivora, is very fond of fruits and 

has been recorded as a pest of coconut and cocoa. Indian civets have large bodies that are gray or brown in 

color. Body length is about 34 inches with a tail length of 13 inches. They have black spots on the body as 

well as black and white stripes on the sides of the neck. In most cases there are two white stripes and three 

black stripes. The tail has a number of black rings around it. Limbs are black and the forefeet contain lobes 

of skin on the third and fourth digit that protect the retractile claws. Males are slightly larger than females. 

The palm civet is nocturnal in habit and is an active climber. It lives mostly on big trees and palms, lying 

curled up during day time. 
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Damage: The palm civets are observed to bite and break open the cocoa pods. The pieces of broken chunks 

are 2-3 cm in diameter. There is no distinct pattern in the damage. In some nuts terminal half is removed. 

In civet-damaged pods two distantly placed marking caused by the canine teeth are very prominent on the 

husk. Civet attack tender nuts by forming holes. Shed nuts can be seen at the base of the palm. 

 
Holes on leaf sheath 

Control: 

a. In coconut plantations the black rats and civet generally live on the crowns of coconut palm by 

constructing nest. Hence, removal of dried leaves, spathes and matrix regularly from the crowns 

expose the nesting places of these rats to predators.  

b. Tree banding with inverted iron cones (Entry of rats on to the trunk can be prevented by fixing 

mechanical barriers upto 2m height from ground level using 40cm sized G.I. sheets) or Prosophis 

thorns.  

c. Use rat traps. 

d. Poison baiting with ripe banana fruit sand mixed with 0.5 g carbofuran 3 G granules. 

e. Use Ratol paste. 

f. Use Bromodialone. 

 
Aluminium sheet to protect the vertebrate 
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Abstract 

Calendula officinalis is an aromatic, erect, annual herb that is indigenous to Europe, cultivated commonly 

in North America, Balkans, Eastern Europe, Germany and India. It is a modern Latin diminutive of the 

word ‘calendae’ means “little clock” or “little calendar.” These flowers are considered to be some of the most 

versatile and easiest flowers to grow since they can tolerate almost all well drained, rich soils. The plant 

species has been reported to contain a variety of phyto-chemicals including carbohydrates, phenolic 

compounds, lipids, steroids, tocopherols, terpenoids, quinones, carotenoids, amino acids, fatty acids, 

coumarins and other constituents. Biological activity profiles of the raw material, such as anti-

inflammatory, antimicrobial, immunostimulatory and antioxidant properties, determine its use especially 

in the treatment of dermatological diseases. In addition to spasmolitic, hypolipemic and antidiabetic 

properties of this flower, scientific studies also demonstrated its cardioprotective, hepatoregenerative, 

pancreas-regenerating, neuroprotective and even anticancer health-promoting effects. Moreover, C. 

officinalis is used in the cosmetology and food industry. The review article describes about the various 

phytochemical constituents associated with the plant extract. 

Keywords: Phyto-chemicals, medicinal plant, chemical composition, therapeutic properties. 

Introduction 

India has a very long history of using herbal drugs as the main course therapy for treating a number of 

diseases. The herbal drugs have made their importance felt in the last few decades whose prevalence is 

continuously increasing in both developing and developed countries due to their natural origin and lesser 

side effects.  

Calendula officinalis, commonly known as pot marigold related to family Compositae. The name of this 

plant comes from a Latin word ‘Calend’ meaning the first day of each month, because of the long flowering 

period of plant. Calendula is an aromatic, erect, annual herb that grows up to 60 cm in height with angular 

and glandular stems; leaves 2.5-7.5 cm long; lower spathulate, entire, upper lanceolate with cordate 

amplexicaul base; flower-heads terminal, heterogamous, light yellow to deep orange; ray florets fertile; 

achenes 1.0-1.5 cm long, boat-shaped, faintly ribbed; indigenous to central, eastern and southern Europe. 

 

Calendula officinalis is one of the commonly used medicinal plants in India, China, Europe and US, has a 

long history of usage by the folk systems because of its rich medicinal values that have been reported to 

possess potent anti-inflammatory, antitumour, antioxidant, antibacterial, anti-HIV, anti-ulcer, 

antigenotoxic, chemoprotective and antiseptic properties. Moreover, a large number of phytochemicals have 

been found in various parts of the plants that include calenduline and oleanolic acid glycosides, sterol 

glycosides, alpha-and beta-amyrin, taraxasterol, lupeol, brein, faradiol, arnidiol, erythrodiol, calenduladiol, 

coflodiol and manilladiol. The present review article discusses about the various phytochemicals present in 

the plant. Moreover, various pharmacological properties exhibited by the plant have been demarcated. 
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Chemical Composition of C. officinalis 

Group of secondary metabolites Compounds 

Flavonoids aglycones isoquercitrin, narcissin, quercetin, rutinoside 

glycosides calendoflaside, isorhamnetin-3-neohesperidoside 

(calendoflavoside), quercetin 3-neohesperidoside 

(calendoflavobioside), quercetin-3-O-rutinoside 

Terpenoids triterpenoids erythrodiol, monoesters of lupeol, taraxasterol, ursadiol 

triterpendiol 

monoesters 

calenduladiol and its esters (calenduladiol-3-O-palmitate, 

calenduladiol-3-O-myristate), esters of arnidol (arnidiol-3-O-

palmitate, arnidiol-3-O-myristate, arnidiol-3-O-laurate), esters 

of faradiol (faradiol-3-O-palmitate, faradiol-3-O-myristate, 

faradiol-3-O-laurate) 

triterpenoid 

saponins 

calendulosides A–H 

triterpenoid 

glycosides 

calendulaglycosides A and B and their esters: 

calendulaglycoside A 6-O-n-methyl ester, calendulaglycoside A 

6-O-n-butyl ester, calendulaglycoside B 6-O-n-butyl ester, 

glucuronides A, B, C, D, F 

Carotenoids auroxanthin, α-cryptoxanthin, α-carotene, β-carotene, β-

cryptoxanthin, flavoxantin, lutein and its derivatives (9/9A-

lutein, 13/13 Z-lutein), luteoxanthin, lycopene, neoxantin, 9Z-

neoxantin, violaxanthin, 9Z-violaxanthin 

Coumarins esculetin, scopoletin, umbelliferone 

Lipids fatty acids: lauric acid, palmitic acid, stearic acid, linoleic acid, 

glycolipids, phospholipids 

Fitosterols stigmasterol, sitosterol 

Amino acids alanine, arginine, aspartic acid, histidine, glutamic acid, 

leucine, lysine, methionine, phenylalanine, proline, serine, 

tyrosine, valine 

Saccharides arabinogalactan, neohesperidose and its derivatives, 

ramnoarabinogalactan 

Benzofurans calendin 

Therapeutic Properties of Calendula 

Anticancerous property: The Laser Activated Calendula Extract (LACE) of C. officinalis showed a 

potent in vitro inhibition of tumor cell proliferation when tested on a wide variety of human and murine 

tumor cell lines. The inhibition ranged from 70 to 100% (Jimenez-Medina et al., 2006). The ethyl acetate 

extract of C. arvensis flowers (CAF EtOAC) had cytotoxic activity against MCF-7 and MDA- MB-231 breast 

cancer cells, with IC50 values of 70 and 78 µg/mL, respectively (Abutaha et al., 2019).  

Antioxidant property: C. officinalis has a profound effect on the antioxidant defense system both in vitro 

and in vivo as the extract effectively scavenged superoxide, hydroxyl, and nitric oxide radicals in vitro and 

superoxide generated in vivo after the administration of phorbol esters in the mice (Preethi et al., 2006). 

The methanol and ethyl acetate extracts obtained from the flowers of C. arvensis showed higher DPPH 

radical scavenging activity and FRAP as well as AChE inhibitory activity (Ercetin et al., 2012). The ethyl 

acetate fraction of C. tripterocarpa exhibited the best antioxidant potential (IC50 = 14.32 μg/mL) as 

compared with standard antioxidant compound, vitamin C (Al-Rifai, 2018). 

Wound healing property: C. officinalis flower extract (100 mg/kg b.wt) treated group showed more than 

90.0 % of wound closure on eighth day of wounding, the days needed for re-epithelization reduced from 17.7 

to 14 and 13 days at a dose of 20 and 100 mg/kg b.wt, respectively than control and there was also significant 

increase in hydroxy proline and hexosamine content in 100 mg/kg b.wt the extract  treated group in mice 

(Preeti and Kuttan, 2009). 
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Anti-viral property: Both organic and aqueous extracts of C. officinalis were relatively nontoxic to human 

lymphocytic Molt-4 cells, organic extract exhibited potent anti-HIV activity in an in vitro MTT/tetrazolium-

based assay. In addition, in the presence of the organic extract (500 µg/mL), the uninfected Molt-4 cells 

were completely protected for up to 24 h from fusion and subsequent death, caused by cocultivation with 

persistently infected U-937/HIV-1 cells (Kalvatchev et al., 1997). Flavonoid based phytochemicals of 

calendula (rutin, isorhamnetin-3-O-b-D, calendoflaside) may be highly effective for inhibiting Mpro which is 

the main protease for SARS-CoV-2 causing the deadly disease COVID-19 (Das et al., 2020). 

Antibacterial property: Fresh leaves extract of C. officinalis exhibited toxic effect on E. coli with 

maximum inhibition zone (14 mm) in petroleum ether extract (1 ml/disc). In case of dried plant parts, dried 

leaf extract exhibited high inhibition zones with maximum inhibition (20 mm) of Klebsiella pneumoniae in 

petroleum ether extract (5 mg/disc) (Bissa and Bohra, 2011). Water extract of C. officinalis exhibited a good 

antibacterial activity against all pathogenic bacterial isolates (Salmonella, Shigella dysenteriae, Shigella 

flexneri, Shigella sonnei and E. coli) especially at concentration 100 µg/ml in contrast with the control 

cefotan antibiotic (Ghaima et al., 2013). Hexanolic extracts of C. arvensis were bactericidal for most bacteria 

while methanolic extracts were bacteriostatic (Abudunia et al., 2014). 

Antifungal property: The discs impregnated with 15 µg of C. officinalis flower oil produced inhibition 

zones ranging from 11 to 30 mm of the diameter against all investigated yeasts, including the clinical 

pathogens. The widest (28-30 mm) were obtained against Candida parapsilosis (isolates 11 and 12), 

Candida glabrata (isolate 15) and Rhodotorulla sp. (isolate 23) (Gazim et al., 2008). C. suffruticosa subsp. 

algarbiensis extract showed good results against Trichophyton mentagrophytes var. interdigitale CECT 

2958 and Trichophyton mentagrophytes FF7 with MIC and MLC of 200 µg/mL (Faustino et al., 2018). 

