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BIOTECHNOLOGY

Quorum Quenching: Implications of Novel
Antimicrobial Therapeutics to Control Infectious
Diseases
Darshna G. Hirpara and H. P. Gajera
Department of Biotechnology, College of Agriculture, Junagadh Agricultural University, Junagadh-

Introduction
Infectious diseases are the leading cause
of death in plant as well as animals.
Conventional antibiotics and chemical
antimicrobial agent (pesticide and fungicide)
kills or stop the bacterial growth to prevent
this infectious diseases by interfering with
essential housekeeping functions (e.g. DNA,

RNA and protein synthesis), hence inevitably
imposing selection pressure that results in the
emergence of antibiotic or pesticide or fungicide
resistant microbial pathogens. So there is need to
develop any strategy that can effectively stop
pathogenic infection, but does not impose a ‘lifeor-death’ selection pressure, would be a
promising alternative to contain infectious
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diseases and may help to prevent antibiotic
resistance in microbial communities. One
such promising strategy is the recently
demonstrated
quorum-quenching
(QQ)
approach (Dong et al., 2000).

Quorum sensing inhibitors (QSI)
Natural QSIs:
i) Prokaryotic QSIs: The first QQ
enzyme encoded by the aiiA gene was
identified from a Gram-positive Bacillus
species, which was later characterized as an
AHL-lactonase. After the identification of
AiiA, Leadbetter and Greenberg (2000)
reported a strain of Variovorax paradoxus
(VAI-C) capable of using AHL molecules as
the sole sources of energy and nitrogen. The
presence of HSL in the AHL metabolic
mixture of V. paradoxus VAI-C suggests that

the bacterium may produce an AHL-acylase, but
the gene encoding for the AHL-acylase remains
to be cloned and characterized. Subsequently, a
range of other bacterial isolates and strains that
produce AHL-degradation enzymes have been
identified from soil, plant and biofilm samples as
well as from laboratory bacterial culture
collections.
ii)
Animal
based
QSIs:
Inactivation of QS signal 3OC12HSL has been
observed in serum from a number of mammal’s
bovine, goat, horse, mouse and rabbit. Foods
such as turkey patties, chicken breast, homemade
cheeses, beef steak and beef patties showed 84.499.8 % inhibition of AI-2 activity. Long chain
fatty acids derived from poultry meat had strong
inhibitory effect (25-99%) on AI-2 activity of V.
harveyi BB170. iii) Plant based QSIs: GABA
(γ-aminobutyric acid) produced by plant acts as
promoter for the degradation of AHL signal by
lactonase (AttM) of A. tumefaciens, attenuating
the QS dependent infection process. However,
under abiotic stress such as drought and salinity,
accumulation of proline antagonizes the plant's
GABA-defense mechanism. Pyrogallol extracted
from medicinal plants such as Emblica ofﬁcinalis
and its analogues exhibit antagonism against AI2. Extracts from different plant parts like leaves,
ﬂowers, fruit and bark of Combretam albiﬂorum,
Laurus nobilis and Sonchus oleraceus were also
found to possess anti-QS activities. iv) Fungi
based QSIs: Around 33 Penicillium spp. have
been found to produce QSI patulin and penicillic
acid. Using mouse pulmonary infection model,
the use of patulin could signiﬁcantly reduce the
infections caused by P. aeruginosa in mice.
Fungi, associated with plant rhizosphere,
belonging to ascomycota and basidiomycota have
abilities to degrade C6HSL and 3OC6HSL
through lactonase activity.
Synthetic QSIs:
The major limitation with natural QSIs is the
small concentrations in which they are produced
and the associated toxicity, in certain cases. It can
be overcome by synthetic QSI. Efforts to
synthesize QSI have been targeting the
biosynthetic pathway
leading to
signal
production, substitutions in signals, changes in
chain length, etc. Fimbrolide (F1), methyl
anthranilate , 4-nitro-pyridine-N-oxide (NPO),
RNA III inhibiting peptide (RIP), RWJ-49815,
closantel, truncated AIPII (trAIP-II) B14, Cmp5
and Cmp9 are the example of synthetic QSI
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Quorum sensing and quorum
quenching
AHL-degradation enzymes, a potent tool
for biocontrol can hydrolyze quorum sensing
signal molecule into inactive products and
there by blocking the quorum sensing
systems. This process is known as QQ. These
naturally occurring QQ mechanisms appear
to play important roles in microbe–microbe
and pathogen–host interactions and have
been used, or served as lead compounds, in
developing and formulating a new generation
of antimicrobials. Several groups of AHLdegradation enzymes have recently been
identified in a range of living organisms,
including bacteria and eukaryotes (plants
and animals). Expression of these enzymes in
AHL dependent pathogens and transgenic
plants efficiently quenches the microbial QS
signaling and blocks pathogenic infections
(Dong et al., 2001).
Quorum quenching mechanism
The process of QS can be disrupted by
different mechanisms: (i) Reducing the
activity of N-acyl homoserine lactone (AHSL)
cognate receptor protein or AHSL synthase,
(ii) Inhibiting the production of QS signal
molecules, (iii) Degradation of the AHSL,
and (iv) Mimicking the signal molecules
primarily by using synthetic compounds as
analogues of signal molecules (Waters and
Bassler, 2005).
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(Kalia et al., 2011).

Conclusion
Quorum
sensing
based
bacterial
behaviors have great economic impacts are
agriculture yield lose, food spoilage,
biofouling,
aquaculture,
waste
water
purification, ship industry, etc. It has been
repeatedly observed that bacteria within the
biofilm are around 1000 times more resistant
to antibiotics than their plank tonic
counterparts. Bacterial behavior within
biofilms is regulated by the phenomenon of
quorum sensing, where bacteria release
chemical signals and express virulence genes
in a cell density dependent manner. Efforts
to disrupt biofilms have enabled the
identification of molecules produced by
prokaryotes and eukaryotes with abilities to
quench the QS system, termed as quorum
quenching. Some natural and synthetic
quorum sensing inhibitors can competitively
inhibit QS signaling system, providing an
opportunity to develop new agents against
these targets to combat pathogens.

2.
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Farmer Producers Organizations: An overview
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of Dairy Economics, Statistics & Management, ICAR-NDRI, Karnal2Department of
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Introduction
Small and marginal farmers in India
have been vulnerable to price as well
production risk. India succeeded in
organizing these farmers into strong cooperatives that could guard against price and
production risks. But most became known
for corruption, apathy, inefficiency, lack of
market orientation, bureaucratic lethargy,
and stagnation. There is a need for
aggregation of small and marginal farmers in
order to benefit from economies of scale.
Apart from this aggregation also helps to
farmers in sharing services such as
knowledge input, production supervision,
storage, transportation, etc. In this light
Producers’ organizations (Pos) emerged as
means for aggregation of small and marginal
farmers in the country. These POs amplify

the political voice of small and marginal holder
producers, reduce the costs of marketing of
inputs and outputs, and provide a forum for
members to share information, coordinate
activities and make collective decisions. They also
create opportunities for producers to get more
involved in value adding activities such as input
supply, credit, processing, marketing and
distribution. A Producer Organization (PO) is a
legal entity formed by primary producers, viz.
farmers, milk producers, fishermen, weavers,
rural artisans, craftsmen. A PO can be a producer
company, a cooperative society or any other legal
form
which
provides
for
sharing
of
profits/benefits among the members. In some
forms like producer companies, institutions of
primary producers can also become member of
PO. The Indian Organic Farmers Producer
Company Ltd (IOFPCL), the first farmers’
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producer company in India is in Aluva
(Kerala), producing organic products.
The main aim of PO is to ensure better
income for the producers through an
organization of their own. Small producers
do not have the volume individually (both
inputs and produce) to get the benefit of
economies of scale. Besides, in agricultural
marketing, there is a long chain of
intermediaries who very often work nontransparently leading to the situation where
the producer receives only a small part of the
value that the ultimate consumer pays. It is
one type of PO where the members are
farmers. Small Farmers’ Agribusiness
Consortium (SFAC) is providing support for
promotion of FPOs. PO is a generic name for
an organization of producers of any produce,
e.g., agricultural, non-farm products, artisan
products, etc.
Features
of
Producers
Organization: The followings are the
salient features of producer organizations.
1. It is formed by a group of producers for
either farm or non-farm activities.
2. It is a registered body and a legal entity.
3. Producers are shareholders in the
organization.
4. It deals with business activities related to
the primary produce/product.
5. It works for the benefit of the member
producers.
6. A part of the profit is shared amongst the
producers.
7. Rest of the surplus is added to its owned
funds for business expansion.

3.

Activities of Producers Organization
The primary producers have skill and
expertise in producing. However, they generally
need support for marketing of what they produce.
The PO will basically bridge this gap. The PO will
take over the responsibility of any one or more
activities in the value chain of the produce right
from procurement of raw material to delivery of
the final product at the ultimate consumers’
doorstep. In brief, the PO could undertake the
following activities:
1. Procurement of inputs
2. Disseminating market information
3. Dissemination of technology and innovations
4. Facilitating finance for inputs
5. Aggregation and storage of produce
6. Primary processing like drying, cleaning and
grading
7. Brand building, Packaging, Labeling and
Standardization
8. Quality control
9. Marketing to institutional buyers
10. Participation in commodity exchanges
11. Export
Current status of FPO in India
The FPOs/POs are mainly promoted by
Small Farmers and Agricultural Laborer
Consortium (SFAC) and also some private
agencies. Presently, there are 982 registered
FPOs in the country. Among which 643 FPOs are
promoted by Small Farmer Agribusiness
Consortium (SFAC) and 339 FPOs promoted by
non-SFAC.
References
1. sfacindia.com.
2. www.nabard.org

AGRICULTURE-GENETICS AND PLANT BREEDING

Stay Green Trait: It’s Significance in Crop
Improvement
Sunayana*
Department of Genetics and Plant Breeding CCS Haryana Agricultural University, Hisar

Plant breeding has made great progress,
supplying food to the growing human
population through the release of more
efficient cultivars, showing adaptation to
environment's improvements. However, the

current agricultural scenario, in which there are
increasing demands for food, strong climate
change and a concern with environment harm
from agricultural production, plant breeders are
rethinking, investing not only in the traditional
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criteria, such as yield, but also in the
selection of genotypes with high productive
efficiency, through the understanding of crop
physiology and stress adaptation. Delay of
leaf senescence, also known as stay-green
character, has been identified as an
important component in the genetic
improvement of several crops to promote
stress tolerance and yield gain. Looking at
the new demands of the global agricultural
scenario, the search for more productive,
efficient and stress adapted genotypes has
attracted attention of plant breeders
regarding plants with improved physiological
characteristics. Therefore, the stay-green
trait has taken prominence as an important
strategy to overcome the current yield
plateaus allied with yield adaptability and
stability showing its potential use in plant
breeding.
Stay-green refers to the heritable
delayed foliar senescence character in model
and crop plant species. It leads to transition
from the carbon capture period to the
nitrogen mobilization (senescence) phase of
canopy development is delayed and the
senescence syndrome proceeds slowly. Yield
and composition in high-carbon (C) crops
such as cereals, and in high-nitrogen (N)
species such as legumes, reflect the sourcesink relationship with canopy C capture and
N remobilization. It is the extended foliar
greenness during grain filling under post
anthesis drought and genotypes possessing
this trait maintain more photosynthetically
active leaves than genotypes not possessing
this trait. Stay-green is the general term
given to a variant in which senescence is
delayed compared with a standard reference
genotype.
Why stay green traits are required:
Senescence is a physiological process where
there is a mobilization of nutrient reserves
and cytokinins into fruits and seeds. This
translocation leads to reduced RNA
synthesis, causing changes in gene
expression and thereby reducing protein
synthesis, resulting in the decline of the
photosynthetic
capacity
and
cellular
disorganization, leading to plant death. The
main objective of senescence is the
remobilization and recycling, so that

developing tissues are resourced in the detriment
of senescent tissues. It is a fact that senescence is
associated with the balance between hormones
such as cytokinins and ethylene, and the over
expression or suppression of these hormones
showed changes in the timing of senescence,
accelerating and retarding the process. The
senescence of tissues along with the
remobilization of nutrients to younger or
strategic tissues for survival / perpetuation of the
plant, decreases photosystem II (PSII) activity
and is associated with an increased content of
reactive oxygen species (ROS) such as hydrogen
peroxide (H2O2), a marker molecule for
senescence. Low accumulation of reactive oxygen
species such as superoxide radicals (O2-) and
hydrogen peroxide (H2O2) were found in mutant
stay-green wheat (tasg1) compared with wild
types subjected to drought stress, providing
greater stability of the proteins found in the walls
of
thylakoids.
The
protection
of
the
photosynthetic apparatus of chloroplasts, such as
the maintenance of photosystem II (PSII) and
control of content of reactive oxygen species, also
indicated as a major contribution to slowing the
degeneration of tissues in genotypes with
functional stay-green character.
Strategy for development of genotype
with stay green traits: A vast array of growth
regulators, metabolic inhibitors and chemicals
will stop yellowing as well as chelators of iron are
also effective in retaining greenness, probably
because they target an iron- dependent step in
chlorophyll degradation. Although the stay- green
phenotype is superficially similar in all species
and genotypes, the genetic and physiological
routes to the trait are diverse. Key Components of
determining stay green traits are total plant leaf
area (TPLA): (+ ve) correlated with green leaf
area at maturity (GLAM), duration of leaf
senescence: (+ ve) correlated with GLAM, rate of
leaf senescence (LS): (- ve) correlated with
GLAM.
On the basis of time and duration of
occurrence of senescence five distinct types of
stay-green plants have been reported where the
occurrence of distinct physiological and genetic
modifications can be detected. Type A occurs
when the leaves and stems maintain their
photosynthetic area active for a longer period of
time, experiencing a delay in plant senescence.
For type B, senescence occurs in the normal
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period of plant development, but it occurs
relatively slowly. For type C, also known as
cosmetic
stay-green,
there
is
an
accumulation of pigments on the surface of
the organ, giving the impression that there is
a reduction of senescence. However, the rate
of degradation of protein and chlorophyll
occurs normally below the green surface.
Type D is recurrent in the herbaria and

freezing of vegetables, in which the green color is
maintained with leaf death via freezing, boiling or
drying. Type E is described as the one with the
highest content of chlorophyll in photosynthetic
tissues, and that increased concentration results
in a delay in yellowing of leaves and stems
(similar to type A) and maintenance of green
tissue, even with the reduced ability of fixing
carbon dioxide.

Importance of stay green traits: In
horticultural crops increases market value.
Several approaches have been utilized to
manipulate hormone level or responses in
transgenic plants to reduce the incidence of
postharvest yellowing. It extends shelf-life
and helps in long term transportation. In
plant breeding the contribution of staygreen has brought the increasing in yield
grain, establishment of tolerance to drought,
heat and cold, which are more resistant to
pathogens and less susceptibility to lodging.
For sorghum, transfer of stay-green from the
genotype B35 to an elite variety, R16 led to
high yield potential, better resistance to stem
rot complex disease and drought tolerance
usin backcrossing associated with molecular
marker assisted selection (MAS). Significant
correlations between grain yield and
maintaining green leaf area at maturity
(0.75) and leaf senescence rate (-0.74) were
identifyied in stress conditions, showing a
superiority of stay-green when compared to
synchronized hybrids as well in maize strong
association of chlorophyll content in leaves

and senescence retardation with good grain yield
performance was found. For wheat, strong
association between stay-green character and
glutenin content in the wheat grain indicated the
use of indirect selection for industrial quality
through delayed plant senescence.

4.

Conclusion
The use of stay-green character in breeding
programs may result in significant genetic
progress for attributes such as high yield,
industrial quality, disease resistance and
tolerance to abiotic stresses. Moreover, the
pronounced additive effect in the inheritance of
the stay-green character provides an incentive for
the incorporation of this trait in breeding
programs. The understanding of the physiological
mechanisms associated with senescence and
capacity and photosynthetic efficiency in several
crops may be the key to remove the plateau of
productivity associated with adaptation to
unfavorable
environmental
conditions.
Furthermore, the use of biotechnology can give
new approaches about stay-green, as well as to
improve your uses at breeding programs..
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Introduction
Agriculture is the major sector in Indian
Economy. Total work force involved in
Indian agriculture is about 50 per cent. But
the share of agriculture GDP (Gross
Domestic Product) in national GDP has
decreased since Independence. In India,
Agriculture and allied sectors contributed
about only 17.4 per cent of the GDP in 201516 (GoI, 2016). So there is necessary for
further income generating activities to
existing agriculture in order to increase
agricultural contribution in national GDP.
Agri-tourism is one of the activities which
would help for further income generating
activities.
Agri-tourism is a recent concept in the
Indian tourism industry, which generally
occurs on farms. It provides the chance to
experience the real charming and real
contact with the rural life, taste the rural food
and get familiar with the various farming
activities during the visit (Eco India).
Barbieri and Mshenga (2008) described agritourism as “any practice developed on a
working farm with the purpose of attracting
visitors”. Sonnino (2004) described agritourism as “activities of hospitality
performed by agricultural entrepreneurs and
their family members that must remain
connected and complementary to farming
activities”.
The concept of agri-tourism
As per Agri-tourism, “agricultural
tourism defines holidays concept in which
visiting a working farm or any agricultural,
horticultural, or agribusiness operations for
the purpose of enjoyment, education, or
active involvement in the activities of the
farm or operation”. Agri-tourism is also
defined as any agricultural based activity or
operation that takes visitors to farm. This
includes different type of activities, such as
directly buying produce from a farm place,
navigating a corn maze, feeding animals etc.
This is also a form of niche tourism that
includes a growth industry in various
countries like Australia, Canada, the United
States and Philippines.
Agri-tourism in Indian context
Agri-tourism is started in India since
February, 2018

2004 in Baramati of Maharashtra under the
guidance of Pandurang Taware. Agri Tourism
Development Corporation (ATDC) is made new
way in the development and marketing of agritourism concept in India. As per 2014, ATDC has
218 associated farmers and functions agritourism center in their relevant villages in
Maharashtra. This became a feasible business
model through attracting large number of
tourists from urban areas. Farmers’ involvement
is more and they got trained in this model, so that
70 per cent of the revenue was provided to them
for motivation and keep attached with the
project. After realising the success, the project
was followed in many other states. This project
created direct employment opportunity for 4
people and indirectly for 10 people in two acre
farm and produced a minimum of 33 per cent
increase in farmers’ income (Chadda and
Bhakare, 2012).
In Punjab, Registered farmers will be
directed to develop facilities for attracting
tourists in their farm. This is carried out through
Punjab Heritage and Tourism Promotion Board.
Around three fourth of the farmers in this agritourism were satisfied (Pinky and Kaur, 2014).
The other states like Kerala, Haryana, Uttar
Pradesh, etc. are also promoting agri-tourism, so
that farmers’ income can be improved by this
additional activity.

Mission of Agri-tourism
As per Agri-tourism, the promotion of
agriculture tourism leads to achieve income,
employment and economic stability in rural
communities in India. This helps enhancing a
range of activities, services and facilities offered
by farmers and rural people to attract urban
tourists to their area. And finally it is providing
opportunity for urban people to get back to the
roots.
Scopes and benefits of Agri-tourism
Agri-tourism is an inexpensive gateway. This
creates interest about the farming industry and
lifestyle. This also generates strong demand for
wholesome family oriented recreational activities.
This Finds support with nature friendly means.
This produces interest in natural environment
and desire for peace. The people might get
disappointment with overcrowded resorts and
cities. Rural creation is also happened. This
provides educational value Agri-touism. This also
10
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considers health consciousness of urban
population (Singh and Mishra, 2016).

Suggested Strategies to the Indian Agritourism Industry
There is a need of proper financing
solution for its enhancement. There is proper
acknowledgment of agri-tourism industry.
Government policies should support agritourism. Liability and risk management
programmes has to be formed. For the
development of the entrepreneurial skill in
work operations, proper education of the
farmer and farm owner is needed. A Public
Private Strategic Partnership Development
Model has to be formed. Product and Service
Quality has to be improved. Proper
marketing activities have to be created
(Singh and Mishra, 2016).
SWOT Analysis of Agri-tourism in India
Strengths
Un-polluted
environment.
High quality of
natural attraction.
Historical
background.
Favorable climate

Threats
Lack of
intermediate
structures at
regional level
Dominating
development of
mass tourism

Opportunities
Development of AgroTourism destinations and
creation of Agro-Tourism
products
Agro-Tourism as a tool
for branding local, organic
and traditional products;
A state financial support
Diversification of tourism
sector
Weakness
Poor infrastructure
Damaged natural and
cultural heritage
Lack of financial
resources
No standards
Lack of awareness

important to help farmers in current agricultural
situation. Agri-tourism is one of the activities
which would help for further income generating
activities in agricultural sector. This may lead to
increase in farmers’ income and share of
agricultural contribution in national GDP.
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Introduction
Pruning refers to the removal of any
vegetative plant part to regulate the
production and maintain the balance
between vegetative and reproductive growth.
It involves art and science, art in making the
pruning cut properly and science in knowing
how and when to prune for maximum
benefits. Pruning is an unavoidable necessity
for virtually all arboreal fruit crops and
adopted to maintain proper physiological
balance between growth and fruiting. It is an
age old orchard practice in deciduous and
temperature fruit crops, viz. apple, pear,
peach, plum etc. and in subtropical species,
viz. grapes, fig and phalsa. Pruning is
employed in fruit trees to regulate canopy,
excessive fruiting, enhancing fruit size, and
facilitate light penetration into the interior of
the tree canopy for improved fruit coloration.
Pruning affects the various physiological and
biochemical characteristics of the tree which
is a result of well-functioning communication
system within tree. Pruning needs through
understanding
of
physiology
and
development of the tree species. If we
understand how trees grow and how they
respond to different types of plant
manipulations, we can alter vegetative
growth and fruiting to obtain trees and fruit
with desirable characteristics.

In deciduous plants pruning should be
done in advance of winter.
Crowed inter lacerating, diseased,
damaged and insect infested shoot should
be removed.

Reasons for Pruning Fruit Trees at
Different Stages
Pruning trees soon after they are planted
restores the balance between the root system
and the aboveground part.Fully grown fruit
treesare pruned to maintain the canopy
height, spread, and density required for easy
spraying, fruit thinning, and harvest. The
reason for pruning of mature trees is to foster
a high quality of yield.Other reasons includes
rejuvenation of old trees, reduce biennial
bearing and to remove dead, diseased,
broken, weak or old branches of tree.

Growth Correlations and Apical Dominance
Pruning
performed
on
growing
or
dormantshoots removes apical dominance,
releases buds from correlative inhibition, and
changes tree form and construction.Pruning
removes apical bud dominance, releases other
buds from correlative inhibition, and changes the
branching pattern and tree structure.

Principles of Pruning
Remove a shoot completely (removed
from the base).

