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Organic Farming: Demand for Time
Manav and Bharat Taindu Jain
Ph.D. Research Scholars, Department of Genetics and Plant Breeding
CCS Haryana Agricultural University, Hisar, Haryana- 125004

medicinal plants, tea, fruits, spices, dry fruits,
vegetables, coffee etc. The production is not
limited to the edible sector but also produces
organic cotton fiber, functional food products
etc. Among all the states, Madhya Pradesh has
covered largest area under organic farming
followed by Himachal Pradesh and Rajasthan.

With the increase in awareness of the multiple
health risks of foods grown with chemical, more
and more people are turning away from food
products grown with fertilizers and other
chemicals towards organically grown food.
Organic farming was normally done on small,
family-run farms. But since the demand for
organically grown food products is increasing
day by day, people are investing in land for
organic farming. It is friendlier to the
environment and is more sustainable compared
to newer farming techniques. India has
produced around 1.55 million MT (2017-18) of
certified organic products which includes all
varieties of food products namely sugarcane, oil
seeds, cereals & millets, cotton, pulses,
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Why farm organically?
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To increase long-term soil fertility
To control pests and diseases without
harming the environment
To ensure that water stays clean and safe
To produce nutritious food & feed for
animals that can be sold at a higher price
To encourage and enhance biological cycles
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should be taken that animals do not damage
crops. Food for animals should be grown
organically. Breeds should be chosen to suit
local needs and local conditions and
resources. These factors help to ensure that
livestock are healthier, better able to resist
diseases and to provide good yields for the
farmer.

involving micro-organism, soil flora and
fauna, plant and animals
To promote the sustainable use of natural
resources

Components of organic farming:
1.

2.

3.

4.

5.

Composting: Compost is organic matter
(plant and animal residues) which has been
rotten down by the action of bacteria and
other organisms, over a period of time.
Materials such as leaves, fruit skins and
animal manures can be used to make
compost.
Mulching: Mulching means covering the
ground with a layer of loose material such
as compost, manure, straw, dry grass,
leaves or crop residues.
Green manures: Green manures, often
known as cover crops, are plants which are
grown to improve the structure, organic
matter content and nutrient content of the
soil. They are a cheap alternative to artificial
fertilizers and can be used to complement
animal manures.
Weed control: • In organic farming
systems, the aim is not necessarily the
elimination of weeds but their control.
Weed control means reducing the effects of
weeds on crop growth and yield and it can
be achieved by crop rotation, hoeing and
mulching etc.
Animal Husbandry: In an organic
system, the welfare of the animals is
considered very important. Animals should
not be kept in confined spaces where they
cannot carry out their natural behavior such
as standing and moving around in an
inadequate amount of space. However, care

2.

Table 1: Major Products Produced in India by Organic
Farming
Type
Commodity
Spices

Products
Tea, coffee, rice, wheat
Cardamom, black pepper, ginger,
turmeric, tamarind, clove, chili
Pulses
Red gram, black gram
Fruits
Mango, banana, pineapple, passion fruit,
sugarcane, orange, cashew
Nut
Walnut
Vegetables
Okra, brinjal, garlic, onion, tomato, potato
Oil seeds
Sesame, castor, sunflower
Others
Cotton, herbal extracts
Sources: Association for promotion of Organic Farming

Scope of organic farming
Organic farming is the system of farming that
promotes
environmentally,
socially
and
economically sound products of food and fibers.
As the awareness about the harmful effect of
chemicals on health, soil, environment etc., is
increasing; the chemical/inorganic farming is
shifting its way towards organic farming. India
with diverse agro climatic conditions has great
potential for organic farming and many organic
products are being produced at a faster rate in
India.
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Nature of Damage and Management of Rhinoceros
Beetle, Oryctes rhinoceros
Dinesh R. Hegde*1, M. Mathialagan1 and J. Alfred Daniel1
1Ph.D

Scholar, Department of Agricultural Entomology, TNAU, Coimbatore-641 003.

Introduction

in almost all the major coconut growing tracts.
Adult beetle is the destructive phase of the pest.
This beetle also infests palms such as palmyrah,
wild date, red oil, areca, date and sago.

Rhinoceros beetle, Oryctes rhinocerosLinnaeus
(Coleoptera: Scarabaeidae) is one of the key
pests of the coconut palm, which is distributed
VOLUME NO. 14, ISSUE NO.12
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Nature of damage

palm). This is an effective prophylactic measure
against the pest.
Mechanical control by hooking out the
beetles from palm crowns during the peak
period of infestation in June, July and August
helps to reduce the beetle population. The bore
holes left by the beetle are to be filled with BHC
5 per cent dust + sand, so as to prevent further
entry of the beetle and reinfestation by the
dreaded red palm weevil.
Field sanitation by the disposal of dead and
decaying organic debris and regulation of
moisture content of the breeding material are
also beneficial in preventing multiplication of
the beetle.
Pest management by the integration of the
mechanical, cultural, chemical and sanitational
methods of control yields quicker results than
that obtained with the individual method of
control by the chemical treatment of breeding
sites only.
The green muscardine fungus, Metarhizium
anisopliae causes heavy mortality of the grubs
during the monsoon period, when the low
temperature and high relative humidity
prevailed. This fungal pathogen can be used for
biological suppression of the pest.
Baculovirus of Oryctes is one of the most
successful microbial control agents ever
employed against an insect pest. lnfection by
this viral pathogen results in reduction of
longevity of beetles by 40 per cent and fecundity
by 95-100 per cent in female beetles. This
pathogen was successfully introduced to
Minicoy, Lakshadweep, which effected drastic
decline in pest population and crop damage.

Adult beetle bores through into the unopened
fronds. Quite often the unopened inflorescence
(spathes) are also infested and damaged. Thus,
this pest causes both direct and indirect damage
to crop. Infested fronds when opened show the
characteristic geometric cuts. The functional
leaf area of the palm is considerably reduced. It
is estimated that this pest, on an average, causes
10 per cent loss in production of nuts. Further,
the injured portions may attract pests such as
red palm weevil as well. Repeated infestation to
the growing point may even lead to the death of
the seedlings.
The pest breeds in decaying organic debris
such as farm-yard manure, rubbish heaps, dead
coconut logs, coir dust or mulched and buried
coconut husks mixed with other decaying
materials. The eggs to adult stages of the beetle
are completed within a period of six months.
The peak period of incidence of the beetle on the
crowns of palms is during the monsoon, June to
August.

Management
Spraying the breeding places of the beetle such
as, cattle dung, compost and other decaying
organic debris with Benzene hexachloride
(BHC) / carbaryl 0.01 per cent is very effective
in bringing down the pest incidence on palms.
This prevents the multiplication of the pest in
the breeding grounds. For treatment of the
breeding places thoroughly mix BHC / carbaryl
50 per cent w.p. @ 350g/31m3 of
cowdung/breeding material. Add sufficient
quantity of water depending upon the moisture
content of the breeding material. The treatment
is to be repeated at 3 months' intervals. By this
treatment alone for a period of five years, the
pest incidence could be brought down from 40
to 50 per cent and an increase in yield to the
tune of 5-6 nuts per palm per year could be
achieved.
Fill the innermost 2-3 leaf axes of the palm,
at 2-3 months' intervals, with BHC 5 per cent
dust + sand in equal proportion (100 g each per

References
Bedford., G. O.1980. Biology, Ecology and control
of palm rhinoceros beetle. Annual Review of
Entomology, 25: 309-339.
Nair, C. P. R., A.S. Sukumaran, Murali and C.
Mohan. 2002. Rhinoceros beetle (Oryctes
rhinoceros L.) and its biocontrol agents.
Technical bulletin No. 43. Central Plantation
Crops Research Institute, Kayamkulam, Kerala.
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Rugose Spiralling Whitefly:
A New Invasive Pest, Infests Banana
M. Mathialagan*1, J. Alfred Daniel1and Dinesh R. Hegde1
1Ph.D

Scholar, Department of Agricultural Entomology, TNAU, Coimbatore-641 003.

Introduction

(2008) has given a puparium-based illustrated
key to separate the genera and species of
Aleurodicinae
including
Aleurodicus
rugioperculatus. Correct identification can be
done by making permanent slide mounts of the
puparium.

The rugose spiralling whitefly, Aleurodicus
rugioperculatus
Martin
(Hemiptera:
Sternorrhyncha: Aleyrodidae), has been recently
reported from India (Selvaraj et al., 2016) from
Tamil Nadu, Karnataka, Kerala and Andhra
Pradesh. It is an invasive pest that attacks a
wide range of host plants including palms,
woody ornamentals, and fruits. Coconut and
banana are among the most preferred host
plants. Recent surveys done with the team from
Central Integrated Pest Management Centre,
Trichy, in Pollachi and nearby places in Tamil
Nadu, severe infestation of this pest was
observed on banana besides coconut. All the
stages of the whitefly were observed on the
leaves and fruits of banana.

Host plants and symptoms
It mainly infests coconut palms and other
broad-leaved hosts in its native range (Martin,
2008). In recent surveys, coconut, and banana
were found to be common and preferred hosts
and smaller infestations were observed on
guava, citrus, mango, sapota, bhendi, custard
apple, jatropha, and hibiscus. Severe infestation
by the whitefly on coconut was observed in
Kerala and Tamil Nadu. Heavy sooty mould
deposition and near total drying of leaves were
observed on banana in some places.

Origin
Aleurodicus rugioperculatus Martin was
originally described from Belize (Martin 2004)
and belongs to the niveus species-group of
Aleurodicus (Martin, 2008). It is naturally
distributed in Belize, Guatemala, Mexico
(Martin, 2008) and subsequently, it has spread
to 22 other countries in Central and South
America, including Florida, USA. India is the
only country in the Oriental region where the
whitefly has been introduced.

Natural enemies - Predators
Several indigenous predators have been
observed feeding on this whitefly. Among these,
Pseudomallada sp. (Neuroptera: Chrysopidae),
Cybocephalus sp. (Coleoptera: Nitidulidae),
Diadiplosis sp. (Diptera: Cecidomyiidae),
Jauravia pallidula Motschulsky, Scymnus
nubilus Mulsant, Menochilus sexmaculatus (F.)
and Scymnus coccivora Ayyar (Coleoptera:
Coccinellidae) were common and actual feeding
was observed by these predators. The chrysopid
and Cybocephalus sp. were the most
predominant predators. Coccinellids including
Chilocorus
nigrita
(F.),
Cryptolaemus
montrouzieri Mulsant, Scymnus saciformis
Motschulsky, and Sasajiscymnus dwipakalpa
(Ghorpade), were also observed on whitefly
infested banana, but these were not confirmed
to feed on the whitefly.

Diagnosis
The pest is somewhat superficially similar in its
habits and general appearance to spiralling
whitefly (Aleurodicus dispersus Russell), which
itself is an invasive pest that came to India in
the mid-1990s. The eggs are laid in a spiralling
pattern and have a very short stalk. The
emerging nymph is yellowish and develops
white waxy filaments later. The adult whitefly,
though, is quite different from the spiralling
whitefly by its much larger size and in having
two pale brown wavy markings on the
forewings, one medial and one apical. Martin
VOLUME NO. 14, ISSUE NO.12

Natural enemies - Parasitoids
Encarsia guadeloupae Viggiani (Hymenoptera:
Aphelinidae), an exotic parasitoid of the
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spiralling whitefly introduced in India in 1999,
was found to cause 60–70% parasitism of this
whitefly. Interestingly, Encarsia dispersa
Polaszek, a species that was accidentally
introduced along with the spiralling whitefly,
was also found to parasitize this whitefly, albeit
in much fewer numbers compared to E.
guadeloupae and the extent of parasitism was
about 5%. This species was variously referred to
as Encarsia sp. nr. haitiensis and Encarsia sp.
nr. meritoria by different authors. It was
thought to have been competitively displaced by
E. guadeloupae over most of South India, from
where it was reported earlier.
Already E. guadeloupae is well established
in most parts of South India where the spiralling
whitefly also occurs and it appears to be keeping
the new whitefly pest well under check.
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Aphelinidae),
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whiteflies
(Hemiptera,
Aleyrodidae)
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Management
As the pest happens to be exotic, classical
biological control using natural enemies from
the native range of the pest seems to be the best
option. The extent of parasitism by E.
guadeloupae is high to very high in most
localities where the whitefly is present and it is
likely that the pest may be brought under
control soon. Hence, indiscriminate use of
insecticides may be avoided so that these
parasitoids and other indigenous natural
enemies are not adversely affected.
The Kerala Department of Agriculture has
recommended spraying a mixture of neem oil,
soap, and garlic. Central Plantation Crops
Research Institute (CPCRI), Kasargod, has
recommended the following measures:

4.

Spraying starch solution (1%) to dislodge
the heavy sooty mould deposition on the
leaves of infested plants.
Use of yellow sticky traps to trap the adult
whiteflies
In case of severe infestation, spray neem oil
0.5%

AGRICULTURAL

Hydroponics: Future of Indian Farming
Manav and Bharat Taindu Jain
Ph.D. Research Scholars, Department of Genetics and Plant Breeding
CCS Haryana Agricultural University, Hisar, Haryana- 125004

hydroponics which will secure the future of
food.
The word Hydroponics means “Water
Related.” It is the modern technology of farming
in which plants are grown in water without the
soil and using other substrates (like coco peat,
gravel, etc.) instead. This can be performed

With increase in population, the demand-supply
chain in India is strained. Due to constant
change in economic and social structure, the
supply food is under threat. Agriculture
researchers are thinking up new ideas to
generate food production and have found out a
tool that leads to soil-less cultivation known as

September, 2018
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under controlled environment and can be
established anywhere independent of land
availability and soil fertility. In Hydroponics
Farming, water is enriched with well balanced
nutrients and the roots of the plants are kept
immersed in the nutrient solution so that the
plants receives all micro and macro nutrients
though the nutrient solution which are essential
for their growth and better yield.

2.

Why hydroponics?












Hydroponically grown plants have faster
growth, that reduces crop duration, as the
root tips are directly into the nutrient rich
solution, they get what they need more
easily than plants grown in soil.
More number of plants per square foot can
be grown in a hydroponic garden because
roots are directly fed, so, we can get more
yield per unit time.
Hydroponics farming requires less water
compared to soil based farming.
These plants are free from troublesome
weeds, soil borne pests and diseases so
there is no need for any harmful
insecticides, herbicides, fungicides, etc.
Higher yield can be obtained in smaller area
with good quality produces.
Off season production is possible through
this system.
Arable land is decreasing in India, this
offers an opportunity.
Hydroponic system can be automated and
managed easily.

3.

4.

Types of Hydroponic Systems
Hydroponic systems are classified as active or
passive. An active hydroponic system actively
moves the nutrient solution, usually using a
pump while passive hydroponic systems rely on
the capillary action of the growing medium or a
wick. Hydroponic systems can also be
characterized as recovery or non-recovery.
Recovery systems reuse the nutrient solution
whereas; non-recovery systems cannot be able
to reuse the nutrient solution.
1. The Wick System: The wick system is a
passive non-recovery type hydroponic
system. It is the simplest type of system
because there are no pumps and no moving
parts. The nutrients are stored in the
VOLUME NO. 14, ISSUE NO.12
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reservoir and moved into the root system by
capillary action often using a candle or
lantern wick. This system often uses sand or
perlite, vermiculite mix, soil or coco as a
growing medium. The wick system is easy
and inexpensive to set-up and maintain.
This system works extremely well with
micro greens, herbs, and peppers.
The Ebb and Flow System: This system
contains a plastic dish container that holds
the plants and medium (perlite, rockwool or
clay pebbles). The container is kept in
nutrient solution periodically for not more
than 30 minutes. When the pump shuts, the
solution is drained back into the nutrient
reservoir through valves at the bottom of
the container.
Nutrient Film Technique (NFT): The
Nutrient Film Technique or NFT system is
an active recovery type hydroponic system.
Nutrient Film Technique uses a constant
flow of nutrient solution. The solution is
pumped from a reservoir into the growing
tray. The growing tray requires no growing
medium. The roots draw up the nutrients
from the flowing solution. The downward
flow pours back into the reservoir to be
recycled again.
Drip System: Drip system is an active
recovery or non-recovery type system. In
this system, a timer will control a water
pump, which pumps water and nutrient
solution through a network of elevated
water jets. A recovery system will collect
excess nutrient solution back into the
reservoir whereas; a non-recovery drip
system will avoid this by allowing the pH of
the reservoir not to vary.
Aeroponic System: Aeroponic system is a
high tech method of hydroponic farming.
Like the NFT system, the growing medium
is primarily air. The roots hang in the air
and are misted with nutrient solution. The
misting of roots is usually done after every
few minutes.

Growing media for Hydroponics
The growing medium used in container culture
must have good nutrient- and water-holding
characteristics, and provide good aeration to the
root system. Light weight is another important
consideration so that filled containers can be
9
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easily handled. Growing media should be free of
pathogenic organisms and substances that are
toxic to plants. The principal materials that
meet these requirements are:
1. Rockwool: Rock wool is the most widely
used medium in hydroponics. Rock wool is
an inert substrate suitable for both run-towaste and recirculation systems. Rock wool
is made from molten rock, basalt or 'slag'
that is spun into bundles of single filament
fibers, and bonded into a medium capable
of capillary action, and is, in effect,
protected
from
most
common
microbiological degradation. Rock wool is
typically used only for the seedling stage, or
with newly cut clones, but can remain with
the plant base for its lifetime
2. Grow Rock: Grow rock is a Lightweight
Expanded Clay Aggregate which is superfired to create a porous texture. Grow rocks
are a non-degradable, sterile growing
medium that holds moisture, has a neutral
pH, and also will pick up nutrient solution
to the root systems of the plants.
3. Coco coir: Coco coir is the leftover
material after the fibers have been removed
from the outermost shell (bolster) of the
coconut. Coir is a 100% natural grow and
flowering medium. Although coco coir is an
organic plant material, it breaks down and
decomposes very slowly, so it won't provide
any nutrients to the plants growing in it,
making it perfect for hydroponics. Coco coir
is also pH neutral, holds moisture very well,
yet still provides good aeration to the roots.
4. Perlite: Perlite is a volcanic rock that has
been superheated into very lightweight
expanded glass pebbles. Perlite has a
neutral pH, excellent wicking action, and is
very porous. Perlite can be used by itself, or
mixed with other types of growing media's.
Perlite is widely used in potting soils.
5. Vermiculite: Like perlite, vermiculite is a
mineral that has been superheated until it

6.

7.

8.

has
expanded
into
light
pebbles.
Vermiculite holds more water than perlite
and has a natural "wicking" property that
can draw water and nutrients in a passive
hydroponic system. If too much water and
not enough air surround the plants roots, it
is possible to gradually lower the medium's
water-retention capability by mixing in
increasing quantities of perlite.
Grow stone: Grow stones are made from
recycled glass. They are similar to grow
rocks but are made of clay and shaped
marbles. Grow stones are light weight,
unevenly shaped, porous, and reusable,
they provide good aeration and moisture to
the root zone. They have good wicking
ability and can wick water up to 4 inches
above the water line.
Sand: Sand is a very common growing
media used in hydroponics. Sand is cheap
and easily available. However, it is heavy,
does not hold water very well, and it must
be sterilized between uses. Sand is also
commonly mixed with Vermiculite, Perlite,
and or coco coir.
Rice Husks: It is a byproduct of the rice
industry. Even though they are an organic
plant material, they break down very slowly
like coco coir, making them suitable as a
growing media for hydroponics. Rice husks
are also often used as part of a mix of
growing media such as 30%-40% rice hulls
and pine bark mix.

Limitations of Hydroponics





The initial capital investment is high.
Skilled labour with technical knowledge is
required.
Crops cultivated using hydroponics is more
prone to pathogen attacks due to high
moisture levels.
Crops are also more susceptible to rapid
death as a result of their lower buffering
capacity.
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Symptoms, Damage and Management of Banana
Rhizome Weevil, Cosmopolites sordidus
J. Alfred Daniel*1, M. Mathialagan1and DineshRajaram Hegde1
1Ph.D

Scholar, Department of Agricultural Entomology, TNAU, Coimbatore-641 003.

Introduction
Out of the 15 insect pests recorded on banana
and plantains, banana cormweevil isa serious
pest which limit the productionand productivity
of bananas. The weevilinfests the corm one or
two months after planting and the damage is
not seen visibly, hence plants do not receive any
controlmeasures at early stage.




Distribution

Longitudinal split pseudostem traps

Corm weevil infestation is noticed it almost all
the banana growing areas such as TamilNadu,
Kerala, Karnataka, Andhra Pradesh, West
Bengal, Bihar and North- Eastern hillsregion.
Most of the commercial cultivarslike Malbhog,
Robusta,
Thellachakarakeli,
NendranKarpooravalli and Red bananaare
susceptible to this pest.

The split pseudostem traps can be madefrom
the harvested plants. Split thepseudostem
having a length of 30-45 cm longitudinally into
two halves and it is important to keep the cut
portion of the stem on the soil surface near the
plant. Such traps@ 100/ha can be kept in the
garden. After one week check the traps, collect
and kill the trapped weevils.

Symptoms

Disc-on-stump trap

Infestation at early stage reduces the
plantvigour. Earlystage symptoms include sick
appearance andyellow lines onthe leaf. Whereas
in the advanced stage of infestation, plant show
tapering ofstem at the crown region, reduction
in leaf size, poor bunch formation and choked
throat appearance ofbunch due to riddling the
corm.