Other properties: The methanolic extract (1000 mg/kg) and n-butanol (500 mg/kg) fraction from C. 

officinalis exhibited potent inhibitory effects on increased levels of serum glucose in glucose-loaded rats, 

gastric emptying in 1.5 % CMC-Na meal loaded mice, and ethanol and indomethacin induced gastric lesions 

in rats (Yoshikawa et al., 2001). The extract of C. officinalis significantly reduced the number of abdominal 

constrictions and stretching of hind limbs induced by the injection of acetic acid. Naloxone + extract 

(150mg/kg) significantly increased the number of writhing. From the results it could be concluded that the 

C. officinalis extract exhibits anti-nociceptive activity (Shahidi et al., 2012). Ethanolic extract of C. 

officinalis was to exert antidepressant effects by inhibiting the monoamine oxidase-A (MAO-A) reaction, 

which is responsible for the regulation of the metabolism of the neurotransmitter 5-hydroxytryptamine (5-

HT) in the brain (Kaur et al., 2020). The nitrite production was significantly reduced in the presence of 

calendula oil, in a dose dependent way, attaining a decrease of 50% with 147 µL/mL of the oil anti-

inflammatory property (Silva et al., 2021). 

Commercial Products of Calendula 

 

 

   
Calendula Herbal 

Tea 

Antiseptic 

Cream 

Talc 

Powder 

Moisturizer Bath Bomb 
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INTRODUCTION 

Tomato belongs to the Solanaceous family. It is an important vegetable crop grown all over the 

world. It is an important source of Vitamin C, biotin, molybdenum, vitamin K and also a good source 

of copper, potassium, manganese, dietary fiber, vitamin A, B6, and E. Additionally, they are a good 

source of chromium, pantothenic acid, protein, zinc and iron. Vitamin C is water-soluble and essential 

for our normal growth and tissues in all parts of our body. In India, tomato crop cultivated in an area 

of about 8.09 lakh ha with a production of 196.97 lakh tons and productivity of 24.34 t ha-1. In Bihar 

tomato cultivated in area of 0.046 lakh ha area and 1.01 lakh tons production (Horticultural Statistics 

at a Glance (2017). Soil is usually the most available growing medium for plants. It provides nutrients, 

air, water, etc. for plant growth (Ellis et al., 1974). However, soils do pose serious limitations for plant 

growth too, at times. In some soil presence of disease-causing organisms and nematodes, unsuitable 

soil reaction, unfavorable soil compaction, poor drainage, etc. Another serious problem experienced 

is to hire labor at regular times for conventional open-field agriculture. Under such circumstances, 

soil-less culture can be introduced successfully. Three media such as Coco-peat, Perlite, Vermiculite 

are generally used as soil less media. Locally available materials like sand, paddy husk, saw husk along 

with vermicompost is also used as media. Coco-peat has the property of increasing the water 

availability of the potting mix as it increases the porosity and is free from soil-borne pathogens with 

slightly acidic pH (5.7-6.5), which is ideal for plant growth. Coco-peat delays flowering and keeps the 

humidity high in the medium (Rahbarian and Sardoei, 2014). The root growth of plants in the 

cocopeat mix is better, enabling higher uptake of water and nutrients. Perlite provides improved 

aeration, drainage, optimum moisture retention and easy nutrient availability to the plant. It is 

naturally occurring siliceous volcanic mineral sieved and heated to 1000°C. At these temperatures 

perlite expands to 4–20 times its original volume, due to the presence of 2 - 6 percent combined 

water in the perlite rock, producing a lightweight material with high porosity. Perlite can be used 

alone or mixed with other substrates for greenhouse plant production. The Mediterranean region has 

seen a rapid expansion of perlite soilless culture systems (grow bags), pioneered by Spain, where 
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they are used extensively, mainly for vegetable productions. The high porosity helps to control the 

water-holding capacity and aeration of the substrate (Grillas et al., 2001). Vermiculite is produced by 

heating the ground and sieved material to 700–1000 °C. Vermiculite is sterile, light in weight and has 

a high TPS. Its volume weight is 0.1 g cm-3. Vermiculite is used as a sowing medium, covering 

germinating seeds, and as a component of potting soil mixtures. Media containing vermiculite should 

be mixed dry; when mixed wet, the desirable physical properties deteriorate because particles tend 

to collapse flat (Handreck and Black, 2005). While perlite is mainly used to improve the drainage 

properties in a mix, vermiculite is used to increase the water-holding capacity of a growing medium. 

It can hold 3 - 4  times its weight of water. Furthermore, vermiculite can hold positive-charged 

nutrients such as K, Mg and Ca. Sand can be used as a growing medium or as a component of various 

substrate mixtures in order to improve the drainage properties. Pure sand is widely used in deserts 

and coastal plains, because it is a cheap, local, natural source. The volume weight of sand is 1.48–1.80 

g cm-3 and the TPS is relatively low at 0.30–0.45 (Raviv et al., 2002). The use of sandy mulch soil in 

greenhouse crop production reduces loss through evaporation and allows the use of more saline 

water without reducing the harvest. Vermicompost is used to describe all organic matter that has 

undergone long, thermophilic, aerobic decomposition. Composts can vary according to the raw 

material used and the exact nature of the process (Raviv et al., 2002). A wide range of organic waste 

can be composted for use as growing media: municipal solid waste, sewage sludge, poultry litter, 

chicken manure and other animal excreta, poppy straw, cotton gin trash, and waste from the food 

and processing industry. 

 
MATERIALS AND METHODS 

 
Factor A: Growing media 
M1:    Cocopeat + Perlite + Vermicompost (3:1:1) 
M2:    Cocopeat+ Perlite + Sand (3:1:1) 
M3:    Cocopeat + Vermiculite+ Perlite (3:1:1) 
 
Factor B: Fertigation 
F1  -  125 % RDF, F2 -100 % RDF, F3 - 75 
 
Factor C: Irrigation level 
I1 -   100 % ETc, I2 - 80 % Etc 
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Fig.1: Media preparation Fig.2: Nursery germination stage 

 
 

     Fig.3: Filled grow bags with media                                          

  

Fig. 5: Transplanting in grow bags Fig. 6: Response of Tomato in Field 

Fig.4: Installation of Drip Irrigation system in field 
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SUMMARY  
The with different soil less media like Cocopeat, Perlite,Vermiculite,Vermicompost and sand along 
with three levels of RDF  and two levels of irrigation. The tomato plants planted in grow bags 
irrigation and fertigation applied with drip irrigation system. Tomato crop of variety Avinash-2 was 
selected for experiment. The field layout done by using CRD with three replications. 
 The seasonal crop water requirement of tomato plants in soilless media in grow bages 
cultivation varies from 12.72 to 15.90 cm under irrigation level 80% and 100% Etc.The best growing 
media was found Cocopeat + Perlite + Vermicompost (3:1:1). The composite effect of growing media, 
irrigation and fertigation on vegetative growth and yield parameters (fruit length, fruit diameter, 
numbers of fruit per plant, fruit weight, yield per plant) was found better in Cocopeat + Perlite + 
Vermicompost + 0.80 ETc + 125 % RDF. The maximum average vegetative growth was recorded as 
102.12 cm, fruit length 5.55 cm, maximum diameter 5.29 cm, average numbers of fruit per plant 
63.73, average fruit weight 90.82 g, and maximum yield 5.23 kg per plant was recorded. However, 
the minimum yield was (2.88 Kg) under Cocopeat + Perlite + Vermicompost +75 % RDF+80 % ETc. The 
B: C ratio of 3.12 and maximum net income of Rs 211211/- per 1000 m2 in Cocopeat + Perlite + 
Vermicompost +125 % RDF+80 % ETc and minimum B: C ratio of 1.46 in Cocopeat + Perlite + 
Vermicompost +75 % RDF+80 % ETc (control).  
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INTRODUCTION 

Integrated and scientific management of the natural resources like soil, water, plant, human, 

animal and environment is essential for overall development. These natural resources can be best 

utilized and managed in an effective and gainful manner through watershed approach (Ghose 

et.al., 2008). Watershed management encompasses the concept of optimum utilization of soil and 

water for agricultural production as well as applying together the technical know-how, the people 

and the environment into a harmonious situation. Both natural resources and the socio-economic 

situations of any watershed are to be given equal importance. Integrated management of natural 

resources on watershed basis is the right approach for sustainable development for achieving 

goals like food security, poverty alleviation, and welfare of weaker sections of the society. The 

precious and most important human resources remained largely untapped particularly in rural 

areas and can be mobilized for the purposeful use of our physical, ecological, and biological 

endowments through integrated watershed development and management programmes. The 

watershed programme should aim at full employment of the people who are struggling to earn 

their livelihood also they are not expected to pay attention to the conservation strategy, unless 

their daily needs of food, fibre and fuel are met. 

 

Watershed 

The term watershed is commonly used to mean a drainage basin. A drainage basin is any area of 

land where precipitation collects and drains off into a common outlet, such as into a river, bay, or 

other body of water. The drainage basin includes all the surface water from rain runoff, snowmelt, 

hail, sleet and nearby streams that run down slope towards the shared outlet, as well as 

the groundwater underneath the earth's surface. Drainage basins connect into other drainage 

basins at lower elevations in a hierarchical pattern, with smaller sub-drainage basins, which in turn 

drain into another common outlet. Conceptually, watershed implies a drainage basin (fig.1) (Ghose 

et.al,2008) 
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Fig. 1: Concept of watershed 
 

 

INTEGRATED WATERSHED MANAGEMENT PROGRAMME (IWMP) 

The Integrated Watershed Management Programme (IWMP) is the new and unified approach of 

the GOI for treatment and development of the new generation watersheds in a realistic and 

holistic manner. The Government of India through the National Rainfed Area Authority (NRAA) has 

evolved the Common Guidelines, 2008 for implementation of the Watershed Development 

Projects. The major areas in which paradigm shift has been made under the programme are, inter-

alia, institutional funding of the State Government through the State Level Nodal Agency (SLNA) at 

the State Level, constitution of District and Project Level Institutions for implementation of the 

projects for the Participatory Watershed projects with financial, social and economic 

empowerment to the watershed communities in close coordination with the local institutions. 