Avoid bark injury while pruning.
Pruning should be completed well
in advance of flowering season.
February, 2018

Physiological and Biochemical Basis of
Pruning
Pruninginfluences
many
physiological
processes
(result
of
well-functioning
communication system within tree).Growthpromoting hormones playmajor role in the
functioning of the communication systems by
switching certain genes on and off.
Shoot Growth
The effect on shoot growth depends, on the
type and the time of pruning. Dormant pruned
trees always produce longer shoots and have a
larger proportion of unfruiting wood.Dormant
pruning increases the growth of new shoots but
decreasesthe growth of other parts of the tree,
especially the trunk and roots. While summer
pruning is recommended mainly for high-density
orchards to restrict tree size and to improve fruit
quality.Tree response depends on the type of cuts
(heading cuts or thinning cuts) and time.Summer
pruning stimulates less growth than dormant
pruning and has dwarfing effects when carried
out for several growing seasons.

Mineral Content of Leaves and Fruit
Generally, dormant pruning stimulates
growth of shoots and decreases yield.Low yield
after dormant pruning is associated with a high
concentration of minerals in the fruit because
minerals absorbed by roots are readily available
to the few fruits produced. Both dormant and
summer pruning influences the mineral content
of leaves and fruit.Dormant pruning usually
increases the content of N, K, and P but decreases
the content of Ca and Mg. Incontrast, summer
pruning increases the content of Ca and Mg in
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leaves and fruits.

Foliage Area, Photosynthesis and
Respiration
Both dormant and summer pruning
influence foliage area, leaf structure, and
light
penetration.Dormant
pruning
influences photosynthesis indirectly by
improving the interception of light.Summer
pruning influences photosynthesis indirectly
by improving the interception of lightand
also by delaying leaf senescence
Carbohydrate Reserves
Pruning of branches changes the total
dry weight partitioning in such a way that
more dry weight is added to new shoots. The
high production of new shoots would be
expected to decrease the reserves of nutrients
(mainly CHO).Dormant pruning may
decrease carbohydrate reserves in wood but
only for a short period of time. Summer
pruning may decrease carbohydrate content
in fruits when leaves adjacent to fruits are
removed with prunings.
Hormonal Patterns
Pruning of tree profoundly change the
hormonal pattern because it reduces the
number of meristems, which are both the
sink and the source of hormones. The
balance between the hormones supplied by
the root system and the aboveground part of
a tree is disturbed by pruning.An initial
increase of cytokinins in pruned trees is
followed by the rise of auxin & gibberellin.
Water Supply to Shoots, Leaves and
Fruits
Pruning reduces the transpiring area in

6.

proportion to the temporarily unaffected root
system and thus increases water supply. The
increased water supply is the result of the change
in the proportion of foliage area to root system,
not of the reduced transpiration per leaf area
unit.

Flower Bud Formation and Fruiting
Potential
Dormant pruning retards fruit bud formation
and decreases fruit bud number but promoting
shoots growth. It may decrease the pool of
available assimilates as a result of reduced foliage
area or increased demand of activated meristems.
Summer pruned trees usually form more flower
buds than dormant-pruned trees.
Fruit Setting and Fruit Yield
Both dormant and summer pruning increase
fruit setting, probably by increasing water and
nitrogen supply and modifying the action of
growth hormones.Pruning decreases yield,
especially of young trees. The yielding of older
trees is less influenced because decreased
flowering is compensated for by better fruit set
and greater fruit size.
Conclusion
Pruning is important orchard practice
influences fruiting. If one knows the internal
behaviour of tree, fruits can be obtained as and
when needed. Pruning of tree maintain the tree
health properly. Through pruning practices fruit
tree canopy can be managed in better way
facilitate high density planting of tree. So,
knowledge of physiology of pruning helps in
optimizing the pruning time and type of pruning
required for a particular fruit crop and cultivar.

AGRICULTURE ENTOMOLOGY

Role of Plant Lectins in Control of Phytophagous
Insects
K.Elango, K.Nishapradeepa and T.Tamilnayagan and G.vijayalakshmi
Ph.D Scholars, Department of Agricultural Entomology,TNAU, Coimbatore

PLANT LECTINS
One of the most important direct defense
responses in plants against the attack by
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phytophagous insects is the production of
insecticidal peptides or proteins. One particular
class of entomotoxic proteins present in many
plant species is the group of carbohydrate-
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binding proteins or lectins. They are similar
to antibodies in their ability to agglutinate
red blood cells; however lectnis are not the
product of immune system. Plant lectin is
used to denote all plant proteins possessing
at least one non-catalytic domain that binds
reversibly to a specific mono- or
oligosaccharide .Based on the overall domain
architecture of plant lectins, four major
groups can be distinguished: merolectins,
hololectins, chimerolectins and superlectins
(Van Damme et al., 1998).

MAJOR GROUP OF PLANT LECTINS
1. Mero lectin- Due to their monovalent
nature, this group of lectins cannot
agglutinate cells
2. Hololectins are lectins that are
composed of two or more identical or
very homologous carbohydrate binding
domains which allow them to agglutinate
cells and/or precipitate glycoconjugates.
Most of the currently isolated and
characterized plant lectins belong to the
group of hololectins.
3. Super
lectin
-at
least
two
carbohydrate- binding domains that
recognize
structurally
unrelated
carbohydrate structures.
4. Chimerolectins comprises all plant
lectins that are composed of one or more
carbohydratebinding domains fused to a
domain that exerts a biological activity
independent from the carbohydrate
binding domain
Entomotoxic Lectins
Lectins are found to be effective on the
insect
orders
like,
Lepidoptera,
Coleoptera, and Homoptera
The first lectin to be purified on a large
scale and was available on a commercial
basis was Concanavalin A, which is now
the most well- known lectin to control of
some pest insects. Canavalia ensiformis,
or Jack-bean, is used for animal fodder and
human nutrition. It is also the source of
concanavalin A lectin.
Lectins are a group of proteins that are
found in plants and they inhibit predation by
being harmful to various types of insects and
animals that eat plants.
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Lectin (plant source)

Insect

Mannose specific:
ASA (Allium sativum)

Myzus persicae
Dysdercus cingulatus

ASA I, II

Dysdercus cingulatus
D. Koenigii

ASAL (Allium sativum
leaf)

D. Cingulatus
Liphaphis erysimi

Mannose/ glucose specific
ConA (Canavalia
ensiformis)

Aphids

LCA (Lens culinaris)

Acyrthosipum pisum

PSA (Pisum sativum)

Acyrthosipum pisum
Clover leaf weevil

N-acetyl-D-glucosamine specific
ACA (Amaranthus
caudatus)

A. Pisum

WGA (Triticum
aestivum)

Diabroticus
undecimpuctata
L. Erysimi

Action Mechanism of Lectin in Insects
1. Binding of the lectin to the midgut tract
causing disruption of the epithelial cells
including
2. Elongation of the striated border microvilli,
3. Swelling of the epithelial cells into the lumen
of the gut lead to complete closure of the
lumen,
4. Permeability of cell membrane to allow the
harmful substances penetrations from lumen
towards haemolymph
5. Impaired nutrient assimilation by cells
6. Allowing absorption of potentially harmful
substances from lumen into circulatory
system, fat bodies, ovarioles and throughout
the haemolymph
Direct Effects of Lectins
1. Larval weight decrease
2. Mortality
3. Feeding inhibition
4. Delays in total developmental duration
14
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5.

Delays in adult emergence and fecundity
on the first and second generation

enhanced levels of resistance to a wide range of
different rice pests

Indirect Effects of Lectins
Interaction with virus transmission
Mannose-binding lectins are able to bind
to carbohydrate on micro-organisms.
Circulatory viruses contain numerous Nlinked glycosylation sites on their surface
cells. Many of these sites contain highmannose glycans which could interact with
mannose-binding lectin such as ConA
2. Synergistic effects on other proteins
The insecticidal activity of protease
inhibitor and α-amylase inhibitors were
significantly increased when these inhibitors
enzymes incorporated with lectin
Rice transgenic plant carrying three
insecticidal genes including lectin gene
(encoding gene GNA), cry1A and cry 2A, have

Conclusion
It is important to highlight that the use of
insecticide genes is only one of the existing
options available for pest control and this
technique should be integrated with other
practices, such as biological control. The
potential of the incorporation of synthetic genes
containing lectin domains in plants should be
further investigated, since available data are
promising. As such, a combination of techniques
have the potential to provide alternatives for
providing an adequate amount of food to the
growing world population.
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PLANT GENETIC RESOURCES

Conservation of Crop Wild Relatives and its Utility
Usharani, K. S.
Senior Research Fellow, PBG, Agricultural Research Station, TNAU, Bhavanisagar - 638 451

Crop Wild Relative (CWR)
Wild plant taxon that has an indirect use
derived from its relatively close genetic
relationship to a crop. This relationship is
defined in terms of the CWR belonging to
gene pools 1 or 2, or taxon group 1 to 4 of the
crop (Maxted et al., 2006). To establish the
degree of crop relatedness, one method
which could be applied is the Harlan and de
Wet (1971) Gene Pool concept-close relatives
being found in the primary gene pool (GP1),
more remote ones in the secondary gene pool
(GP2), and very remote ones in the tertiary
gene pool (GP3).
Maxted et al. (2006) therefore proposed
an alternative solution using the existing
taxonomic hierarchy. It can be applied to
define a crop wild relative’s rank as follows:
Taxon Group 1a - crop, Taxon Group 1b same species as crop, Taxon Group 2 - same
series or section as the crop, Taxon Group 3 same subgenus as the crop, Taxon Group 4 same genus as the crop, and Taxon Group 5 -
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same tribe but different genus to the crop. CWR
were first routinely used by agricultural scientists
to improve major crops in the 1940s and 1950s,
and by the 1960’s and 1970’s this practice was
leading to some major breeding improvements.
Major threats associated with CWR are
habitat alteration and loss, change in agricultural
practices and due to genetic pollution. A unique
threat to CWR is many taxa are weedy and
associated with traditional farming practices.
With an increase in industrial farming and
cultivation of High yielding varieties, CWR
diversity decreases, resulting in loss of genetic
diversity and leads to potential local extinction.

Conservation strategies
For conservation efforts to be most effective
and to be directed at the most important species
there needs to be clear guidance on first
identifying CWR, followed prioritizing those
species most under threat. Conservation
priorities at international, regional, national
levels are primarily established by agencies with a
focus on rare and threatened species.
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1.

2.

Ex situ conservation
a. Suitable for majority of CWR
species.
b. Management interventions are fairly
minimal.
c. Rescue of threatened germplasm.
d. Conserves
an
adequate
representative sample of CWR
populations.
e. Ease of accessibility and exchange of
germplasm.
f. Evaluation facilitated.
g. Ease of documentation.
h. No exposure to pests, disease and
other hazards.
i. More cost effective.
In situ and On farm conservation
a. Most authentic way to conserve
genetic diversity
b. On farm conservation needs support
and cooperation of the farming
community.
c. In situ means conserved in its own
natural habitats managed as genetic
reserves; overall need to maintain
ecosystem health.
d. Maintains the dynamic evolution of
CWR diversity itself in relation to
parallel environment changes.

Erebuni Reserve
1. It is located in Yerevan city, Armenia. It
is established in 1981 and it covers 89
ha.
2. Its goal is to protect wild relatives of
wheat and other cereals.
3. Major wild species are T. araraticum, T.
boeoticum, T. urartu, Secale vavilovii
and Hordeum spontaneum.
4. But this reserve is inadequately fenced,
lacks a buffer zone, encroached upon by
urban development, currently no active
management/ plan.
5. But its flora status is very rich and
variegated. It contains 300 species of
higher flowering plants, which constitute
9% of Armenian flora.
6. Among this, 20 species are listed in red
book of Armenia.
Some reserves in India are,
Protected Area
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Link to CWR and

Landraces
Dandeli Sanctuary
(47,502 ha)

Nokrek National
park (4748 ha)

Silent valley
National park
(8952 ha)

Western ghats in south
India.
Nutmeg, pepper, wild
yam and berry.
Tropical Garo hills –
Meghalaya.
Least disturbed forest
areas of sub-Himalayan
ranges.
Wild citrus and Musa.
Nilgiri hills.
Cardomom, pepper,
yams, beans.

Use of Crop Wild Relatives in Crop
Improvement
1. Pest and disease resistance
80% of the beneficial traits of CWR genes
confer resistance to pest and diseases.
a. Oryza nivara: grassy stunt virus.
b. Solanum demissum: potato late blight.
c. Lycopersicon pimpinellifolium: many
disease resistances.
d. L. peruvianum, L. cheesmanii, L.
pennellii – 40% resistance genes.
e. Agropyron
elongatum,
Aegilops
umbellulata: stem and leaf rust
resistance in wheat.
f. Most recent trait from wild H. annuus
provides
herbicide
resistance
to
imidazolinone
and
sulfonylurea
chemicals which used to control
broomrape. These resistance genes were
transferred into cultivated hybrids under
the trade name “Clearfield”.
g. Tropical Manioc Selection (TMS)
cassava cultivars developed by IITA
using crosses with Manihot glaziovii and
adopted by no. of African countries
against cassava mosaic disease and
bacterial blight.
h. “Calcutta 4” (Musa acuminate) is a wild,
non edible diploid banana provides
resistance against black sigatoka.
2. Abiotic stress tolerance
a. Chickpea cultivar “BG1103” having
drought and temperature tolerance
which was derived
from Cicer
reticulatum, developed by IARI.
b. O. rufipogon genes provide tolerance of
16
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3.

4.

8.

soils with high acidic-sulfate content
in vietnam and O. longistaminata
genes provides drought tolerance in
Philippines.
c. Bean cultivars having tolerance to
low temperatures and salinity due to
incorporation of genes from its wild
Phaseolus.
Yield increase
a. Chickpea cultivar “BG1103” yields
40% more than competing cultivars.
This increase is due to wild genes.
b. Rice cultivar NSICRc112 developed
Philippines in 2002 from the cross
of O. sativa and O. longistaminata
was a high yielding one.
Cytoplasmic male sterility and fertility
restorer lines
a. Wild Helianthus annuus and H.
petiolaris provides CMS lines for
high yielding commercial hybrids
since 1972. It contributes 100%
production in US, 60-70% of
production worldwide.
b. In rice, 95% of hybrids in china were
derived from crosses using CMS

from wild O. sativa f. spontanea.
CMS and fertility restorer lines from
Pennisetum purpureum was used to
develop first pearl millet grain hybrids
and commercial forage hybrids.
Improved quality
a. In tomatoes, the qualities improved are
increased soluble solid content, fruit
color and adaptation to harvesting.
b. QTL mapping and analysis helps to
discovery of useful quality-controlling
genes for fruit size, small-fruited
ancestor L. pimpinellifolium.
c. Protein content was doubled in Brazilian
cassava cultivar, ICB 300 which was
derived from Manihot oligantha.
c.
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GENETICS

CRISPR: A Technology that Edits an Organsim’s
Genome
1

Himalay Patel 2 Vipul Baraiya
1,2 Dept. of Genetics and Plant Breeding, N.M.C.A., NAU, Navsari
CRISPR
:
Clustered
regularly
interspaced short palindromic repeats
CAS : CRISPR associated systems
trcRNA : transcribed CRISPR RNA
These technique deals with the genome
editing of an organisms which allows
permanent genes modification
CRISPR are short prokaryotic DNA
containing segments which plays an
important role in bacterial’s defence system
CRISPR/CAS is a kind of acquired
immunae system which provides resistance
to bacteria against foreign genetic elements
such plasmids and phages.
These are found in approx. 90% of
sequenced archae and 40% bacterial
genomes.
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Different types of CRISPR systems
1. Type – 1 CRISPR Cas3 and Type – 3 CRISPR
Cas10
2. Type – 2 CRISPR Cas9
Type 2 system is widely used than type 1 and
type 3 because it recquires only a single protein
for RNA guided DNA recognition and cleavage –
it is extremely useful in genome engineering
applications.
CRISPR technology action (see fig.)
1. A single guide RNA (sgRNA), consisting of a
crRNA sequence that is specific to the DNA
target, and a tracrRNA sequence that
interacts with the Cas9 protein.
2. binds to a recombinant form of Cas9 protein
that has DNA endonuclease activity.
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3.

The resulting complex will cause targetspecific double-stranded DNA cleavage
(3).
The cleavage site will be repaired by the
non-homologous end joining (NHEJ)
DNA repair pathway, an error-prone
process
that
may
result
in
insertions/deletions (INDELs) that may
disrupt gene function.

4.

CRISPR loci don’t typically assemble.

Applications of CRISPR technology
For better understanding of genetics of
plants
Breeding of crops for improved tolerancy
towards pathogen, drought, pests
For making biofuels from yeast strains
Also helps in precision/SMART breeding
These technology will be useful for
introducing novel trait into a crop.
Conclusion
These technology will going to proved best
and will show potential for the future of having
good food security.
As different systems are associated with
CRISPR, it is having wide and varied implications
in the areas of biologyand medicine.

How to identify the CRISPRs ?
As these are the repetitive sequences it
can be easily identified from any long
sequences of any bacteria and archae.
Different programs are used to identify
and locate the CRISPR – CRT, CRISPRfinder
etc.
Due to their repetitive nature only their
metagenomic analysis is more challenging as
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PLANT BREEDING AND GENETICS

Alien Species as the Source of Rust Resistance in
Wheat
Parul Sharma*1 and Devender Sharma2
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Bread wheat (Triticum aestivum L., 2n =
6x = 42, AABBDD) is one of the most
important food crops, serving as a daily
staple for human consumption worldwide.
However, the lack of sufficient genetic
diversity in bread wheat germplasm
challenges geneticists and breeders to
enhance the crop against various biotic and
abiotic stresses in order to meet the
increasing global demand for food security.
Wild species of wheat are a reservoir of
variability for several biotic and abiotic
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stresses. Genes especially for disease resistance
transferred from wild species have provided an
insurance cover for sustaining wheat production
globally. Among the wheat diseases, leaf rust,
stripe rust and stem rust are the most important
worldwide. A total of 60 genes for leaf rust, 40 for
stripe rust and 45 for stem rust have been
designated so far and out of these 30 genes for
leaf rust, 12 for stripe rust and 18 for stem rust
resistance have been introgressed from wild
progenitor and non-progenitor species (McIntosh
et al. 2007).
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The wheat gene pool is structured upon
the genomic constitution of the species and
comprises three groups, viz., primary,
secondary and tertiary.
1. Primary gene pool: Primary gene pool
includes the hexaploid landraces,
cultivated
tetraploids,
wild
T.
dicoccoides and diploid donors of the A
and D genomes of hexaploid wheat.
Gene transfer from primary gene pool is
straightforward and requires standard
breeding methods like hybridization,
backcrossing
and
selection
and
homologous
recombination
either
through direct crosses of these species
with common wheat or production of
synthetic wheat.
2. Secondary gene pool: The secondary
gene pool consists of the polyploid
Triticum and Aegilops species which
share one genome among the three
genomes of wheat. Genetic transfer in
the secondary gene pool is also possible
through direct crosses and backcrosses
to utilise the homologous pairing
between common genomes, but some of
the species (Aegilops spp.) in this gene
pool require manipulative methods.
3. Tertiary gene pool: Diploid and
polyploid species, which are members of
the tertiary gene pool of hexaploid
wheat, have non-homologous genomes
with hexaploid wheat. One promising
source of novel genes for wheat is wheat
grasses and wild rye both being included
in the tertiary gene pool. As chromosome
pairing and recombination in common
wheat are largely governed by the gene
Ph1 located on the long arm of
chromosome 5B which ensures pairing
and recombination of homologous
chromosomes only. Introgressions into
wheat from the tertiary gene pool have
most
often
been
facilitated
by
irradiation, tissue culture, use of the
ph1b mutant and embryo rescue
techniques.

Ways to overcome the failures during
interspecific and intergeneric crosses
1. Reciprocal
crosses:
Reciprocal
differences
in
interspecific
and
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intergeneric crosses are not uncommon. Any
interspecific cross should always be
attempted in both directions.
2. Environmental
conditions:
Environmental conditions can affect the
fertility of hybrids and they should always be
grown under the best environmental
conditions available. Strong, vigorous plants
are more likely to be fertile than poor ones.
Often hybrids will do best under natural field
conditions with ample moisture and light.
3. Embryo Rescue: In many interspecific and
intergeneric hybrids, the embryos appear to
develop normally for a number of days and
then show signs of degeneration. This
probably results from a breakdown of the
endosperm and its inability to nourish the
embryo. If the embryos have developed for at
least 8-10 days, often they can be removed,
cultured, and induced to produce plants.
4. Induced
Homoeologous
Pairing:
Although the Ph1 locus is the major
contributor to the control of homoeologous
pairing, a number of other genes, primarily
on chromosomes of homoeologous groups 2,
3, and 5, are involved.
Three basic procedures have been developed
to manipulate the Ph1 gene and induce pairing
between alien chromosomes and their wheat
homoeologs:
a. The use of crosses involving aneuploid
types to produce plants carrying an alien
chromosome or chromosomes, but
lacking chromosome 5B.
b. The use of crosses with species carrying
a suppressor of Ph1.
c. The use of a mutant of the Ph1 or some
other locus affecting homoeologous
pairing.

Strategies of alien gene transfer:
There are two ways to transfer the alien
gene(s) into cultivated species:
1. Vertical Gene Transfer: Vertical gene
transfer (VGT) is the transfer of genes by the
movement of genes across different
populations and thus this process includes
the transfer of genetic from parents to
offspring. Therefore, it is only possible in
those cases where the individuals can mate
with each other naturally or by artificial
means and consequently are able to produce
19
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2.

the offspring.
Horizontal
Gene
Transfer:
Horizontal gene transfer (HGT) is a
method of gene transfer from donor
parent to recipient parent by asexual
means. Therefore, it is the transfer of
genes between the non-mating species
and is not restricted by genome or gene
pool boundaries. It is also referred to as
lateral gene transfer LGT. The most
classical example of HGT in plants is the
infection
of
plant
cells
with
Agrobacterium.