The disc-on-stump traps are made by cutting
harvested stump at the ground leveland keep a
l0 cm thick circular stem over the stump as
indicated. Inbetween the discand stump
fewpebbles can bekept so that theweevils can
makeentry and the plant volatilescan dissipate
in the air. These traps can also be kept
@100/ha.

Life cycle

Corm trap

The adult weevils lay eggs singly into thecorm.
Eggs are laid superficially in the surface and
crevices of the corm. Incubationperiod is 7 - 14
days. Larval stage lasts fortwo to six weeks.
Pupation is completed ina week.

After harvest the corm should be dug outand
made into four or five pieces and thesecut bits
should be kept near the plant base@25
traps/acre. It is important to keep cutsurface
facing ground. Since the corm weevil infests 2-3
months old plants, it is advised to keep the trap
fromsecond month after planting.
These traps can help the farmers to monitor
the weevil activity in a garden and continuous
trapping can control the pest. Minimum ofl00
traps
/ha
can
bekept
for
trapping. Available banana cultivar in the

Integrated pest management





Weed free cultivation is essential to avoid
the spread of weevils
Remove the old and dried leaves.
Remove the pseudostem after harvest and
treat it with Carbaryl (2g/l.)
Paring to remove the adult weevils and
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grubs from the corm. Apply Carbofuran3G
(40g / plant) before planting.
Before planting, treat the suckers with
Monocrotophos (14 ml in litre of water) for
30 minutes.
Collect adultweevils by using banana
pseudostem traps both (i) longitudinalsplit
trap (30 cm length) (ii) disc-on-stump trap
@100/ha.
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infested garden can be used for trapping. It is
Important to keep the split portion facing
theground, collect the weevils and destroy.
Keeppheromone trap @ 25 traps/ha, collect the
trapped weevils and destroy.
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Indian Birthwort (Aristolochia indica):
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ABSTRACT
Aristolochia indica commonly named as Indian
Birthwort a valuable medicinal plant. In India, it
is used to induce vomiting to treat poisons,
intestinal
parasite,
swelling,
menstrual
irregularities, dropsy, low appetite, ulcers and
fever. The root part of Indian Birthwort plants
are used as antidote or antitoxin in scorpion
sting, bites of poisonous insects and snake bite.
This plant is used both internally and externally.
In the ailment like white leprosy, the roots of
Indian birth are rubbed with honey and used as
ointment. The leaves of Indian birth are applied
externally for the skin diseases.

Its flowers give out bad odour. It flowers at
once in a year to produce seeds. Tender leaves
are light purple in colour. The fruit has six
valves and shallow grooves which contain
several triangular seeds. Young roots of the
plant are smooth and light brown in colour
whereas, the older ones are relatively rough and
cork like in appearance. The species are rare and
endangered with extinction due to its
indiscriminate collection and over exploitation
from natural resources for commercial purpose
by pharmaceutical industries. The conventional
propagation is hampered due to low seed
viability and poor rooting of vegetative cuttings
and enhance realized the need for the
alternative in vitro propagation method for
large scale multiplication, improvement and
conservation of the species. This leads to rapid
depletion of plant material due to over
exploitation of this important plant. Thus invitro propagation can be used as an effective
alternative for conservation and multiplication
of this plant. Poor seed viability and
germination restricts the use of seeds in
multiplication. Due to indiscriminate over

INRODUCTION
Aristolochi aindica Linn., a native of India and
also commonly named as Isharmul. Indian
birthwort is known as different names in
different geographical names viz., Ishwarballi
(Kannada),
Indian
birthwort
(English),
Isharmul (Hindi) and Ishwari (Sanskrit). It is a
perennial climber with greenish whitish woody
stem. It is considered as an endangered and rare
medicinal plant. Aristolochia indica has somatic
chromosome number 2n=12 belonging to family
Aristolochiaceae. It is grown in southern India
and Srilanka, Bangladesh and Nepal. In India
this plant found in Kerala. It is grown in India
especially in tropical and sub tropical region.
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Ayurveda that’s clearly indicated that the roots
bark of Indian Birthwort plant is used as
antidote for all types of poisons (snake poison,
spider poison, scorpion stings etc.). The tribal
peoples are using Indian Birthwort (Isharmul)
plant from ancient times to treat cobra poison
and scorpion stings. The injured roots are
applied to bites of centipedes and scorpion
stings. 1.5 in. root is smashed and placed below
the tongue for the neutralization of snake
venom. The plant is apply in low doses to treat
low appetite, menstrual disorders and to remove
toxins from blood. The powder of roots with
honey is used for dropsy, leukoderma, tonsillitis
and chronic dyspepsia. Fresh leaves grounded
with water are applied in acute and chronic
rheumatism. For swelling, the seed paste is
applied outwardly. For headaches, the paste of
Indian birthwort leaves is mixed with turmeric
and applied on forehead, twice a day.

exploitation from natural sources to meet the
growing demand by pharmaceutical industry, a
mass multiplication protocol is to be developed
for its better future supply. This plant has long
been used in Indian subcontinent in the
traditional system of medicine to treat cholera,
fever, bowel troubles, ulcers, leprosy, skin
diseases, menstrual problems and snakebites.

Constituents of Aristolochia indica
The plant parts of Indian Birthwort contain
aromatic oil, coloring material and an alkaloid
Aristolochine and Aristolochic acid about 0.5%,
0.05-0.07%, respectively. Glycosides and
steroids are present in rhizomes. The plant has a
number of historical medicinal uses. The active
constituent “Aristolic acid” is potent drug used
in Ayurvedic, Sidda and Homeopathy systems of
medicines. Roots are widely used in joint pains
and seeds in inflammation, biliousness, dry
cough and dyspepsia. The juice of leaves and
roots is also called to be a specific antidote for
cobra poisoning. There is clearly indicated that
the major constituent of the Indian birth plant
extracts one AA, aristolochic acid I (AAI) and
aristolochic
acid
II
(AAII),
both
nitrophenanthrene
carboxylic
acids,
are
mutagens forming deoxyribonucleic acid
adducts after metabolic activation through
simple reduction of the nitro group. Several
mammalian enzymes have been shown to be
capable of activating both AAI and AAII invitro
and in cells.

Referrence:
Dey Abhijit and De Nath Jitendra. (2011).
Aristolochia indica L.: A Review. Asian J. Plant
Sci., 10: 108-116.
Sivanesan, Byoung and Ryong Jeong (2007) In
Vitro Cellular& Developmental Biology plant,
43(5): 436-441.
Dey Abhijit, and De. Nath Jitendra. (2011).
Aristolochia indica L.: A Review. Asian J. Plant
Sci., 10: 108-116.
Remya, M., Narmathabai, V. and Mutharaian, V.
N.(2016). Changes in bioactive components of
Aristolochiatagala. Cham, a rare species of
medicinal importance during its in vitro
development through direct regeneration.
Department of
Biotechnology,
Vinayaka
Missions University, AarupadaiVeedu Institute
of Technology, Kancheepuram Tamil Nadu,
India.

Medicinal Uses:
Aristolochia indica (Indian birthwort) has been
used in Indian subcontinent in the traditional
system of medicine to treat cholera, fever, bowel
troubles, ulcers, leprosy, skin diseases,
menstrual problems and snakebites. In
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Introduction

agents and prevailing environment also affect
degree of cross pollination. The genetic purity of
the seed is affected by so many factors like:
1. Seed standards: The seeds meeting
required standards of purity (genetic and
physical purity), germination and seed
health are referred to as quality seeds.
Quality seed production should meet out
the following standards:
a) Genetic purity It must be genetically
true to type and expected to possess
certain
diagnostic
characters
to
distinguish from other varieties. It
should fulfill general identity i.e.
distinctness, uniformity and stability
(DUS). Genetic purity is maintained by
isolation of crop by a specified distance
from the other variety of the same crop
or contaminants. Isolation distance
helps in avoiding undesirable cross and
admixture at the time of harvesting and
threshing.
b) Germination and vigor It must be
viable and meet out the germination
and purity standards. Germination
potential of seed determines the
seedling emergence, crop stand and
ultimately the yield. Mishandling of
seed at the time of harvesting,
threshing, processing and storage may
deteriorate its germination.
c) Physical purity Seed must be
physically pure. Physical purity means
there should not be any kind of mixture
like other crop seed, weed seed and
inert matter. It must be free from
objectionable weed seed and other crop
seeds.
d) Seed health Seed must be free from
grain pests and seed-borne diseases.
The healthy seed not only helps in

India is one of the largest vegetable oil
economies in the World, after USA and China.
India accounts about thirteen percentage of
world’s oilseed area, seven percentage of world’s
oilseeds output and ten percentage of world’s
edible oils consumption. The country’s diverse
agroecological conditions favour the cultivation
of all nine annual oilseeds which include edible
and non-edible oilseeds. The country ranks first
in the global production of castor, sesame and
niger, second in groundnut and mustard, third
in linseed and fifth in soya bean and sunflower.
13% of the gross cropped area is occupied by
oilseeds which accounts for 10% of the value of
all the agricultural commodities. India changed
from net importer in 80s to a net exporters
status during the early 90s. However, it is back
to net importer status, necessitating import of
more than 40% of its annual edible oils. To
achieve good production of oilseeds good quality
seeds are of great importance.
Seed is the most vital input in agriculture
which alone increase productivity to the extent
of 15-20 per cent. The seed quality is very
important and it should not be compromised at
any cost. If anyone thought about cultivation of
any crop first of all he has to think about quality
seed. Following principals should be take care
during quality seed production.
Oilseed crops possess both the types of
pollination behavior viz., self pollination and
cross pollination but almost are cross pollinated
except groundnut, soybean and linseed which
are highly self-pollinated while rapeseed &
mustard, sunflower and castor are highly crosspollinated. Safflower, sesame and niger are self
pollinated under isolation but cross pollination
also reported. Cross pollination is caused by
insects in which mostly honeybees plays
important role hence, population of pollinating
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raising disease free crop with good
germination, but also helps in checking
further spread of disease.
Seed source: The source of seed is very
important in the production of quality seed.
The seed should be pure and obtained from
approved source. If it is not so it may
deteriorate the quality of the seed.
Prevention from mechanical mixing:
Mechanical mixture is the most important
factor in deterioration of varieties. All seed
production efforts will render futile if
sufficient care is not taken in field
operations to avoid mechanical mixing The
field operations viz., sowing, roguing,
harvesting, threshing, processing and
bagging are require attention. Before
sowing, the seed drill should be properly
cleaned if some other variety was sown by
the drill. Harvested material of two or more
varieties should not be left in adjacent fields
to avoid any mixing of plants due to wind.
During threshing, the threshing machine
and the threshing floor are properly
cleaned. Processing machine should be
thoroughly cleaned to avoid mixture.
Isolation: To maintain genetic purity the
seed plot must be isolated at minimum
distance from other varieties of the crop
known as isolation distance. Generally in
the self-pollinated oilseeds isolation
requirement varies from a 3 meters for
groundnut, soyabean and linseed while in
cross pollinated crops one hundred meters
for sesame to four hundred meters in
rapeseed & mustard, sunflower and castor
for foundation seed production. But where
honeybee population is more, the isolation
distance should be increased for cross
pollinated crops.
Roguing: Roguing is the process of
removing undesirable plants from the seed
plot to maintain genetic purity of a variety.
The rogues may be weeds, off-types, other
variety plants, plants affected with diseases,
pollen shadders etc. Off-types could be
different in any character such as plant
height, days to flowering, flower colour,
growth habit, leaf colour, pigmentation, leaf
size and shape, pod size and shape, seed
colour, seed size, seed shape, days to
maturity etc. Roguing should be a
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continuous process from sowing up to
harvesting and after harvesting at
processing yards during post harvest
handling to improve the seed quality.
Roguing should be done at minimum
possible interval to maintain genetic and
physical purity.
Seed Certification Standards: There
are two types of standards: field standards,
which applicable to standing crop and seed
standards applicable at seed level. Field
standards include isolation requirement,
maximum permissible level of off-types.
Inseparable other crop plants, objectionable
weed plants, plants infected by seed borne
diseases etc. Seed standards include genetic
purity, physical purity, germination, other
crop seeds, weed seeds, moisture content
etc. In seed production of any category,
seed certification standards should not be
compromised and it should be followed
strictly.
Seed testing: Testing of seed samples is
an essential and indispensable part of seed
certification and quality control. After
processing of a given lot, the representative
sample is sent to notified seed testing
laboratory for analysis. Seed testing is done
as per ISTA Rules. ISTA 1993 ha developed
uniform rules and regulations for testing. If
the seed test report is satisfactory i.e. the
seed meets the prescribed seed standards
then a given seed lot is approved and tags
(of prescribed colour and size) and
certificates are issued by the certification
agency to the seed producer. Such type of
seed is ready for the sale to the cultivators.
The validity period is nine months from the
date of test at the time of initial
certification. The validity period can be
further extended for six months provided
on retesting the seed conforms to the
prescribed standards. Seed being a living
entity is highly sensitive to ambient weather
conditions viz. high relative humidity and
temperature, which deteriorates its viability
and vigour. Improper handling of seeds also
causes mechanical injury and lower down
its germination and storability. Therefore,
during post-harvest processing and storage
seed must be handled properly and
protected from high relative humidity and
September, 2018
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temperature, insect pests and rodents. The
main objective of seed testing is to serve the
producer, seed industry and the consumer.
Labeling of seed: During supply of seed it
should carry prescribed label on the bags.
The label is self explanatory about the
information as per certification standards
like name of crop, category of seed, variety,
purity (%), other crop seeds per kg, weed
seed per kg, other variety seed per kg, inert
matter (%), moisture (%) in normal
packing, germination (%) etc. Label colour
and size have also been specified for each
category of seed. If the tag is to be fixed on a
smaller container then the size of the tag
can be reduced proportionately (except for
breeder seed). However, length and breadth
ratio and contents would remain the same.
Label colour and size should be as per table:
2.4.

Class of seed
Breeder

Label Colour
Golden Yellow

2.

Foundation

Both side White

8.

Class of seed
Certified

4.

T.L. Seed

Label Colour
Both side Azura
Blue
Opel Green

Label Size
15 cm x 7.5
cm
15 cm x 10
cm
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Table: 2.4 Label colour and size of label for different
categories of seed.
S. No.
1.

S. No.
3.

Label Size
12 cm x 6
cm
15 cm x 7.5
cm

PLANT PATHOLOGY

Insight into Cercosporin: An Overview
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Introduction

fungal growth, development or reproduction.
Photosensitizionalso
referred
to
as
photodynamic action was discovered by Oscar
Raab, a medical student working in Munich
working with acridines and xanthenesdyes
(Daub, M. E., &Ehrenshaft, M. 2000)
Photosensitizers are a large group of
structurally diverse compounds activated by
visible wavelengths of light and generate
activated oxygen species toxic to living
cells.(Kavarnos, G. J., &Turro, N.J. 1986).
Commonexamples
areflavins,
porphyrins,
chlorophyll, coumarins, thiophenes, and
acetylenes. Localization of photosensitizers
states for its toxic effects in cells. Porphyrins,
thiazine and xanthene dyes are excellent

Cercosporin is considered to play a crucial role
in host-pathogen interactions. Toxins have been
an area of intense interest in plantpathology.
Cercosporin,
anonspecific
toxinsis
a
photosensitizingperylenequinone synthesized by
phytopathogens in at least eight different
generaof
fungi
namelyCladosporiumspp,
Shiraiabambusicola,
Hypocrellabambusae,
Alternariaspp,
Stemphyliumbotryosum,
Elsinoe spp. Thisbioactive moleculeis a
secondary metabolite (SM) that facilitates
infection by playing vital role in the
establishment of specific ecological niches but,
unlike primary metabolites, is not essential for
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phenols. Antioxidant enzymes, such as
superoxide
dismutase,
catalase,
and
peroxidases, are highly effective against radical
forms of active oxygen.
Cercosporin inhibits viruses and human
tumor cells, and inactivate protein kinase Cin
vitro. Cercosporin is red in color, and emits a
red fluorescence. The genes involved in
resistance CRG1 (Cercosporin Resistance Gene
1) has a 1653-bpintronless ORF encoding a
putative protein of 550 amino acid residues with
apredicted molecular mass of 60.9 kD.
Eubacteria, achaebacteria, fungi, and plants all
had very highly conserved homologues to the
gene originally called SOR1 (Singlet Oxygen
Resistance 1). Still mode of action for encoded
proteins in both the above cases remains
unidentified.
It is suggested that pyridoxine quenching of
ROSis partly due to Physical as well as chemical
quenching and may have a role in cellular
antioxidant defense. Pyridine, the backbone of
vitamin B6, does not quench ROS.
Cercosporin biosynthesis is affected by
nutrient conditions, temperature, andlight.
Light is important for cercosporin activity and is
an
essential
inducer
of
synthesis.
Cercosporinproduction
is
stimulated
by
wavelengths between 450 and 490 nm and
when produced at low levels in the dark, may act
as the photoreceptor.
The identification of the first gene with a
role in cercosporin biosynthesis is designated
CFP
(Cercosporin
Facilitator
Protein)
hashomology to members of the major
facilitator superfamily of integral membrane
proteins. The cercosporin toxin biosynthesis
(CTB) gene cluster has been recently resolved in
C. nicotianae. It has been suggested that the
CTB gene cluster underwent multiple rounds of
duplication and was transferred horizontally
across large taxonomic distances. The keystone
enzyme for cercosporin biosynthesis, CTB1,
bears all the hallmarks of an iterative, nonreducing 21 polyketide synthase (NR-PKS).
Using CTB1 as a point of reference, the complete
C. nicotianae CTB gene cluster was determined
to consist of eight contiguous genes.
GenesCTB1, CTB2, CTB3, CTB5, CTB6,
andCTB7are supposed to be responsible for
cercosporin assembly. The gene CTB8 is zinc
finger transcription factor that co-regulates

membrane photosensitizers. Acridines, which
localize in the nucleus cause DNA damage.
Hence, cercosporin require light for toxicity to
their host plants and use activated oxygen
species to damage cells.
Cercosporin was first isolated in 1957 from
mycelial cultures of Cercospora kikuchiiand in
1975 its photodynamic properties were
described. Activated oxygen species was
consideredto be the predominant mediator of
cellular toxicity asthey target macromolecules
common to all cells such as lipids, proteins, and
nucleic acids. It is lethal to plants, bacteria,
most fungi, and animals. Being resistantto
cercosporin
toxin,
Cercosporafungi
is
considered as model system for studying the
cellular basis of singlet oxygen resistance and
brightly colored red toxinallow for studies
dissecting
the
polyketide
pathway
of
biosynthesis (Daub, M. E., &Hangarter, R. P.
(1983).
Cercospora species are a highly successful
group of plant pathogens, causing leaf spot and
blight diseases on a diversity of crop species
worldwide. Cercosporin’s major contribution is
to cause the extensive blighting symptoms.
Cercosporin is a potent producer of reactive
oxygen species (ROS) in the presence of oxygen
and light with a quantum efficiency of >80%.
Being lipophilic it readily penetrates plant
leaves leading to indiscriminant cellular damage
within seconds of exposure. Other SM knownto
require light for toxicity to bacteria, fungi, and
plants are the cebetins, yellow toxins produced
by Cercospora beticola, and dothistromin,
produced by Dothistromapiniand Cercospora
arachidicola.
Electron spin resonance (ESR) spectroscopy
confirmed the localization of cercosporin in
plant membranes, which showed breakdownof
the plasmalemma, tonoplast, and other
organelle membranes. Even though Cercosporin
is a potent producer of ROS butit is only a weak
type I photosensitizer.
Chlorophyll is a potent ROS generating
photosensitizer where carotenoid pigments
protect the photosynthetic apparatus from
ROSdamage. Carotenoids are the most efficient
quenchers of ROSthat exist in biological
systemswhereasless potent, ones are thiols,
amino acids such as histidine, methionine, and
tryptophan, and some peptides, amines, and
VOLUME NO. 14, ISSUE NO.12
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Daub, M. E, &Ehrenshaft, M. (2000). The
photoactivated Cercospora toxin cercosporin:
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Annual
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expression of the cluster, while the gene CTB4 is
a major facilitator superfamily (MFS)
transporter which exports the final metabolite.
(Bolton, M. et al 2017)
Studies on cercosporin have improved our
understanding of the response of cells to active
oxygen and oxidative stress. The physiological
and genetic mechanisms underlying the ability
for Cercospora spp. to tolerate cercosporin and
associated ROS is an interesting area of
research. Last but not the least studies related to
cercosporin would certainly brighten our insight
into molecular mechanism of host pathogen
interaction.
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clear cutting and deforestation, agricultural
depletion of soil nutrients through poor farming
practices, overgrazing, excessive irrigation, over
drafting (the process of extracting groundwater
beyond the safe yield of the aquifer), urban
sprawl and commercial development, and land
pollution including industrial waste disposal to
arable lands.
1. Low and Imbalanced Fertilization:
Intensive farming practices, particularly
with wheat (Triticum aestivum L.) and rice
(Oryza sativa L.) in India, have virtually
mined nutrients from the soil. The already
imbalanced consumption ratio of 6.2:4:1
(N:P:K) in 1990–1991 has widened to
7:2.7:1 in 2000–2001 and 5:2:1 in 2009–
2010 compared with a target ratio of 4:2:1.
As food grain production increased with
time, the number of elements deficient in
Indian soils increased from one (N) in 1950
to nine (N, P, K, S, B, Cu, Fe, Mn, and Zn) in
2005–2006. Although the use of fertilizers
has increased several fold, the overall
consumption continues to be low in most
parts of the country. Wide spread Zn
deficiency, followed by S, Fe, Cu, Mn and B

Soil degradation has become a serious problem
in both rainfed and irrigated areas of India.
India is losing a huge amount of money from
degraded lands. This cost is documented by
declining crop productivity, land use intensity,
changing cropping patterns, high input use and
declining profit. Additional losses resulting from
salinization, alkalinization and waterlogging
were estimated as Rs 8 billion. Of late, in a
comprehensive study made on the impact of
water erosion on crop productivity, it was
revealed that soil erosion due to water resulted
in an annual crop production loss of 13.4 Mt in
cereal, oil seeds and pulse crops equivalent to
~US$162 billion.