Another aspect is the equity and participatory resources management with due regards to the 
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economically weaker section within the village community.  The Central and State share for the 

IWMP projects is in the ratio of 90:10. (IWMP Batch I (2009-10) 

 

The main aims of this programme are as follows:  

▪ To restore the ecological balance by harnessing, conserving and developing degraded 

natural resources such as soil, vegetative cover and water.  

▪ The outcomes are prevention of soil run-off, soil loss.  

▪ Regeneration of natural vegetation.  

▪ Rain water harvesting and recharging of the ground Water table.  

▪ Enabling multi-cropping and the introduction of diverse agro-based activities, which help to 

provide sustainable livelihoods to the people residing in the watershed area.  

 

The main objectives of this programme are as follows:  

▪ To dissipate soil and water erosion and surface run-off.  

▪ To harvest/recycle surface runoff and rainwater.  

▪ To enhance soil moisture regime/water holding capacity.  

▪ To promote sub-surface flow, base flow and ground water recharge.  

▪ To improve soil health and tilth.  

▪ To improve production and productivity.  

▪ To promote generation and gainful employment opportunities.  

 

The Salient feature of this project duration is from 4 years to 7 years depending upon nature of 

activities spread over distinct phase viz., preparatory phase, works phase and consolidation phase. 

Conservation, productivity and livelihoods: Conservation is to be given priority resulting in 

productivity enhancement and livelihoods. Resource development and usage is to be planned to 

promote farming and allied activities to create local livelihoods while ensuring resources 

conservation and regeneration.  

Size: The new approach envisages a broader vision of geo-hydrological units normally of average 

size of 1,000 to 5,000 hectares comprising of clusters of micro-watersheds. 

 

Soil Conservation components: 

Some importance soil and water conservations components which are applicable to conserve soil 

and water are contour bunding, bench terracing, half moon terracing, contour trenching, grass 

water ways (Fig. 3-6) were adopted at suitable locations on slopes for soil erosion control and 

water harvesting ponds on foot hills were created towards conservation of the natural resources. 

Drainage line treatment structures (fig. 7-10) like drop spillway and retaining wall, rectangular 

weir, rough stone dry pack check dam with sausage across gully, gabion structure cum check dam, 

emergency spillway was constructed for arresting soil erosion, harvesting of water, diversion of 

water for irrigation, water resources development. 
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Figure 3. Contour bunding 

 
Figure 4. Half moon terracing 

 
Figure 5. Bench terracing 

 
Figure 6. Contour trenching 

 
Figure 7. Drop structure 

 
Figure 8. Rectangular weir 

 
Figure 9. Water harvesting pond  

Figure 10. Gabion structure cum check dam 
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INTRODUCTION 

Angiogenesis refers to generation of new blood vessels from the pre-existing arteries, veins, and 

capillaries of endothelial cells. Zhao Y. (2020). Angiogenesis is essential for healing, growth, development, 

and maintenance. The body controls angiogenesis by balancing stimulatory and inhibitory factors.  When 

this balance is disrupted, the result is either too much or too little angiogenesis. Many debilitating 

conditions are associated with abnormal blood vessel growth. Indeed, overgrowth or lack of growth may 

be the cause of many medical conditions, including cancer, skin diseases, age-related blindness, diabetic 

wounds that do not heal, heart disease, and strokes. 

  In recent years, many studies have shown that the active components of food have a certain 

regulatory effect on angiogenesis and negligible clinical limitations. Pan, D., et al., (2021). In this review 

mechanism of angiogenesis and the role of bioactive compounds in anti-angiogenesis effects. This article 

highlights the important role of functional foods in antiangiogenic compounds. 

 

Mechanism of angiogenesis  

 Angiogenesis is actually regulated by a vast number of on and off switches. These switches are 

delicately balanced. Increasing the number of pro-angiogenic factors (on switches) can start or speed up 

angiogenesis, while decreasing the number of pro-angiogenic factors can slow it down or stop 

angiogenesis. In addition, there are also off switches (anti-angiogenic factors) that decrease or stop 

angiogenesis. Anti-angiogenic factors work in opposition to pro-angiogenic factors.  

 During angiogenesis, endothelial cells are stimulated by various growth factors such as vascular 

endothelial growth factor (VEGF), fibroblast growth factor (FGF), platelet derived growth factor (PGDF), 

hepatocyte growth factor (HGF), angiopoietins and receptors belonging to the family epithelial growth 

factors. VEGF and FGF are considered to be the important factors in angiogenesis. 
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Fig : 1. ON and OFF switches of Angiogenesis 

 

 

Vascular endothelial growth factor (VEGF), and VEGF receptor (VEGFR), angiogenesis factors can be 

affected and regulated by food active ingredients. Varol and  Mehmet (2020). 

 

Physiological and pathological angiogenesis 
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     Functional foods are modified food or food ingredients that may provide a health benefit beyond 

the nutrient contents. A nutraceutical is defined as a substance that is a food that can helps to treat and 

prevention of diseases Losso and Jack N. (2003). It helps to prevent angiogenesis related complications.  

          Some of the important source of natural bioactive compounds and their effects on angiogenesis are 

soy contained genistein, green tea contains epigallocatechin 3-gallate, wine contained resveratrol, 

unfiltered coffee contained kahweol, virgin extra olive oil contained oleocanthal and hydroxytyrosol, 

rosemary extracts contained carnosol, carnosic acid and it had anti- angiogeneic effects by modulating 

different pathways. Bruemmer (2012). 

Now angiogenesis-based medicine and therapeutic angiogenesis for restoring the body’s natural 

control of angiogenesis is a wide-ranging approach to fighting disease Inhibit or stimulate angiogenesis. 

Prolonging the lives of cancer patients, preventing limb amputations, reversing vision loss, and improving 

general health are some of the benefits of Angiogenesis based theraphy. 

 

Antiangiogenic foods with their main active principles: 

 A wide range of plants contains compounds with angiogenesis modulating properties. Different 

classes of anti-angiogenic and anti-carcinogenic bioactive plant compounds present in fruits and 

vegetables include flavonoids, antioxidants, carbohydrates and triterpenoids. Compounds knowns as 

chemo preventive agents, which include resveratrol, catechins genistein, curcumin, as well as others, such 

as diallyl sulfide, S-allyl cysteine, allicin, lycopene, capsaicin, 6-gingerol, ellagic acid, ursolic acid, silymarin, 

anethol, and eugenol. These agents have been suggested to suppress cancer cell proliferation, inhibit 

growth factor signaling pathways, induce apoptosis, as well as inhibit angiogenesis. 

 A chemical that interferes with the signals to form new blood vessels is called an angiogenesis 

inhibitor. Angiogenesis inhibitor therapy may stabilize the tumor and prevent it from growing further. Or 

it may reduce the size of the tumor. An angiogenesis inhibitor medicine, bevacizumab, has been approved 

by the FDA to aid in the treatment of glioblastoma, colorectal cancer, non-small cell lung cancer, liver 

(hepatocellular) carcinoma, neuroendocrine tumors, and metastatic renal cell cancer. Thus, anti-

angiogenic compounds are emerging as leading molecules among the plethora of compounds with anti-

angiogenic activity. 

 

Table 2: List of Antiangiogenic foods with their main active principles 

Category Food Active Principles 

Beverages 

 and drinks 

Green tea, red wine Stilbenoids (resveratrol), flavanols 

(catechins) 

Fruits Strawberries, blackberries, raspberries, 

blueberries, cranberries, apple, 

pineapple, cherries, oranges, grapefruit, 

lemons, red grapes, pomegranate 

Carotenoids (lycopene), the most part of 

flavonoids and in particular glycosides of 

anthocynidins (anthocyanins), 

stilbenoids (resveratrol), flavanones 
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(hesperetin), 

Vegetables and 

mushrooms 

Soy beans, artichokes, tomatoes, garlic, 

kale, broccoli, cauliflower, Brussels 

sprouts, bok choy, lavender, maitake 

mushrooms, parsley, pumpkin 

Flavones (apigenin), isoflavones 

(genistein), flavonols (quercetin), 

isothiocyanate (sulfurafane), glycosides 

of anthocyanidins (anthocyanins) 

Oils Extra-virgin olive oil, grapeseed oil Oleic acid, phenylethanoids 

(hydroxytyrosol). 

Other Dark chocolate, ginseng, licorice, 

turmeric, ginger, nutmeg, cinnamon, red 

propolis 

Glycosides of anthocyanidins 

(anthocyanins), ginsenoides, phenolic 

acids (curcumin) 

Fish and meat Tuna, sea cucumber Omega-3 fatty acids, 

mucopolysaccharides, saponins 

         

   To date, the stimulation of angiogenesis using angiogenesis peptides has produced encouraging clinical 

results in treating coronary artery diseases. Blocking angiogenesis with antibodies/ peptides/ 

Nanoparticles / siRNA/Flavonoids/chalcones of angiogenic factors or with enzyme inhibitors is effective 

for treating malignancy. Food components can influence angiogenesis. For example studies demonstrated 

that hypercholesterolemia enhances the synthesis of VEGF. It is thus conceivable that long term changes 

in lipid blood constituents, which may be the result of improper diet, can influence angiogenesis and add 

to the pathogenesis of cardiovascular diseases. The antiangiogenic functional foods provide a good 

strategy for the prevention of angiogenic diseases- 

 

Functional foods and their bioactive compounds effects on Anti angiogenesis  

Sl. 

no 

Bioactive 

compounds 

Foods Findings Mechanisms References 

1. Acacetin Wine, Tea Angiogenesis 

were inhibited. 

Downregulation of STAT 

signaling and VEGF 

expression, inhibition of 

HIF-1α expression and 

AKT activation 

Bhat et al., (2013). 

2. Aloin Aloe Vera Inhibition of 

angiogenesis 

Downregulation of VEGF 

expression, and STAT3 

and VEGFR2 

phosphorylation, 

Pan et al., (2013) 

3. Apigenin Fruits and 

vegetables 

Antiangiogenic Downregulation of HIF-

1α and VEGF expression 

Fang et al.,(2007) 
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via PI3K/AKT/ p70S6K1 

and HDM2/p53 

pathways 

4. β-Sitosterol Rice bran, 

wheat germ, 

peanuts, 

corn oils, 

and 

soybeans. 