The Results of Transfers of Rust
Resistance from Alien Species to Wheat
Many historical evidences are there that
show practical importance for resistance
breeding in wheat such as Hayes et al. (1920)
selected out the stem and leaf rust-resistant
line Marquillo, after several generations of
selfing from crosses between Iumillo durum
& Marquis bread wheat and McFadden
(1930) gave the leaf and stem rust-resistant
lines Hope and H44-24 by crossing Yaroslav
emmer with Marquis. Extensive work has
been done on the transfer of rust resistance
to wheat from its progenators such as
Aegilops spp., T. monococcum etc. Several
intergeneric hybridisations have been made
between wheat and Aegilops, Leymus,
Haynaldia, Secale, Dasypyrum, Hordeum,
Thinopyrum and Agropyron species, to
produce wheat-alien introgressions for wheat
breeding, using the wheat-alien species as
new sources of genetic diversity. Advent of
recent molecular marker techniques as well
as molecular cytogenetic techniques, such as
non-radioactive in situ hybridization like
genomic in situ hybridization (GISH) and
fluorescent in situ hybridization (FISH), can
effectively complement classical diagnostic
and selection tools for more efficient and
accurate detection and characterization of
desired products.
The majority of the Sr resistance genes
are derived from the primary and secondary
gene pools, but more than 70 resistance
genes are from the tertiary gene pool.
The
Sr27,
Sr31/Yr9/Lr26,
Sr50,
Sr1RSAmigo and SrSatu resistance genes
have all originated from the 1R and 3R rye
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chromosomes and these genes have contributed
to the control of wheat rust disease. Other
important resistance genes, such as Sr24, Sr25,
Sr26 and Sr43, originate from wheatThinopyrum ponticum introgressions, while
Sr44
originates from wheat-Thinopyrum
intermedium introgression and Sr52 originates
from wheat-Dasypyrum villosum introgression
.These genes have thus been transferred from the
tertiary gene pool and are now being used in
wheat breeding.
The leaf rust resistance genes Lr19, Lr24,
Lr25, Lr29 and Lr38 are also derived from the
tertiary gene pool . Moreover, Yr5 is derived
from Triticum spelta album and Yr15, YrH52 and
Yr36 comes from Triticum turgidum ssp.
dicoccoides Furthermore, Secale cereale, Leymus
mollis, Leymus racemosus and Thinopyrum
junceiforme have all proven to be useful as
genetic resources for wheat breeding against rust
diseases Thus, the secondary and tertiary gene
pools are extremely valuable sources of novel
alleles suitable for introgression into the
hexaploid genome.
The majority of the Yr and Lr genes originate
from the primary gene pool, although several of
the Yr and Lr genes are also derived from the
secondary and tertiary gene pools (e.g. Aegilops
spp.,
Brachypodium,
Secale
cereale,
Thinopyrum spp. etc.).
Moreover, a number of the Sr, Yr and Lr
(quantitative trait locus, QTL) genes have been
identified as originating from all three gene
pools.
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Impact of Climate change on Soil properties
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Climate change:It is a change in global
or regional climate patterns, in particular a
change apparent from the mid to late 20th
century onwards and attributed largely to the
increased levels of atmospheric carbon
dioxide produced by the use of fossil fuels.
By the end of 21st century, the global
surface temperature is expected to rise a
further 0.5 to 6.4ºC. According to IPCC, a
rise in temperature of 0.88 to 3ºC by 2050
and 1.56 to 5.4 ºC by 2080 is likely to occur
in
south
Asian
region
including
India.According to NASA, the present CO2
concentration is 407 ppm and it is evident
that
the
strong
growth
of
global CO2 emissions from the burning of
coal, oil, and natural gas is driving the
acceleration.
Before
the Industrial
Revolution in the 19th century, global
average CO2 was about 280 ppm.
Soil is an utmost important factor for the
foundation of sustainable agricultural
development and quality of human life.
Climate change due to greenhouse effect,
associated global water cycle have a huge
impact on vegetation soil processes and
ecosystem
functioning
and
nutrient
availability. Soil health is important in
economic viability and environmental
amenities of agriculture.
Climate: It is defined as the weather
conditions prevailing in an area in general or
over a long period

Climatic factors
1. Temperature
2. Solar radiation
3. Rainfall
4. Atmospheric wind
Causes of climate change:
1. Natural drivers
a. Volcanoes
b. Ocean current
c. Continental drift
d. Meteorites
VOLUME NO. 14, ISSUE NO.05
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Anthropogenic causes
a. Pollution
b. Industrialization
c. Deforestation
3. Greenhouse gases
a. Carbon dioxide
b. Water vapour
c. Ozone
d. Methane
e. Chlorofluorocarbons
4. Impact of climate change on soil health
a. Increased GHG’s in atmosphere
b. Increased temperature
c. Greater evaporation
d. Soil water depth
e. Increased salinization
f. More mineralization
Above all factors will lead to soil quality and
soil health deterioration due to climate change.

Impact of Climate change of Soil function:
1. Direct Impacts:
a. Poor soil structure
b. Decreased water holding capacity
c. Nutrient availability is altered
d. Loss of soil carbon
e. Deficit in soil moisture
2. Indirect impacts:
a. Poor fertility
b. Low microbial activity
c. Low crop yields
Mitigation strategies
1. Reducing GHG’s emissions.
2. Carbon sequestration.
3. Reducing CH4 emissions from soil.
4. Enhanced Nitrogen management for less
nitrous oxide.
5. Crop residue management.
6. Use of water saving and water harvesting
structures.
7. Intercropping and crop diversification.
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Introduction
Salinity stress is nowadays recognized as
a major threat to agricultural production,
especially in the arid and semi-arid soils.
Every soil will have water-soluble salts,
which will be absorbed by plants for nutrition
but when the over-accumulation of the salts
occur, it results in suppression of plant
growth and productivity. About 6 percent of
the world’s land is affected by salinity stress,
which accounts for more than 800 m.ha. In
India, the salinity problem is increasing year
after year mainly in arid and semi-arid tracts
where total land affected by salinity is around
9.83 mha (3.38 mha are alkaline soils and 5.5
mha are saline due to climatic and
environmental factors). Sol salinity increases
due to lack of rainfall and also due to floods
where the top soil is prone to erosion and
accumulation of salts takes place. Legume
grains are more sensitive to salt stress
compared to cereals but in cereals, the salt
stress decreases relative water content,
chlorophyll content and grain yield. Indian
farmers in arid and semi-arid areas mostly
depend on the groundwater for irrigation
purpose which leads to depletion of thewater
table and also increases the accumulation of
salts in theroot zone.
Effects of Soil salinization:
Agriculture: Poor drainage and
availability of ample water in most of the
irrigated soils is the main factor exacerbating
soil salinity. Leaching the salts from root
zone by supplying surplus amount of
irrigation water is needed. However, some of
the salts are essential to plants but salts such
February, 2018

as nitrates act as pollutants when leached into
groundwater in excess. Under salt stress, more
energy is utilized by the plants for nutrient
uptake resulting in osmotic stress, whereas this
energy can be utilized for the purpose of
flowering, fruiting if soil salinity is reclaimed.
Yield of Crop plants: Soil salinity reduces
the agricultural production at massive scale and
causes asevere economic loss at theglobal level.
Excess salts in the leaves and nutritional
imbalance in plants lead to reduced crop yields.
In salinity tracts, it is better to grow salt stress
tolerant crops such as Barley (Highly tolerant)
and Bread wheat (moderately tolerant). Legumes
are highly sensitive to salt stress whereas Alfalfa
and Saltbush (Atriplex spp.) can resist salt levels
that are greater that of seawater.
Response of plants to salinity stress:
Salinity stress is an increasing threat to many
irrigated, arid and semi-arid areas of the world.
The performance of plants in salt stress condition
also depends on the factors such as humidity,
temperature, light, and sensitivity of plants. The
response of salt stress to plants is similar to that
of water deficiency where long-term exposure
leads to reduced leaf emergence rate and also
theprolonged exposure of plants to salt stress
leads to thedeath of thewhole plant.
Photosynthesis
and
antioxidant
defence mechanism: Excess salt accumulation
causes premature aging, reduction in the nutrient
supply and photosynthesis thus affecting the
growth of theentire plant. Accumulation of salts
causes damage to photosynthetic apparatus due
to dehydration of cell membrane and stomata
closure which reduces their permeability to CO2.
Production of reactive oxygen species (ROS) is
enhanced by abiotic stress causing irreparable
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damage to cells and also causes areduced
form of atmospheric oxygen. ROS,
Superoxide (O2-), hydrogen peroxide (H2O2)
and hydroxyl radical (HO) are highly toxic
and they react with lipids, proteins, nucleic
acids etc. and causes DNA mutations, lipid
peroxidation, and protein denaturation. The
plants have developed defence mechanisms
involving both enzymatic [SOD (Superoxide
dismutase), CAT (catalase), Ascorbate
peroxidase (APX), Glutathione Reductase
(GR) and Monodehydro Ascorbate Reductase
(MDAR)] and non-enzymatic (glutathione,
ascorbate, and carotenoids) antioxidant
systems which will reduce the toxicity of
ROS. Under increased levels of SOD,
scavenging of superoxide radical is done,
minimising the damage to cell membranes
thereby leading to the enhanced tolerance to
oxidative stress.
Accumulation of Osmolytes and
proteins: Salt stressed plants adapt to
salinity situation through maintaining inner
water potential below that of soil water
potential and turgor pressure for uptake of
water by producing and accumulating low
molecular weight compatible osmolytes.
Majority of osmolytes are organic solutes
involving simple sugars (glucose and
fructose), complex sugars (Trehalose), sugar
alcohol (glycerol), quaternary amino acid
derivatives (proline and glycine betaine),
sulfonium compounds (choline-o-sulfate and
dimethyl sulfonium propionate) with very
few exceptions like potassium ion. The
accumulation of glucose, fructose, sucrose,
fructans has been widely reported as a
response to salinity stress, which plays a
major role in
osmotic adjustment,
osmoprotection, carbon storage and radical
scavenging.
Trehalose
protects
cell
membranes and reduces aggregation of

denatured proteins during abiotic stress. Proline
gets accumulated under salt stress and protects
the membrane stability and mitigate the effect of
NaCl on cell membrane disruption. Glycine
betaine is a small water-soluble organic molecule
which helps in protecting plant cells from salt
stress by osmotic adjustment, protection of
photosynthetic apparatus and reduction of
radical scavengers. The acclimation of plants to
salt stress will benefit plants agronomically by
higher growth and physiologically the Na+
accumulation in the plant shoot.

Conclusion
Soil salinity is a serious concern as it limits
food production mainly in arid and semi-arid
regions with the available knowledge in plant
physiology,
genetics,
and
biochemical
methodologies are used in conventional breeding
approaches to combat the toxicity effect in plants
generated by the soil salinity. Genetic engineered
plants with improved salt stress tolerance were
produced whose performance in field level is yet
to be stabilized.
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Urea is an important provider of
nitrogen, which is essential for the
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development of plants. But only 30-40 % of
nitrogen present in the urea is exploited by crops
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and the remaining gets ruined. When normal
urea is applied, it gets transformed to
ammonium carbamate. Some of this gets
converted to ammonia gas. Around 8-10 per
cent of applied nitrogen is lost in the form of
volatilization which is more distinct in
alkaline soils of India. The remaining amount
of ammonium carbamate go through
chemical transformation and as result
nitrates are formed where some of these are
taken up by the plants. The rest are either
leached into the underground water or are
denitrified to gaseous nitrogen and nitrous
oxide under anaerobic conditions. Neem has
properties that reduce nitrogen loss at each
stage. It decelerates the process of nitrate
formation and therefore excess nitrate is not
open for denitrification. It will decrease
caking during storage and also increase the
nitrogen availability to crops at the time of
growth and can also result in better crop
yield.

Necessity of Neem Coat
Soil fertility is decided by major
elements viz. Nitrogen, Phosphorus and
Potassium (N, P, K) of which nitrogen plays a
very significant role. For this purpose, Urea
consumption is very high all over the world.
Unfortunately, more than half of the nitrogen
leaches out or vaporizes in the form of
nitrogen gas, ammonia & nitrous oxide due
to the presence of denitrifying bacteria in the
soil. Based upon the results of extensive field
trial where Neem coated urea was found to
be agronomically superior to normal urea,
neem coated urea prevents its losses as well
as slowly releases nitrogen from fertilizer,
nourish the plantlets for a longer period, and
thereby avoids the frequent use of fertilizer.
Mode of Action
Normal urea application to the soil result
in rapid conversion of amide in the urea to
ammoniacal nitrogen and subsequently to
nitrite and nitrate forms. Nitrogen in
following forms, in addition being taken up
by plants, is also quickly lost from the soil
due to leaching, runoff, volatilization and
denitrification. But when neem coated urea is
applied to soil, the neem triterpenes hinder
the activity of nitrifying bacteria in the soil
which results in the delayed transformation
February, 2018

of ammonical nitrogen to nitrite form. So neem
coated urea ensures slow and continuous
availability of nitrogen throughout the crop
growth.

Benefits of Neem Coated Urea
1. Delay the process of nitrification of urea
2. Neem coated urea improves yield up to 48%
as reported by several scientists
3. Reduce urea requirement by 50%
4. Controls termites, soil born nematodes and
other pest showing to its pesticidal properties
5. Saving of 10% of the losses of urea would
amount to 2 million tons of urea or a
reduction in subsidy component to the tune
of 1,700 crores per annum considering total
subsidy on urea to be 18,000 crores per
annum.
6. Increased crop yields due to better nitrogen
utilization
7. Reduces
environmental
pollution
of
groundwater as it reduces the leaching of
nitrates and gaseous emissions
8. Prospect for entrepreneurs to commercialize
local Neem
9. Development of small-scale industries in
rural areas
Other Benefit:
Apart from the increase in yield by increasing
NUE, application of Neem coated urea shows
other beneficial effects in paddy and wheat crops.
No incidence of leaf folder and, stem borer in
paddy crop has been reported by application of
Neem coated urea at Panipat. At Sangrur and
Gurdaspur, in the States of Punjab, farmers
observed that the incidence of white ant was
reduced with the use of Neem coated Urea in
wheat crop. This is due to the fragrance of Neem
oil that was released in the standing water on
dissolution and insecticidal properties of Neem.
Repellent action of Neem oil protects crops form
many insects; pest due to bitter smell of Neem
oil. Neem Oil contains Azadirachtin which effects
over 600 species of pests including insects,
nematodes, fungi and viruses and is completely
safe to non-target organisms like beneficial
predators, honey bees, pollinators, fish, birds,
cattle and human beings,hence application of
Neem coated urea is considerd as a eco-friendly
approach.
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SEED STORAGE: “The period from
physiological maturity of seed until the time
they are planted is termed as seed storage”
Main objective of seed storage is
maintenance of germination capacity and
emergence of seedling by reducing rate of
deterioration for desired period.
Seed viability during storage varies from
crop to crop.

increases with increase in moisture content of
seed. If seeds are kept at high moisture content
the losses could be very rapid due to mould
growth. Very low moisture content below 4%
may also damage seeds due to extreme
desiccation or cause hard seededness in some
crops. Since the life of a seed largely revolves
around its moisture content it is necessary to
dry seeds to safe moisture content which
depends upon storage length, type of storage
structure, kind/variety of seed, type of
packaging material used. In cereals,storage for
12-18 months under optimum conditions, seed
drying up to 10% moisture content appears
quite satisfactory. However, for storage in
sealed containers, drying upto 5-8 % moisture
content may be necessary depending upon
particular kind.
Harrington’s thumb rule on seed
moisture content: For every one per cent
decrease in seed moisture content the life of
seed will be doubled. Based on the tolerance and
susceptibility of seeds towards moisture loss
seeds are classified into:
Orthodox – The seeds which are able to
tolerate desiccation loss to about 5% moisture
content and below in equilibrium with 10-13%
RH at 20˚Care likely to show orthodox seed
storage behaviour.There is no loss in viability.
e.g. Rice, sorghum and most of the cultivated
species.
Recalcitrant –The seeds which are able to
tolerate desiccation loss to about 15-20%
moisture content in equilibrium with >70% RH
at 20˚Care likely to show recalcitrant seed
storage behaviour. These require high moisture
for viability maintenance. e.g.: cocoa,
rubberand mango.
Other Biotics: Microflora, Insects and
Mites:The activity of all these organisms can

Factors Influencing Seed Storage
BIOTIC FACTORS
Genetic makeup of the Seed: The
storage is influenced by the genetic makeup of
the seed. Some kinds are naturally short lived
(e.g.) onion, soybeans, ground nut etc. The oil
seed crops, having poor storability, followed by
protein rich (pulses) and carbohydrates rich
(cereals) crops. Based on the genetic makeup,
seeds are classified into 1. Microbiotic – short
lived 2. Mesobiotic- medium lived 3.
Macrobiotic – long lived.
Initial Seed Quality: Seeds which are
mechanically injured suffer a lot and loses its
viability and vigour quickly. Immature,
shrivelled and small seeds deteriorate faster
than healthy, well developed seed. Physically
damaged seeds, broken, cracked seed
deteriorate faster than undamaged seeds. Once
seed start to deteriorate it proceeds rapidly.
Provenance Effect: Climatic condition
where the seed crop was produced greatly
influences the storability. Seed harvested from
region of high relative humidity and
temperature at time of maturation or harvesting
have poor viability as compared to the region of
low
relative
humidity
with
moderate
temperature.
Seed Moisture Content: Moisture
content is most important factor that influences
the storability. The rate of deterioration
VOLUME NO. 14, ISSUE NO.05
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lead to damage resulting in loss of viability. The
microflora activity is controlled by relative
humidity, temperature and moisture content of
seed. Treatment of seedswith fungicides can be
stored for longer periods. Fumigation to control
insects will also help in longer period of storage.
Fumigants - (e.g.) methyl bromide, hydrogen
cyanide, ethylene dichloride, carbon tetra
chloride, carbon disulphide and naphthalene
and aluminium phosphide.
Abiotic Factors
Relative Humidity: Relative humidity is
the amount of water present in the air at a given
temperature in proportion to its maximum
water holding capacity. Due to hygroscopic
nature seed attains specific moisture content
when exposed to atmospheric humidity.
Relative humidity and temperature are the most
important factors determining the storage life of
seeds. Equilibrium moisture content for a
particular kind of seed at a given relative
humidity tends to increase as temperature
decreases. At equilibrium moisture content
there is no net gain or loss in seed moisture
content. In general, equilibrium moisture
content of oil seed is lower than that of starchy
seed at same relative humidity and temperature.
Temperature: Temperature also plays an
important role in life of seed. Insects and
moulds increase as temperature increases.
Higher the moisture content of the seeds, the
more they are adversely affected by
temperature. Decreasing temperature and seed
moisture is an effective means of maintaining
seed quality in storage. The following thumb
rules by Harrington are useful measures for
assessing the effect of moisture and temperature
on seed storage.
1. For every 1% decrease of seed moisture
content the life of the seed doubles. This
rule is applicable between moisture content

of 5-14%.
For every 5ºC decrease in storage
temperature the life of the seed doubles.
This ruleis applicable between 0ºC to 50ºC.
3. Good seed storage is achieved when the %
of relative humidity in storage environment
and the storage temperature in degrees
Fahrenheit add upto 100 but the
contribution from temperature should not
exceed 50ºF.
Gas during Storage: Increase in oxygen
pressure decrease the period of viability.
Nitrogen and carbon dioxide atmosphere will
increase the storage life of seeds.
Packaging Material: Kind of packaging
material depends on quantity of seed to be
packed, duration of storage, storage condition,
cost of packaging, value of seed, crop, moisture
content of seed etc. Old jute and cloth bags and
other containers are fumigated before packaging
of seed. For short term storage, cloth and gunny
bags are used. For long term storage, vapour
proof laminated high density polythene bags are
used.
Stacking: Stacking of bags on the wooden
pallets/ tarpaulin to avoid absorption of
moisture by the seed should be done to prevent
direct contact from floor. Number of bags in one
stack should never be more than 8-10 to avoid
the stack pressure on the seed of lower bags.
Restacking ones in 3 months or less is
important for prolong seed viability.
Seed Store Sanitation: Seed containers
should be cleaned and disinfected to kill insects,
avoid mechanical mixtures of seed. Cracks and
crevices present on floor and walls should be
sealed properly. Chemicals and fertilizers
should not be stored along with seed. The
warehouses are to be adequately ventilated and
protected against rodents.
2.

14. AGRONOMY

Crop Protection in Groundnut
Kotramma C. Addangadi, Ashok N. Chaudhary and A. H. Sipai
Regional Research Station, S. D. Agricultural University Bhachau-Gujarat, India

Introduction
Oilseeds are considered as backbone of
agricultural economy in India. Groundnut is
February, 2018

an important oil seed crop out of the nine
oilseeds crops grown in our country. India is one
of the largest producers of oilseeds in the world
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and occupies an important position in the
groundnut. More than twenty insect pests are
Indian agricultural economy. It is one of the
known to attack the crop. Crop protection is the
most important food and cash crops of our
science and practice of managing pests, plant
country. While being a valuable source of all
diseases and other pest organisms that damage
the nutrients, it is a low-priced commodity.
agricultural crops. Management of pest and
Groundnut is also called as wonder nut and
diseases help farmers to reduce crop damage
poor man’s cashew nut. It contains 25.20%
from pests and increase food production.
protein, 48.20 % oil and 11.50% starch.
Management of pest and diseases will improve
One of the most important factors
the quality and yield of produce. The important
contributing to low yield is disease and pest
pest and diseases of groundnut and their
attack. More than 55 pathogens including
management has been discussed here.
viruses have been reported to affect
Important Pests of Groundnut and Integrated Management Practices
Sr.
No.
1

Name of the Pest

Damaging Symptoms

Groundnut
Aphid
Aphis
craccivora

Sucks the sap from the plant and injects
a powerful toxin into the plant, yellowing,
wilting and dieback and sooty mold
development are common symptoms.

2

Groundnut Thrips
Scirtohrips dorsalis

3

Leaf hopper/Jassid
Empoasca kerri

Fed on young unopened bud leaves and
causes dull yellowish-green patches on
upper surface and dark-brown necrotic
patches on lower leaf surface besides
leaves curled up. It transmits groundnut
bud necrosis virus.
A heavy infestation on young plants
caused stunting and leaf tips turned
yellow with a typical ‘v-shape’ marking.

4

Leaf miner
Aproaerema
modicella

5

Red hairy caterpillar
Amsacta albistriga
and Amsacta
moorei

6

Tobacco caterpillar
Spodoptera litura

7

Gram pod borer
Helicoverpa
armigera

8

White grubs/ Root
grubs Holotrichia

Young larvae mine the leaves and web
together several leaflets. The mines
later increases in size and finely dries
up. The crop gives burnt appearance.
Early instar larvae feed voraciously by
scraping the under surface of the tender
leaves. Grown up larvae feed on entire
foliage, flowers and growing points and
defoliate the crop and gives cattle
grazed appearance
Newly hatched larvae scratch the leaf
surface. Later instars larva are nocturnal
in nature. They feed on foliage, flowers
and are regarded as a serious defoliator
Larva feed on the foliage and flowers
and acts as defoliator. When larva feeds
on the unopened leaf, symmetrical
circular cut holes can be seen on the
leaf.
The white grubs feed on roots and also
damage pods. Plants are stunted and
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Integrated Management of
Pests
1. Growing resistant variety
and avoiding monocroping.
2. Destroy the weed flora
which acts as alternate hosts
for pests survival
3. Deep summer ploughing of
soil to expose the soil for
radiation
4. Intercropping of Groundnut+
Cowpea (4+1) and
establishment of yellow sticky
traps (10-12/ha) will manages
the sucking pests
5. Installation of light traps at
the rate of 12/ha will manages
the red headed hairy caterpillar
6. Release of Trichogramma
egg parasitoids @ 7.5 cc/ha.