Activities lead to land degradation
Agricultural Activities
Agricultural activities and practices can cause
land degradation in a number of ways
depending on land use, crops grown and
management practices adopted. Some of the
common causes of land degradation by
agriculture include cultivation in fragile deserts
and marginal sloping lands without any
conservation measures, land clearing through
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2.

3.

in are common throughout the country.
Every year, ~20 Mt of the three major
nutrients are removed by growing crops,
but the corresponding addition through
inorganic fertilizers and organic manures
falls short of this harvest. Another estimate
suggests that for the past 50 years, the gap
between removals and additions of
nutrients has been 8 to 10 Mt N+P2O5 +
K2O per year. In addition nutrient loss
through soil erosion is another reason for
soil fertility depletion, accounting for an
annual loss of 8 Mt of plant nutrients
through 5.3 billion tons of soil loss.
Excessive Tillage and Use of Heavy
Machinery: Excessive tillage coupled with
use of heavy machinery for harvesting and
lack of adequate soil conservation measures
causes
a
multitude
of
soil
and
environmental problems. Decline in soil
organic matter (SOM) leads to limited soil
life and the poor soil structure. Puddling of
soil for paddy rice degrades soil physical
properties and has negative impacts on soil
biology. Poor physical condition of soil
leads to poor crop establishment and
waterlogging after irrigation. Intensive
agriculture has also led to doubling of
irrigated cropland over the past four
decades, from 19% to 38% of the cropped
area. Much of this water has been extracted
from limited ground water resources.
Improper use and maintenance of canal
irrigation has contributed significantly to
soil degradation problems like waterlogging
and salinization. Excess nitrate has leached
into groundwater due to heavy N fertilizer
use.
Unnecessary
tillage
for
land
preparation and planting, indiscriminate
irrigation,
and
excessive
fertilizer
applications are the main sources of
greenhouse gas (GHG) emission from
agricultural systems.
Crop
Residue
Burning
and
Inadequate Organic Matter Inputs:
Burning of crop residues for cooking,
heating or simply disposal is a pervasive
problem in India and contributes to SOM
loss. According to the Ministry of New and
Renewable Energy, ~500 Mt of crop
residues are generated every year and ~125
Mt are burned. Crop residue generation is
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greatest in Uttar Pradesh (60 Mt) followed
by Punjab (51 Mt) and Maharashtra (46
Mt). Among different crops, cereals
generate 352 Mt of residues followed by
fibre crops (66 Mt), oilseeds (29 Mt), pulses
(13 Mt) and sugarcane (Saccharum
officinarum) (12 Mt). Rice (34%) and wheat
(22%)
are
the
dominant
cereals
contributing to crop residue generation.
Poor
Irrigation
and
Water
Management: Improper planning and
management of irrigation systems and
extraction of ground water in excess of the
recharge capacity have resulted in a rise of
the water table in most canal command
areas. Specific issues of concern are
inefficient use of irrigation water, poor land
development, seepage from unlined water
courses, non-conjunctive use of surface and
ground water resources and poor drainage.
Expansion of canal irrigation (like the
Indira Gandhi Nahar Project, for instance)
has been associated with widespread
waterlogging and salinity problems in areas,
such as in the Indo-Gangetic Plains (IGP).
In arid, semi-arid and sub-humid regions,
large areas have been rendered barren due
to the development of saline-sodic soils
because of poor irrigation and drainage
management. Cracking of soil from poor
irrigation management leads to bypass flow
of water and subsequent nitrate leaching.
Cracks not closing properly leave a Ushaped trace, and upon drying these cracks
can expand and cause soil shrinkage.
Poor Crop Rotations: Improper crop
rotation coupled with lack of proper soil
and water conservation measures are
important reasons contributing to soil
erosion in lands under cultivation. In
addition, cultivation of marginal lands on
steep slopes, in shallow or sandy soils, with
laterite crusts, and in arid or semi-arid
regions bordering deserts has resulted in
land degradation. Agricultural production
in marginal areas with low SOM due to
unsuitable cropping patterns has been the
major cause of accelerated wind and water
erosion. Wind erosion is a serious problem
in arid and semi-arid regions, in coastal
areas with sandy soils, and in the cold
desert regions of Leh in the extreme north
September, 2018
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systems and seasonal tillage alterations under
rainfed and rice-based agro-ecosystems. For
sure, the non-edible (to animals) agricultural
residues must not be burnt and should be used
for mulching along with growing of cover crops,
preferably legumes. Improved grazing practices,
irrigation management, control on urban sprawl
and control and management on mining are a
few other solutions for preventing land
degradation. Domestic and municipal wastes,
sludges, pesticides, industrial wastes, etc. need
to be used if possible to close nutrient cycles,
but with caution to avoid the possibility of soil
pollution. Future research should focus on
enhancing nutrient and water use efficiencies
and reduction in the pesticide use under CA.

of India.
Pesticide Overuse and Soil Pollution:
Indiscriminate use of pesticides together
with sewage sludge and composted
municipal wastes leads to contamination of
soil and water with toxic substances and
heavy metals. Heavy metal pollution is due
to improper disposal of industrial effluents
and use of domestic and municipal wastes
and pesticides. Some commercial fertilizers
also contain appreciable quantities of heavy
metals, which have undesirable effects on
the environment. Indiscriminate use of
agro-chemicals, such as fertilizers and
pesticides, is often responsible for land
degradation.
Apart from faulty agricultural activities that
led to soil degradation, other human-induced
land degradation activities include: land
clearing and careless management of forests,
forestation,
over-grazing,
improper
management of industrial effluents and wastes,
surface mining, and industrial development.
With changing climate, land degradation is
expected to only increase due to high intensity
storms, extensive dry spells, and denudation of
forest cover. Conservation agriculture (CA)
coupled with other technologies like microirrigation, fertigation, and management of
problem soils using specific and necessary
technologies hold great promise to increase
productivity of crops and fruits and reverse soil
degradation. Novel CA practices include:
permanent broad bed with residue retention
under maize/cotton/pigeon pea-wheat cropping
6.

References
Sharda, V.N. Land degradation and watershed
management issues in Himalayan region: Status
and Strategies. In Workshop on “Mountain
Agriculture in Himalayan Region: Status,
Constraintsand Potential”; ICAR: Dehradun,
India, 2011; pp. 1–22
Sharma, N.K.; Ghosh, B.N.; Khola, O.P.S.; Dubey,
R.K. Residue and tillage management for soil
moisture conservation in post maize harvesting
period under rainfed conditions of north-west
Himalayas. Ind. J. Soil Conserv. 2013, 42, 120–
125.
Ghosh, B.N.; Sharma, N.K.; Dadhwal, K.S.
Integrated
nutrient
management
and
intercropping/cropping system impact on yield,
water productivity and net return in valley soils
of north-west Himalayas. Ind. J. Soil Conserv.
2011, 39, 236 242.

10. AGRICULTURAL BIOTECHNOLOGY

CRISPR-CAS Systems: Mechanism, Classification,
Function and Role in Genome Engineering
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Introduction

powerful genome editing tool. CRISPR repeats
were first discovered in the Escherichia coli
genome as an unusual repeat locus (Ishino et al.
1987). In CRISPR/Cas system, invading foreign
DNA is processed by Cas nuclease into small
DNA fragments, which are then incorporated

Clustered
Regularly
Interspaced
Short
Palindromic Repeats (CRISPR) and CRISPR
associated (Cas) proteins (CRISPR-Cas) system
is a vital defense system found in bacteria and
archaea. The system has also emerged as a
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into CRISPR locus of host genomes as the
spacers. In response to viruses and phage
infections,
the
spacers
are
used
as
transcriptional templates for producing crRNA,
which guides Cas to cleave target DNA
sequences of invading viruses and phages.



processing of the nucleic acid, and
The integration of the new CRISPR repeat
spacer unit at the leader end of the CRISPR
locus.

CRISPR-Cas SYSTEM
The CRISPR-Cas defense comprises a multistep
process by which specific small fragments of
foreign nucleic acids are first recognized as
being nonself and then incorporated into the
host genome between short DNA repeats.
Subsequently, these fragments or spacers, in
conjunction with host Cas proteins, are used as
a surveillance and adaptive immune system by
which incoming foreign nucleic acids are
recognized and destroyed or possibly silenced.
Exclusively found in prokaryotes i.e. in
approximately half of the bacteria (40%) and in
almost all archaea (90%) (Grissa et al. 2007).
Novel
features
of
CRISPR-Cas
system:- A functional CRISPR-Cas system has
two distinguishable components required for
activity.
1. CRISPR locus/array located on the genome
(either chromosome or plasmid), which
contains the hypervariable spacers acquired
from virus or plasmid DNA.
2. The diverse group of cas genes located in
the vicinity of a CRISPR locus, which
encode proteins (generically called Cas
proteins) required for the multistep defense
against invasive genetic elements.

Steps leading to new spacer integration

Stage 2: CRISPR expression
In this stage, a primary transcript, or preCRISPR RNA (pre-crRNA) is transcribed from
the CRISPR locus by RNA polymerase. PrecrRNA is not able to activate proper DNA
cleavage and need to undergo further
maturation into guide RNA. First, the pre-RNA
base pairs with a complementary strand to
another RNA molecule called trans-activating
crRNA (tracrRNA) at its 3’end. The dual
complex is then cleaved into short fragment by
RNaseIII. This small fragmented duplex of
crRNA and tracrRNA serves as a guide RNA.

Stage 3: CRISPR interference
The crRNA-tracrRNA duplex triggers DNA
cleavage
activity
by
recruiting
Cas9
endonuclease. The Cas9- crRNA-tracrRNA
complex easily targets and cut the foreign DNA
strand when the 5’end sequence of gRNA
recognizes and base pair to the protospacer
region of the foreign DNA. This initiates
cleavage of the crRNA–foreign nucleic acid
complex. On the other hand, if there are
mismatches between the spacer and target DNA
or if there are mutations in the PAM, then
cleavage is not initiated.

Mechanism of CRISPR-CAS Adaptive Immune
System
It comprised of three stages i.e. CRISPR spacer
acquisition, CRISPR expression and CRISPR
interference (Rath et al. 2015).

Stage 1: CRISPR spacer acquisition
Cas1 and Cas2 proteins are responsible for this.
Integration primarily occurs at the leader end of
the CRISPR locus. The process of spacer
acquisition can be divided into distinct steps
involving:




CLASSIFICATION OF CRISPR-CAS SYSTEMS
1.

Recognition of the invasive nucleic acid and
scanning foreign DNA for potential PAMs
(Protospacer adjacent motifs) that identify
protospacers,
The generation of a new repeat spacer by
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Type I CRISPR-Cas system:- It is found
both in bacteria and archaea. Cas1 and Cas2
proteins are present. Signature protein is
Cas3. Cas3 is a large multidomain protein
with distinct DNA nuclease and helicase
activities. In addition, there are multiple
Cas proteins that form CASCADE-like
complexes that are involved in the
September, 2018
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2.

3.

interference step. For DNA interference,
CASCADE associates with processed crRNA
to form a ribonucleoprotein complex that
drives the formation of R-loops in invasive
double-stranded DNA (dsDNA) through
seed sequence–driven base pairing.
Type II CRISPR-Cas system:- Simplest
one and exclusively present in bacteria.
Signature protein is Cas9. Cas9 appears to
contain two nuclease domains, one at the N
terminus (RuvC-like nuclease) and an HNH
nuclease domain in the middle section
(Jinek et al., 2012). The Cas9 HNH
nuclease
domain
cleaves
the
complementary strand, and Cas9 RuvC-like
domain cleaves the noncomplementary
strand. A trans-encoded small CRISPRRNA (tracrRNA) is involved in the
processing of pre crRNA into crRNA
through the formation of a duplex with the
CRISPR repeat sequence.
Type III CRISPR-Cas system:- It is
more common in archaea, although also
found in bacteria. Signature protein is
Cas10. Universal cas1 and cas2 genes are
also present.

5.

6.

7.
8.

9.
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Applications
1.
2.

3.

4.

same time.
Genome editing can accelerate plant
breeding by allowing the introduction of
precise and predictable modification
directly in an elite background.
Gene knockout is the simplest form of
targeted modifications and can be used to
eliminate genes that negatively affect food
quality and to confer susceptibility to
pathogen.
Divert metabolic flux away from valuable
end products.
Insertion of large sequences allow the
introduction of transgene at defined loci
that promote high level transcription and
do not interfere with the activity of
endogenous genes.
It also allows targeted molecular trait
stacking. This makes it feasible to introduce
multiple traits into crops with low risk of
segregation.

Alter the resistance of the beneficial
bacterium to phage attack.
Microbiologists have harnessed the CRISPR
system to vaccinate bacteria against the
spread of antibiotic resistance genes as this
system prevents natural transformation
(Horizontal flow).
Marker-less mutations can be introduced
through the transformation of a template
DNA fragment that will recombine in the
genome and eliminate recognition of the
target by the endonuclease.
Introduction of multiple mutations at the
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11. HORTICULTURE

Robobees: An Option to Address the
Pollination Problems in Fruit Crops
Panchaal Bhattacharjee
M.Sc. Scholar. Department of Fruit science, KRCCH, Arabhavi, UHS, Bagalkot

With no difference, fruit growing industry
also relies on the pollinating activity of bees and
other insects for the adequate fruit set.
Existence of self-incompatibility in many of the
fruit crops leds to maintenance of pollinizer
variety and honey bee hives in fruit orchard. In
the era of globalization due to climate change
there is change in the bee activity due several
environmental stress resulting into improper
fruit set. With the "ROBOBEES" one can
disperse the desirable source of pollen to any
targeted plant's flower resulting into an efficient
pollination strategy for getting an adequate and
quality fruit set.
Future
aspects
of
Robo-beesOstensibly, the goal of “RoboBees: A
Convergence of Body, Brain, and Colony,” was
to create a swarm of flying microbots that could
pollinate
flowers.
But
this
envisioned
application was more a motivating framework
than a principal aim. The potential applications
are varied and compelling, ranging from search
and rescue, to surveillance, to environmental
monitoring. As per the recent news in January,
2018 Wal-Mart has filed a patent over this
innovation which may be commercialized in
recent future to address the pollination and
such other problems in horticultural crops.
Meanwhile, honeybee populations are
dying, and we can no longer take pollination for
granted. These small creatures are the backbone
of agriculture and the food that we eat. While
scientists work to better understand declining
pollinator populations, and hopefully come up
with solutions, these Wal-Mart farming
"RoboBees" could keep horticultural fresh
produce, alive.

The story behind this innovation-One day nearly
a decade ago, Gu-Yeon Wei was walking the
corridors of Harvard University’s newly
established School of Engineering and Applied
Sciences when he passed the office of Robert
Wood. Wood had just made a splash in the
engineering
world
by
successfully
demonstrating the first robotic fly. Wei, an
electrical engineer, designs computer chips; lost
in thought, he’d been contemplating the
approaching deadline for a five-year, $10million “Expeditions in Computing” grant from
the National Science Foundation. These grants,
for “ambitious, fundamental research agendas
that promise to define the future of computing
and information technology,” are among the
largest investments the NSF (National Science
Foundation) makes in computer science and
engineering, and they encourage combining the
creative talents of many investigators to achieve
transformative, disruptive innovations.
“I saw the fly,” Wei recalls. “I had just read
an article about the colony-collapse disorder
afflicting honeybees. He knocked on Wood’s
door, and made a pitch on the spot: Let’s build
robotic bees. “You have the body,” he told
Wood. “David [Brooks, a computer-systems
architect], and I could build the brain. Let’s get
a couple of other people to work with us. They
can do colony.
Possible utilization in crop cultivationScientists estimate that 90% of the world’s wild
plants and 30% of the world’s crops are crosspollinated by bees, bats, birds, and other
insects. But as populations of bees drop due to
Colony Collapse Disorder, many researchers are
turning to robotics as a possible alternative to
help with mankind’s growing food needs.
VOLUME NO. 14, ISSUE NO.12
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12. FOOD SCIENCE

Hurdle technology: A Synergistic Way of
Preserving Food Products
K. Shunmugapriya
Ph.D Scholar, Home Science College and Research Institute, TNAU, Madurai

Introduction

Types of Hurdles

Hurdles

The concept of hurdle technology was first
introduced by Lothar Leistner in 1978. Hurdle
technology was developed several years ago as a
new concept for the production of safe, stable,
nutritious, tasty and economical foods. It
advocates the intelligent use of combinations of
different preservation factors or techniques
('hurdles') in order to achieve multi-target, mild
but reliable preservation effects. Previously
these combinations were utilized without much
knowledge of the governing principles. The
hurdle technology is also called as combination
preservation,
barrier
technology
and
combination technique.

Physical hurdles

High temperature, Low
temperature, Radiation, Packaging
materials (Plastic, Multilayer,
Active coating and Edible
Coatings) Modified Atmosphere
Packaging (vaccum, moderate
vaccum, aseptic packaging).
Low water activity, Low redox
potential, Low pH, Nitrite, Nitrate,
Oxygen, Ozone, Organic acids,
Lactate, Spices, Herbs, Glucono d
lactone, Lacto peroxidase and
Lysozyme.
Competitive microlflora,
Bacteriocins, Antibiotics,
Protective Cultures.

Physico chemical
hurdles

Microbiologically
derived hurdles

Significance of hurdle technology
1.
2.
3.
4.

5.
6.

An intelligent application of hurdles
contribute to both improvement in product
quality and sustainability.
Calculated application of hurdles could
result into saving money, energy and
several resources.
Each hurdle contribute to the safety net
against the microorganisms.
Since Shelf Stable Products do not require
refrigeration, they travel long distance for
finding place in the market to reach the
consumers
Able to use in products for defense force.
Perishability can be reduced.

Aspects of food preservation
Homeostatis
1.
2.
3.
4.

Potential hurdles used in preservation of foods

Metabolic exhaustion

The hurdles used in preservation of foods can be
classified into physical hurdles, physio chemical hurdles and microbial derived hurdles.

September, 2018

Food preservation is achieved by disturbing
the homeostasis of microorganisms.
Homeostasis is the tendency to uniformity
and stability in the internal status of
organisms.
If the homeostasis of these microorganisms
is disturbed by preservative factors
(hurdles) in foods.
They will not multiply, remain in lag phase
or even die.

1.
2.

24

Metabolic
exhaustion
causes
auto
sterilization of foods.
Due to auto-sterilization hurdle-technology
foods, which are microbiologically stable,
become safer during storage.
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Stress reaction
1.

2.

Some bacteria became more resistant or
even more virulent under stress, since they
generate stress shock protein. The synthesis
of protective stress shock proteins is
induced by heat, pH, aW, ethanol, oxidative
compounds, etc. as well as by starvation.
Multi targeting preservation of food could
be key to avoiding synthesis of stress shock
protein.

2.
3.

Multitarget preservation
1.
2.
3.
4.
5.

Multitarget preservation of foods should be
the ambitious goal for a gentle but most
effective preservation of foods.
This approach is often more effective than
single-targeting.
Enables the use of hurdles of lower
intensity.
Less of an effect on product quality.
A synergistic effect could be achieved if the
hurdles in a food hit, at the same time,
different targets (e.g., cell membrane, DNA,
enzyme systems, pH, Eh) within the
microbial cells and thus disturb the
homeostasis of the microorganisms present
in several respects.

Case study
Listeria monocytogenes is a relatively thermo
tolerant pathogen. In an investigation
conducted for the reduction of heat resistant
Listeria in ground beef (ref) the combination of
three internal temperatures (57.5, 60, and 62.5
°C) with different concentrations of sodium
chloride (NaCl) and apple polyphenols (APP) on
the thermo tolerant Listeria monocytogenes
was used. The analysis results showed that
compared with heat treatment alone, the use of
other hurdles (NaCl, APP) decreases the heat
resistance of Listeria. The combination of APP
and low salt levels (e.g., 2.5% APP and 0.5%
salt) will reduce the Listeria monocytogenes.
The combined hurdle effects permits a
reduction of the temperature for heat treatment
as well as the salt levels. The benefits of these
combined hurdle technology includes reduction
in energy and a reduction on salt levels with
benefits for consumer health. (Juneja et al.
2013)

Undesirable effect of single hurdles
Refrigeration of vegetable causes chilling
injuries and weight loss in fruits and vegetables
and freeing results in enzymatic browning,
discoloration and texture loss. Sometimes use of
chemical preservative will create consumer
aversions. Drying of food items results in loss of
flavor compounds and chances for the growth of
moulds
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Advantages of Hurdle technology
1.

conventional preservation methods because
in
combine
technology
different
preservative acts synergistically by hitting
different targets within the cell of the
spoilage microorganism.
Hurdles are use at lower concentrations this
prevent the undesired side effects, lower
production cost and save energy.
Another advantage is the opportunity of
using natural preservatives in combination
with synthetic preservatives, this also lower
the risk associated with using synthetic
preservatives at high concentration.

Leistner, L. (2000). Basic aspects of food
preservation
by
hurdle
technology.
International journal of food microbiology.
55(1), 181-186.