Promotion of 

endothelial 

migration and 

angiogenesis 

Induction of VEGF, VEGF 

receptor Flk-1, and 

laminin expression 

Choi et al,. (2002) 

5. Caffeic acid Apples, 

artichoke, 

berries, 

olives, and 

pears 

Inhibition of 

angiogenesis 

Inhibition of VEGF-

induced endothelial 

proliferation, migration, 

and tube formation, 

reduction in JNK-1-

mediated HIF-1α 

stabilization 

Gu et al., (2016) 

6. Cucurbitacin E Melons 

cucumber, 

gourds. 

Antiangiogenic Inhibition of VEGFR2-

mediated Jak2–STAT3 

signaling pathway 

Dong et al., (2010) 

7. Curcumin Turmeric Inhibition of 

tube formation, 

migration, and 

colony 

formation 

Regulation of the NF-

κB/VEGF signaling, 

STAT3, 

proliferatoractivated 

receptor gamma, IL-4 

and IL-13 production, 

and TAM polarization 

Huang et al., 

(2017) 

8. Ellagic acid Strawberries

, 

raspberries, 

blackberries, 

cherries, and 

walnuts. 

Angiogenesis 

were inhibited 

Inhibition of VEGF and 

PDGF receptors, VEGF, 

MAPK, and PI3K/Akt 

signaling pathways 

Wang et al., (2012) 

9. Epigallocatechin

-3-gallate 

Tea, 

hazelnut 

and 

walnut 

Prevention of 

new blood 

vessel 

formation 

Inhibition of VEGF 

signaling 

Moyle et al., (2015) 
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10. Gallic acid Plums, 

grapes, 

mango, 

cashew nut, 

hazelnut, 

walnut, tea, 

wine 

Inhibition of 

VEGF-mediated 

in vitro 

angiogenesis 

Inhibition of VEGF 

secretion, 

downregulation of AKT 

phosphorylation and HIF-

1α expression, and 

promotion of PTEN 

expression 

He et al., (2016) 

11. Hydroxytyrosol Olive oils 

and table 

olives. 

Inhibition of 

endothelial cell 

proliferation, 

cellular 

migration, and 

endothelial 

tube formation 

Downregulation of 

MMP-2 expression 

Fortes et al.,(2012) 

12. Indole-3-

carbinol 

Broccoli, 

Brussels 

sprouts, 

cabbage, 

collards, 

cauliflower, 

kale, 

mustard 

greens. 

Antiangiogenic Downregulation of PI3K, 

Akt, mTOR, NF-κB 

signaling pathways 

Ahmad et al., 

(2013) 

13. Lycopene Tomatoes Antiangiogenic Inhibition of MMP-2/uPA 

system through VEGFR2-

mediated PI3K-Akt and 

ERK/p38 signaling 

pathways 

Chen et al., (2012) 

14. Quercetin Onions, 

apples, 

grapes, 

berries, 

broccoli, 

citrus fruits, 

Inhibition of 

angiogenesis 

Regulation of VEGFR- 2 

regulated 

AKT/mTOR/P70S6K 

signaling pathways 

Pratheeshkumar et 

al., (2012) 

15. Resveratrol Grapes, 

wine, grape 

Inhibition of 

VEGF-induced 

Regulation of Erk1/2, 

Akt, MAPK 

Wu et al., (2018) 
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juice, 

peanuts, 

cocoa, 

angiogenesis phosphorylation, 

expression of S6 protein, 

and HIF-1α, IFN-γ 

secretion, and TAM 

programming 

 

CONCLUSION 

Angiogenesis inhibitors are likely to change the face of medicine in the next decade. Many functional 

foods have ability to inhibit the steps of angiogenesis leading to the regression/ inhibition of vascular 

development. Functional foods contain bioactive compounds it had the ability to dual activity, for 

example red wine contain polyphenols low doses it promotes the angiogenesis and high doses were 

antiangiogenic, acting on different cellular and molecular mechanism. Now a days, functional foods for 

the prevention and treatment of angiogenesis is gaining more attention and many research articles 

reported that anti- angiogenesis effects of food components. Plants contains bioactive components   had 

anti-angiogeneic effects by modulating different pathways. So, identification of natural food components 

for preventing or treating angiogenesis – associated complications had greater advantage because of 

their limited side effects and low toxicity effects. 

 

REFERENCES 

[1]. Yan H. P., Zhao Y. (2020). The role of EGF like domain 7 in angiogenesis. J Prac. Med. 37 (2), 179–182. 
10.14172/j.issn1671-4008.2020.02.027 [CrossRef] [Google Scholar] 

[2]. Pan, D., Gong, X., Wang, X., & Li, M. (2021). Role of active components of medicinal food in the regulation 
of angiogenesis. Frontiers in Pharmacology, 11, 2045. 

[3]. Losso, Jack N. "Targeting excessive angiogenesis with functional foods and nutraceuticals." Trends in Food 
Science & Technology 14.11 (2003): 455-468. 

[4]. Varol, Mehmet. "Natural remedies and functional foods as angiogenesis modulators." Functional Foods in 
Cancer Prevention and Therapy. Academic Press, 2020. 1-31. 

[5]. Bruemmer, Dennis. "Targeting angiogenesis as treatment for obesity." Arteriosclerosis, thrombosis, and 
vascular biology32.2 (2012): 161-162. 

[6]. Haghighi, S.R., et al., 2017. Anti-carcinogenic and anti-angiogenic properties of the extracts of Acorus 
calamus on gastric cancer cells. Avicenna J. Phytomed. 7 (2), 145. 

[7]. Moon, E.-J., et al., 1999. A ncovel angiogenic factor derived from Aloe vera gel: β-sitosterol, a plant sterol. 
Angiogenesis 3 (2), 117–123 

[8]. Rashidi, B., et al., 2017. Green tea and its anti-angiogenesis effects. Biomed. Pharmacother. 89, 949–956. 

[9]. Lu, J., et al., 2009. Novel angiogenesis inhibitory activity in cinnamon extract blocks VEGFR2 kinase and 
downstream signaling. Carcinogenesis 31 (3), 481–488. 

[10]. Huang, W., et al., 2015. Potent anti-angiogenic component in Croton crassifolius and its mechanism 
of action. J. Ethnopharmacol. 175, 185–191. 

[11]. Sengupta, S., et al., 2004. Modulating angiogenesis: the yin and the yang in ginseng. Circulation 110 
(10), 1219–1225. 

812

http://www.agrifoodmagazine.co.in/
https://doi.org/10.14172%2Fj.issn1671-4008.2020.02.027
https://scholar.google.com/scholar_lookup?journal=J+Prac.+Med.&title=The+role+of+EGF+like+domain+7+in+angiogenesis&author=H.+P.+Yan&author=Y.+Zhao&volume=37&issue=2&publication_year=2020&pages=179-182&doi=10.14172/j.issn1671-4008.2020.02.027&


AGRICULTURE & FOOD: e-Newsletter                                 Volume 04 – Issue 04 – April  2022  

www.agrifoodmagazine.co.in  
e-ISSN: 2581-8317 
 

 

[12]. Lay, S., et al., 2003. Crude extract of Salvia miltiorrhiza and salvianolic acid B enhance in vitro 
angiogenesis in murine SVR endothelial cell line. Planta Med. 69 (01), 26–32. 

[13]. Zhao, J., et al., 2014. Total alkaloids of Rubus alceifolius poir shows anti-angiogenic activity in vivo 
and in vitro. Integr. Cancer Ther. 13 (6), 520–528. 

[14]. Ahn, E.-K., et al., 2007. Anti-inflammatory and anti-angiogenic activities of Gastrodia elata Blume. J. 
Ethnopharmacol. 110 (3), 476–482. 

[15]. Bhat, T.A., et al., 2013. Acacetin inhibits in vitro and in vivo angiogenesis and down-regulates Stat 
signaling and VEGF expression. Cancer Prev. Res. 6, 1128–1139. 

[16]. Pan, Q., et al., 2013. Inhibition of the angiogenesis and growth of Aloin in human colorectal cancer 
in vitro and in vivo. Cancer Cell Int. 13 (1), 69. 

[17]. Fang, J., et al., 2005. Apigenin inhibits VEGF and HIF-1 expression via PI3K/AKT/p70S6K1 and 
HDM2/p53 pathways. FASEB J. 19 (3), 342–353. 

[18]. Choi, S., et al., 2002. Angiogenic activity of β-sitosterol in the ischaemia/reperfusion-damaged brain 
of Mongolian gerbil. Planta Med. 68 (04), 330–335. 

[19]. Gu, W., et al., 2016. Caffeic acid attenuates the angiogenic function of hepatocellular carcinoma 
cells via reduction in JNK-1-mediated HIF-1α stabilization in hypoxia. RSC Adv. 6 (86), 82774–82782. 

[20]. Dong, Y., et al., 2010. Cucurbitacin E, a tetracyclic triterpenes compound from Chinese medicine, 
inhibits tumor angiogenesis through VEGFR2-mediated Jak2–STAT3 signaling pathway. Carcinogenesis.31 
(12),  2097–2104. 

[21]. Huang, F., et al., 2017. Curcumin inhibits gastric cancer-derived mesenchymal stem cells  mediated 
angiogenesis by regulating NF-κB/VEGF signaling. Am. J. Transl. Res. 9 (12), 5538. 

[22]. Wang, N., et al., 2012. Ellagic acid, a phenolic compound, exerts anti-angiogenesis effects via 
VEGFR-2. signaling pathway in breast cancer. Breast Cancer Res. Treat. 134 (3), 943–955. 

[23]. Moyle, C.W., et al., 2015. Potent inhibition of VEGFR-2 activation by tight binding of green tea   
epigallocatechin gallate and apple procyanidins to VEGF: relevance to angiogenesis.Mol. Nutr. Food Res. 59 
(3),401–412. 

[24]. He, Z., et al., 2016. Gallic acid, a phenolic compound, exerts anti-angiogenic effects via the 
PTEN/AKT/HIF-1α/VEGF signaling pathway in ovarian cancer cells. Oncol. Rep. 35 (1), 291–297. 

[25]. Fortes, C., et al., 2012. Evaluation of the anti-angiogenic potential of hydroxytyrosol and tyrosol, 
two   bioactive phenolic compounds of extra virgin olive oil, in endothelial cell cultures. Food Chem. 134 (1), 
134–140. 

[26]. Ahmad, A., et al., 2013. Targeted regulation of PI3K/Akt/mTOR/NF-κB signaling by indole 
compounds and their derivatives: mechanistic details and biological implications for cancer therapy. 
Anticancer Agents, Med. Chem. 13 (7), 1002–1013. 