7. Spraying of neem seed
kernel extract (15 kg/ha) or
neem oil (15 lit/ha) or neem
leaf extract (25 kg/ha).
8. Spraying of any following
insecticed at regular intervals
will manages the insects
.Monocrotophos (2ml/l)
. Quinalphos (2ml/l)
.Carbaryl 50WP -2.0 kg/ha
. Imidacloprid (1ml/l)
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show wilting symptoms. Severely
infested fields have large patches of
dead plants.

Ref: Nataraja et. al. (2014) and Subhash (2011)
Important Diseases of Groundnut and Integrated Management Practices
Sr.
No.

Name of the Disease
and Causal
Organism
Early Leaf Spot:
Cercospora
arachidicola
Late Leaf Spot:
Cercosporidium
personatum

Symptoms

Integrated Management
of Diseases

In early leaf spot, spot color is reddish brown
and spots are not typically circular and larger
that late leaf spot Yellow halo is conspicuous
and spreading
In late leaf spot, color of spot is dark brown,
circular and small and yellow halo is dull.

2

Rust:
Puccinia arachidis

3

Stem Rot
Sclerotium rolfsii

Appearance of orange red brown colored
pustules on the lower surface of the leaf and
pustules may also appear on the upper
surface of the leaf. Necrosis develops in the
area surrounding the pustules. Symptoms
may develop on petioles and stems.
The disease starts with pre emergence rot of
seeds characterized by rotten and softened
seeds. The pathogen attacks the germinated
seedlings and causes wilt.

1. Using resistant
varieties, early planting,
and avoid monocropping
2. T. harzianum (2kg)
enriched with FYM
(500kg/ha) should be
applied 15 days before
sowing
3. Seed treatment with
Trichoderma harzianum
(10g/kg) or seed
treatment with
Tebucanozole (3g/kg)
4. Spraying with
Tebuconazole @ 1ml/ l at
30 and 45 DAS
5. Application of gypsum
@ 200kg/ha
6. Soil treatment with
aldicarb and carbofuran
is effective for Kalahasti
malady
7. Spraying with neem
seed kernal extraxt at the
rate of 10ml/l of water.

1

4

Aflatoxin
Aspergillus flavus

5

Groundnut Bud
Necrosis Disease
Transmitted by
Thrips palmi

6

Kalahasti Malady
Nematode:
Tylenchorhynchus
brevilineatus

In a standing groundnut crop, A. flavus
invasion can occur in soil during pod
development and maturation. It produces
aflatoxins BI and B2 and toxins cause
carcinogenic effects in humans and animals.
Stunting of the plants and proliferation of
axillary shoots. Rarely, the lamina was
reduced to the midrib, giving the leaflet a
"shoe string" appearance and giving them a
stunted and bushy appearance.
Initially brownish yellow lesions appear on
the pegs, pod stalks and on young
developing pods. Pod stalks are much
reduced in length.

Ref: Bharat et. al. (2013), Mehan (2002) and Stephen (2001)
newsletter of the working group on mycotoxins,
Reference
1(2): 3-6.
Bharat, C. N., Singh, J. P., Seweta, S. and
Nataraja, M. V., Kuldeep Singh Jadon,
Singh, R. B. (2013). Management of late leaf
Prasanna
Holajjer, Thirumalaisamy, P. P.,
spot of groundnut by different fungicides and
Poonam, Jasrotia and Ram Dutta (2014).
their impact on yield. Pl. Pathol. J., 12(2):
Integrated Pest and Disease Management in
85-91.
Groundnut. Directorate of Groundnut Research,
Mehan, V. K. (2002). Multimycotoxins
P. B. No. 05, Junagadh-362 001, Gujarat, India,
in maize pose a colossal challenge to the food
Technical Bulletin, No 2. p:19.
and feed industry. Mycotoxin news on
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Stephen, A., Ferreira, R. and Soley A.
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Southern wilt). Crop knowledge Master,
pp.1-6.
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(2011). Studies on sucking insect pests of
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15. PLANT PATHOLOGY

Tospo Viruses: A Real Threat for Agricultural and
Horticultural Crops
Saroj Shirsole and Tushar Mishra
Ph.D. Scholar, Department of Plant Pathology, I.G.K.V, Raipur, C.G.

Introduction
Tospoviruses are enveloped viruses that
infect plants, leading to tissue necrosis. The
first tospovirus, the tomato spotted wilt
virus, was isolated in Australia in 1915
(Adkins et.al., 2005). An extremely wide
variety of plants are susceptible to
tospoviruses (including crops such as
tomatoes,
watermelon,
lettuce,
and
groundnuts, and flowers such as irises,
impatiens, lilies, and orchids), and the
geographic host range of topsviruses
encompasses nearly every major agricultural
area on the globe (Jones, 2005).
Tospoviruses rank among the ten most
detrimental plant viruses worldwide, and the
recent resurgence of the virus and spread
into novel hosts has sparked concern among
agriculturalists and horticulturists (Prins &
Goldbach, 1998). Although the virus was
soon reported in many other countries, the
more recent worldwide dispersal of Western
flower thrips (Frankliniella occidentalis), the
major vector of TSWV, led to the reemergence of TSWV as a major agricultural
pest in the 1980s with worldwide losses
estimated to be in excess of US$1 billion
annually by 1994. The continuing economic
importance of TSWV is a result of: (i) its
worldwide distribution and wide host range
(>800 plant species), (ii) the significant crop
losses resulting from infection; and (iii) the
difficulty in managing the thrip vectors, and
hence the virus.
TSWV also garners attention for its
fascinating biology that challenges the
management of both virus and vector. In the
1980s, it was first observed that TSWV

VOLUME NO. 14, ISSUE NO.05

resembled viruses within the family Bunyaviridae
, a large group of mostly arthropod-transmitted,
vertebrate-infecting viruses. TSWV and more
recently described tospoviruses are unique
among plant viruses in that virions are enveloped
in a host-derived membrane studded with two
viral glycoproteins, and contain one negativesense and two ambisense single-stranded RNAs
encapsidated in multiple copies of the viral
nucleocapsid protein.

TSWV biology has aspects
Virions contain the viral RNA-dependent
RNA polymerase which uses host cell mRNAs to
prime viral transcription via cap-snatching and
Thrips can only transmit TSWV if acquired as
larvae, although both larvae and adults are able
to transmit.
Symptomatology
TSWV causes variable symptoms, including
necrotic/chlorotic rings and flecking on leaves,
stems and fruits, with early infections leading to
one-sided growth, drooping leaves reminiscent of
vascular wilt, stunting or death. Later infections
produce unmarketable fruit with striking
chlorotic/necrotic ringspots that often appear
only when the fruit reaches full colour. Novel
integrated management strategies have been
developed for TSWV because the complex vectorvirus relationship and the rapidity of
transmission
limit
the
effectiveness
of
insecticides.
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transfer
The S RNA: the nucleoprotein (N) used to
construct the virion capsid and a non-structural
protein (NSs) of unknown function
The M and S RNAs are special, in that both
are ambisense, meaning that one gene is encoded
in the negative sense sequence and another gene
is encoded in the positive sense sequence (Cortez
et.al., 2001). The RNA molecules are also capable
of forming pseudo-circular panhandle structures,
as well as stable hairpins, due to the presence of
complementary terminal sequences (Dong et.al.,
2008).

Figure:

Tomato

spotted

wilt

virus

(TSWV) symptoms.
TSWV produces a wide range of foliar
symptoms.
Symptomatology
varies
depending on the strain, host species and
genotype and is also influenced by
environmental factors such as temperature.

Diagnosis
In most cases, accurate diagnosis is
facilitated by serological or molecular
techniques. Purified TSWV is a good
immunogen and virus-specific antisera and
ELISA kits are commercially available.
Molecular techniques based on RT-PCR have
been developed that can detect the virus in
plants and thrips vectors. Sensitive, rapid
real-time PCR methods are also available. An
NSs specific monoclonal antibody was
produced which was shown to be effective in
identifying adults that are capable of
transmitting the virus since detection of NSs
in thrips is an indication that the virus had
multiplied in the vector.
Genome organization
The tospovirus genome consists of three
ssRNA molecules, known as a tripartite RNA
genome (Cortez et.al., 2001). The RNA
molecules are simply known as L (Large), M
(Medium), and S (Small). The entire genome
codes for six proteins via five different open
reading frames (ORFs).
The L RNA: RNA-dependent RNA
polymerase for viral replication and genome
transcription.
The M RNA: two envelope precursor
glycoproteins (G1 & G2) and the viral
movement protein(NSm) for cell-to-cell viral
February, 2018

Figure: Segmented Negative-stranded RNA
linear genome, L segment is about 8.8kb, M
segment about 4.8kb and S segment about 3kb.
Encodes for six proteins.

Virion Structure of a Tospovirus
The tospovirus virion consists of a quasispherical capsid particle 80-120 nm in diameter
containing 10-20 copies of the ssRNA genome
(Adkins et.al.,2005). The mature particle is
usually enclosed in a lipid envelope, which is
formed by budding from the host's Golgi and
incorporating the viral envelope glycoproteins
(Gn and Gc) (Prins & Goldbach, 1998).

Figure: Model showing structure of TSWV
particle. The three nucleoprotein components
30
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are shown inside the particle with
glycoprotein spikes (G1 and G2) extending
through the lipid envelope.

Replication
Tospovirus enters the cell via an insect
vector. The virus sheds its capsid, and the
viral RNA polymerase is produced using host
cell machinery. Subsequent RNA polymerase
activity depends on a chemical cue similar to
quorum sensing. At low concentrations of the
virus nucleocapsid N protein (eg. at initial
entry), the RNA polymerase makes mRNAs
that encode the other viral proteins necessary
for packaging and transport. The host cell
machinery is then used to translate the viral
proteins. At high concentrations of N protein
(eg. after translation of the viral proteins has
occurred), the RNA polymerase can begin
replicating the viral genome. After virion
packaging occurs, viral transmission can
proceed in two ways. The virus can be
transmitted directly to another host cell
(without an envelope) via the viral movement
protein (NSm) or indirectly (as a mature,
enveloped particle) via uptake by an insect
vector (Prins & Goldbach, 1998).
Management
Control of this disease is difficult. One of
the reasons for this is that the wide host

range allows the virus to successfully overseason
from one crop to the next. To prevent spread of
the virus infected plants should be immediately
removed away from neighbouring plants. Control
of insects, especially thrips, is important to
reduce spread of the virus by vectors.
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Antioxidant: Protection against Free Radicals and its
Pertinence to Therapeutic, Plant defence and
Industrial Application
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Introduction
During normal metabolic functions,
highly reactive compounds called free
radicals are generated. However, they may
also be introduced from the environment.
These free radicals are unstable as they
possess lone pair of electron and hence
become highly reactive and react with
cellular molecules such as proteins, lipids,
carbohydrates and denature them. As a
consequence vital cellular structures and
functions are lost and ultimately resulting in
VOLUME NO. 14, ISSUE NO.05

various pathological conditions.
Antioxidant enzymes are capable of
stabilizing, or deactivating free radicals before
they attack cellular components. It acts by
reducing the energy of free radicals or by giving
up some of their electrons for its use, thereby
causing it to become stable. In addition, they may
also interrupt with the oxidizing chain reaction to
minimize the damage caused by free radicals.
Antioxidants system includes antioxidant
enzymes.Antioxidant protection system includes
endogenous antioxidant eg. Bilirubin, Thiols,
31
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(glutathione, lipoic acid, N-acetyl cysteine),
NADPH and NADH, Ubiquinone (coenzyme
Q10), Uric acid. It includes antioxidant
enzymes like copper/zinc and manganesedependent superoxide dismutase, irondependent catalase and selenium-dependent
glutathione
peroxidase.
Antioxidant
protection
system
includes
dietary
antioxidant as well as metal binding protein.
Vitamin C, Vitamin E, carotenoids (βcarotene, lycopene and lutein) and
polyphenols, e.g., flavonoids, flavones,
flavonol’s and proanthocyanidins are under
the dietary antioxidant. Metal binding
protein
includes
albumin
(copper),
ceruloplasmin (copper), metallothionein
(copper), ferritin (iron), myoglobin (iron)
and transferrin (iron). Antioxidant defence
mechanisms against free radical-induced
oxidative damage include catalytic removal
of free radicals, binding of proteins (e.g.,
transferrin, metallothionein, haptoglobins,
ceroplasmin) to pro-oxidant metal ions and
reduction of free radicals by electron donors,
such as GSH, vitamin E (α- tocopherol),
vitamin C (ascorbic acid), bilirubin, and uric
acid.

Antioxidant enzymes
It has been already discussed that
antioxidants are of different types so that
they might be available for action when and
where they are needed. It has been already
discussed that antioxidants are of different
types so that they might be available for
action when and where they are needed.
SOD, CAT, and GPx defence against ROS
while SOD lowers the steady-state level of O2, catalase and peroxidases do the same for
H2O2. The antioxidant enzymes – GPx, heme
peroxidase, CAT, and SOD – metabolize
oxidative toxic intermediates and require
micronutrient cofactors such as selenium,
iron, copper, zinc, and manganese for
optimum catalytic activity.
Lipoic acid is a sulphur-containing
endogenous antioxidant catalyzes the
oxidative decarboxylation of alpha-keto
acids,
such
as
pyruvate
and
alphaketoglutarate in the Krebs cycle. Lipoic
acid and its reduced form dihydrolipoic acid
(DHLA) are capable of quenching free
radicals. It is also known as “universal
February, 2018

antioxidant”. Supplemental lipoic acid protect
against the symptoms of vitamin E or vitamin C
deficiency.

Superoxide dismutase
SOD is the antioxidant enzyme of class
oxidoreductase that catalysed the dismutation of
the highly reactive superoxide anion to O2 and to
the less reactive species H2O2. Three forms of
SOD occur in humans eg. cytosolic Cu/Zn-SOD,
mitochondrial Mn-SOD and extracellular SOD
(EC-SOD). The reaction mechanism of SOD
involves Ping-Pong type mechanism.
Cu/Zn-SOD is homodimer enzyme contains a
metal cluster in the active site constituted by a
copper and zinc atom bridged by a histamine
residue. It plays an important role in the first line
of antioxidant defence system.
Mn-SOD is a homotetramer containing one
manganese atom per subunit. The respiratory
chain in mitochondria is a major source of oxygen
radicals and this free oxygen radicals catalysed to
oxygen by Mn-SOD. Mn-SOD has been greatly
influenced by cytokines.
Extracellular superoxide dismutase (ECSOD) is a secretory, tetrameric, copper and zinc
containing glycoprotein with a high affinity for
glycosaminoglycan like heparin and heparin
sulphate. EC-SOD was found in the interstitial
spaces of tissues and extracellular fluids like
plasma, lymph, and synovial fluid.
Catalase
Catalase (CAT) is an enzyme responsible for
the degradation of hydrogen peroxide. It is a
protective enzyme present in nearly all animal
cells. Catalase is a homotetramer enzyme of class
oxidoreductase
and
contains
a
single
ferriprotoporphyrin group per subunit. Catalase
plays an important role in the procurement to
oxidative stress in the adaptive response of cells.
Glutathione peroxidase
Glutathione peroxidase is an enzyme
responsible for protecting cells from damage due
to free radicals like hydrogen and lipid peroxides.
Glutathione peroxidase is a homotetramer
enzyme and contains a single selenocysteine
residue per subunit. Glutathione (water-soluble
antioxidant) is synthesized from the amino acids
glycine, glutamate, and cysteine. Glutathione
quenches ROS such as lipid peroxides and plays a
major role in xenobiotic metabolism along with

32

VOLUME NO.14, ISSUE NO.05

ISSN No.:2321-7405

up regulation of detoxification enzyme like
cytochrome P-450 mixed-function oxidase.
Glutathione and vitamin C work together to
quench free radicals and that they have a
sparing effect upon each other.

Applications
Clinical application: Antioxidant enzymes in
human health
Antioxidant enzymes promote repair of
cell, reduce hair fall, used for treatment of
inflammatory diseases, burn injuries,
prostate problems, arthritis, corneal ulcer,
skin diseases, respiratory diseases and
reversing the long term effects of radiation
and smoke exposure. It helps to prevent
wrinkle formation. It plays an important role
in wound healing.
Plant antioxidantdefence system:
In plant cells reactive oxygen species
(ROS) are generated by normal cellular
metabolism or due to unfavourable
environmental conditions such as drought,
salinity, heavy metals, herbicides, nutrient
deficiency, or radiation. They are scavenged
by various enzymatic and non-enzymatic
antioxidant defence systems. Enzymatic
antioxidant defence systems including
catalase, ascorbate peroxidase, guaiacol
peroxidase,
superoxide
dismutase,
monodehydroascorbate
reductase,
dehydroascorbate reductase and glutathione
reductase and non-enzymatic antioxidant
defence systems including ascorbate,

glutathione, carotenoids, phenolic compounds,
proline, glycine betain, sugar, and polyamines.
Under abiotic stresses including salinity, drought,
gamma radiation, heavy metal deposition leads to
increased activities of catalase and superoxide
dismutase. Non-enzymatic antioxidant defence
systems including proline, glycine betain
(quatnary ammonium compound) and sugars
(mannitol, trehalose etc.) act as osmoprotectant
during environmental stress. Many secondary
metabolites play important role in defence
against biotic stress like pathogen attack.
Antioxidant enzymes in industrial application
Catalase is used in the food industry for
removing hydrogen peroxide from milk prior to
cheese production. It can also be used in food
wrappers. Catalase is used in the textile industry
removing hydrogen peroxide from fabrics to
make sure the material is peroxide-free.
Superoxide dismutase is used in cosmetics
industry. Recombinant superoxide dismutase
product can be commercialized by various
companies worldwide.
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Zinc Solubilizing Microbes: Promising Solution In
Enhancing Zinc Availability
Nitesh Kumar Singh1 and Yukti Verma2
1,2Department

of SS & AC, Institute of Agricultural Sciences, BHU, Varanasi

auxin (growth regulator) metabolism, pollen
formation and maintenance of biological
membranes, protection against photo-oxidative
damage and heat stress, and resistance to
infection by certain pathogens (Alloway, 2008).

Role and importance of zinc
Zinc is one of the imperative micronutrients
required relatively in small concentration in
tissues for healthy growth and reproduction of
plants. Zinc plays a key role in plants with
enzymes and proteins involved in carbohydrate
metabolism, protein synthesis, gene expression,
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Zinc deficiency
Zinc deficiency in plants has been found to
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reduce membrane integrity and carbohydrates
synthesis, auxins, nucleotides, cytochromes,
flowering and fruit development. It also
prolongs growth periods (resulting in delayed
maturity), decreases yield and quality,
chlorophyll and develops susceptibility to heat
stress. The deficiency of Zn in soils is usually
attributed to low solubility of Zn rather than low
total content of Zn in most agricultural soils. It
is more common in neutral and calcareous soils,
intensively cropped soils, paddy soils and poorly
drained soils, sodic and saline soils, peat soils,
soils with high available phosphorus and silicon,
sandy soils, highly weathered acid and coarse textured soils. The critical soil levels for
occurrence of zinc deficiency are between 0.6
and 2.0 mg zinc kg–1 depending on the method
of extraction used. Calcareous soils (pH > 7)
with moderate to high organic matter content
(>1.5% organic C) are likely to be Zn deficient
due to high HCO3 – in the soil solution. Due to
Zn deficiency the crop yield as well as its quality
is severely affected. Some of the common
deficiency symptoms of zinc in plants are light
green, yellow or bleached spots in interveinal
areas of older leaves; emerging leaves are
smaller in size and often termed as “little leaf”
and exhibit resetting, i.e., the internodal
distance becomes so short that all the leaves
appear to come out from the same point.

capable of mobilizing zinc in accessible form in
soils. Mineral zinc solubilization by microbes
enhances crop growth and yield. Zinc
solubilizing bacteria are capable of solubilizing
zinc oxide, zinc carbonate and zinc phosphate
through production and excretion of organic
acids.

Mechanisms of solubilization
The rhizospheric microorganisms play a
pivotal role in the enhancement of crop
production by the solubilization of unavailable
form of metal into available form. This metal
solubilization occurs due to the production of
organic acids and pH drop by organisms
(Alexander, 1997). Plants take up Zn as (Zn2+)
divalent cation. The release of organic acids that
sequester cations and acidify the micro
environment near root is thought to be a major
mechanism of Zn solubilization. A number of
organic acids such as acetic, citric, lactic,
propionic, glycolic, oxalic, gluconic acid etc.
have been considered due to its effect on pH
lowering by microorganisms (Cunningham and
Kuiack, 1992). Organic acid secreted by microflora increases soil Zn availability in two ways;
they are probably exuded both with protons and
as counter ions and consequently, reduce
rhizosphere pH. In addition, the anions can
chelate Zn and increase Zn solubility (Jones and
Darrah, 1994) which results in the availability of
zinc (Zn2+) to plants.

How to enhance availability of Zn
Zn fertilization is recommended to enhance
the availability of Zn in cereals through soil or
foliar application. However, high cost of Zn
fertilizers is often a deterrent for the low income
farmers with small land holdings. Other than
this a major portion of applied zinc fertilizers
are fixed in to the soil and only 3-4% is available
to the plant which cause a major economic loss
to the farmer. In this way, it has been found that
a large group of microorganism has the ability
to solubilize fixed or unavailable form of zinc to
the plant by producing various types of organic
acids.

Conclusions
Zinc is a deficient micronutrient in Indian
soil which causes major economic loss to the
farmers. For the correction of this problem
farmers are dependent on synthetic fertilizers
which are more costly and also affect soil health
and quality. Therefore, application of microbial
inoculants will be a viable alternative technology
to overcome Zn deficiency as well as negative
impact of chemical fertilizers on plant and
environment.
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can silence very different families of genes.

Small RNAs – An Introduction
For a long time, it was thought that RNA
molecules are essential for only carrying the
genetic information from nucleus to the
cytoplasm and help in protein synthesis. But
recent discoveries indicate that all RNA
molecules do not code for proteins. RNAs are
actually more than the inactive molecules. A
class of RNA(- 21 nucleotides)molecules has
involved in many of the cell functions starting
from the defence mechanisms and up to
regulation of the expression of genes of their
own gene during their development. Among
these 21 nt RNAs, micro RNAs (miRNAs) and
short interfering RNAs (siRNAs) are two major
types. The former one is endogenous small
RNAs and latter one is derived from the
exogenous dsRNA.