The greatest advantage of hurdle technology
is tendency to conquer the ability of
microorganisms in developing resistance to
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13. AGRICULTURAL EXTENSION

Role of Women in Agricultural Sector
J. I. Jergin
Ph.D Scholar, Dept of Agricultural Extension & Rural Sociology, ACRI, Madurai.

Introduction

farmers in programmes of Akashvani and
Doordarshan.
Mission for Integrated Development
of Horticulture (MIDH): Assistance is
provided
for
agriculture
mechanization,
procurement of agricultural machinery and
equipment on subsidy.
National Mission on Oil seeds and Oil
Palm (NMOOP): The aim is to support
women group SHGs/FIG/Co-operative, who
would be involved by the state in distribution of
certified seeds.
Integrated Scheme for Agricultural
Marketing (ISAM): Under this scheme, 33.33
per cent subsidy (on capital cost) is provided to
women as compared to 25 per cent to men.
National Food Security Mission
(NFSM): There is a provision in this scheme to
provide marketing support for value chain
integration to SHGs of women, for local
marketing of pulses and millets.
National Mission for Sustainable
Agriculture (NMSA): Under this scheme, 50
per cent of the fund is to be utilised for
assistance to small and marginal farmers, of
which, at least 30 per cent should be women
farmers.
Sub
Mission
on
Agriculture
Mechanization
(SMAM):
Training
programmes are conducted under this
programme on use of gender friendly
equipment, by women farmers.
Agricultural Insurance: This scheme
ensures maximum coverage of SC/ST/women
farmers with budget allocation and utilisation in
proportion to their population in the respective
states.
Central Institute for Women in
Agriculture (ICAR-CIWA): This institute
tests the suitability of different technologies in
agriculture sector, suited to women. It focuses
on
participatory
action
research.
For
empowering women farmers, the institute

India is a developing country. The main
occupation is agriculture, because 70 per cent of
the population is involved in this occupation. It
defines the traditions of the family,
relationships in society and gender roles in the
country. With the advent of 21st century, there
is a gradual realisation of the significant role of
women in agricultural development. As per
Census 2011, nearly 98 million Indian women
have agricultural jobs, but around 63 per cent of
them (61.6 million) are dependent on the farm
of others as agricultural labourer. Women’s
participation rate in the agricultural sector is
about 44 per cent.

Programmes introduced for farm women
National Horticulture Mission: This
mission recommends organising women in Self
Help Groups and assisting them with farm
inputs and technological & extension support to
make them self-reliant.
Rural Go-down Scheme: The aim of this
scheme is to provide assistance in the form of
subsidy to women farmers to promote grading,
standardization and quality control of
agricultural
produce
to
improve
their
marketability.
National Mission on Agriculture
Extension &Technology (NMAET): The
aim of the mission is to set up kitchen garden,
and to promote farm activities such as piggery,
goat-rearing, bee keeping for Women Food
Security Groups. Mandatory representation of
women farmers in state, districts, and Block
Farmers Advisory Committee is also an
objective of the Mission.
Agri-Clinics
and
Agri-Business
Centres (ACABC): Under this scheme, 44 per
cent composite subsidy is provided towards the
cost of project to women, as compared to 36 per
cent to men. Also, one day is specially allocated
to cover areas of core competence for women
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Women hardly enjoy property ownership rights.
In the process, they are deprived of decision
making in important matters like purchase,
mortgage, sale of land, cropping patterns and
household affairs. Due to ignorance of women’s
immense contribution in India’s agriculture,
they get overlooked in the research and study. It
is necessary to recognize their role and
contribution in the agriculture, so that there
could be proper recognition of their efforts in
research done by various institutes of the
country. A positive lead has been taken by the
Government of India through its recent
announcement that more women scientists
should be employed in the agricultural research
institutes. Agricultural research should be made
more female oriented to lessen the wide gap of
gender discrimination. Women must be helped
by statute to secure their right over resources
and their entitlements over agricultural services.
We owe to them adequate social protection
cover to ensure that they are empowered and
they become equal partners in development of
nation and its citizens.

implements various projects to assist women in
integrated agriculture, horticulture and fishery
projects. The institute also works towards
designing
women
friendly
tools
and
implements.
The National Policy on Farmers: To
empower women farmers, the government has
formulated “The National Policy on Farmers”.
This policy recognises women’s role in
agriculture and gives importance to gender
issues in agriculture.
Mahila
Kisan
Sashaktikaran
Pariyojna (MKSP): The purpose of this
scheme is empowerment of women working in
agriculture sector. The scheme strives to
increase participation and productivity of
women in agriculture. It also explores the new
market demands and helps in identification of
new areas for women to work.

New initiatives announced by Central Government






30 per cent of the allocated fund would be
invested on women farmers to empower
them.
October 15th to be observed as “Female
Farmers
Day”
to
recognize
their
contribution.
Setting up more women cooperatives.
Training women cooperatives to manage
funds and to run their cooperative in a
professional way.
Mandatory deployment of one female
scientist in each of 668 Krishi Vigyan
Kendras (farm science centres).
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Conclusion
Critical natural resources like land, water and
crops are not equally available to women.
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Introduction

areas have witnessed frequent occurrence of
these algal blooms which are either toxic or
harmful. Such incidents are collectively termed

In historic times, algal blooms were due to
natural event. But over the years, the coastal
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period (Anderson et al., 2002).
In case of HAB outbreaks, point sources do
not pose a prominent threat as compared to non
point sources. Point sources are sources of
nutrients only to small water bodies. Industrial
effluents and sewage wastewater cause the
major source of N, whereas, non-point sources
resulting from agricultural fields, combustion of
fossil fuels, etc. which are huge in their size and
difficult to bring under control. Agriculture and
fertilizer application forms the major source of
non point source of eutrophication and it is
observed to increase at an alarming rate
throughout the world. Fertilizers are widely
used by both developed and developing
countries in enormous quantities over the
decades. These nutrients in water bodies are
available for phytoplankton and plant uptake
and their growth. Nitrates from N fertilizers are
capable of travelling long distances.
Nutrient inputs not only vary in their
quantities which are determined by factors such
as rainfall and other environmental factors but
also involve the composition of runoff fertilizers.
An increasing trend is noted in the use of urea
with respect to nitrogenous fertilizer as input
which favors the growth of HAB-related species.
Apart from this, groundwater is a potent source
which receives the pollutant-laden wastewater.
This influences the growth of cyanobacteria in
freshwater sources such as lakes and ponds.
Atmosphere plays a vital role in increasing
the nutrient sources in both coastal and
freshwater bodies. Phosphate is absorbed as fine
particulates along with nitrate derived from
nitric and/or nitrous oxides due to their dry and
wet depositions form a major source of nutrient
addition in water courses. Apart from addition
of nutrients, atmosphere also contributes in the
addition of trace metals; for instance, iron
which aid in the growth of certain species of
HABs in estuaries that are limited by Fe
availability.
Aquaculture ponds and caged growth
structures too pose the problem of HABs by way
of addition of nutrient addition leading to
higher biomass production. The fecal matter
collected at the benthic zone of shallow farms of
developing countries is yet again a source of
nutrients which emphasize the need of proper
flushing of these farms. Apart from these,
climate change is too playing a vital role in

as red tides and are described by a common
terminology of harmful algal blooms (HABs)
which are caused by autotrophic algae and by a
group of protozoans that are capable of
photosynthesizing on their own. They are toxic
when they produce toxins which affect the other
organisms present in the surrounding. This
could cause mass mortalities of fishes, shellfish
in wild and farms or exposure to toxins through
their inhalation or direct contact with water
leading to illness and even being fatal by means
of poisoning to the marine animals, mammals,
birds that finally lead to the altering the habitat
and its trophic structure itself. Some algal
blooms can be extremely toxic at even a
concentration of a few hundred cells per litre.
On the other hand, certain HABs do not produce
toxic compounds, but become harmful by
creating anoxic conditions due to their high
biomass production which results in production
of foam, scums and decay of their own biomass.
Of the estimated algal population of 3400-4000
species, only 60-80 species (approx. 2%) are
known to be either harmful or toxic. In these
species, the dinoflagellates and diatoms are
known
to
produce
toxins.
Earlier,
eutrophication was believed to be a natural
process of ageing in aquatic ecosystems
occurring in large and deep water courses which
become nutrient rich making the water body to
be highly productive with plants and animals.
Slowly it turns to a marsh. On the contrary,
accelerated eutrophication of the water bodies is
the resultant of anthropogenic activities, defined
as nutrient enrichment of ecosystem through
increased addition of nutrients as inputs
(Anderson et al., 2002).

Sources of Nutrients
Many sources play their role in causing HAB.
Two main nutrients which play a key role in
eutrophication of water bodies are phosphorus
(P) and nitrogen (N). Coastal water is being
massively polluted with ever-increasing quantity
of
industrial,
agricultural
and
sewage
wastewater through diverse ways. On the whole,
human activities are the main reason behind the
outbreak of HAB. It is observed that the export
of phosphorus to the oceans has increased by 3
fold as compared to the times before
industrialization, similarly, the nitrogen level
has dramatically increased during the same
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acid that acts as an analog of the
neurotransmitter glutamate and thus
competes with glutamate. Its symptoms
include
gastrointestinal
effects
and
neurologic
effects
like
dizziness,
disorientation, lethargy, to permanent
short-term memory loss. Eg. Digenea
simplex, Pseudo-nitzschia sp.

HABs

Impact of HAB
Health Impact
On consumption of the toxins produced by the
HABs, shellfish, zooplankton and fishes act as a
vector in poisoning the humans either directly
(Eg. Shellfish) and indirectly by the transfer of
toxins
to
higher
trophic
levels
(Eg.
Bioaccumulation in larger fishes) (Dolah,
2000). On consumption of these seafood causes
five seafood poisoning syndromes which are
described as below:
1. Paralytic Shellfish Poisoning: It is
caused by the consumption of shellfish that
are contaminated with a group of
heterocyclic guanidines called as Saxitoxins.
It has been reported to be the cause of death
of birds, humpback whales, and enter
through butterclams to sea otters. In higher
doses causes respiratory paralysis. Eg.
Alexandrium sp., Pyrodinium sp., etc.
2. Neurotoxic Shellfish Poisoning: It
results due to the consumption of shellfish
that are contaminated with brevetoxins
which are constituted with a group of nine
structurally related polycyclic ether toxins.
It results in seizures and unconsciousness
in children when they have severe
intoxification but hasn’t been observed to
be fatal to humans but they cause massive
fish killings. Eg. Gymnodinium sp.
3. Ciguatera Fish Poisoning: This is due to
the polyether toxins mainly due to the
dinoflagellate algae. The toxins enter
through
herbivorous
fishes
and
bioaccumulate in higher trophic levels into
ciguatoxins (which are structurally similar
to brevetoxins) which in severe cases cause
paralysis and could be fatal. Eg.
Gambierdiscus toxicus
4. Diarrhetic Shellfish Poisoning: It is
somewhat a milder poisoning that could
just cause gastrointestinal symptoms of
vomiting and diarrhea which is caused by
the class of acidic polyether toxins with
okadaic acid its parent compound. Eg.
Dinophysis sp., Prorocentrum sp., etc.
5. Amnesic Shellfish Poisoning: This is
the only intoxication caused by the diatoms
which contain the toxin called domoic acid
which is a water soluble tricarboxylic amino
VOLUME NO. 14, ISSUE NO.12

Economic Impact
HAB occurrence has its impact both on the
socio-economic status and the human health
equally and both are interrelated. They affect
the public health, commercial fisheries, tourism,
recreation that lead to the socio-economic
impact. Seafood contamination and their
mortalities lead to economic impact on both
seafood business and health of human who
consume unknowingly. It also reduces the
remuneration obtained from tourism, hotel
industry, etc. Economic impact even includes
the monitoring and management of HABs which
encompass the strategies taken by various
countries to control the hazard caused by HABs
and to protect the public health, fisheries, and
minimizing the ecosystem loss.

Biosensors in HAB Detection
Currently, HAB detection is highly dependent
on Light Microscopy, but it lacks the precision
of species identification and they pose the issues
of being expensive, labour intensive and take a
long time for detection along with frequent
sampling. On the other hand, molecular
techniques help in nucleic acid based
identification of HABs due to their specificity
and sensitivity of nucleic acid probes in relation
to their complementary ribosomal nucleic acid
(rRNA) or rDNA such as quantitative
polymerase chain reaction (qPCR) has a
potential to identify the species. Microarrays too
help in identifying the species by their RNA or
DNA probes spotted on the supporting matrix
which are specific to a particular algal species.
Apart from this, there are detection systems
based on the antibodies development that focus
on the distinct protein biomarkers of the
harmful algal species (McPartin et al., 2016 and
McPartin et al., 2017).

Conclusion
It is understood that HABs cause damage to the
ecosystem and human health at the same time.
29
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Thus, their detection and prevention are the
need of the hour. HAB occurrence predictions
with the help of biosensors are in their early
stages, and require more research on it. They
would help in providing highly reliable and low
cost data with the advantages of good
performance and with their ability to be
deployed in situ for HAB monitoring.
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Introduction

crime rates

Time Series Data: Time series (TS) data may be
considered as a sequence of measurements of
some variables, taken periodically through time.
There are different types of time series data
which depends on the collection of the data. For
example
univariate
time
series
data,
multivariate time series data, discrete time
series data, continuous time series data etc.
A basic assumption in any time series
analysis or modeling is that some aspects of the
past pattern will continue to remain in the
future. In agriculture time series analysis is
mostly used for forecasting purposes because
historical sequences of observations upon study
variables are readily available from published
secondary sources.

Objectives of time series analysis:






Requirements for proper analysis of time series
data



Examples:





In Agriculture, area, production and
productivity of agricultural crops for the
past years
In Meteorology, forecasting of weather
parameters
In Economics, daily closing stock prices,
weekly interest rates, monthly price indices
and yearly earnings
In Social Sciences, annual birth rates,
mortality rates, accident rates and various
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It helps in predicting the future behavior
like demand, production, prices, weather
condition etc.
To describe past behavior of time data
To analysis the pattern of behavior of time
series data
To understand the variability of the time
series data
To exhibit and measure the changes which
occur in the series during a period of time




Long period data
As far as possible value should have equal
interval
Definite time period
Homogeneous

Components of time series
1.
2.

30

Trend component: The trend component
is the tendency of the data to increase or
decrease during a long period of time.
Seasonal component: Short term
fluctuation observed in a time series data,
particularly in specified period usually
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3.

4.








within a year. The important factors causing
seasonal variations are: climate and
weather conditions, customs, traditional
habits, etc.
Cyclical component: Any regular pattern
of sequences of values above and below the
trend line lasting more than one year can be
attributed to the cyclical component. Most
of the economic and financial time series
show some kind of cyclical variation.
Irregular
component:
Irregular
fluctuations (random or residual) are the
movements or fluctuations which cannot be
traced to the steady influence of trend. An
irregular component is caused by shortterm, unanticipated and non-recurring
factors that affect the values of the time
series. Beyond the human control and it’s
unpredictable.

Co-efficient of determination (R2)
Root Mean Square Error (RMSE)
Mean Absolute Error (MAE)
Mean Absolute percentage Error (MAPE)
Akaike Information Criterion (AIC)
Schward Information Criterion (SIC)
Low values of RMSE, MAE, AIC and SIC are
preferred for a good model

Conclusion
No single form of model is considered as
universally superior. The triple exponential
smoothing is used when the data exhibits both
trend and seasonality. ARIMA model gives
reasonable and acceptable forecasts. But, it did
not perform very well when there exist volatility
in the data series. ARCH-GARCH model should
be used when there is heteroscedasticity in time
series data. Price forecasting model is better to
update every day or every week or every month
for higher accuracy.

Methods for estimation of components of time
series





Least Square Method
Semi Average Method
Moving Average Methods
Exponential Smoothing Methods
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Assumption for regression model







Randomness of error
Zero mean of error
Homoscedasticity
Normality
Non- Autocorrelation
No perfect Multicollinearity
There are different models for analysis or
forecasting of time series data. These models are
applied in agriculture for the forecasting of the
agricultural products.





ARIMA (Box-Jenkins)
SARIMA Model
ARCH (Engle)/GARCH (Bollerslev)
Goodness for fit of the model:
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16. AGRICULTURAL ENTOMOLOGY

Procedures to Determination the
Entomopathogenic Fungal Pathogenicity
Dr. S. Sumaiya Parveen
Coimbatore

Spray

suffocation due to obstruction of tracheal
passages, controls should consist of killed
spores plus the carrier. The great variance in
dosage acquired should be noted from the
example below. For this reason, generally, this
method should be avoided for dose–mortality
assays unless precautions are taken to ensure
that the variation in the amount of dose
administered within a dosage group is
minimized.

Spray bioassays are used extensively, especially
against small and fragile insects that are
otherwise
difficult
to
treat.
Although
sophisticated stationary and track sprayers are
available for this purpose. Simpler and less
expensive systems can be developed using an
artist’s air-brush. Drop size and distribution
must be carefully monitored.

Immersion

Direct deposition on to individual insects

Insects are often dosed by immersion into
suspensions of spores for a specified time.
Although this is usually a quick and convenient
dosing method, precise measurement of dose is
difficult. In order to ensure that each insect
from a treatment group receives similar doses,
groups of insects should be simultaneously
dipped. Care must be taken that each insect
remains precisely the same amount of time in
the dipping suspension. If insects are dosed
singly, then a separate suspension should be
prepared for each insect. Otherwise, each
subsequent insect dipped could receive less
inoculum, especially since conidia of many
entomopathogenic fungi are hydrophobic and
therefore adhere preferentially to the insect
cuticle.

A precise droplet of inoculum can be placed
directly on to the surface of the insect. This
method can be used with larger insects that can
tolerate handling. Often, some form of
immobilization of the insect is required. Due to
the hydrophobic nature of the cuticle, it is
sometimes difficult to administer a drop of
aqueous inoculum precisely. In such cases, it
may be helpful to choose an inoculation site that
would absorb the droplet by capillarity.
Inoculation of soil Insects which either inhabit
or are associated with soil during a part of their
life cycle can be exposed to inoculum contained
on the surface or within the soil. Soil texture,
humidity and microbial flora can affect conidial
viability and virulence and need to be
considered. A discussion of procedures and
precautions is presented by Goettel and Inglis
(1997).

Dusting
Dusting is sometimes used to inoculate insects.
Whereas some workers literally dust the insects
others may simply allow healthy insects to walk
over a sporulating culture (Bidochka et al.,
1993). Dusting allows inoculation of large
numbers of insects at once. Care must be taken
to ensure that the insects can withstand this
procedure. If at all possible, attempts should be
made to quantify the amount of inoculum
received by each insect. Because it may be
possible that death could be caused by
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Inoculation through contact with contaminated
substrates
Insects are sometimes inoculated by allowing
them to walk over the surface of a substrate,
such as filter paper, which was pretreated with a
known concentration of inoculum. Although
such methods are an improvement over
allowing insects to walk over sporulating
cultures, there are still difficulties in ensuring
that each insect receives precise and equitable
32
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marcescent mycelium.

doses. For instance, when using this method, it
would be expected that the more mobile insects
would acquire more propagules than the less
active individuals. Nevertheless, this inoculation
method may have utility in some situations.

Aquatic insects
Bioassay of aquatic insects is usually
accomplished by introducing the inoculum
directly into the water. However, use of high
concentrations of inoculum in static aqueous
systems may have adverse effects on water
quality. Therefore, at times it is necessary to
replenish the water depending on host species.
Also, continuous exposure to propagules of
some
fungi
such
as
Tolypocladium
cylindrosporum may not be ideal, because the
effective dose may vary according to length of
exposure, as hosts continually reingest excreted
conidia that remain viable (Goettel, 1987). This
problem can be overcome by using a limited
exposure time (Nadeau and Boisvert, 1994).

Bait
Inoculum can be incorporated directly into the
diet and presented to the insects as bait.
Although this method is most often used with
fungi that infect through the gut (e.g.
Ascosphaera aggregata), it can also be used as
bioassays of entomogenous fungi a method for
inoculation of fungi that invade through the
external integument. While feeding, insects
contaminate their mouthparts and body withthe
pathogen propagules.

Inoculation using forcibly discharged conidia
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INTRODUCTION

these challenges is to make farmer aware about
group farming activities and persuade them to
opt for available options and advance farming
technologies (Kapse, 2015).
In India cooperative farming was first
advocated in 1944 by the Advisory Body of the
then Imperial Council of Agricultural Research.
In 1945 the cooperative planning council,
known as the Saraiya Committee, considered
cooperative farming to be a measure to "enlarge
the units of cultivation for more economic use of

Agricultural development is widely recognized
as being of crucial importance to achieve
sustainable and equitable growth in developing
countries around the world, particularly in those
with a high dependency on agriculture in terms
of employment (Squicciarini et al., 2017).
Agriculture in India is not an organized sector,
above this climate change and unpredictable
monsoon has made the small farmers life
miserable. The ultimate solution to address
VOLUME NO. 14, ISSUE NO.12
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competition. Now there are good opportunities
through globalization but farmers needs to
overcome the first challenge of efficiency.
Efficiency in resource utilization, adoption of
modern technology, production of quality
produce, processing & marketing. It's not
possible for small farmers to raise their
efficiency individually in attaining higher return
per acre of land, per drop of water or per rupee
invested. Drawing wisdom from age old
experience “Together we stand and divided we
fall” a strong promising concept of Group
Farming had came up to address the above
challenges. Group farming act as a bridge to
prosperities through better income generating
options, efficient application of technical
interventions and thereby increasing the cost,
benefit scenario in favour of farmers. As groups,
small farmers can come together to adopt
modern technology and produce higher quality
agri-produce and thereby can capture the
emerging domestic markets as well as enter into
world market. Moreover, these groups can
collectively undertake the processing and value
additive marketing activities to gain more profit.

land" and suggested the formation of four types
of cooperative farms: (1) better farming, (2)
tenant farming, (3) joint farming, and (4)
collective farming (Choudhary, 1977).
Group farming is also interchangeably
known as community farming, co-operative
farming. Group farming means to produce
together to have some advantages of economy
on scale. It is a production unit which is
voluntarily formed by the farmers in order to get
more benefit than individual farming. The aim
of group farming is to use more efficiently the
scarce resources which might be land, labours
and capital, etc. It is owned and controlled by its
members and creates shared farming ventures
to address common challenges and provide
mutual benefit (Gilbert, 2014; Pujara, 2016). It
might be called as a special kind of cooperative
or a collective farming (Engindeniz and Yercan,
2002; https://en.wikipedia.org, 2018).