[27]. Chen, M.L., et al., 2012. Lycopene inhibits angiogenesis both in vitro and in vivo by inhibiting MMP-
2/uPA system through VEGFR2-mediated PI3K-Akt and ERK/p38 signaling pathways. Mol. Nutr. Food Res.56 
(6), 889–899. 

[28].  Pratheeshkumar, P., et al., 2012b. Quercetin inhibits angiogenesis mediated human prostate 
tumor growth by targeting VEGFR-2 regulated AKT/mTOR/P70S6K signaling pathways. PLoS One. 
7(10)e47516. 

[29]. Wu, H., et al., 2018. Resveratrol inhibits VEGF-induced angiogenesis in human endothelial cells 
associated with suppression of aerobic glycolysis via modulation of PKM 2 nuclear translocation. Clin. Exp. 
Pharmacol. Physiol. 

 
 

813

http://www.agrifoodmagazine.co.in/


AGRICULTURE & FOOD: e-Newsletter                                 Volume 04 – Issue 04 – April  2022  

www.agrifoodmagazine.co.in  
e-ISSN: 2581-8317 
 

 SEED PRODUCTION AND SEED CERTIFICATION 

STANDARDS IN CABBAGE 

 
Article id: 36786 

Rameshkumar D1*, Senthilnathan S2 and Murlidharan B3 

1Senior Research Fellow at Directorate of Agribusiness Business Development, TNAU, Coimbatore 
2Assistant professor Agricultural Economics, TNAU, Coimbatore-03. 3Teaching Assistant, HC & RI, TNAU, 

Coimbatore 

 
 

SEED PRODUCTION 

Climatic requirements 

• Cabbage thrives well in a cool, moist climate with moderate rainfall.  

• It can withstand frost in the head stage.  

• It requires a dormant period of cool temperature (Chilling/vernalization) to bolt and initiate seed 

stalks and flower. 

• After the cold treatment at 4 to 7oC for 4-6weeks, the plant bolt sooner and flower more 

abundantly but the plants must have passed juvenile phase (pencil thickness of stem). 

• Intensity of flowering depends upon age of plants and 3-5months old plants are capable of 

transformation (early vernalized) since they pass the juvenile phase. 

Land requirements: 

Land should be free from volunteer plants and crop debris.  

 

Methods of seed production 

• Being a biennial, cabbage requires two seasons to produce seed. 

• For seed production, sowing time should be adjusted in such a way that heads get ready by the 

onset of winters. 

• In the first season, the heads are produced and in the following season formation of seed stalks 

begin and the process of seed production follows.  
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• The seed crop can be left in situ or replanted during autumn.  

• The in-situ method is usually followed for certified seed production and the ex-situ for nucleus 

seed production. 

• In in-situ method, the crop is allowed to over winter and produce seed in their original position, 

i.e. where they are first planted in the seedling stage. 

• In higher hills where heavy snowfall is experienced during winters, heads are uprooted and stored 

in trenches to avoid snow injury to the heads.  

• In replanting method, the mature heads/plants are uprooted.  

• After removing whorls (non wrapper leaves), the plants are immediately reset in a well prepared 

new field, in such a way that the whole stem below the head is set in the soil with the head resting 

just above their surface. 

 

Ex-situ/replanting method of producing seed of cabbage: 

This method is further divided into three methods to produce seed of cabbage: 

i) Stump method: 

• In this method, when the crop in the first season is fully mature, the heads are examined for true 

to type.  

• The plants with off type heads are removed.  

• Then heads are cut just below the base by means of a sharp knife, keeping the stem with outer 

whorl of leave intact.  

• The beheaded portion of the plant is called ‘Stump’. 

• The heads are marketed and the stumps either are left in-situ, or replanted in the second season 

i.e. during autumn.  

• The following spring, after the dormancy is broken, the bud sprout forms the axils of all the leaves 

and leaf scars. 

Advantages:  

• This method gives extra income by way of sale of heads.  

• The crop matures 12-15days earlier than the head intact method and seed yield is slightly higher. 
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Disadvantages:  

• In this method, flowering shoots are decumbent and require very heavy staking, otherwise they 

breakdown very easily while interculturing or spraying.  

ii) Stump with central core method: 

• In this method, when the crop is fully mature in the first season, the heads are examined for true 

to type.  

• Plants with off-type heads are removed and rejected.  

• Then the heads are chopped on all sides with downward perpendicular cuts in such a way that the 

central core is not damaged.  

• This is an improvement over stump method in that the shoots arising from the main stem are not 

decumbent.  

• During the last week of March, and until 15th April, when the heads start bursting, two vertical 

cross-cuts are given on the heads (Kalpa valley of HP).  

• Taking care that the central growing point is not injured.  

• In the absence of such cuts, the heads burst out irregularly and sometimes the growing tip is 

broken.  

• The operation is completed by going around the field twice or thrice during this period.  

Advantages:  

• Shoots arising from the main stem are not decumbent, hence very heavy staking is not required 

and seed yield is increased. 

Disadvantage:  

• The chopped head can not be marketed.  

 

iii) Head intact method:  

• In this method, when the crop is fully mature in the first season, the heads are examined for true 

to type.  

• The plants with off-type heads are removed from the field.  

• The head is kept intact and only a cross cut is given to facilitate the emergence of a stalk. 
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Advantage:  

• The removal of head (stump method) or chopping of heads on all sides (central core intact 

method) is not required.  

• This saves time and labour and staking is not required. 

Disadvantage:  

• The seed yield is slightly low as compared to stump and stump with central core intact method. 

 

Brief Cultural Practices (In-situ method) 

Time of sowing and transplanting 

• The sowing time of different varieties should be adjusted according to complete head formation 

by the end of October or first week of November in high hills before snowfall.  

• When the mean temperature falls to 10oC or below the heads stand best for over wintering.  

• Early varieties are sown from 10th July to 25th July and transplanted when the seedlings are three 

to four weeks old. 

• The late crop, planted during September does not form heads and bolts directly during spring. 

• Late varieties take about 2 to 3 months to produce mature heads and should be sown during the 

second and first fortnight of June, respectively and transplanting finished by the first week of 

August.  

• The mean temperatures viz., 22.5oC, 20oC and 14oC of August, September and October, 

respectively, afford optimum requirements for growth and head development. 

• The transplanted crop starts head formation during spring and continues up to June and usually 

does not produce seed stalks. 

Preparation of land for replanting  

• Prepare the land to a fine tilth by repeated ploughings and harrowings followed by leveling. 

Nutrient management 

• Cabbage grows well only when the supply of organic matter is liberal.  

• In addition to head crop, apply 100quintals of farmyard manure per hectare at the time of land 

preparation for good seed crop.  
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• Also apply about 100 kg nitrogen, 100 kg phosphorus and55 kg potash per hectare before 

replanting of heads. 

• Another dose of 50 kg/ha nitrogen will be applied at the time of seed stalk emergence during 

March –April. 

• Extra application of nitrogen may be given as and when there is a need before flowering starts, 

depending upon the condition of the crop. 

Spacing 

• Early varieties 45 x 45 cm  

• Medium varieties 60 x 45 cm 

• Late varieties 60 x 60 cm  

Irrigation 

• Cabbage requires a continuous supply of moisture.  

• Irrigate the crop as frequently as required.  

• Heavy irrigation should, however, be avoided when the heads are formed.  

• A sudden heavy irrigation after a dry spell may cause bursting of heads. 

Hoeing and Weeding 

• At least three weddings and hoeing till the end of October are essential.  

• One weeding and earthing up during June the second during August is required which control 

weeds and also help in proper drainage during winter and thereafter. 

Handling the Mature Head 

• Before the onset of winters, fully developed heads are uprooted and selected on the basis of 

varietal characteristics for seed production. 

• Handling of plants can be done by any one of the methods described earlier. 

Roguing  

• The first roguing is done at the time of uprooting and selection of the mature heads.  

• All off type heads, diseased, or otherwise undesirable types, are removed at this stage.  

• The second rouging is done before the heads start bursting.  

• The loose leaved, poorly heading plants and those having a long stem with heavy frame must be 

rouged out at this stage.  

818

http://www.agrifoodmagazine.co.in/


AGRICULTURE & FOOD: e-Newsletter                                 Volume 04 – Issue 04 – April  2022  

www.agrifoodmagazine.co.in  
e-ISSN: 2581-8317 
 

• It is highly undesirable to keep such poor plants in the seed plots.  

• Subsequent roguing for off-types, diseased plants affected by phyllody, black leg, soft rot or leaf 

spot should be done from time to time as required.  

Staking 

• After the flower stalks are sufficiently developed, staking is necessary to keep the plants in an 

upright position.  

Harvesting and Threshing  

• Cabbage starts seed stalk elongation from March onwards when the mean temperature rises to 

10-13oC.  

• Flowering and pod formation starts during the first week of April at mean temperature of 13-

18.5oC.  

• From 15th April, to 15th May, the crop is in full flush of flowering and fruiting.  

• The ripening of pods commences by 15th June to 20th June and the harvesting continues up to 

second week of July.  

• At mean temperature below 20oC during June and July, the maturity of crop is delayed at least by 

a fortnight and the harvesting may continue up to July end.  

• To avoid shattering of seeds, the whole crop is harvested in two or three lots with sickles. 

• Generally, the early maturing plants are harvested first and when the pod colour is about 60-70per 

cent of the rest of the crop changes to yellowish brown, it is harvested completely and piled up for 

curing.  

• After 4-5days, it is then threshed with sticks and sifted with hand sifters.  

• Afterwards, the seeds are cleaned and stored. 

Seed Yield 

• 700 kg per hectare. 

 

SEED CERTIFICATION STANDARDS 

I. Field inspection  

• A minimum of three inspections should be done, the first before the marketable stage, the second 

at the marketable stage and the third at flowering stage.  
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II. Field standards 

A. General requirements 

Isolation:  

• Seed fields should be isolated from the contaminants shown below:  

Contaminants Minimum distance (Meters)  
Foundation Certified 

Fields of other varieties  1600 1000 

Fields of the same variety not conforming to varietal 
purity  

1600 1000 

 

B. Specific requirements 

Factors Maximum Permitted  
(Per cent)  
Foundation Certified 

Off types 0.10 0.20 

Plants affected by seed borne diseases  0.10 0.50 

 

C. Seed Standards 

Factors Standards for each class 

Foundation Certified 

Pure seed (minimum) % 98 98 

Inert matter (maximum) %  2 2 

Other crop seeds (maximum) Number/kg 5 10 

Weed seeds (maximum) Number/kg 5 10 

Germination (minimum) % 65 65 

Moisture (maximum) % 7 7 
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In recent times cultivation of vegetables and selected fruits in hydroponic systems is increasing 

as it enables the city dweller to grow fresh vegetables and fruits at their terrace. Many companies are 

coming forward and developed various kind of hydroponic unit. Various research institutes also are 

developing large hydroponics structure for research purpose.  