Two distinct stages of RNAi initiator
DICER protein and initiator phase
Biogenesis and activation of small RNA are
largely depends on the activity of several
proteins. The initial synthesis of small RNAs are
mediated by the DICER, but they can be only be
activated and then recognize and interact with
the target when they are associated with the
RISC (RNA inducing silencing complex) protein
complex.
DICER, an RNaseenzyme , is a protein that
converts
long
exogenous
dsRNA,
by
endonucleotyic cleavage, to small RNAs. The
sequences and structure of small RNAs
generated determine both their function and the
identity of their target genes. Unlike siRNAs, the
miRNAs generation is different that initially it is
derived from the long, capped and
polyadenylated RNAs transcripts named primiRNA that will be processed into pre-miRNA
and then into mi-RNA.
Each miRNA and siRNA duplex can
potentially give rise to two single stranded
active molecules but only the mature miRNA
and sirRNA ‘guide strand’ accumulated in vivo
and enter the functional complex. miRNA and
siRNApassanger strand will be largely
destroyed.
The Argonaute protein and the Effector phase
The argonaute type of proteins that plays a
key role in the RNA silencing effector complex.
The argonaute protein consists of two domains
namely PAZ and PIWI domains. The PAZ
domain is thought to bind with the single
stranded RNA, while the PIWI domain is
structurally similar to the endoribonuclease-H
domain that cleaves RNA.

Origin of small RNAs
siRNAs are rarely conserved, while many
miRNAs are conserved across species,
underlining
the
potential
evolutionary
preservation of their role in gene regulation. By
using computational approaches, it is now
shown that miRNAs are highly concentrated in
the
pericentromeric
regions
of
each
chromosome. siRNAs generally derive from
exogenous sources (introduced dsRNA, viruses,
transgenes) and recognize targets with perfect
complementarity. But miRNAs originate from
capped and polyadenylated stem loops or
hairpin primary RNA transcripts named primiRNA. But the difference is that only a single
mature miRNA is generated from miRNAs
hairpin precursors while a multitude of siRNAs
accumulate from the dsRNA precursor. Another
difference lies in the target sequence that siRNA
typically specifies auto-silencing of the same
locus or highly conserved ones, while miRNAs
VOLUME NO. 14, ISSUE NO.05
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mechanisms. But in plants this system is not
triggered by the host but the features and
sequence with the pathogen’s genome. Upon
infection by the virus, viral DNA or RNA is used
as template to generate the dsRNA that will then
be recognized by the silencing machinery.

The Mechanisms
The mechanisms of action include the
mRNA cleavage and the mRNA translational
repression. It is actually decided by the
complementarity between the small RNA and its
target. A form helix must be formed with the
target RNA at the centre of ansiRNA guide
strand for cleavage to occur. In the absence of
that, the central region cannot be cleaved and
leads to the translational repression. In
translational repression, translational of mRNA
to protein will be blocked either by degradation
of polypeptide from the ribosome or by freezing
the ribosome after the initation so that the
ribosomal scanning will be inhibited
Another one type of mechanisms which was
recently discovered is chromatin modification
which is known as the epigenetic control. Thus
chromatin modification leads to the gene
inactivation.

RNAi Technology – future need of the
hour
RNAi technology has emerged as an
effective method in reverse genetics for
silencing gene expression in eukaryotic cells. By
timely knock down of the particular gene will
leads the blocking the expression of that
particular gene. Hence further research in the
RNAi technology will surely pave the way for
effective management strategies for the both the
plant and human viral diseases.
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A natural defence mechanisms
It has been now proved that this RNA
silencing act as a natural antiviral defence
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Role of Extension in Creating Awareness among
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Amrutha, T. and Chikkathimme Gowda, H. R.
Ph.D. Department of Agricultural Economics, UAS, GKVK, Bengaluru-, Ph.D scholar, Department of
Agricultural Economics, IARI, PUSA campus, New Delhi,

The Green Revolution of the 1960s has
made a greater impact on small millets
production. The scientists and Government
intensify support to rice and wheat cornered the
small millets cultivation and consumption of
these has reduced drastically due to considering
millets are inferior, poor man food, bird’s food
and lack of awareness among the consumers
about health and nutritional benefits. Even
though millets are rich sources of nutrients the
consumption of finger millet in India has been
declined by 47 per cent whereas small millets
consumption has been declined by 83 per cent
in the last five decades.
The reason for declined consumption of
small millets might be the easy availability of

rice and wheat in PDSat a subsidized price, lack
of diversified small millets products and
availability of these products at local/nearby
markets and lack of awareness among the
consumers about the health benefits. Hence to
made millets as a normal good, appropriate
extension efforts are needed to create awareness
among consumers about the importance of
consumption of millets and this will increases
the demand for small millets and in turn
farmers realize a better price for their produce,
ultimately famer benefited from the cultivation
of small millets.
Table 1: Nutrient composition of millets and
cereals (per 100 gram)

Crop
Pearl millet

Minerals(g)
2.3

February, 2018

Protein(g)
10.6

Fiber(g)
1.3
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Iron(mg)
16.9

Calcium(mg)
38
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Finger millet
Foxtail millet
Proso millet
Kodo mille
Little millet
Barnyard millet
Rice
Wheat

7.3
12.3
12.5
8.3
7.7
11.2
6.8
11.8

3.6
8
2.2
9
7.6
10.1
0.2
1.2

2.7
3.3
1.9
2.6
1.5
4.4
0.6
1.5

3.9
2.8
0.8
0.5
9.3
15.2
0.7
5.3

344
31
14
27
17
11
10
41

serve foods are entering the market which
ultimately resulted to shrinking the food basket
(Naveen et. al, 2016).
This shows consumers are less aware of
small millets and its products especially urban
consumers. The tragic factor is that millets are
restricted as a medicinal food hence majority of
the population are not included small millets in
their regular diet. So, extension support and
effort is required to create awareness by way of
conducting campaigns, mela’s, promotional
programmes etc.,

Source:- Millet Network of India, 2009

Considering any nutritional parameter,
millets arefar better than rice and wheat in
terms of their mineral content. Each one of
them has more fiber than rice and wheat.
Barnyard millet as fifty times that of rice.
Whereas, Finger millet has thirty times more
Calcium than rice. Foxtail and little millet are
rich in Iron. While most of us seek a
micronutrient such as Beta Carotene in
pharmaceutical pills and capsules, millets offer
it in abundant quantities. Every single millet is
extraordinarily superior to rice and wheat and
therefore is the solution for the malnutrition
that affects a majority of the Indian population.
Majority of the population are not aware of
small millets and their products. About 83 per
cent of consumers didn’t use small millets as a
regular part of their diet mainly because lack of
awareness about cooking of millets (77%).
Interestingly, about 57 per cent of the
respondents were not aware of millet recipes.
This was mainly because of changing food habit
due to busy schedule work and their by ready to
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5.
1.

Introduction
The combine effects of two or more than
two insecticides are called the joint action of
insecticides.
Different joint actions
1. Synergism
2. Potentiation
3. Antagonism
4. Autosynergism
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Pseudosynergism
Synergism:Synergism may be defined as
an increase in the bioactivity of two
compounds to produce an effect greater
than the one expected from a single algebric
summation of the effects of two compounds
individually administered.This may also be
called activation. Generally, in synergism
the synergist compound (also known as
modifier) is non-toxic. And the compound
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2.

3.

4.

5.

is usually called as an activator or,
adjuvantor,boosteror,extenders.
Potentiation:Potentiation may be defined
as an increase in the bioactivity of two toxic
compounds to produce an effect greater
than the one expected from a single algebric
summation of the effects of two
compounds.
Antagonism:If two material i.e. one toxic
material and other modifier applied
together elicit lower response than that
expected from the sum of two individuals is
known as the antatogonism.
Autosynergism:It is a mechanism in
which a compound synergize its own
toxicity. This would involve forging a
"synergophore" and "toxophore" into the
same molecule in such a way that the
former does not interfere with the action of
the later.2- and 3-(2-prophynyloxy)phenyl
N-methylcarbamates have demonstrated
autosynergistic
properties,
however,
incorporation of thiocyanate or thiadiazole
group into phenyl N-methylcarbamate
failed to result in self synergism.
Pseudo synergism:Certain substances
increase the efficacy (not the toxicity) of
some chemicals (pyrethrin) by stabilizing
the droplet size of their sprays and thus
ensuring better and persistent contact with
the insect body achieving a better rate of
killing. They are referred as pseudosynergists.

c.

d.

Synergists as a solution to this problem
Synergists are those chemicals that, when
administered with an insecticide, enhance its
toxicity to insects. Synergists are generally of
two types:
They may be close structural analogs of
insecticides and synergize them by competing
for etoxifying enzymes; or
They may inhibit MFO and thereby
minimize the etoxication of the insecticide.
Mode of action of synergists
Synergists may produce two types of effects:
(inductive and non-inductive effects)- Through
the inductive effect, they activate their enzyme
system which then enhances the toxicity of the
insecticide. This is a slow process taking a long
time to operate and, therefore, not useful for
synergism. Non-induction effects are those in
which synergists inhibit the enzymes that
detoxify insecticide and thus enhance the killing
power of the latter;
Synergists may improve penetration of the
insecticides through the insect-cuticle and the
nervous system.
Synergists may be protecting the insecticide
from weathering effects, thereby increasing the
residual action and thus the amount of kill.
Commonly
used
synergists:
Piperonylbutoxide, Sesamex, Sesamin and
sesamoline.
Co-toxicity coefficient or synergistic
ratio: The effect of a synergist is measured by
dividing the LD50 value for the insecticide by
the LD50 value obtained for the insecticide
synergist mixture.
C.C. = I/M
C.C. = cotoxicity coefficient, I = LC50 of
insecticide alone against test insect, M = LC50
of mixture of insecticides and synergist against
test insect, CC < 1 = Antagonism ,CC > 1 =
Synergism or, potentiation
Problems:Despite the high potential

Advantages of using synergism:
1. Small quantity of insecticide would be
required for field application if synergist is
mixed with, which result in considerable
reduction in the environmental pollution
caused by a particular insecticide.
2. Many tolerant and resistant insect strains
can effectively be controlled on the
addtition of synergist with insecticide.
3. Pyrethrins paralyze insects very rapidly.
Even in small dosages, knockdown occurs
almost instantaneously but the effect is
usually temporary.
a. Certain
insecticide
that
synergisepyrethroid
activity
on
Lepidoptera can also improve acaricidal
activity.
b. When the insecticide alone fails to
control the secondary pest or may even
February, 2018

favor its buildup the synergist may
prove economically acceptable.
Insecticise synergists that is high
compatible with IPM is reduced
mortality to beneficial and non target
species because of the lowered
insecticide rates needed tocontrol the
pest.
Synergist can also improve Acaracidal
activity
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benefits of synergists for insecticide resistance
management, several major obstacles to their
practical usage remains.
1. Added cost to already expensive insecticides
2. Formulation can be a critical problem. This
is particularly true where the insecticide
and synergist have different polarities even
if the material can be placed in solution
together there is no guarantee that they will
not separate during storage, during
application or in plant, or inside the insect.
3. Adjuvants and surfactants are sometimes
necessary to ensure good insecticidesynergist mixture.
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Problem Soils and Their Management
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Proper management of soil is vital for crop
production. Considering the growing multiple
demands of the fast increasing population and
rapidly decreasing land man ratio, it is
imperative to utilizes the hitherto lying barren
salt affected soils for crop production and other
uses. However, salt affected soils are basically
rich in potential nutrients but their availability
to the plant is restricted due to their unfavorable
soil conditions. Many of the problems of soils
can be utilized for agricultural production
particularly in the area where adequate
irrigation facility with good quality of water is
available. However, the benefits of irrigation do
not seem to have to reach the expected level of
socially
agreeable
and
environmentally
harmonious dimensions. Probably this has
resulted in a kind of pessimism among the
farmers about the role of irrigation in economic
development and ecological preservation. Soil
salinity, sodicity, acidity and waterlogging are
the products of irrigation, which are responsible
for the lower yields (Deshmukh, 2016).
1. Saline
soil:
The
distinguishing
characteristic of saline soils from the
agricultural standpoint, is that they contain
sufficient neutral soluble salts to adversely
affect the growth of most crop plants. For
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purposes of definition, saline soils are those
which have an electrical conductivity of the
saturation soil extract of more than 4 dS/m
at 25°C (Richards 1954). In field conditions,
saline soils can be recognized by the spotty
growth of crops and often by the presence of
white salt crusts on the surface.
Reclamation
The term reclamation of saline soils refers
to the methods used to remove soluble salts
from the root zone. Methods commonly adopted
or proposed to accomplish this include the
following:
Scraping: Removing the salts that have
accumulated on the soil surface by mechanical
means has had only a limited success although
many farmers have resorted to this procedure.
Although this method might temporarily
improve crop growth, the ultimate disposal of
salts still poses a major problem.
Flushing: Washing away the surface
accumulated salts by flushing water over the
surface is sometimes used to desalinize soils
having surface salt crusts. Because the amount
of salts that can be flushed from a soil is rather
small, this method does not have much practical
significance.
Leaching: This is by far the most effective
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procedure for removing salts from the root zone
of soils. Leaching is most often accomplished by
ponding fresh water on the soil surface and
allowing it to infiltrate. Leaching is effective
when the salty drainage water is discharged
through subsurface drains that carry the leached
salts out of the area under reclamation.
Leaching may reduce salinity levels in the
absence of artificial drains when there is
sufficient natural drainage, i.e. the ponded
water drains without raising the water table.
Leaching should preferably be done when the
soil moisture content is low and the
groundwater table is deep. Leaching during the
summer months is, as a rule, less effective
because large quantities of water are lost by
evaporation. The actual choice will however
depend on the availability of water and other
considerations. In some parts of India for
example, leaching is best accomplished during
the summer months because this is the time
when the water table is deepest and the soil is
dry. This is also the only time when large
quantities of fresh water can be diverted for
reclamation purposes.
2. Sodic soil (Alkali soil): Alkali, or
alkaline, soils are clay soils with high pH (>
8.5), a poor soil structure and a low
infiltration capacity. Exchangeable sodium
percentage is greater than 15%. Electrical
conductivity (EC) is usually less than 4
dS/m at 25°C . Often they have a hard
calcareous layer at 0.5 to 1 metre depth.
Alkali soils owe their unfavorable physicochemical properties mainly to the
dominating presence of sodium carbonate,
which causes the soil to swell and difficult
to clarify/settle. They derive their name
from the alkali metal group of elements, to
which sodium belongs, and which can
induce basicity. Sometimes these soils are
also referred to as alkaline sodic soils.
Reclamation
Some chemicals are added to the soil as an
integral part of the reclamation program
adopted to improve the alkali soils. These are
known as chemical amendments. The principal
purpose of the amendments is to furnish soluble
calcium to replace exchangeable Na or to
neutralize alkaline salts with acid. The various
chemicals suitable for different soil conditions
are:February, 2018

Gypsum: Gypsum a natural sulphate of
calcium is found in large deposit in various
parts of Rajasthan. It reacts with exchangeable
Na with getting converted into sodium sulphate.
Sodium sulphate is from the soil to reduce pH.
The addition of gypsum improves the physical
conditions of soil. Soils become flocculated and
drainage improves.
Sulphur: Sulphur is a very effective
chemical amendment to replaces exchangeable
Na. Theoretically, one atom of sulphur replaces
four Na ions by calcium. But under field
conditions approximately, three exchangeable
Na ions per atom of sulphur are replaced from
the soil colloids.
Iron
sulphate: Iron
sulphate
is
sometimes used as a chemical amendment for
improving alkali soil. Iron sulphate forms
sulphuric acid, which is converted into calcium
sulphate. Calcium sulphate, thus formed
replaces exchangeable sodium.
Farm Yard Manure (FYM) plays an
important role in reclaiming sodic soils.
Addition of FYM increases plant growth, helps
in amelioration process, enhances the solubility
of gypsum amendment and thus the reclamation
process is hastened. FYM also improves the
physical condition of soils and provides effective
supply of zinc from native sources in sodic soils.
Therefore, application of FYM, compost and
vermi-compost fertilizer including dungs should
be encouraged to reclaim sodic soil in the area
(Singh et al.,1998)
3. Acid soils: In the regions of high rainfall,
soils are acidic in their reaction because of
the facts that soluble basic salts such as
those of Ca, Mg, K, Na, are leached away by
drainage water and insoluble acidic
residues composed chiefly of oxides and
silicates of iron, silicon, aluminium are left
which accumulate in pretty high amount.
These salts are acidic in reaction, hence the
soils are acidic.
Reclamation
The soils which are less productive owing to
high degree of acidity can be made more
productive by liming (application lime).
Lime: When lime is added to moist soil,
the soil solution becomes charged with cations
and the exchangeable hydrogen and aluminium
ions on clay-organic colloid complex as well as
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Methods of sowing: In water logged
areas, sowing should be done on bunds or
ridges. In this method there is a scope of good
aeration near the root zone.

the H+ ions in soil solution are displaced by
calcium ions. Hydrogen combines with OH to
–

form neutral water or with CO3 or HCO3– to
form unstable H2CO3, which readily dissociates
to form CO2 and water.
4. Waterlogged soils: Soil may be regarded
as waterlogged when the water table of the
ground water is too high to conveniently
permit an anticipated activity, like
agriculture. Water logged soils are managed
in the following ways:
Drainage: drainage removes excess water
from the root zone that is harmful for the plant
growth. Land can be drained by surface
drainage, sub-surface drainage and drainage
good method.
Controlled irrigation: Excess use of
water in the irrigation results in water logged
area.
Flood control measures: Construction of
bund may check water flows river of the
cultivated land.
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IPM is a strategy which encourages the
reduction of pesticide use by employing a
variety of pest control options in combination to
contain or manage pests below their economic
injury levels. Implementation and adoption of
an Integrated Pest Management strategy can
help to reduce environmental and human health
risks and reduce pest management costs. IPM is
a
vital
component
of
agro-ecological
engineering for sustainable development of
agriculture. IPM programs utilize all possible
control strategies, including biological control,
cultural control,
environmentally
sound
chemical control and ecosystem health
techniques, with the goal of reducing purchased
inputs while maintaining the yield, quality and
profit of crops. IPM practices include
monitoring, modifying pest habitat, protecting
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natural enemies, and, when needed, the use of
pesticides. IPM can be applied wherever pests
are found: on and in farms, schools, homes,
hospitals, restaurants, golf courses and home
gardens. To make good choices about control,
growers need knowledge gained from training
and observations in the field. This includes
education about pest life cycles, scouting for
pests and the impact of pesticides. IPM’s
systematic approach helps growers use
information to make sound decisions about pest
control that take into account cost,
effectiveness, resistance management and
potential environmental impacts.
1. Factors
that
may
impede
the
implementation
of
Integrated
Pest
Management plans at schools may include a
lack of:
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2.

Allocation of budgetary resources required
for performing necessary repairs and
conducting sanitation practices,
3. Time necessary to draft and adopt an IPM
policy and designate an IPM coordinator,
4. Support at the decision-making (district or
state) level for implementation of an IPM
program,
5. Legislative requirements or compliance
directives from the state or district,
6. Awareness of environmental risks and
health hazards associated with traditional
pest management,
7. Internal support and commitment for
maintenance and monitoring, and
8. Knowledge of the pest’s biological
requirements.
IPM technology requires more intensive
monitoring and mainly consists of managerial
tasks. Some of the important barriers in
adoption of IPM practices are lack of farmer's
assurance to control pests with pest
management methods, lack of government's
support for integrated pest management
methods and is complexity and difficulty of IPM
technologies. According to these results,
extension agent couldn’t inform appropriate
information about IPM benefits and advantages
(Shojaei et al., 2013).
Rahman (2012) listed the five most
important problems as reported by the farmers

are:
1. need for much more labour,
2. lack of proper training for farmers about
IPM,
3. lack of farmers’ knowledge regarding IPM
practices,
4. availability of insecticides and
5. Complexity of IPM practices.
Similarly, the most common suggestions for
adoption of IPM programmes are
1. establishment of more IPM field school,
2. arrangement of farmers practical training,
3. introduction of IPM practices into the
school/college academic course,
4. increase the farmers’ awareness on
environment pollution and
5. to ensure proper supervision of extension
worker
6. crop-specific IPM training by the farmers’
field schools

References
Rahman, M.M. 2012. Problems and
suggestions for farmers’ adoption of IPM
practices in rice (Oryza sativa L.) cultivation.
Bangladesh J. Agril. Res., 37(1): 121-128.
Shojaei, S.H., Hosseini, H.J.F., Mirdamadi,
M. and Zamanizadeh, H.R. 2013. Investigating
barriers to adoption of integrated pest
management technologies in Iran. Annals of
Biological Research, 4(1): 39-42.

23. AGRICULTURE ENTOMOLOGY

Study of Crambidae(Spilomelinae: Pyraloidea) Pests
Occurring on Amaranthus from Tamil Nadu
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Amaranthus is an annual or short-lived
perennial plant. Cultivated as leaf vegetable
and consumed in many parts of the world.
Amaranthus is susceptible to a number of
insect pests including Lepidopterous pests
viz., Psarabipunctalis, Syleptaderogata as
well
as
Hymeniarecurvalis,
Helicoverpaarmigera and Spodopteralitura
(Ebert et al., 2011). Furthermore, as per
Tamil Nadu Agricultural University (TNAU),
Coimbatore ‘Agritech Portal’ the leaf
caterpillar, Hymenia recurvalis (Fabricius,
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1775) and Psara basalis Walker, 1865 are the
most important pests of Amaranthus sp.
Caterpillar rolls or webs the leaf into distinctive
leaf shelter and voraciously feeds on the green
matter; sometimes severe attack results in
complete skeletonization (Navarajan, 2007). A
preliminary study on the occurrence of crambid
species in Amaranthus was studied in
Coimbatore, Kodaikanal, Ooty, Periyakulam and
Yercaud. The moths were collected using light
trap.The standard technique given by Robinson
(1976) was followed for genitalia studies and
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current nomenclature was updated as per
Pyraloidea (www.pyraloidea.org).
Spilomelinae:
The
moths
are
characterized
by
the
absence
of
chaetosemata, a bilobed praecinctorium,
projecting fornix tympani, pointed spinula,
and the female genitalia have no rhomboidal
signum on the corpus bursae. A gnathos or
pseudognathos present or absent and is
therefore of no diagnostic value.

Spoladea recurvalis (Fabricius, 1775)
Male genitalia: Uncus reduced, broad
at the base and round at tip covered with
short and thick setae. Gnathos absent;
subscaphium well developed, strap-like.
Tegumen long and sclerotized. Vinculum
membranous, rounded saccus. Valva leaflike, membranous; costa sclerotized and
prominent with a finger like extension in the
middle towards innerside fringed with setae;
base of costal margin with very long setae on
the
dorsal
side;
sacculus
poorly
differentiated. Transtilla inconspicuous;
juxta elongate, Y shaped. Aedeagus long,
sheath strongly sclerotized strap on one side,
vesica
with
long
sclerotized
plate
representing the cornuti.
Female genitalia: Anal papillae broad,
fringed with long setae. Anterior apophyses
longer than posterior apophyses and basally
with
angular
projections.
Ostium
membranous, antrum weakly scerotized;
ductus seminalis originate distal end of
ductus bursae below antrum. Ductus bursae
short, membranous. Corpus bursae elongate,
oval and membranous; basal half with brown
setae, sclerotized wavy markings and specks.
Signum square-like collar with a cross streak.