NEED AND SCOPE OF GROUP FARMING
In India, agriculture is still mainstay of majority
of population and almost 55% to 60%
population is engaged in agriculture. With the
increase in population, India is witnessing rapid
fragmentation of land. The average size of land
holding declined from 4.28 ha (1970-71) to 1.65
ha in 2001; leading to economically non viable
small farms. These small farmers are unable to
bear high cost/ investment for adoption of
modern technologies in order to sustain the
higher productivity levels. Furthermore, with
growing small farms and small farmers the
issues of productivity, profitability, adoptability
and sustainability are becoming sharper. Now
it’s high time to address these issues as early as
possible. Various strategies are being developed
and several approaches are tried. An important
strategy is to organize small and resource poor
farmers in to groups, developing groups of
assetless farmers and building them as service
providers and thereby generate better livelihood
facilities and reduce poverty.
Moreover, small farmers face economic,
technical and social challenges. Even in good
productivity years, they undergo marketing
hassles & seldom able to earn good profits.
There low scale of production puts them into
disadvantage, and these small farmers cannot
compete and meet the market requirements, on
other hand the globalization is posing step
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CASE STUDIES:
The concept of “Group Farming” practiced in
Maharashtra is called as “Gut Sheti” in Marathi.
Kapse (2015) took initiative to form a Farmer
Group by selecting poor farmers from five
villages in Jalna Dist. of Maharashtra. Initially
in a village Jiradgaon with small piece of area
five acres was developed to produce export
quality mango orchards. Then with the help of
modern technique such as drip, sprinklers,
mulching larger piece of land and also with
advance agronomy and crop protection
management, the farm productivity was
increased along with quality of produce. Thus
the export quality mangoes were produced and
exported by the marginal farmers and they
received the export benefits. The total area
under mango then grew to 1000 acres. Also
farmers across Jalna; Aurangabad and Buldana
districts have 700 acres sweet orange, 200 acres
Amla, and 20 acres of Sapota. The farmer’s are
now taking almost all the agronomical crops
with group system.
Sadivayal, in the Coimbatore district, is
home to the Irulas – a scheduled tribe of about
25,000 people who live in Tamil Nadu and
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6.

Kerala. With no irrigation facilities, the villagers
primarily depend on the rains to grow their
crops, and so they cultivate rice only once a
year. The farmers decided to join hands together
to grow organic rice. Organic farming had
doubled the crop yield and increased tribal
farmers’ profit margins, helping relieve their
previous debts (Prabu, 2017).
Tumajore village under Hemgir Block of
Sundargarh District of Orissa, India is home to
74 households. In 2001, CYSD, an NGO, began
its intervention of promoting group farming in
Tumajore. Taking people’s interest in Tumajore,
CYSD with its experience and technical
expertise, developed the requisite project plan
to initiate Parwal (Pointed Gourd) cultivation.
Presently, Tumajore has been able to build its
own identity and on an average nearly 100 qtls.
of parwal is being produced during the peak
harvesting season. The group farming initiative
brought an improvement in the livelihoods of
people in Tumajore. By providing access to
lands, the initiative helped in increasing food
production, thereby reducing the food scarce
periods. By contributing to better utilisation of
waste land, the initiative resulted in providing
employment and reducing migration. Group
farming with its primary focus on promoting
vegetables, evinced a lot of interest among
women farmers as an economic activity. Some
landless families who were earlier working as
bonded labourers have now been able to
produce their own harvest through this
community farming initiative (Gupta and
Parida, 2017).

7.

CONCLUSION
In many countries all over the world, group
farming found an area to implement in
agriculture. The difference between individual
and group farming is to be at least two farmers
in a group. The most important reason for group
farming is to increase income by using the
economy of scale. Hence, group farming should
be introduced wherever possible. Efforts of
improving the quality of life of small farmers in
India need to be directed towards increasing the
productivity of the smallholder. By pooling their
smallholdings,
farmers
increase
their
productivity through use of improved
techniques of cultivation.
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SUGGESTIONS:
1.
2.

3.
4.
5.

Govt. of India should reform regulations in
cooperative legislation for encouraging
group farming.
The extension personnel of KVKs should
conduct extension services for the farmers
on the topics such as group farming or
agricultural cooperative.
A leader from the rural areas should
encourage others regarding group farming.
Group farming should cover plant and
animal production, as well as the post
harvest management.
In order to make group farming a success,
greater efforts should be made to reduce the
cost of cultivation and raise profitability.
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Farmers should come together to help
themselves. Bringing together small
farmers in clusters and developing groups,
will help them to identify common needs,
opportunities and potential in them.
Adoption of irrigation systems like drip and
sprinkler in cluster will increase water use
efficiency
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18. AGRICULTURAL SCIENCES

Crop Residue Management in Punjab: Serious Issue
Shabnam1*, Gazala Nazir1 and Hari Mohan Meena2
1Ph.D.

Scholar Department of Soil Science CSKHPKV, Palampur, Himachal Pradesh,2 Ph.D. Scholar
Department of Soil Science, UAS Bangalore,

providing subsidy to the farmers to promote the
use of equipments which help in checking the
burning of crop residues, like rotavators, happy
seeders, zero–till-drills and straw reapers.
While on the one hand, there is an urgent need
to revitalize the research in agriculture and
related activities, on the other hand, to tackle
the problem of soil degradation and water
depletion, a dedicated programme for
promoting resource conservation technologies,
such as zero tillage, deep ploughing, raised bed
planting, laser land leveling etc., should be
promoted. An eco friendly technology will be
beneficial to the farmer community and the
state by providing them a tool for improving soil
health and environment for sustainable
agriculture. Delhi has registered its worst air
quality in recent times. Pollution in different
parts of the capital has touched hazardous levels
with potentially serious health effects. It is often
pointed out that paddy stubble burning in
neighbouring Haryana and Punjab is a major
reason for affecting air quality in Delhi during
the onset of winter. Stubble burning is a
common practice followed by farmers in these
states to prepare the field for sowing of wheat in
November as there is little time left between the
harvesting of paddy and sowing of wheat. Since
this practice is followed every year despite some
efforts by the State governments to prevent it,
the problem of air quality getting affected in
Delhi during October-November will recur.
Therefore, it is important to diagnose and
address the fundamental problems that force
the farmers to burn the paddy straw on the field
and not utilise it for any productive purpose. It
may appear that paddy straw has no economic
value for farmers in these states.

Crop residue management is one of the serious
issues. Because crop residues’ burning is one
among the many sources of air pollution.
Burning of farm waste causes severe pollution of
land, air and water on local as well as regional
scale. This also adversely affects the nutrient
budget in the soil. Crop residues’ carbon,
nitrogen and sulphur are completely burnt and
lost to the atmosphere in the process of burning.
It results in the emission of smoke which if
added to the gases present in the air like
methane, nitrous oxide and ammonia, can cause
severe atmospheric pollution. These gaseous
emissions can result in health risk, aggravating
asthma, chronic bronchitis and decrease lung
function. Burning of crop residue also
contributes indirectly to the increased ozone
pollution. It has adverse consequences on the
quality of soil. When the crop residue is burnt
the existing minerals present in the soil get
destroyed which adversely hampers the
cultivation of the next crop. The on field impact
of burning includes removal of a large portion of
the organic material. The off field impacts are
related to human health due to general air
quality degradation resulting in aggravation of
respiratory (like cough, asthma, bronchitis), eye
and skin diseases. The black soot generated
during burning also results in poor visibility
which could lead to increased road side
incidences of accident. Punjab Government, and
its various departments and other institutions
like Punjab Agricultural University, Punjab
Farmers Commission are all making efforts to
devise some alternate economic uses of rice
stubble. These include the stubble treated with
urea as a fodder for animals, its use in
biothermal
energy
production,
paper
manufacturing, mushroom cultivation, bedding
for animals, etc. Punjab government is also
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Why are farmers burning crop residues?
Shorter cropping cycles: Multiple cropping
and shortened intervals between crops give a
very short window of about 10–15 days during
which the field needs to be prepared for the next
crop. This does not give enough time for farmers
to allow straw to be incorporated in the soil or
use other methods of disposal. In Punjab, this
interval is further shortened by the rules, which
delays the sowing of paddy till after the onset of
rains to minimize dependence on groundwater
for irrigation.
Increased
mechanization
of
harvesting: The use of mechanized harvesters
leaves stubble of 10–30 cm in the field,
depending on the type of crop, which was not
the case earlier with manual harvesting. It is too
expensive to hire labour to clear this stubble.
Labour shortage: Use of expensive
labour for stubble extraction is not feasible.
Costs are especially high in Punjab and
Haryana, where farm sizes are large and use of
mechanized harvesters is common. Burning of
residues is a cheaper and easier option.
No market for crop residue: The local
economy cannot absorb straw any more for
roofing of houses etc., as it did earlier. The low
commercial and economic value of crop residue,
coupled with the high costs of processing,
reduces its value for farmers. Although the
quantities of residue produced are equivalent to
the total crop output, this entire volume of
residue has little or no economic value. But it
can be raw material for a variety of products
that have not been adequately explored yet.














Residue problem mitigation strategies


Use of efficient agro-technologies for crop
residue recycling in machine harvested
areas as an alternative to burning. There are

some equipments: (i) Happy Seeder
Machine for planting in standing paddy
stubbles; (ii) Tractor Operated Paddy Straw
Chopper; (iii) Straw Collector and Baler;
(iv) Residue Incorporation in Soil; (v)
Compositing Techniques using Paddy
Straw.
Punjab state farmers’ commission has
approved some effective steps to reduce
area under paddy without decreasing the
income of the farmers; the commission has
initiated the following programmes:
Commercial dairy farming and increasing
the area under fodder, production of
vegetables under net house technology,
encouraging cultivation of hybrid maize in
kharif season, introduction of new high
value crops such as banana cultivation in
the state.
The Department of rural development and
panchyats is popularizing technologies
proposed by Department of Agriculture and
PEDA and is facilitating provision of
panchayati land for setting up of Biomass
based power plants in the state.
Agriculture diversification. Farmers’ should
move away from rice-wheat rotations and
adopt some new vegetable or fruit based
cropping systems.
Promotions of zero tillage.
Management of agricultural waste and use
of rice residue as fodder for animals and for
bio thermal plants for energy generation.
Use of crop residue for mushroom
cultivation.
Use of rice residue for paper as well as
biogas production.

19. PLANT PATHOLOGY

A Common Disease: Powdery Mildew of Pea
Tushar Mishra
Krishi Vigyan Kendra, Gariyaband, (C.G)

Introduction

having growing season of at least five months
duration. Pea occupies a position of
considerable importance because of its
palatability in the form of vegetable curry along

Pea (Pisum sativum L.) is an important pulse as
well as vegetable crop (Trebuchet et al., 1953)
VOLUME NO. 14, ISSUE NO.12
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The Erysiphales cause a group of plant diseases
commonly known as powdery mildews, socalled due to the enormous number of conidia
produced on the surface of the host. The sexual
stage of fungi in this order is a closed fruiting
body called a cleistothecium. An obligate
parasite, its development depends on the
photosynthetic status of the host; this pathogen
cannot develop on photosynthetically inactive
tissues.
Infection of field peas by powdery mildew
(Erysiphe pisi) reduces transpiration and
initially increases the water potential and
relative water content of tissues. The pathogen
flourishes with dewy nights and warm days with
the optimum temperature for conidial
germination being 20o C (Fallon and ViljanenRallinson 2001). Rainfall dose not favour the
disease as it washes the conidiospores off the
plants. The disease is most destructive in late
sown crops or late maturing cultivars.
This disease usually appear late in the
season, reaching maximum intensity during the
pod formation stage. The primary sign of
powdery mildew is grayish white, powdery
blotches on leaves. Usually, powdery fungal
growth appears first on the upper leaf surface.
Eventually the entire leaf may become covered
with mildew. Powdery mildew fungi also can
infect other parts of the plant and may cause
distortion and stunting of shoots, leaves and
flowers, and russeting on fruit. In a crop badly
affected by powdery mildew, the reduction in
number of pod plant-1 is estimated to be 28.6%
(Rathi and Tripathi, 1994). The disease also
reduces quality of harvested green pea crops,
adversely affecting tenderometer values, flavour
and appearance of peas for canning or freezing.

with other vegetables and also widely used as
pulses in daily diet. It contains a high percent of
digestible protein (7.2g/100g) of edible portion
and good content of vitamins, like vitamins A
(139 IU), vitamins B (0.25mg/100g) and
vitamins C (9mg/100gm). It is also very rich in
minerals like phosphorus (139mg/100g),
magnesium
(34mg/100gm)
and
Iron
(1.5mg/100gm). It is an excellent food source
used either as a vegetable or soup or canned,
frozen or dehydrated and pea straw is a
nutritious fodder (Aykroyd, 1963). The
vegetable pea belongs to the family (Fabaceae)
Leguminosae. “Pisum sativum L.” sub species
“Hortense” originated from common field pea.
Pisum sativum sub species “arvense” is
considered to be native of Ethiopia, the
Mediterranean and Central Asia. It has
chromosome number 2n=14.
Pea represents a wide range of agricultural
and horticultural uses. In India, it is cultivated
for dry seeds as well as for green pods as
vegetables, mainly in northern parts. Vegetative
parts of garden pea are utilized as green fodder
and haulm of field pea are used as dry fodder.
Pea plants have tremendous ability to fix
atmospheric nitrogen through symbiosis. Its
inclusion in crop rotation increases profitability
by eliminating the need for nitrogen fertilizer
for the pea crop. Field pea contains 5 to 20
percent less of the trypsin inhibitors than
soybean; this allows it to be directly fed to
livestock without having to go through the
extrusion heating process.

Symptoms, Infection and Disease perpetuations
The crop is vulnerable to a large number of
diseases, such as powdery mildew (Erysiphe
pisi), Ascochyta blight (Ascochyta spp.),
bacterial blight (Pseudomonas syringae pv.
syringae), white rot (Sclerotinia sclerotiorum)
and pea rust (Uromyces pisi). Of these, Powdery
mildew posses a continuous threat to its
successful cultivation in crop growing areas of
the Chhattisgarh state. Powdery mildew was
reported for the first time in 1767 by Linnaeus
and used binomial Mucor erysiphe to a shile
fungus on the leaves of Humulus, Acer,
Lamium, Galeopsidis and Lithospermum. The
powdery mildew fungi belong to the order
Erysiphales and to its single family
Erysiphaceae and sub division Ascomycotina.
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Management
The disease has been reported to be managed by
fungicide application. To manage the disease
without spray chemicals, varieties have been
evaluated against powdery mildew disease.

Growing of Resistant Variety
Growing a resistant variety is the most effective
means of controlling powdery mildew. Variety
like Rachana, Subhra, Ambika-1 and Paras-1 can
be grown to over come against disease.
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Seed Treatment
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Seed treatments can be beneficial and 2gm/kg
Carbendazim has been recommended at sowing
time for effective control of powdery mildew
where it is frequently occurs.

Fungicides Spray
Most damaging stage of powdery mildew is at
pod formation so two spray of fungicide prior to
disease development at 15 days interval is
required. Spray Tridemorph @ 1ml/water or
Triadimefon @ 2ml/water for effective control.

References
Aykroyd, W. R. 1963. Indian Council of Medical

20. MANAGEMENT

Psychological Contract in Business Corporations
P. K. Madhooha
Student, Department of Business Management, The Hindu College-MBA, Machilipatnam, A.P

Introduction

corporation to recognize him for fulfilling his
additional duties.

Psychological contract refers to a tacit
agreement between workforce and corporation
for correlative advantage. According to
Rousseau, “The psychological contract is
individual beliefs, shaped by the organization,
regarding terms of an exchange agreement
between individuals and their organization.”
The individual beliefs here are the discrete
commitments which are expected to be fulfilled.
The psychological contract varies with various
circumstances so as how the individual
intervention varies. The individual beliefs and
their fulfillments must harmonize with each
other for constructive results. If they fail to
harmonize, they break up untimely.
The psychological contract gets developed
when an individual’s expectations are fulfilled
by the corporation and in turn the individual
shows his consistency, fidelity and dedication
towards corporation. If the corporation is able
to meet the expectations of the workforce like
flexibility while working, providing some
autonomy, providing opportunities for personal
growth and so on the individuals develop
psychological contract with the corporation. For
example the corporation may expect the
employee to work for additional hours when
needed and the employee may expect the
VOLUME NO. 14, ISSUE NO.12

Types of Psychological Contract
1.

2.

3.

39

Transactional Psychological Contract: It
concentrates on definite components of the
agreement without considering the built-in
qualities of workforce. This contract is
found very often in the corporations with
magisterial style of management and
control. These transactional psychological
contracts are connected to career
development, change management etc.
They are only for short term.
Few of the experts consider McGregor's
Theory X to be closely connected to
transactional
superior-subordinate
relationship and magisterial management
which are confined to transactional
psychological contract that make the
employees work for external reasons and
sustain the stature.
Relational Psychological Contract: It
concentrates on the association of
corporation and extent of social concerns
during
negotiation.
The
relational
psychological contracts are found to be
related with faith and change acceptance.
They are for long term.
September, 2018
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4.

Few experts consider McGregor's Theory Y
is related to employee involvement that
focuses
on
supervision
and
has
correspondence
with
relational
psychological contracts in their regular
focus on commitment and inference in the
built-in morals of employees to work for
something more than fiscal reasons.

6.

7.

Benefits of Psychological Contract










8.

It enhances commitment
It strengthens reliability
It builds up consistency
It improves positive attitude
It enriches fidelity
It boosts adherences
It bridges the gap between present and
future
It effectively manages the variability
It increases quality of work

Conclusion
The mutual expectations between the
corporation-workforce should be considered
and accepted for effectively achieving
psychological contract. The employee and
employer
should
strive
to
strengthen
psychological
contract
by
maintaining
reciprocity, balancing mutual obligations and
considering individual beliefs.

Suggestions
As the psychological contract has got above
mentioned benefits, in order to strengthen the
psychological contract between the workforce
and corporation some suggestions are given
below:
1. First impression is the best impression. So
whenever the new employees enter the
corporation, the corporation should receive
the employees in most pleasant way so that
a strong psychological contract will be
developed between the workforce and
corporation.
2. Employers must be good counselors for the
employees, so that they will be able to
rectify the personal and emotional
problems, thus developing the psychological
contract.
3. Corporation
should
encourage
the
employees to pursue, plan and develop their
careers
and
that
further
builds
psychological contract between two parties.
4. The corporation has to provide recreation
facilities to the workforce by organizing the
get-togethers, regular adventure trips,
sports events and many other out-of-box
activities which increases psychological
contract.
5. Corporations must provide congenial
environment to workforce in order to fulfill
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the organizational expectations.
The workforce should be in a position to
accept the organizational change, which in
turn results in psychological contract
between the workforce and corporation.
The employees must be punctual and
sincere
in
accomplishing
their
organizational objectives which builds
psychological contract.
Knowing the self and knowing others in
terms
of
personality
traits
and
characteristics can improve psychological
contract between two parties.
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21. AGRICULTURAL ECONOMICS

National Food Security Act 2013 (NFSA):
Objectives and Importance
Arsha Balakrishnan
Dairy Economics, Statistics & Management Division, ICAR-NDRI, Karnal, Haryana

Introduction

coarse grains for a period of three years
from the date of commencement of the Act.
Thereafter prices will be suitably linked to
Minimum Support Price (MSP).
4. Identification of Eligible Households:
The work of identification of eligible
households is to be done by States/UTs,
within
the
coverage
under
TPDS
determined for each State.
5. Nutritional Support to women and
children: Pregnant women and lactating
mothers and children in the age group of 6
months to 14 years will be entitled to meals
as per the prescribed nutritional standards
under Integrated Child Development
Services (ICDS) and Mid-Day Meal (MDM)
schemes. Higher nutritional norms have
been prescribed for malnourished children
up to 6 years of age.
6. Maternity Benefit: Pregnant women and
lactating mothers will also be entitled to
receive maternity benefit of not less than
Rs. 6,000.
7. Women Empowerment: The eldest
woman who is not less than eighteen years
of age, in every eligible household, to be the
head of the household for the purpose of
issue of ration cards.
8. Grievance Redressal Mechanism: The
Act contains provisions for setting up of
grievance redressal mechanism at the
District and State levels.
9. Cost of intra-State transportation &
handling of food grains and FPS
Dealers' margin: Central Government
will provide assistance to States in meeting
the expenditure incurred by them on
transportation of food grains within the
State, its handling and FPS dealers’ margin
as per norms to be devised for this purpose.
10. Transparency and Accountability:
Provisions have been made for disclosure of

National Food Security Act, 2013 is an act of the
Parliament of India, which was enacted with the
objective of removing hunger and malnutrition
from the country, by providing subsidised food
grains to two-thirds of the population. The Act
provides for coverage of up to 75% of the rural
population and 50% of the urban population for
receiving subsidized food grains under Targeted
Public
Distribution
System
(TPDS).
Entitlements under NFSA includes highly
subsidized
food
grains
under
Public
Distribution System, free nutritious meal to
pregnant women & lactating mothers and
children up to 6 years of age under ICDS, free
nutritious meal to children in the age group 6-14
years under Midday Meal Scheme and
maternity benefits of Rs. 6000 to pregnant
women & lactating mothers.