Although there is many research on hydroponic structure, few work have been carried out on 

identification of vegetable genotype suitable for hydroponic purpose. ICAR-RCER recently has started 

research on identification of Indian vegetables genotype for their suitability in hydroponics system. Since 

vast of Indian states prefer leafy mustard, coriander greens, palak etc. ICAR-RCER has started work on 

these crops and after preliminary observation few germplasms are identified based on their nutritional 

superiority and morphology.  

Identification of promising leafy mustard genotype for antioxidants and suitability for hydroponics: 

Vast of Indian subcontinent prefer leafy mustard. Traditionally young mustard plant after thinning out 

has been used for culinary purpose. ICAR-RCER have collected more than 100 germplasms of leafy 

mustard (Brassica juncea var. rugosa). All these germplasms of leafy mustard were evaluated for 

suitability of growing under hydroponics. A wide range of variation was observed with respect of fresh 

leafy yield, leafy morphology, plant morphology and earliness of bolting (Table 1). Few unique 

germplasms with distinct leaf and plant morphology were identified as shown in Fig 1(a) and Fig 1(b). 

 

Table 1: Morphological and biochemical character of leafy mustard germplasm 

Characters Value (Range) Best Material 

Plant height before flowering 16 cm to 32 cm IC597917-b, IC597946c 

Total plant weight 7 grams to 58 grams IC597947-a, IC491255 

Total phenolics 323 mg GAE to 569 mg GAE/100g  IC 491254, IC597922a 

Total Antioxidant activity 5.22 µM/g to 7.13 µM/g IC 491254, IC597922a 
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Fig 1(a):  Mustard germplasm for hydroponics 

 

 

 

 

 

 

 

 

 

Fig 1(b): Mustard germplasm for hydroponics (purple coloured) 

 

Identification of promising coriander genotype for delayed flowering and suitability for hydroponics: 

Coriander is important culinary plant mostly used for garnishing of curry. Although it introduced Indian 

kitchen in late 90s, now it has huge demand throughout the year. Except for winter season, Indian 

coriander genotype flower early and thus these genotypes are not suitable culinary use when targeted 

for leaves purpose. To meet this demand materials from Bulgaria is coming to India. However, Bulgarian 

genotype are unable to produce aroma at high temperature. ICAR-ICER have collected more than 20 

germplasms of coriander with the objective of identification delayed flowering and rosette type 

coriander. A wide range of variation was observed with respect of fresh leafy yield, leafy morphology, 

plant morphology and earliness of bolting (Table 1). One unique germplasm with delayed flowering and 

plant morphology were identified (Fig 2).  
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Fig 2: Delayed flowering genotype of coriander 

 

Table 2:  Morphological and biochemical character of coriander germplasm 

Character Value (Range) Best Material 

No of leaves 21 to 32 No IC143634-a; IC143634-b 

Days to first flowering  36 to 56 days IC143634; IC143625  

Total phenolics 110 to 130 mg GAE/100g  IC143606; IC143623 

Total antioxidant activity 2.22 µM/g to 2.53 µM/g IC143625; IC143623 
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INTRODUCTION  

Seed certification is a scientific and systematically designed, legally sanctioned process for quality 
control of seeds through verification of seed sources, field inspection of seed crop, supervision at post-
harvest stages including processing and packaging, seed sampling and analysis, grant of certificate, 
certification tags, labels and sealing 
 
OBJECTIVES 

To ensure genuineness and quality of seed to the purchaser; provision of a continuous supply of 
comparable material by careful maintenance is must. With the promulgation of the Seeds Act, 1966, 
certification system is accepted for notified varieties of crops. For implementing the provisions of section 8 
of the Act, Seed Certification Agencies have been established under the Societies Act, 1886 at State level 
and a Central Seed Certification Board has been established under section 8(a) of the Act, amended in 
1972, primarily to render advisory services on scientific and operational matters to the Central Government 
and State Seed Certification Agencies. 
 
Characteristics of quality seed 

High in germination and vigour, genetically and physically pure, free from seed-borne diseases, free 
from insect damage are the characteristics of quality seed. 
 
Certification standards 

To determine the quality of the seed, prescribing the minimum standards under the certification 
programme is essential. These are formulated by the officially constituted committees or agencies. These 
standards are required for the verification of varietal purity, isolation, seed-borne diseases, weed seeds 
and other crop seeds, germination, seed health, moisture content at field inspection of the standing crop 
and during the tests conducted in the laboratory. Under the Indian Seeds Act, 1966, seed certification 
standards have been developed and are continuously reviewed for making necessary amendments 
according to the needs and based on scientific findings over the years. The Indian Minimum Seed 
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Certification Standards should be applicable uniformly throughout the country. These certification 
standards are in 2 parts—general and specific. Only those varieties are eligible for certification which are 
notified by the Central Seed Committee. Some of the prescribed field standards are given in Table 1 and 
seed standards in Table 2. 
 
Seed testing 

Seed testing is very important for distinguishing good quality seed from the seed below the 
prescribed standards to ensure the planting value of the seed. The International Seed Testing Association 
(ISTA), established in 1924, has developed uniform rules and regulations for seed testing. These rules 
prescribe testing techniques based on scientific evidence, which are accurate within the stated statistical 
limits and practicable for everyday operations. The international rules and regulations for seed testing 
should be followed. 

The trained manpower and a good laboratory with standard equipments are the prerequisites for 
seed testing programme. The physical infrastructure and facilities should be planned on the basis of 
average expected workload during the peak season for efficient handling without undue delay. The seed 
testing process can be subdivided into: 
 
Seed sampling:  

A sample from a seed lot is obtained by taking small portions (primary sample) at random from 
different portions in the lot and combining them (composite sample). From this sample, smaller samples 
(submitted samples) are obtained for sending to the laboratory. The samples are obtained preferably with 
the help of seed drier from the seed lot. A part of the submitted sample is known as working sample in the 
laboratory which is subjected to quality tests. 
 

Moisture determination:  
The object of moisture determination is to find out the moisture content of seed at the time it was 

sampled. To ensure this the sample must be submitted in a moisture-proof container and analysed without 
any delay. The moisture can be determined by hot air oven method. This is the most standard method used 
commonly. Its principle is the elimination of water from the seed by heating under precisely controlled 
conditions. The moisture content is expressed as percentage of the original weight. The quick method 
should be caliberated against the standard air oven method. 
 

Purity analysis: The working sample is separated into 3 component parts—pure seed, other seeds and inert 
matter. The percentage of each part is determined by weight. The seed quality is considered superior if 
pure seed percentage is above 98. The percentage of seeds of other species and inert matter should be nil 
or negligible. The purity test is done with the object of determining the composition by weight of the 
sample being tested, and by inference, the composition of the seed lot. The result of purity analysis should 
be given to one decimal place and the percentage of all components must be 100. Components of less than 
0.05% shall be reported as "Trace". 
 

Evaluation for germination:  
It is necessary to precisely understand germination, percentage of germination, normal seedlings, 

abnormal seedlings, hard seed, fresh ungerminated seeds and dead seeds. The paper, sand and soil are 
permissible as substrata. The test may be conducted either in cabinet germinators or specially assigned 
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rooms for the purpose as walk in germinators. The rules specify that at least 400 seeds should be tested for 
germination in replications of 100, 50 or 25 seeds. The seeds from the pure seed fraction of purity test are 
used for the germination test. Every seedling is evaluated in accordance with the general principles 
prescribed in the ISTA rules. For evaluation, the stage of development of the essential structures must be 
sufficient to permit detection of any abnormal seedlings. At the end of normal germination test the 
percentage of ungerminated seeds may be counted. 
 

Seed packaging 
Seeds should be packed in smaller units to avoid risks of physical gradients, particularly vapour 

pressure which arise in large bulks. Packaging in smaller units makes identification, transportation, 
handling and marketing easier. The choice of packaging materials and amount of seeds to be packed will 
depend on several factors such as the kind of seed, duration of storage, storage environment, moisture 
content. Packaging materials can be classified into 3 types: 

1. Moisture-vapour permeable: Jute bag, cloth bag, paper bag etc.  
2. Moisture-vapour resistant: Jute bag laminated with thin polythene film.  
3. Moisture-vapour proof: Tin cans, polythene bags of 700 gauge or more, aluminium foil pouch etc.  

 

Packaging operations 
1. Filling of seed bags to an exact weight  
2. Placing leaflets in the seed bags regarding improved cultivation practices, if needed  
3. Attaching labels, certification tags on the seed bags and sewing of the bags  
4. Storage/shipment of seed bags  

 
The baggage weigher, bag closer and platform weighing scales are the equipments used for seed 

packaging. Paper bag, Cardboard box, aluminium foil pouches, polythene bags etc., are used for packaging 
flower and vegetable seeds. If moisture-proof packings are generally used, the moisture content must not 
exceed beyond a critical level as given in the Table 2. Adequate facilities, therefore, should be available for 
seed drying. 
 

Seed storage 
The storage of seeds may be short term (3–9 months but occasionally up to 18 months), medium 

term (18 months to 5 or 6 years) and long term (up to 10 years or more). The purpose of seed storage is to 
maintain the seed in good physical and physiological condition from the time they are harvested till they 
are planted. 
 
Principles of seed storage 

• Storage in a cool and dry place  
• Effective storage pest control  
• Proper sanitation in seed store  
• Drying seeds to safe moisture limits before storage  
• Controlling storage conditions depending upon length of storage period and prevailing climatic 

conditions  
• Storing high quality seeds only  
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Quality control in storage 
• Stacking  
• Germination and vigour tests  
• Temperature control (ventilation, insulation, refrigeration)  
• Moisture control (ventilation, moisture proofing, dehumidification, sealed containers, desiccants)  

 
Pre-storage preventive measures 

i. Before arrival of new produce, all processing and storage structures should be thoroughly cleaned 
and disinfected with residual sprays of insecticides, e.g. Malathion 50 ec (one part in 25 parts of 
water) @ 5 litres/100 m3 area  

ii. The seed moisture content should be reduced to specified levels. Most species of insects don’t 
breed at such a low moisture content  

iii. Delay in processing and subsequent storage damages the seed. In case of insect infestation, seed 
should be fumigated with Aluminium phosphide @ 2 tablets of 3 g each/tone with an exposure 
period of 3–5 days. Moisture content of seeds to be fumigated should not be more than 12%.  

iv. Processed seed may be treated with malathion 5% dust @ 0.5 g/kg seed  
v. For seed storage, preferably new bags should be used to avoid insect infestation and mechanical 

mixture and processed seed should not be stored in an area where unprocessed or carry-over seeds 
are kept.  