Male genitalia

Female genitalia

Herpetogramma basalis Walker, 1865
Male genitalia: Uncus long and
narrow; dorsal and ventral side fringed with

VOLUME NO. 14, ISSUE NO.05

setose. Gnathos absent; subscaphium well
developed, strap-like; longer and broader than
uncus. Tegumen broad, dome shaped and
moderately sclerotized; vinculum short, V shaped
saccus. Valvae long and oval; costa prominent,
sclerotized with thickening at middle. Harpe
short; sacculus moderately sclerotized. Transtilla
triangular medial projection; juxta oval, distally
dilated. Aedeagus short, sheath strongly
sclerotized on one side.
Female genitalia: Anal papillae fringed
with short and long setae. Anterior apophyses
longer than posterior appophyses with angular
projection at base. Ostium membranous, antrum
weakly sclerotized; ductus seminalis origin at the
middle of ductus bursae. Ductus bursae
moderately long, membranous and wide; corpus
bursae long and oval, dilated at the middle;
sclerotized spot-like signum.

Male genitalia
Female genitalia
So far there is no record on the occurrence
and distribution of H. basalis and S. recurvalis in
different parts of Tamil Nadu. In the present
study, S. recurvalis was found to be abundant in
all the five locations causing serious damage to
Amaranthus and the species also found to be
occurring
on
weed
host
Trianthema
portulacastrum. H. basalis recorded in TNAU,
Coimbatore and Periyakulam.
S. recurvalis is the most abundant
lepidopteran pest causing considerable damage
to Amaranthus. Aderolu et al., (2013) reported
that S. recurvalis showing greater adaptability in
different locations and even migrate from cooler
regions to places with relatively higher
temperature. Ebert et al., (2011) reported that H.
basalis is important but often ignored pests of
Amaranthus. Under ambient climatic conditions,
sometimes the H. basalis population exceeds S.
recurvalis. Kumar et al., (2008) reported
occurrence of H. basalis in spinach from
Haryana.
Crambidae is being most diverse group and
many of them are serious pests of agricultural
and horticultural crops. Studies on crambidae
species are meager in Tamil Nadu and further
43
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study is needed on the diversity and
distribution of crambidae. This report is a
new record for its occurrence in different
parts of Tamil Nadu.
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Crop plants, however, typically use less than
half
of
the
fertilizer
applied.
The remaining minerals, may leach into surface
waters or groundwater, become attached to soil
particles or contribute to air pollution. High
agricultural yields depend strongly on
fertilization with mineral nutrients. In fact,
yields of most crop plants increase linearly with
the amount of fertilizer that they absorb.
Mineral nutrients are elements acquired
primarily in the form of inorganic ions from the
soil. Although mineral nutrients continually
cycle through all organisms, they enter the
biosphere predominantly through the root
systems
of
plants.
The large surface area of roots and their ability
to absorb inorganic ions at low concentrations
from the soil solution make mineral absorption
by plants a very effective process. After being
absorbed by the roots, the mineral elements are
translocated to the various parts of the plant,
where they are utilized in numerous biological
functions. The aim of this paper is to discuss the
physiological functions and disorders of macro
nutrients.
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Nitrogen (N)
Soil is the chief source of nitrogen. Plants
absorb N2 either in the form of nitrate or
ammoniacal salts. Some bacteria and heterocyst
containing blue green algae fix N2 of
atmosphere, which can be utilized by the plants.
Physiological Roles
1. Present in the structure of the protein
molecule and found in important molecules
like purines and pyrimidines.
2. It is also found in the porphyrins found in
chlorophyll and cytochrome enzymes and
hence it is essential for photosynthesis.
3. It is participated in the co-enzymes
essential to functions of many enzymes.
4. It is readily mobile within the plant tissues.
When its deficiency occurs, it is transferred
from older to younger tissues where it can
be reutilized in growth process. As a result,
symptoms develop first on older
leaves.
Nitrogen Deficiency symptoms
1. Plant growth is stunted because protein
content of cell division and cell enlargement
are decreased and causes chlorosis of the
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leaves.
In many plants ex. tomato, the stem, petiole
and the leaf veins become purple coloured
due to the formation of anthocyanin
pigments.

and chlorophyll, oxidative and photo
phosphorylation, translocation of solutes
etc.
2. It acts as an activator of many enzymes
involved in carbohydrate metabolism and
protein synthesis. Its function is partly
replaced by rubidium.
3. It is actively involved in the opening and
closing of stomata.
4. It takes an important role in drought
tolerance of crops through water relations.
5. It offers resistance to pest and disease
effects in crops.
6. It is present in the soluble forms and mostly
contained in the cell sap and cytoplasm.
7. It is frequently present in all parts of the
plant but in fairly large proportions at
growing tissues.
Potassium Deficiency symptoms
1. Mottled chlorosis of leaves occurs and
marginal necrosis.
2. Plants growth remains stunted with
shortening of internodes.
3. Deficiency causes easy lodging in cereals
and increases in pest and diseases.

Phosphorus (P)
The plant absorbs P in the form of soluble
phosphates such as H3PO4 and HPO4. The
absorption ability differs from plant to plant. It
is readily mobile within the plant.
Physiological Roles
1. It is found abundantly in the growing and
storage organs such as fruits and seeds.
2. It promotes healthy root development and
fruit ripening through translocation of
carbohydrates.
3. It is an essential element participating in
the skeleton of plasma membrane, nucleic
acids and organic molecules such as ATP
and other phosphorylated compounds.
4. It is a constituent of nucleic acids,
phospholipids and the co-enzymes like NAD
and NADP etc. Phospholipids along with
protein may be important in cell
membrane.
Phosphorus Deficiency symptoms
1. P deficiency may cause premature leaf
fall.
2. Dead necrotic areas are developed on leave
or fruits.
3. Leaves may turn to dark green to blue green
colour. Sometimes turn to purplish colour
due to the synthesis and accumulation of
anthocyanin pigments.
4. Sickle leaf disease.

Magnesium (Mg)
Magnesium occurs as carbonates and held
in soils as an exchangeable base it is easily
leached and for this reason may become
deficient in sandy soils during wet periods.
Heavy application of K fertilizers reduces its
absorption.
Physiological Roles
1. It is essential for its chlorophyll synthesis,
synthesis of fats and metabolism of
carbohydrate and phosphorus. It acts as a
phosphorus carrier in the plant.
2. It is required in binding two subunits of
ribosome during protein synthesis.
3. It acts as an activator for many enzymes in
phosphate
transfer
reactions
in
carbohydrate metabolism and nucleic acid
synthesis.
4. It is involved in the formation of seeds of
high oil contents containing a compound
called lecithin. It is readily mobile within
the plant tissues and its function is partly
replaced by manganese.
Magnesium Deficiency symptoms
Mg deficiency causes mottled chlorosis with
veins green and leaf tissues yellow or white

Potassium (K)
Potassium is widely distributed in soil
minerals. Forms such as potash feldspar, mica
and gluconate are slowly converted into soluble
forms by weathering processes. It is strongly
fixed in soils, largely as an exchangeable base.
The K is found in less available forms. Small
amounts are normally present in the soil in an
exchangeable form. It is readily mobile within
the plant tissues.
Physiological Role
1. It is concerned with the formation of
carbohydrate and protein synthesis,
photosynthesis, transpiration regulation,
enzyme action, synthesis of nucleic acids
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appearing first on older leaves. Dead neurotic
patches appear on the leaves.

minerals. The soil derived from stone or chalk
rocks contains larger percentage of carbonates
of lime (calcium carbonate). The presence of
CO2 dissolved in the soil water promotes
solubility of carbonate of lime in soil ensuring
the quick Ca absorption.
Physiological Roles
1. It is the important constituent of middle
lamella in the cell wall.
2. It helps to stabilise the structure of
chromosomes; concerned with the growing
root apices. It provides a base for the
neutralisation of organic acids.
3. It is also an activator of many enzymes.
(ATPase, kinases, succinate dehyrogenase)
4. It is essential for fat metabolism,
carbohydrate metabolism and binding of
nucleic acids with proteins and formation
cell membranes.
5. It is immobile in the plant tissues. As a
result, deficiency symptoms develop first on
younger leaves. It is also essential in the
counteraction of metal toxicity.
Calcium Deficiency symptoms
1. Calcium deficiency causes disintegration of
growing meristematic regions of root, stem
and leaves. Chlorosis occurs along the
margins of the younger leaves.
2. Malformation of young leaves takes place.
3. Blossom end rot in tomato.

Sulphur (S)
It is available to plants in the form of
soluble sulphates of soil.
Physiological Role
1. It is an important constituent of some
amino acids (cystine, cysteine and
methionine) vitamins (biotine, thiamine),
coenzyme A and volatile oils.
2. It participates in protein synthesis and
adversely affects chlorophyll synthesis.
3. Sulfyhydryl groups are necessary for the
activity of many enzymes and disulphide
linkages help to stabilise the protein
structure.
4. Sulphur affects the nodule formation in
roots of leguminous plants.
5. Characteristic odour of Cruciferous
plants (onion, garlic etc.) is due to the
sulphur as constituent of volatile oils.
6. It is immobile in the plant tissues. when its
deficiency occurs, it is not transferred to the
younger leaves but accumulated in the older
leaves only. As a result, deficiency
symptoms develop first on younger leaves.
Sulphur Deficiency symptoms
1. Deficiency causes chlorosis of the leaves
and tips and margins of the leaf roll inward.
2. Stem becomes hard due to the development
of sclerenchyma.
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Calcium (Ca)
Calcium occurs in soil with variety of
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Introduction
Conventionally gene modification is
done by mutagenesis but it is not specific.
RNAi and antisense RNA technology have
precise gene silencing but it is transient. For
permanently gene silencing, gene editing is
the new and target specific approach for crop
improvement. Gene editing is a method of
modifying gene sequence via customdesigned programmable nucleases, which
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cleave chromosomal DNA in a targeted manner,
producing site-specific DNA double-strand
breaks (DSBs). These DSBs are repaired by
endogenous DNA repair systems of cell e.g.
homologous recombination (HR) and nonhomologous end joining (NHEJ). Error prone
nature of repair mechanism leads to frame shift
mutation and causing site-specific gene editing
(Kumar and Jain, 2015). Different tools are
available for genome editing viz.,meganucleases,
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zinc finger nuclease (ZFN), transcription
activator-like effector nuclease (TALEN)
CRISPR/Cas-9. Among these, CRIPSR/Cas-9
is very good and efficient for genome editing.
CRISPR/cas9 system has two key
components:(1) an enzyme known as cas9- it
acts as a molecular scissor that cut the
double stranded DNA at specific location in
the genome. (2) a piece of RNA
moleculeknown as guide RNA (gRNA)- this
is a small piece of pre-designed RNA present
in longer RNA scaffold. The scaffold part
binds to DNA after thatgRNA guides Cas9 to
cut at on target site in thegenome.
crRNA is synthesized as an immature
long RNA. Trans-activating crRNA binds to
crRNA for specific cleavage and hence
maturation
ofcrRNA.
For convenient
application of CRISPR/Cas9, crRNA and
tracrRNA are joined together and form single
gRNA (sgRNA). The target recognition is
dependent on the protospacer adjacent motif
(PAM), which is the consensus sequence i.e.
5’NGG3’. The spacer sequence is adjacent to
the 3’ end of the 20 bp target sequence. This
sequence base paired with target locus
through Watson-Crick manner.

Mechanism Of CRISPR/Cas-9
The gRNA is prepared in such a way that
it can find and bind to a specific sequence in
the genome. Here gRNA is complementary to
the target DNA sequence in the genome.
Theoretically the gRNA will only bind to the
target sequence and no other regions of the
genome.TheCRISPR/Cas9 system achieves
its sequence specificity by thespecial
structure and conformation of the Cas9
protein. The Cas9 protein contains a
conserved coreand a bi-lobed structure
including adjacent active sites andtwo
nucleic acid binding grooves: a large
recognition (REC)lobe and a small nuclease
(NUC) lobe that are connected by a helix
bridge. REC determines the Cas9-specific
function,whereas the NUC incorporates two
nuclease domains, RuvCand HNH, and a
protospacer-adjacent
motif
(PAM)interactingdomain.
Under
natural
conditions, Cas9 is inactive. It isactivated
when combined with the sgRNA at its REC
lobe. TheCas9-sgRNA complex scans a DNA
double strand for rigorousPAMs using
VOLUME NO. 14, ISSUE NO.05

Watson–Crick
pairingbetween
sgRNAand
targeted DNA.Once anchored at the properPAMs,
the HNH nuclease domain cleaves the RNA-DNA
hybrid, while RuvC cleaves the other strand to
form a double-strand break.
DSBs
can
be
repaired
by
nonhomologousend joining (NHEJ) and homologydirected repair (HDR) mechanisms. NHEJ is very
prominent and error prone method for DSBs
repair. NHEJ employs DNA ligase IV that
justregion the brokenends either byinsertion or
deletion(indels) of few nucleotides. This indels
mutation results in frame shift mutation. Hence
particular targeted gene is permanently silenced.
HDR repairs the DSBs based on ahomologous
complementary template and often results in
aperfect repair. The HDR repairs DSBs using
information from homologous chromosome. The
broken 3’ end invades the homologous
chromosome and base pair with complementary
sequence. After base pairing the broken end
propagate as chain elongation as Holiday model
mechanism. The error-prone NHEJ has
advantages for geneknock-out whileHDR is used
for gene replacement and gene knock-in in
plants.

Application
The CRISPR/Cas9 system is simple, efficient
and highly specificand produces fewer off-target
events. It is thus a promising toolfor genome
modification in plants.CRISPR/Cas9 is expected
tohave a large impact on basic and applied
research in plantbiology.Genome editing allows
precise and predictable modificationsdirectly in
elite cultivars or accessions, saving thetimeconsuming
backcrossing
procedure
in
conventionalbreeding schemes. With multiple
traits
being
modified
simultaneously,the
CRISPR/Cas9 system should provide a
moreefficient approach to pyramid breeding. In
addition, CRISPR/Cas9 provides alternative
approachesfor delivering target genes into
cropswith no transgenicfootprint, such as by
agroinfiltration,
viral
infection,
or
preassembledCas9
proteinsgRNAribonucleoproteinstransformationso as to
circumvent the traditional regulations on
geneticallymodified organisms.
Limitation
The off-target cleavage is the major
limitation.Expression of gRNA and Cas9 enzyme
47
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is cell dependent.Transformation of this
system is not easy.

Concluding Remarks and Future Path
CRISPR-Cas9 method is very efficient
method for development of gene editing in
crop.Different tools are available for
designing of sgRNA online as well as protocol
base. Biotic and abiotic resistant plants can
be developed by mutating responsible
genes.Off-target effects ask for attention to
reduce negative effects of it.More precise
methods should be developed for unbiased
identification of off-target sites. Advanced
next
generation
sequencing
based
approaches are developed for development of
sgRNA.Different CRISPR-associated (Cas)
enzymes should be characterized which have

more efficiency.Agronomic important crops
should be sequenced so that CRISPR-Cas9
technology is applied in these crops also.
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wastelands and nearby forest areas are
incorporated in soil. The suitable trees used are
Glyricidia (Glyricidia maculata), Sesbania
(Sesbania
speciosa),
Karanj
(Pongamia
pinnata) etc. It is common in eastern, southern
and central India.
Green manuring in situ-In this system,
green manures are grown and incorporated in
the same field which is to be green manured,
either as a pure crop or as an intercrop with the
main crop. Generally, annual legumes such as
Sesbania, cowpea and sunnhemp, etc. are used
for in situ green manuring.

Introduction
Green manuring is an arable-farming
practice in which undecomposed green material
is incorporated into soil in order to increase its
immediate productivity of the soil. Green
manure crops can be leguminous as well as
nonleguminous. With the increasing trends of
going towards organic farming, green manuring
has emerged as an economical, eco-friendly and
effective
technology
in
restoring
soil
productivity without causing environmental
problem (Bana and Pant,2000). Unlike
synthetic N fertilizers, legumes utilized as green
manures (GM) represent a potentially
renewable source of on-farm biologically fixed N
and may also fix and add large amount of
carbon thus helping in carbon sequestration
(Chaphale et al.,2000). It is practiced in large
scale in Kamataka, West Bengal, Andhra
Pradesh, Orissa, Madhya Peadesh, Punjab and
Uttar Pradesh.

Benefits of Green Manuring
1. It helps in building up of organic matter
thus improves soil structure.
2. The use of legumes as green manures fixes
atomospheric nitrogen thereby reducing the
nitrogen requirement through fertilizers.
3. It enhances soil microbial activity.
4. Soil physical properties like structure,
moiosture retention capacity, consistency
ad density are improved by green
manuring.
5. The availability of soil nutrients increases as

Types of Green Manuring
Green-leaf manuring - In this system, the
green leaves and tender green twigs collected
from shrubs and trees grown on bunds,
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9.

a result of better soil physical and chemical
properties.
Loosening of soil and better aeration of soil
takes place as a result of extensive root
system of some crops.
It suppresses the weeds at early stages by
completely covering the ground.
It also helps in soil and water conservation
as compared to bare soil.
It enhances crop yields.

summer dry season for use in the wet season
crop, or in the rainy season for the benefit of the
dry season crop. In northern India, rainfed
green manure crops are sown in early July or as
early as possible after the break of the monsoon.
Under irrigated conditions, a green-manure
crop can be sown from mid-April to mid-May
depending upon the harvest of the dry-season
crop.
Seed rate: A high seed rate is recommended
in order to delay the development of woodiness.
For Sesbania and sannhemp a seed rate of 50 kg
ha-l is required. However, in salt affected soils
even higher seed rate may be used.
Rhizobium inoculation and nutrient
management: Most leguminous crops can form
root nodules and fix N2 wIthout prior
inoculation with RhizobIum. In regions where
these crops are introduced for the first time,
Rhizobium inoculation is necessary which
enhances the number of effective nodules and
hence the amount of N2 fixed by a legume.
Irrigation- Deep root system of some green
manure crops provides an advantage over other
non leguminous crops under conditions of soil
moisture stress. However dry matter and N
yields of green manure crops are affected by soil
moisture supply.
Age at Incorporation: A green-manure
crop should be turned into the soil at the time of
flowering, i.e. about 8 weeks from sowing in
most crops( Rajeswari, 1990)
Method
of
incorporation:
Proper
incorporation of the green manure crops into
soil containing sufficient moisture is important
for rapid decomposition. A green manure crops
as high as 2 m can be readily buried by a soil
inverting plough, after the standing crop has
been planked down. Standard tractor drawn
disc harrows can also be used. In the rainfed
areas of eastern India where rice and sesbania
seeds are broadcasted, the green manure crop is
Incorporated by an operation known as
beushenning. The field is ploughed and cross
ploughed In standing water after 4·6 weeks and
the Sesbania plants are trampled Into the mud.
Interval between Incorporation and crop
establishment: The interval between turning-in
the green manure crop must coincide with the
transplanting/sowing of the succeeding crop,
particularly under intensive cropping where
time available for growing a green manure crop

Managent of Green Manurer Crops
Choice of species- The selection of suitable
species for green manuring is very important for
example Sesbania aculeata is most important
green manuring crop in rice b efore its
transplanting.
Criteria for selection of green manure
crops
1. Rapid and aggressive initial growth and
efficient soil cover.
2. Producing large amounts of biomass (green
and dry matter).
3. Capacity to recycle nutrients.
4. Ease of establishment and management in
the field.
5. Resistance to attacks by pests and diseases
and not act as a host.
6. A deep penetrating and well developed root
system.
7. Easy to manage during establishment and
during incorporation into the soil.
8. Potential for multipurpose use on the farm.
9. Tolerance or resistance to drought andlor
frosts.
10. Tolerance to low soil fertility and be
adapted to degraded soils.
11. Ability to produce seeds in sufficient
quantities to increase the areas under the
crop/
12. Not invading and causing difficulties for the
succeeding crop in the crop rotation.
13. It is likely to be a legume.
14. Capacity to re-sprout in the event that parts
of thearea are cut down.
Method of sowing-Green manures are
usually broadcasted. Seed of Sesbania may be
soaked overnight in water to hasten germination
Seeds can also be sown by manual drilling
behind a plough in rows about 20-30 cm apart
followed by planking.
TIme of sowing: The crop is grown in the
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is relatively short. A long decomposition period
is not feasible.

and sustainability makes green manuring as an
widely adopted technology. But the constraints
for its adoption must be considered for further
widespread use of green manuring.