Salient features of the Act
1.

2.

3.

Coverage and entitlement under
Targeted Public Distribution System
(TPDS): Up to 75% of the rural population
and 50% of the urban population will be
covered under TPDS, with uniform
entitlement of 5 kg per person per month.
Antyodaya Anna Yojana (AAY) households
will be eligible to get 35 kg of food grains
per household per month.
State-wise coverage: State-wise coverage
will be determined by the Central
Government.
The
then
Planning
Commission (now NITI Aayog) has
determined the State-wise coverage by
using the NSS Household Consumption
Survey data for 2011-12.
Subsidised prices under TPDS and
their revision: Food grains under TPDS
will be made available at subsidised prices
of Rs. 3/2/1 per kg for rice, wheat and
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the act, such as maternity benefits and
children’s entitlements to nutritious food, can
also help to reduce under nutrition prevalent in
the rural areas of the country.

records relating to PDS, social audits and
setting up of Vigilance Committees in order
to ensure transparency and accountability.
11. Food Security Allowance: Provision for
food security allowance to entitled persons
in case of non-supply of entitled food grains
or meals.
12. Penalty: Provision for penalty on public
servant or authority, to be imposed by the
State Food Commission, in case of failure to
comply with the relief recommended by the
District Grievance Redressal Officer.

Conclusion
National Food Security Act, 2013 is a significant
step towards achieving food security as well as
dietary diversity in the country. The act gives a
legal character to per person entitlement. In the
case of non-supply of the entitlement, the
beneficiary is eligible to get food security
allowance. The act provides a fresh opportunity
to reform and strengthen the Targeted Public
Distribution System (TPDS), which has been an
integral component of India's strategy to
achieve food security at the national level.
Providing food security to all can be a step
forward towards inclusive growth.

Objectives and Importance of the Act
The objective of the National Food Security Act,
2013 is to provide for food and nutritional
security, by ensuring access to adequate
quantity of quality food at affordable prices to
people to live a life with dignity. The intent of
the National Food Security Bill is spelled out in
the Lok Sabha committee report, The National
Food Security Bill, 2011, Twenty Seventh
Report, which states, "Food security means
availability of sufficient food grains to meet the
domestic demand as well as access, at the
individual level, to adequate quantities of food
at affordable prices." The report adds, "The
proposed legislation marks a paradigm shift in
addressing the problem of food security – from
the current welfare approach to a right based
approach. Under this Act about two thirds
(approx. 67%) of the population will be entitled
to receive subsidized food grains under Targeted
Public Distribution System (TPDS).
It is anticipated that the act will be having
positive impacts on the rural and urban
economy. It can bring some security to poor
people, including small and marginal farmers
who are extremely vulnerable to crop failures,
illness and other contingencies. Some aspects of

References
Department of Food and Public Distribution
(2017). National Food Security Act 2013 and
Reforms in Public Distribution System.
Retrieved
from
http://niti.gov.in/writereaddata/files/Nilambuj
-Final%20Presentation.pdf
National Food Security Act 2013 and Reforms in
Public Distribution System. (2017, April 13).
Retrieved
from
http://niti.gov.in/writereaddata/files/Nilambuj
-Final%20Presentation.pdf
Standing Committee on Food, Consumer Affairs
and Public Distribution (2012-13), Fifteenth Lok
Sabha, Ministry of Consumer Affairs, Food and
Public Distribution (Department Of Food and
Public Distribution). "The National Food
Security Bill, 2011, Twenty Seventh Report
http://dfpd.nic.in, accessed on 25.02.2018
https://www.india.gov.in, accessed on 25.02.2018

22. AGRICULTURAL ENTOMOLOGY

Climate Change Impact on Insect Pests
Srinivasa N, Niranjana G. N and Namitapoddar
biotic processes, variations in solar radiation
received by Earth, plate tectonics, and volcanic
eruptions. Certain human activities have also
been identified as significant causes of recent
climate change, often referred to as global

Climate change may refer to a change in average
weather conditions, or in the time variation of
weather around longer-term average conditions
(i.e., more or fewer extreme weather events).
Climate change is caused by factors such as
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Expression of host-plant resistance to insect

warming. Global climate change, the current
burning issue around the globe, poses multitude
of threats to biodiversity, and human life and
livelihood. According to projections, the earth
temperature has already increased by 0.74°C
between 1906 and 2005 and carbon dioxide is
expected to increase up to 445-640 ppm by
2050 due to increase in anthropogenic
emissions of greenhouse gases. There is now
clear evidence for an observed increase in global
average temperatures and change in rainfall
during the 20th century (IPCC, 2007).
Global warming and changes in climate
willleads to











Global warming may result on breakdown of
host plant resistance to certain insect pests.
Sorghum varieties exhibiting resistance to
sorghum midge, Stenodiplosissorghicola (Coq.)
In India become susceptible to this pest under
high humidity and moderate temperatures.

Reduced effectiveness of crop protection
techniques
Natural plant products, entomopathogenic
viruses, fungi, bacteria, and nematodes, and
synthetic pesticides are highly sensitive to the
environment. Increase in temperatures and UV
radiation, and a decrease in relative humidity
may render many of these control tactics to be
less effective, and such an effect will be more
pronounced on natural plant products and the
biopesticides. Rapid dissipation of insecticide
residues due to increases in temperature and
precipitation will require more frequent
application of insecticides

changes in activity, diversity, and
abundance of insect pests
changes in geographical distribution of
insect pests
changes in overwintering, development and
population dynamics
changes in expression of host-plant
resistance to insect
more Pest outbreaks and pest invasion
Asynchrony between plants and insect
pollinators
Changes in insect – host plant interactions,
Impact on arthropod diversity and
extinction of some species,
Introduction of alternative hosts as green
bridges, and
Reduced effectiveness of crop protection
strategies

Changes in the effectiveness of transgenic crops
for pest management
Environmental factors such as soil moisture,
soil fertility, and temperature have strong
influence on the expression of Bacillus
thuringiensis (Bt) toxin proteins deployed in
transgenic
plants.
Cotton
bollworm,
Heliothisvirescens (F.) destroyed Bt-transgenic
cottons due to high temperatures in Texas, USA
(Kaiser, 1996). Cry1Ac levels in transgenic
plants decrease with the plant age, resulting in
greater susceptibility of the crop to insect pests
during the later stages of crop growth (Kranthiet
al,. 2005). Possible causes for the failure of
insect control in transgenic crops may be due to
inadequate production of the toxin protein,
effect of environment on transgene expression,
Bt-resistant
insect
populations,
and
development of resistance due to inadequate
management (Sharma and Ortiz 2000). It is
therefore important to understand the effects of
climate change on the efficacy of transgenic
plants for pest management. (Sharma H.C.
2010)

Changes in insect – host plant interactions,
Global warming will lead to earlier infestation
by Heliothiszea in North America, and
Helicoverpaarmigera (Hub.) in North India,
resulting in increased crop loss.

Changes in geographical distribution of insect
pests
Populations of the corn earworm H. zea
(Boddie) in the North America might move to
higher latitudes/altitudes, leading to greater
damage in maize and other crops. The cotton
bollworm,
Helicoverpaarmigeraand
Marucavitratawill move to temperate regions
in northern Europe. H. armigerahas already
reached Brazil as an invasive pest, and is likely
to move to North America.
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Effect of global warming on the activity and
abundance of natural enemies
Relationships between insect pests and their
natural enemies will change as a result of global
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warming, resulting in both increases and
decreases in the status of individual pest
species. Aphid abundance increases with an
increase in CO2 and temperature, however, the
parasitism rates remain unchanged in elevated
CO2. Temperatures up to 25°C will enhance the
control of aphids by coccinellids (Freier and
Triltsch 1996). Better understanding is needed
to reduce the adverse effect of global warming
on natural enemies
But main effects of climate change is due to
increased temperature and co2

change,

global
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Effect of elevated temperature
Increase the fecundity of insects, decrease the
rate of developmental period, extinction of frost
sensitive insects, altering timing of emergence,
reducing overwintering mortality, northward
shift of insect pests, altering geographic
distribution, reduced voltinism (beneficial to
multivoltine insects) and so forth

Effect of elevated CO2
Changes in atmospheric CO2 affect not only the
plant quality but also the herbivore
performance. The C:N ratio of the plant foliage
generally increases when plants are grown in
elevated CO2 than in ambient. As a result, insect
larvae increase leaf consumption and their
sucking rates under elevated CO2 to compensate
for lower nitrogen in plant foliage (Rao et al.,
2009). Increased CO2 may also cause a slight
decrease in nitrogen-based defenses (e.g.,
alkaloids) and a slight increase in carbon-based
defenses (e.g., tannins)
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Eco Friendly-Biodegradable Polymers for
Food Packaging
Vittal Kamble1, Deepa Terdal2and Lakshmi H.R.3
Plant Head, Manvi Beverages, Horticultural Produce Processing Centre, UHS, Bagalkot, Karnataka.

last decades. These artificial macromolecular
substances are usually originating from
petroleum and most of the conventional ones
are regarded as non-degradable. The primary
factors
driving
development
of
the
biodegradable packaging market include the
increase in crude oil prices, which has narrowed
the price differential; consumer demand; the

Introduction: The word polymer is derived
from ancient Greek word Polus means “many or
much” and Meros, meaning “parts”. It refers to
a molecule whose structure is composed of
multiple repeating units. The term polymer was
coined in 1833 by Jans Jacob Berzelius.
Synthetic polymer materials have been widely
used in every field of human activity during the
September, 2018
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TABLE 1. Properties of some biodegradable plastics

proliferation
of
convenience
packaging;
development of new applications for bioplastics; increased economic viability as
production ramps up and unit costs decrease,
and
development
of
the
composting
infrastructure for optimal disposal of bio-plastic
products. Consumer demand for products that
are environmentally friendly, safer and
nontoxic, as well as, a currently favourable
economic scenario leads to the conclusion that
biodegradable packaging products will become
increasingly popular.(Pawar and Purwar., 2013)

Properties of biodegradable plastics
Material
Starch/
PVOH

Film
Moisture Oxygen Mechanical
preparation barrier
Barrier properties
Extrusion

Cost
($/kg)

-

+

+

3-7

PHB/V

Extrusion

+

+

+/-

7-13

PLA

Extrusion

+/-

-

+

2-11

PVOH - Poly Vinyl Alcohol
PHB/V - Poly Hydroxy Butyrate/valerate
PLA - Poly Lactic Acid

Features of biodegradable polymers


Biodegradable plastics take less time
to break down: Biodegradable packaging
and biodegradable bags take much less time
to break down after being discarded, if they
haven’t been recycled, of course. What this
means is that it gets absorbed in the earth,
and there will no longer be tons of plastic
dominating our landfills.
 Biodegradable
plastics
are
renewable: Biodegradable plastics are
made from biomass, which is a completely
renewable resource. It is an organic
compound, which breaks down. There is
plenty of it around the globe. Biomass
includes trees, plants, grass, and all organic
materials that decompose.
 Biodegradable plastics are good for
the environment: Biodegradable plastics
are much better for the environment,
because there is no harm done to the earth
when recovering fossil fuels. Also, in this
process there are very few greenhouse gas
and harmful carbon emissions.
 Biodegradable plastics are easier to recycle:
Biodegradable plastics are created from
materials that are fully biodegradable. This
means that they can break down much
faster and recycling them takes less energy.
Biodegradable plastics can be reused more
efficiently, which gives them a clear
advantage.
Biodegradable plastics are not toxic:
Traditional plastics are full of harmful byproducts and chemicals, which are released
during their breakdown process. Biodegradable
plastics are completely safe and do not have any
chemicals or toxins. This plastic harmlessly
breaks down and gets absorbed into the earth.

FIG 1. Structure of Polymers

Polymer materials are solid, non-metallic
compounds of high molecular weights (Callister
1999). They are comprised of repeating
macromolecules,
and
have
varying
characteristics
depending
upon
their
composition. A variety of materials (both
renewable and non-renewable) are employed as
feedstock
sources
for
modern
plastic
materials.Plastics that are formed from nonrenewable feedstocks are generally petroleum
based, and reinforced by glass or carbon fibers
(Williams et al., 2000).

Fig 2. Structure of Biopolymers

Biopolymers are polymers that are
generated from renewable natural sources, are
often biodegradable, and not toxic to produce.
They can be produced by biological systems (i.e.
micro-organisms, plants and animals), or
chemically synthesized from biological starting
materials (e.g. sugars, starch, natural fats or
oils, etc.). Biopolymers are an alternative to
petroleum-based polymers (traditional plastics.
VOLUME NO. 14, ISSUE NO.12
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Table 2. Application and combination of biopolymer with
coating for fresh-cut fruits and vegetables packaging.
Property
of
materials
PolyesterGood gas
basebiodegrada barrier
ble film
properties
PolyesterHigh gas
based
barrier
biodegradable
Biodegradable High
co-extruded
permeabil
polyesters
ity to
water
vapour

Food product Bio packaging

Main results

Iceberg
lettuce

Shelf-life
extension

Table grape
(Vitisvinifera)
Zucchini
(Cucurbitape
po)

alternative to the conventional polymers for
packaging of fresh-cut produce, and they can
offer essential contribution to the reduction of
environmental pollution. Biopolymers with high
barrier properties can be widely applied for food
packaging, providing individual approach for
each specific instance. In order to ensure the
highest standards of product quality; packaging
film is the basis for the development of
appropriate storage conditions.

Good
microbiologi
cal stability
High
percentage
of weight
loss
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Conclusion
Food stuffs are dynamic systems with a limited
shelf-life in terms of packaging. Biodegradable
packaging materials can be a successful
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Application of Genetic Engineering in
Insect Pathogens
M. Jahnavi*
1Department of Entomology, KrishiVigyan Kendra, Angrau, Darsi, Andhra Pradesh

INTRODUCTION

are readily washed off the foliage by rain. Viral
products are expensive to produce since current
methods require propagation in living insect
larvae. Fungi are very intolerant of low humidity
conditions or high temperature, and thus are
generally used only in greenhouses or in cool
climates.

Insect pathogens have demonstrated to be
environmentally
safe
and
economical
alternative for the control of wide range of
arthropod pests. But at present, less than 1% of
the insecticides used worldwide for pest control
are based on insect pathogensThose used most
widely are subspecies of the bacterium, Bt which
constitute approxiamately 80% of the pathogens
used as insecticides.

Advent of genetic Engineering
The virulence and pathogenicity of pathogen is
determined by the microbial genome as a result
of coordinated expression of a concert of genes.
The acquisition of these domains or
pathogenicity islands, may be sufficient to
develop a transgenic virulent pathogen. The
advent of recombinant DNA techniques - in
essence, genetic engineering - has provided a
myriad of opportunities to enhance the efficacy
and thus cost- effectiveness of the insect
pathogens as their control agents.

Limitations
Although all of these products are effective
when used properly, they have distinct
drawbacks which limit user acceptability. The
bacterial and viral agents must be ingested to be
active, and their killing action, especially the
viruses, is slower than conventional chemical
insecticides. These agents are also subject to
rapid inactivation by exposure to sunlight and
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Genetic engineering strategies
1.
2.

from maize to AcMNPV. When the larvae of
Trichoplusianiwere injected with this virus, all
died by 60h post injection.
Fungi: A hybrid chitinase containing the
chitin binding domain from the silkworm
Bombyxmorichitinase fused to the
B.
bassianachitinase showed the greatest ability to
bind to chitin.
Constitutive expression of this hybrid
chitinase gene by B. bassiana reduced time to
death of insects by 23% compared to the wildtype fungus.
Benomyl
resistant
gene:
Paecilomyceslilacinus, P. fumosoroseushave
been transformed using a benomyl resistant btublin gene from Neurosporacrassa. Bernier
introduced benomyl resistant gene (Beta
tubulin) from Neurosporacrassainto M.
anisopliae.

Genetic engineering of baculovirus to
optimize speed of kill
Genetic engineering for increased virulence
and modify host range

Genetic engineering of baculovirus to
optimize speed of kill
Gene deletion: EGT gene (Auxillary gene),
Ecdysteriod UDP-glucosyltransferase (EGT),
renders the ecdysteriodsinactive, blocks molting
of the host insect, thereby prolonging the
actively feeding larval stage. Deletion of egt
from the Autographacalifornica multiple
nucleopolyhedrovirus
(AcMNPV)
genome
resulted in more rapid death and an
approximately 40% reduction in feeding
damage caused by infected larvae of
Trichoplusianiand
Spodopterafrugiperdacompared
to
those
infected with type AcMNPV.
Gene insertion: Insertion of a gene
encoding a toxin, hormone or enzyme into the
baculovirus genome. Several recombinant
baculoviruses have been constructed for
overexpression of the hosts insects own
hormones or enzymes such as diuretic hormone,
eclosion
hormone,
prothoracicotrophic
hormone and juvenile hormone esterase.
Diuretic hormone gene: Insertion of
diuretic hormone gene from Manducasexta
resulted in 20% increase in the insecticidal
activity of a recombinant Bombyxmori NPV.
Straw itch type mite toxin: A gene was
cloned fromPymotestriticiwhich coded for the
TXP-1 neurotoxin. Subsequently, they inserted
the gene into a recombinant isolate of AcMNPV.
The time to death or paralysis in
Trichoplusianiwas 40% faster than with wild
type virus.
Scorpion toxin: The insect selective toxin
(LqhIT2) from yellow Israeli scorpion
Leiurusquinquestriatuswas inserted in HzSNPV
for the control of Helicoverpazea. The toxin
from scorpion Androctonusaustralis was
inserted in AcMNPV for the control of
Helicoverpazea.
Flesh flies: Expression of Cathepsin L
protease from flesh flies resulted in significant
decrease in the survival time in the larvae of
Autographacalifornicainfected with AcMNPV.
URF 13 gene: A toxin was inserted URF13
VOLUME NO. 14, ISSUE NO.12

Genetic Engineering for Increased
Virulence
Enhancin is a metalloprotease commonly
expressed by baculoviruses that degrades insect
intestinal mucin in the peritrophic membrane.
Insertion of the enhancin gene derived from
Trichoplusiani GV enhanced AcMNPV virulence
by 2 to 14-fold in various insect species.
Conversely, deletion of two enhancin genes from
Lymantriadispar MNPV reduced viral potency
12-fold compared to wild type virus. AcMNPV
expressing an algal virus pyrimidine dimerspecific glycosylase, cv-PDG, is less susceptible
to UV inactivation, significantly increased the
virulence to kill S. frugiperda larvae bu16-fold.
Bacteria: Bacillus thuringiensis (Bt) has
been the most successful commercial microbial
insecticide and also has been the subject of the
overwhelming majority of genetic engineering
studies to improve efficacy.
The immediate challenge for genetic
engineering of bacteria is to increase the
potency of the toxin(s), broaden the activity
spectrum, improve the persistence under field
conditions, and reduce the production costs.
ThecryIAc gene from Bacillus thuringiensis was
integrated into Pseudomonas fluorescens P3031 by electroporation and the engineered bacteria
were highly insecticidal to cotton bollworm, H.
armigera. A toxin gene from B. thuringiensis
subsp. israelensis inserted into Bradyrhizobium
species that fix nitrogen in nodules of
pigeonpea. Experiments in a greenhouse
47
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indicated that this provided protection against
root
nodule
damage
by
larvae
of
RivelliaangulataNambiar.
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Our Ancestral Foods: The Millets
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such as beta carotene in pharmaceutical pills
and capsules, millet offer it in abundant
quantities. The much privileged rice, ironically,
has zero quantity of this precious micronutrient.
In this fashion, nutrient to nutrient, every
single millet is extraordinarily superior to rice
and wheat and therefore is the solution for the
malnutrition that affects a vast majority of the
Indian population.

In India, out of the total net sown area of 141 M
ha, rainfed area accounts for 85 M ha spread
over
177
districts.
This
constitutes
approximately 60 percent of the total farming
area in the country. Rainfed agricu lture
contributes 44 % of the total food grain
production of the country and produces 75 % of
the pulses and more than 90 % of sorghum,
millet and groundnut from arid and semiarid
regions. Even after half a century of neglect, the
rainfed regions provide livelihood to nearly 50
% of the total rural workforce and sustain 60 %
of cattle production of the country.
Millets are astonishing low water
consuming crops. The rainfall needed for
sorghum, pearl millet and finger millet is less
than 25 % of sugarcane and banana, and 30 %
that of rice. We use 4000 litres of water to grow
ne kg of rice while all millet grow without
irrigation. This can turn out to be tremendous
national gain especially in the ensuing decades
of climate crisis. In future, where water and food
crisis stares us in the face, millet can become the
food of security.