 
During storage, different types of seed should be stored separately and inspected at fortnightly intervals. If 
required, the fumigation may be done and after fumigation the godown should be cleaned to all dead 
insects removed. To prevent reinfestation, surface treatment with 5% Malathion dust @ 3–4 kg/100 m2 
should be given. 

Table 1: Prescribed field standards for production of vegetable seeds 

Crop Minimum 
isolation 
distance 

Minimum number of field inspections and stages Off-type (%) 
Maximum 
permitted 

 F C  F C 

Cowpea 10 5 2: From flowering to fruiting 0.10 0.20 

Garden 
pea 

10 5 3: First before flowering, second and third at edible pod 
stage 

    

Chilli and 
Capsicum 

400 200 3: First before flowering, second at flowering and third 
at the mature fruit stage 

0.10* 0.20* 

Cauliflowe
r 

1,600 1,000 4: First before the marketable stage, second at start of 
curd head formation, third when most plants have 
formed curd and fourth at flowering stage 

0.10* 0.20** 

Lettuce 50 25 3: First before full grown stage in non-heading types, 
second full grownstage in non-heading types and third 
at flowering 

0.10* 0.20* 

Carrot 1,000 800 4: First 20-30 days after sowing, secondat lifting and 
replanting, third atflowering and fourth at maturity  

0.10* 0.20** 
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Onion 1,000 500 4: When seed crop is raised by the transplanting 
method: first early (20-30 days after sowing), second 
when bulbs are lifted, third when bulbs are replanted 
and fourth at flowering 

0.10** 0.20** 

3: When seed crop is raised by seed-to-seed method: 
first 20-30 days after sowing, second when bulbs are 
formed and third at flowering 

Radish 
and Turnip 

1,600 1,000 3: First 20-30 days after sowing, second when lifted and 
replanted and third at flowering 

0.10** 0.20** 

Okra 400 200 3: First before flowering, second at full flowering and 
fruiting and third at mature fruit stage 

0.10** 0.20** 

Tomato 50 25 3: First before flowering, second during flowering and 
the immature fruit stage and third at mature fruit stage 

0.10* 0.20* 

Cucurbits 1,000 500 3: First before flowering, second during flowering and 
the immature fruit stage and third during mature fruit 
stage 

0.10** 0.20** 

(*Maximum permitted at the final inspection; **maximum permitted at end after flowering; F, foundation 
seed; C, certified seed) 
 
Table 2: Seed standards for vegetables  

Crop 
Class 
of 
seed 

Germinatio
n (%) (min.)  

Pure seed 
(%) (min.) 

Inert 
matter 
(%) 
(max.) 

Other crops 
seed (max.) 
(no./kg) 

Weed 
seed 
(max.) 
(no./kg)  

Ordinary 
pack 

Vapour 
proof 
pack 

Tomato FS 70 98 2 5 None 8 6 

  CS 70 98 2 10 None 8 6 

Brinjal FS 70 98 2 None None 8 6 

  CS 70 98 2 None None 8 6 

Chilli FS 60 98 2 5 5 8 6 

Capsicum CS 60 98 2 10 10 8 6 

Okra FS 65 99 1 None None 10 8 

  CS 65 99 1 5 None 10 8 

Cabbage FS 70 98 2 5 5 7 5 

  CS 70 98 2 10 10 7 5 

Cauliflower FS 65 98 2 5 5 7 5 

Knol-khol CS 65 98 2 10 10 7 5 

Radish FS 70 98 2 5 10 6 5 

  CS 70 98 2 10 20 6 5 

Carrot FS 60 95 5 5 5 8 7 

  CS 60 95 5 10 10 8 7 

Beet FS 60 96 4 5 5 9 8 

  CS 60 96 4 10 10 9 8 
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Spinach FS 60 96 4 5 5 9 8 

  CS 60 96 4 10 10 9 8 

Amaranthus FS 70 95 5 5 10 8 6 

  CS 70 95 5 10 20 8 6 

Lettuce FS 70 98 2 None 5 8 7 

  CS 70 98 2 None 10 8 7 

Onion FS 70 98 2 5 5 8 6 

  CS 70 98 2 10 10 8 6 

Garden pea FS 75 98 2 None None 9 8 

  CS 75 98 2 5 None 9 8 

Cowpea FS 75 98 2 5 5 9 8 

  CS 75 98 2 10 10 9 8 

French bean FS 75 98 2 None None 9 7 

  CS 75 98 2 None 10 9 7 

Cucurbits FS 60 98 2 - - 7 6 

  CS 60 98 2 - - 7 6 
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INTRODUCTION 
Multicellular organisms experience apoptosis, a type of programmed cell death. Cell death results 

from the distinctive cell alterations of blebbing, cell shrinkage, nuclear fragmentation, chromatin 
condensation, DNA fragmentation, and mRNA degradation. Apoptotic cells do not expel their internal 
contents and are swiftly swallowed by phagocytic cells, preventing the need to start unneeded 
inflammatory processes. It is a very controlled procedure since once it begins, it cannot be stopped. The 
intrinsic (sense cell stress) and extrinsic mechanisms (sense signals from other cells). Both processes 
destroy proteins when caspases are activated, which results in cell death. Apoptosis is a type of 
programmed cell death, whereas programmed cell death is the basic process of triggering cell death 
through a series of phases that include autophagy, apoptosis, and necrosis. This is the main distinction 
between apoptosis and programmed cell death 
 

Activation mechanisms 
1) Intrinsic pathway (mitochondrial pathway) 

When the cell senses any stress signals, the BAX and BAK apoptotic proteins will get activated, 
which will make the mitochondrial membrane permeable to release the apoptotic effector (cytochrome 
c) from the mitochondria. The cytochrome c will bind with the APAF1 (apoptotic protease activating 
factor 1), and this cyt c-APAF 1 will bind to the caspase 9. The procaspase 9 will be cleaved and activated, 
which in turn cleaves and activates procaspase 3 into the effector caspase-3. 

 
Intrinsic Pathway 
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2) Extrinsic pathway 
 When the TNF (tumour necrosis factor) ligand binds to the TNFR1 receptor, the intermediate 

membrane proteins like TRADD (TNF receptor associated death domain) and FADD (Fas-associated death 
domain) are activated. This activated protein will cleave and activate procaspases 8 and 10 into caspases 
8 and 10, respectively, thereby regulating the apoptotic process. 

 
Extrinsic pathway 

Caspases      
Caspases are highly conserved aspartate-specific cysteine-dependent proteases. Initiator 

caspases (caspases 2, 8, 9, 10, 11 and 12) and effector caspases (caspase 3, 6, 7) are the two different 
types of caspases. Binding to a certain oligomeric activator protein is required for initiator caspases to 
become active. These active initiator caspases then cleave proteins to activate effector caspases. The cell 
death programme is then carried out by the active effector caspases through the proteolytic degradation 
of a variety of intracellular proteins. 

PCD in plants 
The process of true apoptosis will not occur in plants. Some scientists termed this Apoptosis-like 

PCD (ALP). The major difference between animal and plant apoptosis is that the phagocytes engulf the 
apoptotic bodies in the animal cells, whereas the apoptotic bodies are degraded in the vacuole. The 
signal transduction pathway can be subdivided into three functionally different phases: 
(1) A stimulus-dependent induction phase occurs when various exogenous signals or those coming from 
outside the cell, are quickly converted into endogenous signals through associated membrane processes 
linked to the synthesis of a group of initiation molecules such H2O2, SA, and phytohormones. Another 
way that PCD might be caused directly is through a cell's own internal death signal. 
(2) An effector phase occurs when a central coordinator translates a wide range of death stimuli, 
producing pertinent intermediary events and commencing the death process. 
(3) a stage of degeneration where chromatin fragmentation and the nucleus' apoptotic shape are visible, 
two changes that are frequently used to identify PCD. The final step is to activate (synthesise) the 
associated endonucleases and proteinases, which lead to cell death (Ning et al., 1999). 

Transcriptional regulation of PCD 
The process of programmed cell death is crucial for the growth of a plant's biotic and abiotic 

stress responses. There are two types of PCD:                             
(i) Developmental PCD (dPCD), controlled by internal factors, includes both vegetative and reproductive 
PCD. Vegetative PCD includes xylogenesis, leaf morphogenesis, senescence, and trichome death. 
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Reproductive PCD includes male germ cell formation, female germ cell formation, fertilization and seed 
development. 
(ii) Environmental PCD (ePCD) is induced by external stimuli, characterised by changes in how the 
conserved PCD-inducing genes are expressed (Jiang et al., 2021). 

Signals involved in dPCD 
Plant hormones such as auxin, gibberellins, ethylene, cytokinin and reactive oxygen species such 

as hydrogen peroxide, superoxide, hydroxyl radicals, singlet oxygen, nitric oxide and calcium are the 
signals controlling developmental PCD. 

Plant hormones 
Auxin plays a role in the development of xylem, the morphogenesis of root caps and leaf 

senescence. The dPCD of the tapetum, senescent leaves, and xylem can be impacted by cytokinin. The 
plant hormone ethylene is well known for being involved in a number of developmental stages. Ethylene 
is necessary for leaf senescence and tapetal cell death. The induction of PCD in deep-water rice 
epidermal cells for aerenchyma formation requires ethylene signalling. 
Nitric Oxide & Calcium 

Reactive oxygen species (ROS), which are continuously produced, include singlet oxygen, 
superoxide, hydrogen peroxide, and hydroxyl radical. These ROS serve as signalling molecules that 
coordinate a variety of plant processes, such as tapetal cell death, trichome death, xylogenesis, and leaf 
senescence (Gechev et al., 2006). Xylogenesis and PCD of synergids are two physiological processes in 
which calcium plays a crucial signalling role in plants (Uslu and Grossmann, 2016). The fluctuation in 
intracellular calcium content is essential for signal transmission during a variety of cellular processes. 