Constraints in Adoption of Green
Manuring
Despite of several benefits the use of green
manuring has been declining. The major
constraints are unproductive labour input,
difficulty in thorough iincorporation, higher cost
of seeds, problems of controlling the quantity
and timing of nutrient supply, risk prone in area
of low water availability, possible competition
with crop plants when intercropped for
moisture and nutrients.
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Conclusion
Environmental concerns, organic farming

27. EXTENSION EDUCATION

Agriculture Education is in a Poor State: ICAR must
be Revamped
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ICAR as apex body, 71 Agricultural
Universities, 45 ICAR Institutions, 6
National Bureaus, 25 Project Directorates, 18
National Research Centre’s, 138 All India
Coordinated Research Projects (AICRPs),
still more than 3000 farmers suicide every
year. Its not suicide its murder. who else is
responsible?..who is murderer?
Although autarky on Indian farms is a
distant dream, as the 71st year of
Independence dawns, penury-ridden farmers
are still committing suicide by the
thousands— a consequence of decades of
short-sightedness, while economists and
scientists are still equating food sufficiency to
farmer sustainability.
The occasion merits introspection on the
core issues of farmers’ distress. We must
begin at the apex. The Indian Council of
Agriculture Research (ICAR) mandate is
agriculture education, research and farm
extension. It contributed during the most
challenging years of food scarcity. Though
that success came at an environmental cost
we didn’t understand that when we were
succeeding. The Green Revolution and a few
small triumphs aren’t enough to justify the
February, 2018

status quo.
ICAR is no more the holy cow it once was, it
can be safely taken to the slaughter house. Far
from being an autonomous body, ICAR has
become an extension of the Ministry of
Agriculture and Farmers Welfare. It should be
transformed into a truly autonomous body
reporting directly to the prime minister like the
Atomic Energy Commission. Its functions should
be restricted to farm research, education and
oversight of non-ICAR agriculture institutes.
Farm extension services should be completely
delegated to the state governments.
ICAR has historically evolved with a strong
bias in favour of crop sciences at the cost of
animal husbandry. Research that focuses on
agriculture productivity without an alignment to
its socio-economic consequences and farmer
prosperity is passé. Yields for irrigated crops like
rice and wheat are comparable with the best in
the world, but research on rain-fed farms, pulses,
oilseeds, fruits and vegetables lags considerably.
Evolving consumer preferences, changing the
narrative from farm to food, environmental
impact, climate resilient agriculture require a
reorientation of priorities and mindsets. The
capacities for market intelligence and forecasting
50
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models have not been cultivated.
The
deterioration
in
agriculture
education is deplorable. More appalling are
the over 1,000 unregulated private
agriculture colleges which have sprouted
across the nation churning out degrees like
street food. Many are without proper labs,
infrastructure or farm land. As agriculture is
a state subject ICAR/Central government
jurisdiction
doesn’t
apply
to
these
proliferating private profiteers. They thrive
because states haven’t enacted a regulatory
framework. The Punjab government has
notified a regulatory act; other states must
follow.
Of the three activities of ICAR,
technology transfer or farm extension is
shared with the states and is the biggest
disappointment of all. Since India became a
cereal secure nation, complacency set in and
public extension collapsed. The abdication by
the state public extension system has allowed
the private shopkeepers to usurp the role of
farm advisories to disastrous consequences
for farmers, human health and the ecology.
ICAR and the states exercise authority
and jointly fund SAU activities. Around 700
Krishi Vigyan Kendras (KVK) funded by the
ICAR are designated for capacity building
and technology refinement and transfer but
are neither fully staffed nor equipped.
Practically, state governments barely
manage to fund the SAUs. To offset the
constant paucity of funds, SAUs are forced to
augment their resources by seeking research
grants irrespective of the state’s priorities.
For example, a particular state may want to
focus on diversification from paddy in the
kharif season, while much of the coordinated

research is for the Rabi season crops. This
happens because centre and state objectives
differ.
Convergence between ICAR and state
agriculture agencies has failed. If the PMO
accepted the responsibility of agriculture research
and education, SAU salaries would fall into the
Central government basket and the KVKs could
be transferred to the states. That would free up
resources for states to focus exclusively on farm
extension.
ICAR cannot escape its share of culpability —
recruitments are manipulated, inbreeding and
nepotism are rampant. Salary structures based on
government promotion rules of time-bound
promotion do not recognise research output and
talent is ignored. Most farmhands are women,
but women are not even recruited in equal
numbers. Inter-departmental coordination is
lacking within the 71 agriculture universities and
the whopping 101 institutes across India. It’s time
to prune the institute numbers by a third. Worse
still, research is routinely stolen from ICAR
institutes by private companies. Thus, IPR
registrations and internal resource generation
like that in the developed world universities is
improbable.
To reach the Promised Land, apart from the
stroke of the axe, budget allocations for
agriculture R&D must be pegged as 2 per cent of
the GDP from the less than 1 per cent at present.
But, most importantly, a metric ton audit
outcomes and establish accountability is needed
to resolve the crisis. Unfortunately, when
decisions are made, the theoretical knowledge of
policymakers
supersedes
the
grounded
experience of the practitioner, allowing these
crises to fester indefinitely.

28. SOIL SCIENCE

Coal Fly ash - To Improve the Physical and PhysicoChemical Properties of Soil
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Introduction
Clay soils pose a particular challenge for
water and nutrient management due to its
fine texture and water logging problem. In
VOLUME NO. 14, ISSUE NO.05

contrast to this sandy soils pretense a particular
challenge for water and nutrient management
due to the low water retention and ionic
adsorption capacities of these substrates. Coal fly
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ash comprised of fine sand- and silt-sized
particles, has the potential, if applied at high
enough rates, to permanently change soil
texture and increase moisture holding
capacity. Fly ash not only holds the potential
to improve the physical health of the soil but
also loaded with macro and micro nutrient
which is essential for the crop growth and
development. Fly ash can be used as
amendment to improve soil properties and
plant growth in such problematic soils.

Fly ash - characteristics
Coal is a predominant source of global
energy. In India it is a major source of
electrical energy for 120 coal based thermal
power plants, which produce more than 200
million tonnes of fly ash per year. Fly ash is
the noncombustible mineral matter in coal
which is thermally altered as it cycles
through the combustion process. It
comprised of fine sand and silt sized particles
and the primary constituents are silica,
alumina and iron. Fly ash has wide range of
sizes of spherical particles with hollow
spheres. The size varies from a few
micrometers to 0.2 mm. Few per cent of
grains of unburned carbonaceous matter are
also present. They occur in different shapes
and are generally porous, with maximum
pore size of a few micrometers.
Fly ash on soil physical properties
Soil Texture
Fly ash modifies the texture of the clayey
and sandy soil and helps in improving their
physical properties. The hollow spheres of fly
ash replace bigger soil particles and make it
possible for small silt particles to accumulate
in voids, which modifies the texture and pore
structure of the soil (fig 1.). Fly ash with high
soluble Ca content and appropriate particle
size distribution, especially a high percentage
of particles in the range of 2- 200 µm may
help to advance the structural properties of
soil.
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Fig1. SEM image of fly ash spherical
particles with hollow spheres
Hydraulic property
The fine nature of fly ash improved the water
holding capacity of the sandy soils and removed
the compaction of clay soils. The Ca content in fly
ash readily replaced Na at clay exchange sites and
thereby enhanced flocculation of soil clay
particles, kept the soil friable, enhanced water
penetration and allowed roots to penetrate
compact soil layers. Thus the water holding
capacity of sandy soils was improved from the
fine textured nature of fly ash. Fly ash
amendment was also known to reduce
compaction of clay soils
Bulk Density and Porosity
Land applications of fly ash improved the
soils with poor physical properties, including
bulk density and water holding capacity. Coarsetextured soils amended with fly ash increase the
silt- and sand-sized fractions, which help in
aggregation, infiltration and soil water-storage.
However, the extent of changes in soil physical
conditions would depend on the amount applied
and physical properties of the soil and fly ash.
Although fly ash itself does not retain water
efficiently, amending sandy and loamy soils with
it increased water holding capacity by 8 per cent.
This might be due to changes in total porosity as
well as modifications in pore size distribution.
Deposition of fly ash on land reduced bulk
density of soil and ultimately increased water
holding capacity of clay soil.

Fly ash on physicochemical properties of
soil
Coal fly ash change the soil pH in both
directions that is increase or decrease depending
on fly ash characters and its weathering, acidic fly
ash decrease soil pH while alkaline fly ash can
raise pH of acidic soils. The degree of change in
soil pH on fly ash application depends on the
difference between the pH of fly ash and soil,
buffering capacity of soil, and the amount of CaO,
MgO, and Al2SiO5 present in fly ash Fly ash might
contain considerable amounts of silicate minerals
such as mullet, which in principle can take up H+,
leading to neutralization through the formation
of silisic acid. Thus, dissolving even a small
quantity of silicate minerals with fly ash
application would broadly increase the soil pH.
Application of fly ash in different quantities
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changes the EC of the soil. Since fly ash is
rich in soluble salts, usually its soil
application increases soil EC, which could be
undesirable. However, in some cases, the soil
EC was decreased due to fly ash application.
The decrease in soil EC was attributed to the
precipitation of the soluble compounds in the
ash amended soils. In general, it could be
said that fly ash application to soils is not
likely to increase EC to harmful levels for
most agricultural crops, unless fly ash is
applied in excessive amounts.
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29. NEMATOLOGY

Role of Pochonia Chlamydosporia against Plant
Parasitic Nematodes
N. Ashokkumar and A. Rajeshkumar
Ph.D Scholars, Department of Nematology and Department of Agronomy,TNAU, Coimbatore

Introduction
Plant parasitic nematodes form an
important
niche
in
agro-ecosystem.
Biological or biocontrol of plant parasitic
nematodes has become most significant and
intensive area of research. Biological control
is defined as the action of parasites,
predators or pathogens in maintaining
another organism’s population density at a
lower average than would occur in their
absence.
Verticillium chlamydosporium they can
colonise nematode reproductive structures
and
affect
them.
Heterodera
and
Meloidogyne at the sedentary stages of their
life cycle are vulnerable to attack by these
fungi either within the roots or on the root
surface or in the soil. Once in contact with
cysts and colonise the eggs masses, these
fungi grow rapidly and eventually parasitize
all eggs in early embryonic developmental
stages. It will produce mycelium to infect
VOLUME NO. 14, ISSUE NO.05

eggs and female nematode. V. chlamydosporium
was first isolated from Heterodera sahactii eggs
(Wilcox and Tribe, 1974) and Heterodera avenre
(Kerry, 1975).
The hypomycetes, soil borne fungus
Verticillium chlsamydosporium Goddard has
been implicated on a number of occasions in the
pathology of both cyst and root knot
phytonmatodes.

Other names
1. Verticillium chlamydosporium Goddard,
(1913)
2. Diheterospora chlamydosporia Goddard,
(Batrren and Onions, 1966)
3. Pochonia chalmydosporia Goddard, (Zare
and Gams, 2001)
Taxonomic character
Verticillium produce mycelium is highly
branched and hyaline in nature. Conidiophores
are long, it produce phialides, conidia produced
in heads on simple phialides. It produces resting
53
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spores on chlamydospores. , it attached on
short pedicels. They survived in soil for long
period. Asexual stage is conidia. The fungus
it produce white coloured mycelium on
rosebengal-chitin –benomyl medium.
Infection process
It is involved in three steps
1.
2.
3.

- Recognition (chemical and adhesion)
Signaling and differentiation
Penetration Lopez-Llorca et al., 2007

Mode of action
Verticillium chlamydosporium enter the
nematode cyst through natural opening/
penetrate cyst cell wall directly (Kerry, 1975).
Penetration is thought as a result of physical
pressure
and
enzyme
activity.
P.
chlamydosporia parasitize the eggs of root
knot nematodes, which are colonized from
appressoria developed from undifferentiated
hyphae on the egg shell. An infection peg that
penetrated the eggshell develops from
appressorium and gives rise to a post
infection bulb, from which the mycelium
radiates and colonizes the egg.(Davies et al.,
1991).During the electron microscopy
studies, the fungus to disintegrate the egg
shell of vitelline layer and partial dissolution
of chitin and lipid layers. Chlamydospores
formed on mycelium growing on the female
body wall or inside the female and rarely in
eggs. The fungal hyphae enter into the egg
shell of nematode, it will causing dissolution
of chitin layer. Enzymes also involved in
penetration of fungus to nematodes.
Some extra cellular enzyme it leads to
permeability to egg shells. A serine protease
enzyme (VCP1) it is a key enzyme for
infection process. The enzyme removed the
outer vitelline membrane of the egg shell and
exposed to chitin layer of the root knot
nematode but not the potato cyst nematode
eggs. Egg hatching presence of the fungus is
inhibited by probably due to toxins secreted

by the fungus. Toxins, it is used to killing the
nematode eggs and premature death of larvae.

Metabolites involved in penetration process
Extracellular Enzymes
Serine protease (subtilisin- VcP1), Chitinase,
Serine
protease
chitinase,
collagens,
Phomalactone
Toxins: Verticillin A, B and C
Tritrophic interactions
P. chalamydosporia is a facultative parasite,
it has saprophytic phase that is much affected by
the plant and their interactions in the
rhizosphere are complex. The role of root
exudates in the growth of the fungus and in its
switch from the saprophytic to the parasite state
is. In vitro, excess carbon inhibits the production
of key enzymes involved in the infection process.

Pictures shows that egg mass of nematode
and Verticillium chlamydospores are present in
the soil. The chlamydsopores it will germinate to
mycelium, that affect the eggs of nematode and
juveniles. Then the fungus are colonized the root
surface, it prevent the attack of nematode to the
plant roots.
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Many of the plant species once used by
human being for centuries are now at door
steps of extinct. This extinction isnot only
because of less usage but also because of the
increaseddevelopments
in
agriculture
practices from decades. This enhanced the
scenario of agriculture in terms of
production, productivity but at the same time
wide varieties of species were started
depleting. These endangered and rare species
need to be preserved. Red data books
document extinction and threat of
species.The natural preservation of seeds is
done by tribal people who are the true savers
and lovers of incredible nature. Farmers in
the villages preserving some the varieties but
not in large quantity and scientific way. Seed
preservation is done in commercial form
called as seed banking. These seed banks
preserve the cultural and historic value. Seed
banks may play important roles in
conservation of genetic diversity and natural
restoration to wetland vegetation as well as
to recover endangered plant species.These
are the banks whichstoreand preserve the
genetic diversity of seeds. These seed banks
are also known as gene banks since they aim
at preserving the genetic change in the
species and varieties of plants. Think of a
seed bank as a savings account. Seeds are
"deposited" into secure storage with the
intention of "withdrawing" them in the future
when they are needed. The objective of the
seed bank is to have the genes to which the
plant breeder aims to increase yield, disease
resistance, drought tolerance, nutritional

quality, taste of crop plants etc. In same way seed
banks also predict the loss of genetic diversity of
the rare and endangered species and conserves
them
through
ex-situ
method
of
preservation.Around the world, more than 1,400
seed banks, large and small, function as backup
systems in case of environmental catastrophe.
Globally, biodiversity is diminishing at an
unprecedented rate “at the ecosystem, species,
and genetic level.
Advantages and Disadvantages of seed
banking

Advantages
1. Seed banks provide insurance against the
loss of plant species in the wild.
2. Seed banks provide options for the future use
of plants
3. Seed banks also provide a source of high
quality seed material for use in the recovery
and restoration of threatened plants and
habitats.
4. Feasible for medium and long-term secure
storage.
5. Wide diversity of each target taxonomy
conserved.
6. Easy access for characterization, evaluation,
and utilization
7. Little maintenance
Disadvantages:
1. Problem in storing seed of recalcitrant
species.
2. Freezes evolutionary development.
3. Genetic diversity may be lost with each
regeneration cycle.

31. BIOTECHNOLOGY AND MOLECULAR BIOLOGY

RNAi – A Modern Biotechnological Tool – Mechanism
and Applications
H. R. Ghevariya, V. B. Parekh, B. S. Desai and J. R. Chavda
College of Forestry, ASPEE College of Horticulture and Forestry, NAU, Navsari – 396450, Gujarat-

What is RNAi?
RNAi is a sequence specific gene
silencing phenomenon caused by the
presence of dsRNA system within living cells
that takes part in controlling which genes is
active and how active they are. In 2006,
Andrew Fire and Craig C. Mello shared the
VOLUME NO. 14, ISSUE NO.05

Nobel Prize in Physiology and Medicine for their
work on RNA interference in the nematode worm
Caenorhabditis elegans, published in 1998. This
technique has become widely important in the
ongoing efforts to know gene functions, because
it can disrupt gene function without creating a
mutant organism. RNA interference was known
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by other names Co-suppression, Post
transcriptional gene silencing and Quelling.
Two types of small RNA molecules are
central to RNA interference MicroRNA
(miRNA) and Small interfering RNA
(siRNA). RNAs are the direct products of
genes, and these small RNAs can bind to
other specific RNAs (mRNA) and either
increase or decrease their activity. RNA
interference has an important role in
defending cells against parasitic genes, Gene
expression, Translation inhibition of mRNA,
Destruction of mRNA and Transcription
silencing

Cellular mechanism of RNAi pathway
dsRNA clevage
Endogenous dsRNA initiates RNAi by
activating the ribonuclease protein DICER.
Produce double-stranded fragments of 20–
25 bp with a 2-nucleotide overhang at the 3'
end. These short double-stranded fragments
are called small interfering RNAs (siRNAs).
These siRNAs are then separated into single
strands and integrated into an active RISC
complex. After integration into the RISC,
siRNAs base-pair to their target mRNA and
induce cleavage of the mRNA, thereby
preventing it from being used as a translation
template.
MicroRNAs / stRNAs
MicroRNAs (miRNAs) are genomically
encoded non-coding RNAs that help in
regulating gene expression, particularly
during developmental stages of organism.
The phenomenon of RNA interference
includes the endogenously induced gene
silencing effects of miRNAs as well as
silencing triggered by foreign dsRNA. Mature
miRNAs are structurally similar to siRNAs
produced from exogenous dsRNA, but before
reaching maturity, miRNAs must first
undergo
extensive
post-transcriptional
modification. A miRNA is expressed from a
much longer RNA-coding gene as a primary
transcript known as a pri-miRNA which is
processed, in the nucleus, to a 70-nucleotide
stem-loop structure called a pre-miRNA by
the microprocessor complex. Complex
consists of an RNase III enzyme called
DROSHA and a dsRNA-binding protein
PASHA. The dsRNA portion of this pre-
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miRNA is bound and cleaved by Dicer to produce
the mature miRNA molecule that can be
integrated into the RISC complex; thus, miRNA
and siRNA share the same cellular machinery
downstream of their initial processing.
RISC activation and catalysis
The active components of an RNA-induced
silencing complex (RISC) are endonucleases
called Argonaute proteins, which cleaves the
target mRNA strand complementary to their
bound siRNA. As the fragments produced by
dicer are double-stranded, they could each in
theory produce a functional siRNA. However,
only one of the two strands, which are known as
the guide strand, binds the Argonaute protein
and directs gene silencing. The other anti-guide
strand or passenger strand is degraded during
RISC activation. Argonaute proteins, the catalytic
components of RISC, are localized to specific
regions in the cytoplasm called P-bodies (also
cytoplasmic bodies or GW bodies), which are
regions with high rates of mRNA decay; miRNA
activity is also clustered in P-bodies. Disruption
of P-bodies decreases the efficiency of RNA
interference, suggesting that they are the site of a
critical step in the RNAi process.
Transcriptional silencing
Components of the RNA interference
pathway are also used in many eukaryotes in the
maintenance of the organization and structure of
their genomes. Modification of histone and
associated
induction
of
heterochromatin
formation serves to down regulate genes pre
transcriptionally; this process is referred to as
RNA-induced transcriptional silencing (RITS),
and is carried out by a complex of proteins called
the RITS complex The mechanism by which the
RITS
complex
induces
heterochromatin
formation and organization is not well
understood. In maintenance of existing
heterochromatin regions, RITS forms a complex
with siRNAs complementary to the local genes
and binds stably to local methylated histone,
acting co-transcriptionally to degrade any
nascent pre-mRNA transcripts that are initiated
by RNA polymerase. The formation of such a
heterochromatin region, though not its
maintenance, is dicer-dependent, presumably
because dicer is required to generate the initial
complement of siRNAs that target subsequent
transcripts. Heterochromatin maintenance has
been suggested to function as a self-reinforcing
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feedback loop, as new siRNAs are formed
from the occasional nascent transcripts by
RdRP for incorporation into local RITS
complexes
RNA-induced transcriptional silencing Crosstalk with RNA editing
The type of RNA editing that is most
prevalent in higher eukaryotes convert
adenosine nucleotides into Inosine in
dsRNAs via the enzyme Adenosine
Deaminase (ADAR). It was originally
proposed in 2000, that the RNAi and A→I

RNA editing pathways might compete for a
common dsRNA substrate. Indeed, some premiRNAs do undergo A→I RNA editing, and this
mechanism may regulate the processing and
expression of mature miRNAs.

Applications of RNAi
It serves as an antiviral defense mechanism
and is becoming a handy tool for the analysis of
gene functions in invertebrates, mammals and
plants. Also DNA vector-based strategy allows the
suppressions of endogenous gene to produce
transgenic lines with suitable modified traits.

32. AGRONOMY

Management Practices for Increasing the Productivity
and Nutrient Use Efficiency in Groundnut, Sunflower
and Castor
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The diverse agro-ecological conditions in
the country are favorable for growing nine
annual oilseed crops, which include seven
edible oilseeds (groundnut, rapeseed &
mustard, soybean, sunflower, sesame,
safflower and niger) and two non-edible
oilseeds (castor and linseed). Oilseeds
cultivation is undertaken across the country
in about 27 million hectares mainly on
marginal lands, of which 72 per cent is
confined to rainfed farming. During the last
few years, the domestic consumption of
edible oils has increased substantially and
has touched the level of 18.90 million tonnes
in 2011-12 and is likely to increase further.
With per capita consumption of vegetable
oils at the rate of 16 kg/year/person for a
projected population of 1276 million, the
total vegetable oils demand is likely to touch
20.4 million tonnes by 2017 (Patil et
al.,2009). It is, therefore, necessary to
exploit domestic resources to maximize
production to ensure edible oil security for
the country. One of the critical constraints to
higher crop productivity is the low efficiency
of applied nutrients especially N and P.
Hence, there is urgent need to increase
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nutrient use efficiency from the view point of
costs availability and water quality concerns.
Nutrient use efficiency can be defined many
ways, but the definition used most commonly by
farmers and crop advisers is the crop output per
unit of nutrient input. Improving the efficiency
with which we simultaneously accomplish all
system level objectives: productivity, profitability,
sustainability, and environmental protection
(Patil et al.,(2009), Hence, we have to develop
proper management practices for increasing
productivity and NUE in groundnut, sunflower
and castor.

Management practices
Tillage practices
Patil et al. (2015) reported the higher
groundnut pod yield (1307 and 1282 kg ha-1) and
haulm yield (2733 and 2889 kg ha-1) with
mechanical tillage + two intercultivations than
other tillage practices.
Date of sowing
Sandya Rani et al. (2013) reported that
significantly higher castor seed yield (1132 kg ha-1
and 1886 kg ha-1) with I F.N of July sowing date
with increase in N levels from 0 to 80 (kg ha-1).
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Mulching
Wheat straw + block polythene mulch
produces more pod yields (2429 kg ha-1),
haulm yields (3490 kg ha-1) and lesser weed
population i.e. grassy (7.3 no m-2) and BLW
(5.4 no m-2) in groundnut than other mulch
practices (Ghosh et al., 2006).
Effect of spacing
Virender et al. (2008) noticed that the
sowing of castor with optimum spacing of 90
cm x 75 cm produces higher seed yield (15.2
q ha-1) and oil yield (7.8 q ha-1) compared to
other spacing.
Effect of thinning
Maintaining optimum plant population
in sunflower through thinning increases seed
yield per cent (44.3%) and fertilizer use
efficiency (44.3%) at Coimbatore, Raichur
and Nandyal (Hegde, 2006).

Weed management
Suresh and Reddy. (2010) reported that
the different weed control treatments. Preemergence application of pendimethalin (1.0
kg) in combination with inter cultivation at
21 DAS, followed by hand weeding was found
to reducing weed growth and recorded higher
seed yield (2308 kg ha-1), and higher nutrient
uptake of sunflower PFPNPK (15.4 %)
Nutrient management
Application of FYM + 75% RDF +
Rhizobium + gypsum + Boron recorded
significantly higher pod yield (2.66 t ha -1)
and oil content (43.3 %) than the other INM
practices (Mohopatra et al., 2009)
Conclusion
Integration of crop and nutrient
management practices are helpful for the

increasing the productivity and
groundnut, sunflower and castor.