Nutrient contents of few major crops
Crop
Pearl
millet
Finger
millet
Foxtail
millet
Proso
millet
Kodo
millet
Little
millet
Barnyard
millet
Rice
Wheat

Millets are store-houses of nutrition
By any nutritional parameter, millet are miles
ahead of rice and wheat in terms of their
mineral content, compared to rice and wheat.
Each one of the millets has more fibre than rice
and wheat. Some as much as fifty times that of
rice. Finger millet has thirty times more calcium
than rice while every other millet has at least
twice the amount of calcium compared to rice.
In their iron content, foxtail millet and little
millet are so rich that rice is nowhere in the
race. While most of us seek a micronutrient
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Protein
(g)
10.6

Nutrient content
Fibre Minerals Iron
(g)
(g)
(mg)
1.3
2.3
16.9

Calcium
(mg)
38

7.3

3.6

2.7

3.9

344

12.3

8.0

3.3

2.8

31

12.5

2.2

1.9

0.8

14

8.3

9.0

2.6

0.5

27

7.7

7.6

1.5

9.3

17

11.2

10.1

4.4

15.2

11

6.8
11.8

0.2
1.2

0.6
1.5

0.7
5.3

10
41

Millets grow on the poorest of soils
Most millet can be grown on low fertile soils,
some in acidic soils, and some in saline soils.
Millets such as pearl millet can also be grown on
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millets produce multiple securities. They
include securities of food, nutrition, fodder,
fibre, health, livelihood and ecology. Most
millets have edible stalks which are the most
favored fodder for cattle. Many a time, crops
auch as sorghum and pearl millet are gown only
for their fodder value. Besides fodder, millets
are storehouses of nutrition and hence produce
nutrition security. Being hosts to diverse crops
such as red gram, millet fields also produce fuel
wood and fibre. The legume crops that are
companion crops for millets are also prolific leaf
shredders. This leaf fall act as natural manure
and maintains soil fertility. Thus, millet farms
not just use soil fertility for their growth but also
return this fertility to the soil.

sandy soils, as is done in Rajasthan. In fact,
timer millet grows well in saline soils. Barnyard
millet too thrives in problem soils, where other
crops like rice, struggle to grow in such soils.
Many of them also grown to reclaim soils.
Poor farmers especially in dry land India
are owners of very poor lands. Mush of the
cultivable fallows and low fertility farms have
such as panchagavya, amritpani, etc. These
practices make millet production not only
ecofriendly but stays under the control of
farmers.

Millets are pest free crops
Growing traditional local landraces and under
ecological conditions, most millets such as
foxtail are totally pest free and hence do not
need any pesticides. Even in storage conditions,
most millets such as foxtail millet not only lack
the need of any fumigants, but act as anti pest
agents to store delicate pulses such as green
gram.

Millets are climate change compliant crops
Due to all the quantities mentioned above,
millets remain our agricultural answer to the
climate crisis that the world is facing. Climate
change is expected to confront us with three
challenges; increase in temperature up to 2-5oC,
increasing water stress and severe malnutrition.
Since they are already capable of growing under
drought conditions, they can withstand higher
heat regimes. Millets can grow under nonirrigated conditions in low rainfall regimes such
as 200-500 mm, thus, they can also face the
water stress and grow. Each of the millets is a
storehouse of dozens of nutrients needed by the
human body. Hence they can help people
withstand malnutrition.

Millets are not just crops but a cropping system
Most millets grown under traditional practices
are a farming system and not just a crop. Most
millet fields are inherently bio diverse. This is
the tradition of millet farming in the country.
Six to twenty crops are planted. On the same
space at the same time. The famous Baranaja
cropping system in the Himalaysa are a
testimony to this. In this millet led system are
embedded 12 different crop varieties. SaatDhan
in Rajasthan also is a host to a large variety of
millets. The PannenduPantalu of the south,
grow millets in combination with pulses and
oilseeds, thus making it a holistic farming
system.

Conclusion
Only millets have the capacity to meet this
challenge: In view of all the features discussed
above they so amazingly combine to prove that
millets can only be called as Miracle Grains,
securing food and climate.

Millets produce multiple securities
While single crops such as rice and wheat can
succeed in producing food security for India,
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Introduction

the necrotic area has low pH and high
proteolytic
activity,
therefore,
proteins
possessing the necessary properties should be
well adapted to these conditions. However, it
was found later that some PR-proteins (for
example, of tomato and potato) were not acidic
but basic, besides, they were destroyable by
proteolytic enzymes.
The PR-proteins encoding genes express
through various signaling pathways. PR-1 and
PR-5 are Salic acid (SA) -dependent. Gene PR-4
is induced both by Salic acid, and Jasmonic acid
(JA), and ethylene; gene PR-12 (Arabidopsis
defensin gene) is induced by ethylene and JA,
but do not respond to SA. Induction of the
tobacco gene PR-2 by ethylene is based on the
presence of GCC-boxes in the promoter part of
the gene that bind to ethylene (Jan Sels et al.,
2008).

The defense strategy of plants against stress
factors involves a multitude of tools, including
various types of stress proteins with putative
protective functions. A groupof plant-coded
proteins induced by different stress stimuli,
named “pathogenesisrelatedproteins” (PRs) is
assigned an important role in plant defense
against pathogenicconstraints and in general
adaptation
to
stressful
environment.
Pathogenesis-related (PR) proteins are proteins
produced in plants in the event of a pathogen
attack (AglikaEdreva, 2005). They are induced
as part of systemic acquired resistance.
Infections activate genes that produce PR
proteins. Some of these proteins are
antimicrobial, attacking molecules in the cell
wall of a bacterium or fungus. Infections also
stimulate the cross-linking of molecules in the
cell wall and the deposition of lignin, responses
that set up a local barricade that slows spread of
the pathogen to other parts of the plant.
Salicylic acid plays a role in the resistance to
pathogens by inducing the production of
pathogenesis-related proteins. Those include
thaumatin-like proteins and chitinases.

Functions


An important common function of most
PRs is their antifungal effects
 Some PRs also exhibit antibacterial,
insecticidal or antiviral action.
 Function as signals that spread “news” of
the infection to nearby cells.
 Infections also stimulate the cross-linking
of molecules in the cell wall and the
deposition of lignin, responses that set up a
local barricade that slows spread of the
pathogen to other parts of the plant
 Chitinase activity
 Peroxidase, ribonuclease and lysozyme
activities
 Their hydrolytic, proteinase-inhibitory and
membrane-permeabilizing ability.
 They inactivate the proteins secreted by the
parasites in the invaded plant tissues
The use of PR-protein isolation methods in
tobacco plant has led to discovery of the

PR-proteins
PR-proteins (pathogenesis-related proteins)
were first discovered by virologists in the leaves
of a tobacco plant cultivar that produced
hypersensitive response (HR) to inoculation
with TMV. Various PR-proteins were later found
in many other plant species, but the tobacco
proteins
have
been
investigated
most
extensively. The first researchers came to a
conclusion that all PR-proteins possess certain
common properties: they are soluble only in
acidic conditions (pH = 3), they are present in
extracellular fluid, and they are highly resistant
against degradation by proteolytic enzymes. It
would seem logical, as extracellular fluid around
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glucanases, in plants in response to invading
pathogen are very important. It has been
suspected that PR proteins have direct effect in
defense
mechanism
against
fungi
by
hydrolyzing
fungal
cell
walls,
which
consequently causes the lysis of fungal cells. In
addition, PR proteins were showed to have an
indirect effect on plant defense by causing the
formation of oligosaccharide elicitors, which
elicit the production of other PR proteins or low
molecular weight antifungal compounds, such
as phytoalexins. Lignin is has an important role
in plant defense against pathogen invasion.
Lignification is a mechanism for resistance in
plants. Endogenous enzymes chitinase, β-1, 3glucanases and lignin content in plant leaves
can be used as biochemical markers for
identifying plant varieties resistant to fungal
infection or other biotic and abiotic factors. Also
by transferring pathogenesis-related (PR)
proteins such as chitinases, β-1, 3-glucanases
genes can induce resistance in plants to various
photogenes.

numerous proteins in other plant species; these
proteins can also be provisionally classified
among the pathogenesis-related proteins. They
include virus replication inhibitors, products of
the genes encoding potato wound responses,
proteinase inhibitors, thionines, cell wall coat
proteins, aromatic biosynthesis enzymes,
peroxidases, superoxide dismutases, etc. It is
difficult to say today whether all these proteins
could be placed among the PR-proteins only by
one feature, induction in response to stresses.
However, the functions of many PR-protein
groups are still far from being found. Some
proteins specifically induced by the pathogens
in one organ can constitutionally express in
tissues of other plants or even in the other
organs of the same plant, at any time or at a
certain phase of development. One would hardly
disagree with the opinion that investigation of
PR-proteins' functions in plants is one of the
most complex, unclear, and sometimes also
contradictory divisions of phytopathology.

Conclusion
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of weed shift, environmental pollution and
herbicidal residues in soil and food. Hence,
there is a need for eco-friendly weed
management practices. At present, the concept
of organic farming gaining importance and
there exist a greater demand for residue free
organic products. Organic weed management
encourages weed suppression rather than
elimination through managing weed population

Weeds can be seen everywhere during the crop
growth, it fiercely battles with crops for
moisture, nutrient and other resources resulting
in severe yield and quality reduction. Weeds are
considered to be a potential pest causing more
than 37 per cent yield loss in field crops. For
controlling of weeds, continuous use of
herbicides over a period of time on a same piece
of land leads to ecological imbalances in terms
VOLUME NO. 14, ISSUE NO.12
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irrigation up to field capacity + 10 t FYM ha-1
before solarization with TPE 0.05 mm for 60
days recorded lower weed dry weight (2.48 g
0.25 m-2) and higher yield (3260 kg ha-1) of
sunflower in organic farm as compared to weedy
check (5.75 g 0.25 m-2 and 1470 kg ha-1,
respectively).

below economic threshold level by appropriate
combination of weed management practices like
physical, cultural, biological and integrated
weed management which results in eco-friendly
weed management.

Physical and mechanical methods
Panwar et al. (1999) revealed that hoeing at 25
and 50 DAS recorded higher yield of greengram
(1092.4 kg ha-1) due to lower weed population
(18.85 no. m-2) and higher weed control
efficiency (92.32 %) than control (216.9 no. m-2
and 0.0 %, respectively).
Rahman et al. (2000) reported that tillage
with mould board plough resulted in the lesser
number of weed seeds (57 seeds 200 g-1 dry soil)
at 5 cm depth in organic soil profile than
undisturbed soil profile (113 seeds 200 g-1 dry
soil).

Economics
Satyareddi (2007) reported that sunflower
intercropping with coriander recorded higher
gross returns, net returns and benefit cost ratio
(Rs. 28,615, Rs. 16.75ha-1 and 2.41, respectively)
as compared to weed free condition (Rs. 24,251,
Rs.9,111 ha-1 and 1.6, respectively).

Conclusion


Cultural methods
Bhan et al. (2000) reported that higher seed
rate of wheat at 150 kg ha-1 significantly
recorded the lower weed dry matter (280 kg ha1) and higher yield (3688 kg ha-1) as compared to
normal seed rate at 100 kg ha-1 (831 and 3477 kg
ha-1, respectively).
Jayachandran et al. (2004) reported that
sugarcane trash mulching at 5 t ha-1 recorded
higher weed control efficiency, cane yield and
sugar yield (71.8 %, 128.5 and 15.28 t ha-1,
respectively) than unweeded control (00 %,
82.4 and 8.36 t ha-1, respectively).







Biological methods
Jeyalakshmi et al. (2004) revealed that preemergence
application
of
Trichoderma
harzianum, Fusarium oxysporum and F.
moniliforme individually to the soil at 5 per cent
resulted in complete inhibition of seedling
emergence of Parthenium hysterophorus.
Muhammad et al. (2009) revealed that
application of sorghum + sunflower plant
extracts at 12 l ha-1 at 30 and 40 DAS recorded
higher yield (5325 kg ha-1) due to reduction in
total dry weight of weeds at 40 and 60 DAS
(43.6 and 40.20 %, respectively) than weedy
check (2801 kg ha-1 and 0.0, 0.0 %, respectively)
in wheat crop.
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Integrated weed management
Timmegowda et al. (2007) observed that
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Physical methods result in better weed
control but are costly and laborious (with
dependence on manual labour of 30-40 ha-1
in field crops).
Cultural methods become more feasible non
cash or low cost weed control practices if
used properly.
Biological methods are the cheapest and
effective in weed control but their adoption
in arable crops is limited because of their
host specific nature (Parthenium Zygogramma).
Use of plant extracts is better alternative to
synthetic herbicides for weed control in
organic crop production.
Integrated weed management is the best
tool for effective weed management under
organic production systems.
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Triploid Watermelon: For Seedless Fruit Production
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1.

Introduction: The most important change in
the modern watermelon was the development of
seedless fruits. Use of triploid hybrids has
provided a method for production of seedless
fruit. The triploid method for seedless
watermelon production was invented by H.
Kihara, a Japanese plant geneticist. Seedless
varieties are produced by crossing a tetraploid
(2n=4x=44) inbred line as the female parent
with a diploid (2n=2x=22) inbred line as the
male parent of the hybrid resulting a triploid
hybrid (2n=3x=33). The reciprocal cross
(diploid female parent) does not produce seeds
due to incompatibility of the plants. Triploid
plants have three sets of chromosomes and
three sets cannot be divided evenly during
meiosis. This results in non-functional female
and male gametes although the flowers appear
normal. Since the triploid hybrid is female
sterile, the fruit induced by pollination tend to
be seedless. Unfortunately, the triploid has no
viable pollen, so it is necessary to plant a diploid
variety in the production field to provide the
pollen that stimulates fruit to form. In India
work on induction of polyploidy in watermelon
was initiated by Chopra and Swaminathan in
1959, IARI, New Delhi. Late Sheshadari et al.,
(1972) developed the first triploid seedless
watermelon variety Pusa Bedana in India. In
IIHR, Bangalore one more seedless watermelon
variety Arka Madhura was developed.
Steps
for
producing
seedless
watermelon fruits: Development of seedless
hybrids will be discussed in the following stages:
VOLUME NO. 14, ISSUE NO.12
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Production and identification of
tetraploid
plants:
Colchicine
(C22H25NO6) is taken from the seeds and
bulbs of Colchicum autumnale and is a
widely used chemical for production of
tetraploid in watermelon. Colchicine
inhibits spindle formation and prevents
separation of chromosomes at anaphase. Of
all the methods of colchicine application,
shoot apex treatment at the seedling stage
was found most effective.
Tetraploids can be detected by the direct
method of counting chromosomes of cells
under the microscope or by comparing
stem, leaf, flower, and pollen size with
diploid controls. A popular method involves
counting the number of chloroplasts in
stomatal guard cells using a leaf peel under
the
microscope.
Tetraploids
have
approximately 10-14 chloroplasts in each
guard cell (20-28 total on both sides of the
stomate), whereas diploids have only 5-6 in
each guard cell (10-12 total). The method is
useful for screening many plants for ploidy
level in the seedling stage before
transplanting to the main part of the
greenhouse or field nursery for selfpollination. Usually, multiple methods are
used, identifying tetraploid seedlings using
their phenotype before transplanting, the
chloroplast number in the stomatal guard
cells of the true leaves in seedling and
greenhouse pots, and by the appearance of
the fruit and seeds at harvest after selfSeptember, 2018
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2.

3.

4.

pollination in the greenhouse. Tetraploids
usually have thicker leaves, slower growth
and shorter stems than diploids.
Maintenance of tetraploid line: The
fertility and seed yield of tetraploid lines
will increase over generations of self or sibpollination, probably because plants with
chromosome anomalies are eliminated,
resulting in a tetraploid line with balanced
chromosome number and regular formation
of 11 quadrivalents. Seed yield of tetraploid
lines in early generations is often only 50100 seeds per fruit and sometimes as low as
0-5 seeds compared to 200-800 seeds for
diploids. Another problem with early
generation tetraploids is poor seed
germination, making it difficult to establish
uniform field plantings. It may require as
much as 10 years of self-pollination before
sufficient seeds of tetraploid lines can be
produced for commercial production of
triploid hybrids. Advanced generations of
tetraploid lines usually have improved
fertility, seed yield and germination rate
compared to the original lines.
Evaluation
of
tetraploids:
The
tetraploids should be evaluated directly for
rind pattern, high seed yield and other traits
such as male sterility for reduced hand
labour in hybrid seed production. The
major test for tetraploids however, is using
them as female parents in triploid hybrid
seed production after making controlled
crosses using diploid male parents. The
resulting hybrids are tested in yield trials
with two rows of triploid plots alternating
with one row of diploid plots to assure
adequate pollen for fruit set in the triploid
hybrids. Useful tetraploid inbreds should
produce triploid hybrids with excellent yield
and quality for the market type and
production area of interest.
Development of triploid hybrids:
Commercial production of elite triploid
hybrid seed is done by hand pollination in
locations where labour is inexpensive or by
bee pollination in isolation blocks. The
tetraploid and diploid inbreds are planted
together in alternating rows or in
alternating hills within each row. In
watermelon, triploid seeds are obtained by
one direction cross 4x × 2x. This is due to
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compatibility of the plants. After pollination
between these lines leads to two ways of
seed formation:
a) Tetraploid seeds (Due to occasional self
pollination)
b) Triploid seeds (Due to pollination of
diploid pollens)
So it is problem to breeder to
distinguish between the tetraploid
seeds and triploid seeds. It needs some
kind of sorting techniques to
identification of seeds which can be
done by following ways:
i) Based on seed size: The seeds
are separated by their seed
thickness, seed weight and seed
size which are the criteria used to
identify the 4x, 3x and 2x seeds.
But it is not a reliable strategy to
identification of ploidy levels in
watermelon.
ii) Based on exocarp rind pattern
as a genetic marker: The diploid
male parents with dark green fruits
and tetraploid parents can be
identified with light green fruits.
The resulting triploid plants will
have the striped green fruits. The
occasional selfed tetraploid seeds
will have the light green fruits and
can be rouged from seed
production field and leaving only
triploid plants with striped green
fruits.
Use
pollinizers
in
triploid
watermelon fruit production: Triploid
seedless watermelon fruit production
requires the planting of diploid (seeded)
watermelon cultivars to serve as pollen
source (pollinizers). The commercial
recommendation of pollinizers is about 20%
to 33%. The triploid watermelon is sparse
pollen producers therefore a source of
pollen (diploid) must be planted with
triploids. Kihara (1951) suggested that one
diploid pollinizer per four to five triploid
watermelons should provide a good triploid
crop.
Evaluation
of
triploid
hybrids:
Evaluation of triploid hybrids is similar to
evaluation of diploid varieties. There are a
few special considerations, however.
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Triploids are not inherently superior to
diploids, so triploid hybrids can be better or
worse than their diploid parental lines.
Therefore, as in the case of diploid hybrids,
many combinations of parental lines should
be evaluated in triploid yield trials to
identify the ones producing hybrids with
the best performance. In general, diploid
inbred parents that have poor horticultural
performance will produce triploid hybrids
having poor performance.
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Introduction

between the rows of the previous crop, followed
by irrigation.
Selection of seed: For foundation seed
production use the breeder seed and for
certified seed production use the foundation
seed.
Varieties: The variety must be notified for
certified production of seeds. Popular notified
varieties like SML-668, MH-421, Satya, Pant
Mung-5, Sweta, G-65, Pusa Beshakhi etc.
Time of sowing: The kharif crop is sown
in June to July, and the rabi crop in September
or October. The spring crop is to be sown by 15
February and harvested by the middle of May.
The summer crop is sown in March to April. The
seed may be sown by broadcasting or it may be
drilled in furrows behind a plough.
Seed Rate: For Kharif season seed rate of
8-9 kg/acre whereas for summer season used
seed rate of 12-15 kg/acre.
Spacing: For Kharif sowing row spacing of
30 cm and plant to plant spacing of 10 cm. For
Rabi sowing use row spacing of 22.5 cm and
plant to plant spacing of 7 cm. Sow seed at
depth 6-7cm.
SeedTreatment: Seed should be treated
with Captan or Thiram @3 gm/kg of seed before
sowing. Also seed treatment beneficial with

The Green gram (Vigna radiata), is important
pulse crops. Green gram also known as moong,
one of the main pulse crop of India. It is a rich
source of Protein along with fibre and iron. It
can be cultivated as Kharif as well as summer
crop. The important states producing this pulse
are Madhya Pradesh, Maharashtra, Uttar
Pradesh, Punjab and Andhra Pradesh,
Rajasthan, Karnataka and Tamil Nadu.

Requirement
Climate: The crop needs a well-distributed
rainfall. Heavy rains at flowering are harmful,
even moist winds at this stage interfere with
fertilization.
Soil: It can be cultivated on wide range of
soil. Gives best result when grown on well
drained loamy to sandy-loam soils. Saline and
water logged soils are not suitable for
cultivation. It is also cultivated on light or
shallow stony soils to clayey soils. Land shall be
free of volunteer plants.
Cultivation: For the pure crop in the
kharif season, the land is ploughed once or twice
and harrowed to obtain a rough tilth. The
summer crop can be sown dry in furrows in
VOLUME NO. 14, ISSUE NO.12
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**Seed born diseases Holo blight (Pseudomonas
phasiolicola (Burk) Dows.)

biofertilizer viz. Rhizobium at the rate of 25
gram per kg.
Irrigation: Moong is mainly grown as a
kharif crop. If needed provide irrigation
depending upon the climatic conditions. For
summer season crop, three to five irrigations are
required depending upon soil type and climatic
condition. For good yield stop irrigation 55 days
after sowing.
Field Inspection: Moong is self
pollinated crop. A minimum of two inspection
required, the first before flowering and the
second of flowering and fruit stage.