CONCLUSION 
Programmed Cell Death is a process that occurs in plants during the developmental process 

under both the vegetative and reproductive processes. It also occurs for defence purposes when any 
biotic or abiotic stress damages the plant's normal metabolic process. Environmental PCD is an 
important area of research that will be useful for plants in the changing climatic conditions. 
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Summary 
Antibiotics have been used for the management of relatively few bacterial plant diseases and are largely 
restricted to high-value fruit crops because of the expense involved. Antibiotic resistance in plant-pathogenic 
bacteria has become a problem in pathosystems where these antibiotics have been used for many years. 
Where the genetic basis for resistance has been examined, antibiotic resistance in plant pathogens has most 
often evolved through the acquisition of a resistance determinant via horizontal gene transfer. For example, 
the strAB streptomycin-resistance genes occur in Erwinia amylovora, Pseudomonas syringae, and 
Xanthomonas campestris, and these genes have presumably been acquired from nonpathogenic epiphytic 
bacteria collocated on plant hosts under antibiotic selection. We currently lack knowledge of the effect of the 
microbiome of commensal organisms on the potential of plant pathogens to evolve antibiotic resistance. Such 
knowledge is critical to the development of robust resistance management strategies to ensure the safe and 
effective continued use of antibiotics in the management of critically important diseases. 
 
INTRODUCTION 
Antibiotics are one of major compound that are used against micro-organism, especially bacteria. Since the 
introduction of crop cultivation and animal husbandry practises, bacterial illnesses of plants and animals have 
steadily decreased production. In order to target pathogen populations at the ideal time and to know when 
the vital host tissues are susceptible to infection, management techniques for plant bacterial diseases 
necessitate a detailed understanding of the pathosystem. The three main ways that antibiotic resistance 
develops in bacteria are through mutation of a target site protein, acquisition of an ARG that confers resistance 
through efflux or inactivation of the antibiotic, or synthesis of a new target protein that is antibiotic-
insensitive. 
 
Antibiotic Use in Agriculture 
Although penicillin, streptomycin, aureomycin, chloramphenicol, and oxytetracycline were initially 
investigated for plant disease control in the late 1940s, antibiotics have since been incorporated into animal 
husbandry and for the control of plant infections. AMR, antimicrobial resistant bacteria have become more 
prevalent globally as a result of overuse in both animal husbandry and medicine. Antimicrobial resistance is 
prevalent in a variety of geographical areas where antibiotics have been used in apple and pear orchards, 
using Erwinia amylovora as an illustration. Using Erwinia amylovora as an example, antimicrobial resistance is 
pervasive in many geographical locations where antibiotics have been used in apple and pear orchards. 
 
Antibiotic use for plant disease control was tempered by several factors 

❖ Lack of efficacy at lower doses,  
❖ Phytotoxicity problems at higher doses 
❖ Expense compared to other existing methods of disease control 
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Major Antibiotic Used In Agriculture 

 
Types of antibiotic resistance 

a) Intrinsic Resistance: Ability to resist the action of antibiotic as a result of inherent structural and 
functional character, like absence of susceptible target of specific antibiotic  

b) Acquired Resistance: Ability to resist the action of antibiotic as a result of mutation and horizontal 
Gene Transfer 

Source of Antibiotic Resistance Gene 
a. Resistant gene encoded by the antibiotic producing microbes for self protection   
b. Acquisition of existing resistance genes from the environmental microbiome  
c. Mutation and Selection 

 
Antibiotic Resistance Against Streptomycin 

a. Enzymatic inactivation of streptomycin: The most of reported streptomycin resistance genes contain 
enzymes that inactivate the streptomycin molecule through phosphorylation or adenylation to confer 
resistance. 

b. Spontaneous resistance to streptomycin:  Chromosomal gene mutation is more frequent in Erwinia 
than transposons or plasmid-mediated streptomycin resistance. A change in the highly conserved rpsL 
gene affects the binding location (ribosomal protein S12) leading to resistance. 
 
Antibiotic Resistance Against Oxytetracycline (Tetracycline) 

a. Prevention against reaching the tetracycline target: Tetracycline resistance has been linked to 28 
different types of efflux proteins in both gram-negative and gram-positive bacteria. 

b. Protection of the cellular target of tetracycline: There are twelve different kinds of ribosome protection 
proteins (RPPs) that have been reported to increase tetracycline resistance. 

c. Modifications of the tetracycline molecule: Tetracyclines are hydroxylated by monooxygenase 
produced by bacteria, with the help of NADPH and O2. The hydroxylated tetracycline degrades 
nonenzymatically and has a decreased affinity for the ribosome. 

 
Alternatives to antibiotics for bacterial disease management: commercially available and near-term options 

a. Use of Bio-control: Agent The use of Agrobacterium radiobacter strain K84 in the prevention of 
bacterial illnesses is the most noteworthy example of biological control's effectiveness. 

Antibiotic Trade Name Control 

Streptomycin Agript 
Agrimycin 
Agri-strep 

Soft rot of cut flower and potato, Bacterial blight of celery, Fruit 
spotting or blossom blast on Apple, Bacterial spot of pepper and 
tomato 

Tetracyclin Biostst 
Glomycin 

Xanthomonas arboricola (Bacterial spot) 

Kasugamycin Biomycin Paddy blast, Bacterial seedling disease of rice Fire blight control 
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b. Use of Antimicrobial peptides: Small antimicrobial peptides(AMP) are synthesized by bacteria, fungi 
and oomycetes, functioning in inter-microbial competition, animals and plants, as part of the innate 
immunity system in response to microbial challenge 

c. Use of Nanoparticles: Particles within this size range have unique physical and chemical properties, 
including large surface to mass ratio, high reactivity and unique interactions with biological systems 
(Zhang et al., 2008). Some of the above properties make them excellent antimicrobials, and some 
properties make them ideal carriers/delivery systems for other antimicrobials. 

 
CONCLUSION 
Antibiotics are mainly used for disease management of human, Livestock  aquaculture and agricultural crops. 
Antibiotics have represented the best option for bacterial disease control in many pathosystems, streptomycin 
and oxytetracycline were ultimately deployed in plant agriculture and only in specific disease pathosystems. 
Antibiotic resistance can be achieved by Mutation, Horizontal gene transfer. Natural producer of antibiotic 
and cohabitating epiphytes can act as major source of ARG to plant pathogens. Antibiotics sprayed in the 
orchard has effect on phyllosphere, soil, underground water microbiotas also human. Alternate methods can 
be used for control of bacterial diseases, which also reduces selection pressure for antibiotic resistance. 
Agricultural antibiotics is a critical threat to human health, by transferring resistant gene from agriculture to 
human pathogen. 
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INTRODUCTION 

Aflatoxin is the most studied and most carcinogenic mycotoxin produced among fungus. Several fungal species 

in the genus Aspergillus produce aflatoxins. The majority of the worldwide aflatoxin contamination of food 

crops is caused by A. flavus and A. parasiticus. In Great Britain, the unusual turkey "X" sickness was linked to 

AFs in the late 1950s and early 1960s. AFs exhibit negative epigenetic effects, are powerful hepatotoxins, 

mutagens, carcinogens, immunosuppressants, teratogens, and are associated with sexual dysfunctions and 

growth retardation. 

 

 

 

 

 

 

 

 

                           

Sources of Aflatoxin: Corn, Peanut, Copra, Cotton seed 

Factors affecting Aflatoxin production 

• Environmental factors such as moisture, temperature, plant density. 

• poor harvest practices and  

• Improper grain storage 

• Aflatoxin contamination  

• can occur at any stage of food production. 

• from pre-harvest to storage stages of the food chain 
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Primarily produced by three fungi namely: 

 

Aspergillus flavus 

 

Aspergillus parasiticus 

 

 

 

 

 

Aspergillus nomius 

The removal of aflatoxins is very difficult due to their: 

• Stability and thermal resistance in dried products. 

• Melting points > 250⁰C 

• Stable at pH range of 3-10 

• Resistant to food processing 

Classification of Aflatoxin 

There are more than 20 known aflatoxins, but the four main ones are  

• Aflatoxin B1 (AFT-B1) 
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• Aflatoxin B2 (AFT-B2) 

• Aflatoxin G1 (AFT-G1) 

• Aflatoxin G2 (AFT-G2) 
 

They undergo modifications during cellular metabolism and processing of foods to produce several derivatives 

such as M1, M2, P1 etc. Name based on their Blue (B) or Green (G) fluorescence under UV light and relative 

mobility, 1 and 2 (higher and lower respectively), by TLCAflatoxin B1 is the Most potent aflatoxin Classified as 

Class I human carcinogen. It selectively targets human gene p53 described as ‘Guardian of the Genome’. 

Primarily attacks the liver, in case of cirrhosis, necrosis & carcinomas with a secondary affect immune 

suppression does not stay in the body for long periods of time, usually excreted within 96 hours, in animals 

and in milk, for human consumption, advisory level is 0.5 ppb. 

Acute Toxicity:  Chronic Toxicity: 

Deterioration of liver and kidney functions, 
leading to death in extreme cases.  

Induction of cancer (liver, oesophagus) 
 

Neurotoxins cause trembling in small doses 
and brain damage and death in slightly higher 
doses 

Replication of DNA is affected producing mutagenic and 
teratogenic effects. 

Skin sensitivity and necrosis of skin Induction is never detected at the time of ingestion and 
remains undetected till the disease is advanced 

Interference with protein synthesis Replication of DNA is affected producing mutagenic and 
teratogenic effects. 

Immunodeficiency Induction of tumors 

 
Determination of Aflatoxin 
Quick Test (Qualitative) 

• Immunoassays (ELISA tests) 

• Thin Layer Chromatography (TLC) 
             Use: Detect presence of mycotoxins 
Confirmatory Tests (Quantitative) 

• High Pressure Liquid Chromatography (HPLC) 

• Liquid chromatography-Mass spectometry (LC-MS) 

• High Pressure Thin Layer Chromatography (HPTLC) 
            Use: Determine levels of mycotoxins 

Aflatoxin management 

• Cultivation of resistant varieties 

• Storage of kernels at lower temperature. 

• Proper drying and sorting 

• Control storage grain pest 

• Redrying product 

• Remove contaminated seed 
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• Gamma irradiation on large scale commodity 

• Fumigation with Ammonia 0.2-0.4% 

• Biocontrol with Aflastin-A (Streptomyces MRI142) 
 

CONCLUSION: A holistic and multidisciplinary approach is required mitigate the exposure of this toxin. 

Increase awareness of AFTs and support risk mitigation practices. Future epidemiologic studies should focus 

on good practices in food preparation, food storage, consumption of aflatoxin containing foods and milk. 

839

http://www.agrifoodmagazine.co.in/