NUE

in

References
GHOSH,
P.
K.,
DEVI,
D.,
BANDYOPADHYAY, K. K. AND MOHANTY, M.,
2006, Evaluation of straw and polythene mulch
for enhancing productivity of irrigated summer
groundnut. Field Crop Res., 99: 76-86.
HEGDE, D. M., 2006, Finding newer niches
imperative. The Hindu survey of Indian
agriculture. pp: 66-69.
MOPATRA, A. K. B. AND DIXIT, L., 2010,
Integrated nutrient management in rainy season
groundnut (Arachis hypogaea). Indian J.
Agron., 55 (2): 123-127.
PATIL, V. C., 2009, Precision nutrient
management: A review. Indian J. Agron., 54 (2):
113-119.
PATIL, S. B., BALAKRISHNA REDDY, B. C.,
CHITGUPEKAR, S. C. AND PATIL, B. B., 2015,
Modern tillage and integrated nutrient
management practices for improving soil fertility
and productivity of groundnut under rainfed
farming system. Letters of Nat. Sci., 2: 1-12.
SANDYA RANI, B., MUNIRATHNAM, P.
AND GAYATHRI, N. K., 2014, Effect of time of
sowing and nitrogen fertilization on growth and
yield of castor in vertisols under rainfed condtion.
Indian J. Agric. Res., 48 (3): 241-244.
SURESH, G., AND REDDY, B. N., 2010,
Effect of weed control practices on wed dry
matter, production potential and nutrient uptake
of sunflower (Helianthus annus) in vertisoils.
Indian J. Agron., 80 (1): 33-37
VIRENDER, S., SINGH, J. AND BAJAJ, R.
K., 2008, Investigation on sowing time, plant
density and nutrient requirements of hybrid
castor for the non-traditional area of Punjab. J.
Oilseed Res., 25 (1): 41-43.

33. AGRICULTURE SCIENCE

Plastic Mulching for Crop Production
Kamlesh Choudhary1, Vijay Kumar Didal2*, Brijbhooshan3 and Moti Ram Natwaria4
1&4PhD

Research Scholar, SKRAU, Bikaner,2&3PhD Research Scholar, PJTSAU, Hyderabad

Introduction
Mulching is the process of covering soil
around the plant root area with a view to
insulate the plant and its roots from the
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effects of extreme temperature fluctuations. The
plastic films are easily available, easy to handle,
transport & lay. This lead to the use of plastic
films as mulches, which is today the most
preferred material. Now a day’s LDPE and
58
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LLDPE plastic films are commonly used for
mulching. LLDPE black colour mulch film is
most popular, owing to the twin properties of
down-gauging
and
better
puncture
resistance.

Benefits of plastic mulching
1. Conserves soil moisture.
2. Moderates soil temperature by insulating
the soil surface.
3. Control weed growth under mulch film.
4. Reduces soil compaction caused by
equipment and people.
5. Reduces soil erosion from wind or water.
6. Prevents leaching of fertilizers.
7. Reduces incidence of disease by
protecting above-ground plant parts
from splashes that carry soil-borne
inoculums.
8. Improves quality of produce, reduces
fruit rot by eliminating contact between
fruit and soil.
9. Reduces winter injury by minimizing
temperature variation, reducing water
loss in plants and decreasing heaving of
plant crowns and roots.
10. Early Maturity.
11. Provides conducive environment for
plant growth.
12. Improves seed germination, and
13. Improves productivity.
Types of plastic mulches
1. Black mulches
2. Clear or transparent mulches
3. Two-side colour mulches
4. Yellow/black
5. White/black
6. Silver/black
7. Red/black
8. Degradable mulches
9. Photo-degradable
10. Bio-degradable
11. By proper selection of plastic mulch
composition – colour & thickness, it is
possible to precisely control the soil
environment.
Selection of mulch films
Selection of film colour depends upon
the specific purpose to be achieved such as
weed control, raising of soil temperature or
cooling it down or disease control or
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enhanced plant growth etc. The film width should
be such that the crop agronomic practices could
be conveniently carried out. The width of 90 cm
& 120 cm are more common. The aim is to make
use of available width of mulch film in most
effective manner.

Thickness of Film
In plastic mulching, the thickness of mulch
film should be in accordance with type & age of
crops. Economics suggest that the film thickness
should be the minimum possible commensurate
with desired life & strength. The recommended
thickness of mulch films for different crops is as
under:
Thickness
(microns)
7
20-25
40-50
50-100

Crops Recommended
Groundnut
Annual - short duration
crops
Biennial - medium duration
crops
Perennial - long duration
crops

Indicative cost of plastic mulching
On the basis of 80% coverage of area under
the film, indicative cost of mulching for vegetable
crops would be approximately Rs.20,000/- per
ha i.e. Rs.2/- per m2. Similarly, on the basis of
40% area coverage for an orchard crop, indicative
cost of mulching would be approximately
Rs14,000/- per ha i.e. Rs.1.4/- m2.
As the Polymer prices change frequently for
cost of plastic mulching would also keep on
varying. However, the cost economics of plastic
mulching is well establish in terms of off-setting
the additional cost.
Crop response to plastic mulching
The results of research studies carried out on
plastic mulching by Precision Farming
Development Centers (PFDCs) located in
different agro climatic zones all over India have
shown that plastic mulching is useful in
increasing productivity from 25% to 70%.
Subsidy on plastic mulching
Being capital intensive, the Government of
India has provided subsidy @50% of permissible
system cost of Rs.20,000/ha i.e. a net subsidy of
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Rs.10,000/ per ha for the adoption of
mulching by farmers with a ceiling of 2 ha
per beneficiary the under National
Horticulture
Mission
(NHM)
and
Horticulture Mission for North Eastern &
Himalayan states (HMNEH) and other
related schemes. These schemes are
implemented
through
Horticulture
Department in respective states

Laying of mulch films
Plastic films are laid before crop planting
or transplanting. This includes preparation

of seed bed, spread of mulch film and anchoring
of edges of the film. These operations, if done
manually, become very time consuming, costly &
tedious. Therefore, tractor mounted mulch laying
machines have been developed and are in use.

Conclusion
Plastic mulching increase the crops yield by
reducing the nutrient and water losses by weeds
and evaporation. And also, Government of India
has provided subsidy for the adoption of
mulching by marginal farmer.

34. AGRICULTURAL ENTOMOLOGY

Entomopathogenic Nematodes in Pest Management
J.N. Prithiva, G. Vijayalakshmi and K. Elango
Department of Agricultural Entomology, Centre for Plant Protection Studies, TNAU, Coimbatore

Safety and environmental issues related
to the use of chemical insecticides for insect
control, accent on developing alternative
control measures such as entomopathogens
and their formulated products. Among
various entomopathogens, recent emphasis
is given on entomopathogenic nematodes
(EPNs). Entomopathogenic nematodes are a
group of nematodes (thread worms), causing
death to insects.They are considered as
effective biopesticide which can be
incorporated in IPM programs as they are
considered non-toxic to humans, relatively
specific to their target pests and can be
applied with standard pesticide equipment.
EPNs have proven to be the most effective as
biological control organisms. They live
parasitically inside the infected insect host,
and so they are termed as endoparasitic.
They infect many different types of insects
living in the soil like the larval forms of
moths, butterflies, flies and beetles as well as
adult forms of beetles, grasshoppers and
crickets. EPNs have been found in all over
the world and a range of ecologically diverse
habitats. They are highly diverse, complex
and specialized.They have been released
extensively in crop fields with negligible
effects on non target insects and are regarded
as exceptionally safe to the environment. It is
also found to be compatible with chemical
pesticides. Main focus in this paper is to
February, 2018

review mechanism and pathogencity of
nematodes of family Steinernematidae and
Heterorhabditidae. Steinernematidae represents
two
major
genera
Steinernema
and
Neosteinernema
and
Heterorhabditidae
represents genus Heterorhabditis.
Pathogenecity of EPNs involves the
association with mutualistic bacteria in the genus
Xenorhabdus
for
Steinernema
and
Photorhabdus
for
Heterorhabditis.
The
symbiotic association of EPNs with specific
mutualistic bacteria facilitates reproduction
(bacteria serve as food) and pathogenicity of the
nematodes. Hence, it is a nematode bacterium
complex which works together as a biological
control unit to kill an insect host by penetrating
the host through natural opening and there by
releasing the bacterial symbiont which spread
and multiply in the insect haemolymph and kill
them by causing septicemia. A serious problem
for EPNs is founder effect because only a limited
number of insect cadavers are collected at single
geographical sites,resulting in reduced genetic
variance. EPNs have been most efficacious in
habitats
that
provide
protection
from
environmentalextremes, especially in soil, which
is their natural habitat and in cryptic habitats.
Excellent control has been achieved againstplantboring insects because their cryptic habitats are
favorable for nematode survival and infectivity.
In developing biocontrolprograms using EPNs,
one mechanism to increase the chance of success
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is to screen novel nematode species or strains
forpotential efficacy against particular target
pests.
Use of EPN in the foliar environment has
been limited. Spray application methods
used to apply EPN also require critical
assessment. Hence, optimization of the
application methods would ensure better
efficacy and technological advancements are
required to decrease production costs of
EPNs.
Commercially
Available
Entomopathogenic Nematodes
Product
name
Ecomask
Savior
Weevil
larvae
Guardian
J-3 Max

Nematode
species
Steinernema
carpocapsae
Steinernema
carpocapsae
Steinernema
carpocapsae
Steinernema
carpocapsae,
Heterorhabditis

Heteromask
Lawn Patrol
Scanmask
Entonem
Nemasys

bacteriophora
Heterorhabditis
bacteriophora
Heterorhabditis
bacteriophora
Steinernema
feltiae
Steinernema
feltiae
Steinernema
feltiae

Weevils,
grubs
Weevils,
grubs
Fungus
Gnats
Fungus
gnats
Fungus
gnats

BioLogic
HydroGardens
BioLogic
Koppert
E.C. Geiger
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Next Generation Sequencing For Crop Improvement
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Quantum
jump
in
agricultural
production is an urgent need in response to
exponential increase in human population.
Furthermore, global climate change and
recent increase in demand for biofuel crops
has posed new challenges for agriculturists .
Last few decades have added substantially in
our understanding in the gene, its function
and regulation. This all could become
possible because of availability of gene
sequences. Numerous databases have been
developed for different genome. Parallel
revolution in sequencing technologies and
bioinformatics has accelerated the pace of
genome research. The completion of
reference genome sequences for many
important crops and the ability to perform
high-throughput resequencing are providing
opportunities
to
accelerate
crop
VOLUME NO. 14, ISSUE NO.05

improvement (Morrell et al. 2012).

What is DNA sequencing and its
importance
DNA is made up of four different nucleotide
viz., Adenine (A), Thymine (T), Gaunine (G) and
Cytosine (C). These nucleotides are arranged in a
meaning full manner in form of chain which is
known as DNA sequence. Sequencing is a
technique which enables us to understand
arrangement of this nucleotide in DNA
molecules. All the biological informations remain
coded in DNA in form of these sequences.
Changes in the position of these nucleotides alter
the sequence and subsequently information.
Therefore, DNA sequencing is very important in
the studies of genomics. Determinations of DNA
sequencing involve lot of lab exercise and
subsequently interpretation of the obtained
61
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information. All round revolution in the
biological,
electrical,
mechanical and
computational science leads in development
of automatic machine, popularly known as
DNA Sequencer. Since the first DNA
sequencing method proposed by Sanger and
Coulson in 1975, the sequencing technique
has passed through many generation as
follows.

First Generation Sequencing
1. Sanger sequencing: here the selective
termination of DNA sequence by
incorporating
dideoxynucleotides
(ddATP/ddGTP/ddCTP/ddTTP) which
does not provide site for the
phosphodiester
bond
during
polymerization. The reaction results in
many DNA fragments at each and every
nucleotide position giving varied sized
DNA fragments. These fragments are
separated on the gel by applying electric
field on the basis of their size to
determine DNA sequence.
2. Chemical sequencing: this method
which is based on chemical modification
of DNA and subsequent cleavage at
specific bases to generate a nested set of
end- labeled derivatives.
Second Generation Sequencing
1. Reversible
terminator-based
synthesis
method
(IlluminaSolexa): this method that enables
detection of single bases as they are
incorporated into growing DNA strands
.A fluorescently-labeled terminator is
imaged as each dNTP is added and then
cleaved to allow incorporation of the
next base. All four reversible terminatorbound dNTPs are present during each
sequencing cycle
2. Pyrosequencing (Roche-454): In
contrary to the first generation
sequencing which is based on chain
termination, pyrosequencing is based on
the synthesis principle. Pyrophosphate is
release at the time of incorporation of
nucleotide in the sequence. This
pyrophosphate is detected by the highly
sensitive detector to read the sequence
3. Oligonucleotide ligation method
(ABI SOLiD): this method in which
February, 2018

first two base of fluorescent tag octamer
(Oligonucleotide) are bound to fragment
DNA by ligase enzyme and rest cleave off
releasing fluorescent colour which is detect
by detector.

Third Generation Sequencing:
1. Heliscope single molecule sequencing
(Helicos): It uses DNA fragments with
added poly-A tail adapters which are
attached to the flow cell surface. The next
steps involve extension-based sequencing
with cyclic washes of the flow cell with
fluorescently labeled nucleotides. The reads
are performed by the Heliscope sequencer .
2. Single molecules real time sequencing
(SMRT) method-(Pacific Bioscience):
In this method Zero Mode Wavelength
(ZMW) nanostructure containing single DNA
polymerase within each well. Each of the four
nucleotides A, C, G and T are labeled with a
different fluorescent dye having a distinct
emission spectrum. Since the excitation of
nucleotides held by the polymerase prior to
incorporation illumination is directed by
ZMW and read by the detector.
3. Sequencing by synthesis method-(Ion
Torrent): This method of sequencing is
based on the detection of hydrogen ions that
are
released
during
the polymerisation of DNA. A microwell
containing a fragment DNA strand is flooded
with a single type of nucleotide. If the
introduced nucleotide is complementary to
the leading template nucleotide, it is
incorporated
into
the
growing
complementary strand. This causes the
release of a hydrogen ion that is detected by
Ion-Sensitive Field Effect Transistors.
If homopolymer repeats are present in the
template sequence then corresponding
number of released hydrogens and a
proportionally higher electronic signal .
Fourth Generation Sequencing/Next
Generation Sequencing:
1. Nanopore exonuclease sequencing
method (Oxford Nanopore): A single
stranded DNA fragment passes through
biological pore and respective bases are
identified and cleaved by exonuclease and
measure there relative difference in their
electrical conductivity when they pass
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through that pore. It deliver real-time
sequencing of single molecules at low
cost without damaging the DNA.
From the foregoing discussion, it can be
concluded that progress in plant genomics
has allowed us to discover and isolate
important genes and to analyze functions
that regulate yields and tolerance to
environmental stress .The future of crop
improvement
will
be
centered
on
comparisons of individual plant genomes
where finding new genetic mapping
strategies and evolutionary analysis to use of
genetic variation. The identification of genes
and molecular markers underlying these
agronomic traits will help to accelerate the

breeding process and lead to improved varieties
with improved yield levels, quality with having
tolerance
to
unfavorable
environmental
conditions and resistance to disease. Molecular
selection tools will be more easily discovered
using NGS and applied to diverse wild resources
using advanced screening methods that allow
automation and high throughput in gene
discovery and transfer into commercial
genotypes.
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Introduction
Indiscriminate use of pesticides has lead
to many problems viz., environmental
pollution, pesticide residues, resistance build
up and resurgence of pest. Hence, to avoid
these problems, biological control agents can
be used to manage the crop pests and
maintain the ecological balance. Among the
various microbial biocontrol agents, the
fungus, Nomuraea rileyi (Farlow) Samson is
an important entomopathogenic fungus
(Vimladevi et al., 1997). It infects and
manages mainly Lepidopteron and some
species of Coleopteran insect pests. There are
more than 30 species of lepidopterous insect
pest listed as susceptible to N. rileyi (Ignoffo,
1981). In India, natural occurrence of N.
rileyi as an epizootic which was first reported
by Singh and Gangrede (1975). N. rileyi
(Farlow) Samson is an important natural
mortality factor of many Lepidopteron pests
in different crop ecosystems.
Identification & scientific classification
Preliminary identification of N. rileyi is
possible by looking for malachite green

VOLUME NO. 14, ISSUE NO.05

coloration on insect surface. When viewed under
the microscope, conidiophores are seen bearing
dense whorls of branches and phialides i.e.
conidiogenous cells which are short necked.
Conidia are broadly ellipsoidal to cylindrical and
3.5- 4.5 x 2-3.1µm.
Kingdom :Fungi
Order: Moniliales
Genus: Nomuraea

Class:Deuteromycetes
Family: Moniliaceae
Species: rileyi

Mode of action
After physical contact between a fungal spore
and the insect cuticle
Recognition of the host by the fungus leads to
spore germination and production of a
penetration structure, the aspersorium
Aspersorium produces a penetration peg and
a series of hyphal bodies to cross the cuticle and
epidermis
Inside the insect body the fungus produces
blastospores that bud and spread through the
haemolymph
Symptoms
Initially, blackening occurs on the cuticle at
the site of fungal hyphae penetration. At later
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stage of infection, the insect generally
becomes restless, less active, loss of appetite
and co-ordination. Infected insects often
move to high place or if subterranean rise to
the soil surface. The cells and tissues of the
infected insect may begin to disintegrate

prior to the death of insect or they may break
down after death. The larva turns white and
within a few days it is covered in a bright green
fungal coating. The hard mummified bodies of
infected insect shows green covering so, it is
called as “green muscardine disease”.

N. rileyi infected larvae

Isolation & culture maintenance
N. rileyi is first isolated from field
collected diseased larvae. The standard
medium used for isolation and sporulation of
N.rileyi is Saboraud’s Maltose Agar Medium
fortified with 1 % yeast extract (Bell, 1975).
Optimum temprature for in vitro growth and
sporulation is usually around 26 -28 0 C.
Light has no effect on either growth or
sporulation of N. rileyi on SMAY (Bell, 1975)
For long term preservation, it is
recommended to store cultures be stored
under 10 % glycerol in liquid nitrogen (-196 0
C).
Case studies
1. Efficacy: Lichang Tang and Hou (1998)
reported that N. rileyi, caused 90.5–
100% mortality in fourth-instar larvae of
the H. armigera, when applied at 107
conidia/ ml to corn silks.
Nagaraja et al. (2006) mentioned that
cumulative mortality of S. litura and H.
armigera
larvae
increased
with
advancement of days and exposure
period and attained the highest mortality
on the tenth day with the treatment of N.
rileyi @ 2 x108 conidia/ ml in oil
formulation followed by wettable powder
and crude formulation
Accoding to Ingle et al. (2006) spinosad
(0.005%) with N. rileyi (2.39 x109
spores/ml)
recorded
the
highest
mortality of H. armigera (97.50 %)
whereas,
among
the
microbial
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2.

3.

insecticides, HaNPV (250 LE/ha) with N
.rileyi (2.39 x109 spores/ml) enhanced the
mortality (92.50%) till 10 days after
treatment.
Impact on predators and parasites: N.
rileyi was safe to the predatory beetle
Hippodamia convergens (James and Bruce,
1994). Patil and Abhilash (2014) observed
that N. rileyi was pathogenic to leaf eating
caterpillar and non pathogenic to other
beneficial insects such as green lacewing and
lady birds beetles.
Field persistence on foliage: The
persistence on castor foliage (as a foliar
application) is high till 2 days and decreases
to 20% by the end of 6 days (Vimladevi,
1997). The persistence on groundnut foliage
(as a foliar application) is high till 4 days and
gradually decreases to 20% by the end of 10
days. The persistence of conidia in soil, when
applied along with the substrate to the
groundnut crop, is high (75%) up to two
weeks after application (Vimladevi, 1997).
Persistence of conidia on foliage differs with
the canopy type. A close-canopy crop like
groundnut offers increased persistence over
an open-canopy crop like castor due to
differences in the microclimate.

Conclusion
Nomuraea rileyi has a broad host range and
can be utilized effectively against major
polyphagous pest such as S. litura and H.
armigera. Early instars of pest are found to be
more susceptible to the pathogen. Field
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persistency varied from 5 to 11 days
depending upon crop ecosystems. As it is safe
to predators and parasitoids and have
compatibility with many recent insecticides,
it can make a good alternative to get higher
yield and benefits to the farmers
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Insect migration is the seasonal
movement of insects. The distance can vary
with species and in most cases these
movements involve large numbers of
individuals. In some cases the individuals
that migrate in one direction may not return
and the next generation may instead migrate
in the opposite direction. Migratory insects
face several dangers in their migratory
pathway, to overcome that they have made
several changes in the morphology and
biochemical changes to meet the energy
needed for migration.Even if they are
successful, there is no guarantee that the
newly colonized habitat patch will be more
suitable than the one abandoned. In addition
to these overt risks, flight is very
energetically expensive (Wegener 1996), and
the energy that is used in migratory flight
may reduce subsequent fecundity or ability to
compete for mates. There is no well-defined
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traits of migarory and non-migratory insects
because migration also occur in monomorphic
insects like Spodopteraexmeptabut studies in
migratory insects can correlate to changes in
several maphological and biochemical traits.

Morphological traits
Table: General characters
Traits
Wing
dimorphism in
hemimetabola
Flight
muscles
Fecundity

Thorax length
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Migratory
Macropterous
wing

Nonmigratory
Brachypterous
wing

Well
developed
Less
offsprings per
female
More than
the
nonmigratory

Notwelldeveloped
more
offsprings per
female
Less than the
migratory
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Abdominal
length

smaller

Fairly larger
than migratoty

Source : ( Fairbairn,1992)

Ovary developmental status: brown
plant is migratory insect, studies shows that
ovary during immigration orin landing areas,
ovary development is mostly at levelII and
sporadically at level I where has during
emigration ovarian development is mainly
atlevel I and sporadically at level II in source
areas orduring emigration( Chen, et al.,
1979).

Biochemical traits
2.1.Juvenile hormone (JH) play an
important role in insect metamorphosis,
where has juvenile hormone esterase
involved in hydrolysis of juvenile hormone
(JHE). Titre of juvenile hormone decides
stages of development in insects and wing
dimorphism (Southwood, 1961). Short
winged
last
instar
nymphs
Gryllusfirmushave higher titre of JH and
lesser JHE than compared to nymphs of
presumptive long winged adults means less
JH titre (Zera and Haung 1999).
Energy required for migration depends
on insect food source and distance of
migration. Several insects have known to
utilize different energycomponents as their
flight fuel such as carbohydrates, proteins
preferably lipids for long distance migration.
Tryglycerides (storage lipids) have found
to flight fuel for long distance migration in
several insects provide greater energy source
compared to carbohydrate and they found to
be accumulated more before migration,
utilized as a flight fuel and less during
immigration of insects in new area. In nonmigratory insects there is no significant
accumulation of tryglycerides in their life
cycle (Zeraand Zhao, 2003).

the common
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Zera, A.J Zhao, Z. 2003. Morph-dependent
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