Seed Standards

Pure seed (minimum)
Inert matter (maximum)
Other crop seeds
(maximum)
Weed seeds (maximum)
Other distinguishable
varieties (maximum)
Germination including hard
seeds (minimum)
Moister (maximum)
For vapour- proof containers
(maximum)

Field Standards: Isolation
Green gram seed fields isolated from the contaminants
shown by following table.
Contaminants

Minimum distance (meters)

Field of other varieties
Field of same varieties not
conforming to varietal purity
requirements for
certification

foundation
10

Certified
5

10

5

foundation

Certified

98.0%
2.0%
5/kg

98.0%
2.0%
10/kg

5/kg
10/kg

10/kg
20/kg

75%

75%

9.0%
8.0%

9.0%
8.0%

Harvesting: Best time of harvesting when
85% of pods get matured. Over-ripening of pods
should be avoided as produce may be lost due to
shattering. Remove admixture before start the
harvesting. The harvested stack for drying in the
field after cutting on the threshing floor
Yield: The average yield of green gram
seed from a pure varieties from 10-15q per ha.

Specific requirements
Maximum permitted (%)*
distance (meters)
foundation
Certified
0.10
0.20
0.10
0.20

Factor

Standards of Class

Factor

References
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Off types
**Plant affected by
seed born diseases
* Maximum permitted of the final inspection
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Strength, Weaknesses and Opportunities of
Floriculture Industry in India
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Strengths of Hi-tech Floriculture:

the flowers. The three major hi-tech floriculture
Block in Hozur namely dasarpalli, Talli and
Madikeri do have salubrious climate for the
purpose. Many flower-growing areas of the west
have
extreme
winters
with
sub-zero
temperatures and hardly any sunlight. This

Varied Agro Climate conditions: For the
production of flowers climatic conditions are
very important. The temperature profile,
humidity and abundant sunlight play a very
vital role in deciding the quality and quantity of
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subsidy showed some silver line in the otherwise
cloudy air cargo atmosphere. But almost every
sample hi-tech floriculture unit surveyed in the
present study has serious complaints to narrate
against APEDA’s procedures in this regard. The
solution lies in creating volumes and frequency
so that better rates can be negotiated with the
cargo carriers. This seems quite possible as
quite a few floriculture units are coming up in
India and the volumes and frequencies are
bound to increase resulting in lower freight
rates.
Airport infrastructure: Air cargo
handling capacity and cold storage facilities for
perishables are almost non-existent at the
international airports. The government is
already taking steps to create cold storage
facilities at the airports located near the
floriculture zones. Wall-in-cold storage facilities
are already operational at Mumbai, Delhi and
Bangalore.

results in the seasonality of the flowers and the
growth of the flowers throughout the year is not
possible. For instance, Europe, the major
consumer of cut flowers, confronts adverse cold
conditions during the season of peak demand
for flowers during December - March. On the
contrary, India has varied climate and soil
conditions, which are conducive to the
production of cut flowers. In south India winters
are not severe and there is abundant sunlight.
Therefore production of flowers throughout the
year is possible. This is the major strength and
competitive advantage for India in general and
Hosur taluk in particular.
Availability of labour at low costs:
Floriculture industry is basically a labourintensive industry since the plants require 24
hours-a-day care and attention and the
protected green houses system needs people to
manage the production process at different
stages. There is no dearth of unskilled labour in
India especially in the rural areas.
Well
established
infrastructural
facilities: For the success of floriculture
industry, availability of infrastructural facilities
such as steel, aluminum, irrigation system,
fertilizers,
pesticides,
testing
labs,
airconditioning and refrigeration equipment are
very important. Unlike countries like Zimbabwe
and Costa Rica, India has all the above
infrastructure facilities and inputs which can
help effect a major saving in the project cost.

Opportunities
A growing world market for flowers in which
demand exceeds the supply, and the world
demand is estimated to grow anywhere between
15 and 25 percent per annum. Demand rising at
this pace cannot be completely met by the
present major players in the years to come.
India can and must grab on such an
opportunity. With production in traditionally
strong markets (the Netherlands and the US)
have reached threshold levels, developing
countries like Columbia, Israel, South Africa
and Kenya have emerged as the new production
centers.
Most flowers are grown under protected
conditions in covered structures like green
houses and poly/glass houses in European and
other countries. Due to intense cold, high energy
cost, production in these countries is limited
during winter months. Thus they have to
depend largely on imports to meet their
domestic demand as most of the festivals fall
during this period when the demand of flowers
is at its peak. Against this background India
which currently has less than 1 percent share of
the world market, has a strong chance of
entering the market and creating a strong
position for itself.
Most major flower producing countries at
present are industrialized countries and are

Weaknesses
Poor airfreight capacity: Currently there is a
shortage of air freight capacity especially during
the peak period leading to a backlog at the
airports. This could be a serious disadvantage
for a perishable product like cut flowers. The
Government of Karnataka has addressed the
problem by upgrading the airport and now the
flights to Europe have increased. In the near
future, the possibility of floriculturists
chartering flights to deliver their cargo
expeditiously does not seem too remote.
Air freight cost: Air freight rates for
transporting flowers from India are very high.
The concessional freight rate of Rs.42/- per Kg.
is applicable to plants and seeds, but not to cut
flowers and therefore the general rate of Rs.
75/- per Kg, is applicable to flowers. APEDA’s
announcement of Rs.10/ - per Kg., freight
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to explore other high-value product alternatives,
such as propagating materials of specialty crops
for exporting purposes. This could be achieved
through licensing and contractual agreements
with foreign collaborators. Having appropriate
intellectual property regimes in place will be
necessary to help Indian growers in such
ventures.
Since India does not have appropriate
intellectual property protection mechanisms for
plant materials, foreign breeders are often
reluctant to sell new varieties to Indian growers
for fear of illegal proliferation through asexual
propagation.

small in area. The land available for cultivation
is shrinking in favor of industrialization and
infrastructure development. The soaring real
estate prices induce farmers to sell their land.
The acquisition cost of land is therefore very
high and this makes it unattractive to set up
floriculture units in these countries. With ample
agricultural land at its disposal and driven by
the need to diversify its agriculture into more
remunerative commercial crops, India has a
great opportunity bank upon floriculture. One of
the ways to overcome the problem of unstable
export market for the Indian flower growers is
to diversify production and not to depend on cut
rose production alone. The Indian growers need

31. EXTENSION

Women Entrepreneurs in Food Processing
Shanabhoga M. B. and Shivani Dechamma
Ph.D Scholars, Department of Agricultural Extension, GKVK, UAS, Bangalore.

3.

“Women Entrepreneurship” means an act of
business ownership and business creation that
empowers women economically increases their
economic strength as well as position in society.
Women-entrepreneurs have been making a
considerable impact in all most all the segments
of the economy.

4.

Traits of Women Entrepreneurs
Most successful women entrepreneurs possess
the following traits:
1. Women are ambitious: A successful
woman entrepreneur is dreadfully strongminded one, has an inner urge or drives to
change contemplation into realism. Every
successful woman entrepreneur is truly
determined to achieve goals and make her
business prosper. She comes with new
innovative solutions to old problems to tide
over issues.
2. Women are confident: A successful
woman entrepreneur is confident in her
ability. She is ready to learn from others,
search for help from experts if it means
adding value to her goals. She is positive in
nature and is keener to take risks. A
winning woman entrepreneur uses common
intelligence to make sound judgments when
encountering everyday situations.
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Women are cost conscious: A
successful woman entrepreneur prepares
pragmatic budget estimates. She provides
cost-effective quality services to her clients.
With minimized cost of operations, she is
able to force her team to capitalize on
profits and gather its benefits.
Women values cooperation and
allegiance: A woman has the ability to
work with all levels of populace. She is keen
on
maintaining
associations
and
communicates evidently and efficiently.
This helps her to negotiate even responsive
issues without difficulty. She is sympathetic
to people around her and have good
networking skills that help her to get better
contacts and utilize opportunities
Women can balance home and work:
A successful woman entrepreneur is good at
balancing varied aspects of life. Her
multitasking aptitude combined with
support from spouse and relatives enables
her to bring together business priorities
with domestic responsibilities competently
and efficiently.
Women are aware of her legal
responsibility to the social order: A
successful woman entrepreneur is eager to
share her achievement with the society. She
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7.
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is dedicated to assist others and enjoys her
liability.
Women focus on their Plans: Women
Entrepreneur’s plan their work and work
with plan. Set long-term and short-term
goals and take consistent action in moving
toward them.
Women are Resourceful: Women
entrepreneurs take advantage effectively
coordinating the available factors and
resources such as mentoring, training and
coaching and build a strong base of
education, training and experience which
can help lead to success.

3.

4.

Opportunities for Women Entrepreneurs in Food
Processing
5.

Food processing sector is a vital link between
the agriculture and industrial segments of the
economy. Reduce waste of agricultural raw
materials. Improve the value of agricultural
produce. Ensure remunerative prices to farmers
as well as affordable prices to consumers.
Augments the demand for agricultural products.
Contribute to employment of manpower on a
large scale
Primary Processing: Is conversion of
raw agricultural produce, into a commodity that
is fit for human consumption. It involves steps
such as cleaning, grading, sorting, packing etc.
Secondary and Tertiary Processing:
Usually deal with higher levels of processing
where new or modified food products are
manufactured.

6.

Problems of women entrepreneurs
There are some umpteen problems faced by
women at various stages beginning from their
initial commencement of enterprise, in running
their enterprise. Their various problems are as
follows:
1. Arrangement of Finance: For every
business undertaking Finance is said to be
the “life blood”, whether it is large, medium
or small enterprise. Women entrepreneurs
face the problems of shortage of finance on
two important bases. Firstly, women do not
in general have property on their own
names to use that as collateral securities for
obtaining loans/funds from banks and
other financial institutions. Thus their
access to external sources is very limited.
Secondly, obtaining the support of bankers,
managing the working capital, lack of credit

Strategies for promoting entrepreneurship:
1.

2.

Education facilities and schemes:
Education has been instrumental in
increasing the participation of women in
entrepreneurial activities. The formal
education not only helps in acquisition of
requires knowledge for a job, which
demands non-traditional skills but also
imparts knowledge about the different
occupational opportunities. Good academic
background makes women confident in
dealing with problems in business in an
effective manner.
Proper training to women folk:
Establishment of proper training institutes
for enhancing their level of workknowledge, skills, risk-taking abilities,

VOLUME NO. 14, ISSUE NO.12

enhancing their capabilities. Training
Centers should provide training to
prospective women entrepreneurs free of
cost and Entrepreneurship Development
Programme should be much more practical
oriented
Continues
monitoring
and
improvement of training: There should
be continuous monitoring, improvement of
training programmers, practical experience
and personality development programmes
to improvise their over-all personality
standards.
Creating provision of micro credit
system: Creating provision of micro credit
system and enterprise credit system to the
women entrepreneurs at local level.
Group women Entrepreneurship:
Provision should be made to provide land /
sheds to deserving women entrepreneurs on
priority
basis.
Group
Women
Entrepreneurship (GWE) may be promoted
in rural sector by reinvigorating activities /
skills on traditional crafts or practices with
which they are acquainted.
A women entrepreneurs guidance
cell: Women Entrepreneur's Guidance Cell
should be set up to handle the various
problems of women entrepreneurs all over
the state. Positive attitudinal change in the
society recognizing the role of women as
entrepreneur.
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2.

3.

4.

5.

6.

resources are the problems which still
remain in the male’s domain.
Shortage of raw-materials: Women
entrepreneurs encounter the problems of
shortage of raw-materials and necessary
inputs. On the pinnacle of this, is the high
prices of raw materials, on one hand and
getting raw materials at minimum discount
rates are the other.
Cut-throat Competition: Lot of the
women entrepreneurs have imperfect
organizational set up to drive in a lot of
money for canvassing and advertisements.
They have to face severe competition from
organized industries. They have also to face
a stiff competition with the men
entrepreneurs who easily involve in the
promotion and development area and carry
out easy marketing of their products with
both the organized sector and their male
counterparts. Such a competition ultimately
results in the insolvency of women
entrepreneurs.
Lack of education and prevalent
levels of illiteracy amongst women: In
India, around (40%) of women are still
illiterate. Illiteracy is the root cause of
socioeconomic barriers or hurdles. Due to
lack of Knowledge of latest technological
change, know-how and education creates
problems before women to set up
competitive enterprises.
Family
Conflicts:
Women
also
countenance the conflict of performing of
home role as they are not available to spend
enough time with their familiesIn business
they have to spend long hours and as a
result, they find it difficult to meet the
demands of their family members and
society as well. Their incapability to attend
to domestic work, time for education of
children,
personal
hobbies,
and
entertainment adds to their conflicts.
Marketing
Problems:
Women
entrepreneurs incessantly face the problems
in marketing their products. It is one of the
core problems as this area is mainly
dominated by males and even women with
adequate experience fail to make a dent. For
marketing
the
products
women
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8.

entrepreneurs have to be at the mercy of
middlemen who pocket the hunk of profit.
Women entrepreneurs also find it difficult
to capture the market and make their
products popular.
Lack of self-confidence and optimistic
attitude amongst women: Nowadays
most of the women are suffering from one
major problem of lack of selfconfidence,
determination, physically powerful outlook,
hopefulness etc. They are always panic from
committing mistakes while doing their
piece of work, more over there is limited
initiative of taking risk and bearing
uncertainty in them. Thus all these
psychological factors often obstruct their
path of achieving success in the area of
enterprise.
High cost of production: High cost of
production undermines the efficiency and
adversely affects the development of women
entrepreneurs. The installation of new
machinery during expansion of the
productive capacity and like similar factor
dissuades the women entrepreneur from
venturing in to new area. Wmen
entrepreneurs also face the problems of
labour, human resources, infrastructure,
legal formalities, overload of work, lack of
family support, mistrust etc.

Conclusion
Changing life-style, food habits and rising
prosperity is increasing demand for value added
food products. Thus, there are tremendous
opportunities for women in agriculture to take
up entrepreneurial units in food processing
sector. Women have the potential and the
determination to set up, uphold and supervise
their own enterprises in a very systematic
manner.
Appropriate
support
and
encouragement from the society in general and
family members in particular is required to help
these women scale new heights in their business
ventures. The right kind of assistance from
family, society and government can make these
women entrepreneurs a part of the mainstream
of national economy and they can contribute to
the economic progress of India.
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32. GENETICS AND PLANT BREEDING

Qualitative Traits of Solanaceous Vegetables
Chaudhari Vrunda
M.Sc. (Agri.), (Genetics & Plant breeding), College of Agriculture, JAU, Mota bhandariya

Introduction

crops

Vegetables play a key role in balancing our daily
diet as they are inherently rich source of various
health building substances, especially vitamins
and minerals. In spite of Indians being largely
vegetarians, the consumption of vegetables is far
below than the required as per dietitians
recommendations. So as a result of lop sided
food habits based mainly on cereals and pulses,
the population on the country side is confronted
with malnutrition. Hunger is also a major
concern due to dependency on one type of food
habit. Food as well as nutritional security has,
therefore, become a most important issue in
national development programme. Fighting
hunger and malnutrition has become global
moral responsibility and a major concern in the
developing countries. The diversified highly
nutritive vegetables are of great importance in
alleviating hunger and malnutrition. The
significance of vegetables are of in human diet
and nutrition as well recognized and the
number of vegetarians is increasing the world
over due to greater awareness of good health
and nutritious healthy food. Over 3000 species
belong to Solanaceae, the third most important
plant family. It comprises a number of
economically important crops, such as Potato,
Tomato, Brinjal, Chilli. These are important in
the human diet since it contains high nutritive
value, including quality proteins, mineral, salts,
starch and vitamins.

Chilli

Potato
Tomato
Brinjal

Scientific
Name
Solanum
tuberosum
Solanum
lycopersicum L.
Solanum
melongena L.

Chromosome
Number
2n=48
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2n=24
2n=24

Capsicum
annum

Chromosome
Number
2n=42

Origin
region
Peru

Table No.2 Area, production and productivity
Solanaceae vegetables in All India (NHB 2016-17)
crops
Potato
Tomato
Brinjal
Chilli

Area
(000 ha)
2173
809
669
2955

Production
(000 MT)
46614
19700
12401
3407

of

Productivity
(MT/ha)
21
24
19
12

What is quality?
According to our needs from the view point of
seeds, crop growth, crop product, post harvest
use, consumer preference, cooking quality,
keeping quality transportability, human health.

Quality traits
A trait that defines some aspect of produce
quality is called quality trait. Each crop has a
specific & often somewhat to completely
different set of quality traits.

Important Quality Traits
Carotene
and
Lycopene:
Prominent
pigments that present in Solanaceae vegetables.
it has also antioxidant properties.(useful against
cancer and heart attack.)
Vitamin C and Ascorbic Acid: Vitamin
C or ascorbic acid is the most important quality
trait that present in Solanaceae vegetables. It is
very well known for its antioxidant capacity
(useful against cancer and cell aging)
Capsaicin: Pungency of chilli is due to
capsaicin. Capsaicin helps in reducing
inflammatory heat and pain from rheumatoid
arthritis.
Total Soluble Solids: Soluble solids
includes organic acids, lipids, minerals, and

Table No. 1 Scientific Name of Different Solanaceous
crops with Chromosome Number and Origin
crops

Scientific
Name

Origin
South
America
Peru
Indoburma
61
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quality trait in chilli. Yield of oleoresin on dry
weight basis is calculated by dividing weight of
oeresion with weight of sample.

pigments. High sugar content also increases the
overall taste and flavor of the fully matured
Solanaceae vegetables.
Oleresion: Oleoresin is another important
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Aditi Eliza Tirkey1 and Girish Tantuway1
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Introduction

Heterocysts

Nitrogen is the most common amongst all soil
nutrients required by the plants in a larger
quantity. But the dinitrogen gas (N2), i.e., the
atmospheric nitrogen, is not available directly to
them in any usable form. This is due to very
high stability of the N≡N triple bond in N2 that
makes this gas extremely inert and its activation
is a high energy demanding process. However,
there are 3 pathways to make atmospheric
nitrogen available to the plants:
Through thunder lightening, through
formation of industrial fertilizers by a chemical
process and Nitrogen fixation by microbes i.e.,
biological nitrogen fixation there are different
modes of nitrogen fixation namely Nonsymbiotic, Associative symbiotic and Symbiotic.
Some of the bacteria and most of the
cyanobacteria
comprise
this
class
of
microorganisms. They are also called free-living
diazotrophs. Among cyanobacteria unicellular,
filamentous non-heterocystous and filamentous
heterocystous fix nitrogen independently. Both
aerobic and anaerobic bacteria are free-living
diazotrophs. Water, oxygen, nutrients are
required in optimum amount, so that, the
microorganism can grow. Cyanobacteria grow
mainly in the crop fields. The site of nitrogen
fixation in the cyanobacteria is the heterocyst
because the enzyme (nitrogenase) required for
nitrogen fixation acts under anaerobic
condition. Then the question arises how
unicellular
and
non-heterocystous
cyanobacteria fix nitrogen? Some cells in these
microorganisms become specialized i.e. have
oxygen level reduced. Typically, they fix
nitrogen in dark and photosynthesize in light.

Heterocysts are rounded, seemingly empty cells,
usually distributed regularly along a filament or
at one end of a filament. They develop as a
result of metamorphosis of the vegetative cells
and are the sole site of nitrogen fixation in
heterocystous cyanobacteria. Around 5-10 % of
the vegetative cells of a filament can transform
into heterocyst when cyanobacteria are deprived
of both nitrate and ammonia. At the time of
transformation of a vegetative cell into
heterocyst, the former synthesizes a very thick
new wall, reorganises its photosynthetic
membrane, discards its photosystem II and
phycobiliproteins and synthesizes the nitrogen
fixing enzyme nitrogenise. Photosystem-I still
operates and generates ATP.

September, 2018

Nitrogen Fixation In Asymbiotic Bacteria
Being a part of an oxic photosynthetic filament,
the heterocyst fixes atmospheric nitrogen in an
anoxic (anaerobic) environment. Its newly
organised thick wall contains large amount of
glycolipid, which serves to slow or prevent the
diffusion of O2 in to the heterocyst and any O2
present is consumed during respiration; there is
no oxygen production in the heterocyst as the
photosystem-II is absent. In this way, at first,
the heterocyst ensures, on the basis of its
structural and physiological changes, that will
remain anaerobic even when growing in a
strong aerobic environment. Anaeroism for
heterocyst is obligatory becayse, as discussed
earlier, the nitrogenise enzyme complex is
extremely sensitive to O2. regulation of nif gene
expression in cyanobacteria is similar to
bacteria because their nitrogenise genes are
homologous to those of Klebsiella (nif HDK). A
complex gene rearrangement takes place within
62
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the heterocyst to yield a contiguous cluster of nif
genes that can be expressed as a unit and carry
out reduction of N2 into ammonia. Heterocyst
possesses
intercellular
connections with
adjacent vegetative cells and there is mutual
exchange of materials between them. These
products of photosynthesis are transported from
photosynthetic vegetative cells, to the anaerobic
heterocysts and the products of nitrogen
fixation move from latter to the former.
Since the heterocysts do not fix CO2 in the
absence of photosystem-II, they lack the
necessary electron donor to reduce N2 to
ammonia. Transportation of fixed-carbon to the
heterocyst from the neighbouring vegetative
cells, therefore, solves this problem.
N2 fixation also is carried out by some
nonheterocystous filamentous cyanobacteria.
They synthesize nitrogenise and fix nitrogen in
their normal vegetative cells if they are grown
anaerobically by vigorous bubbling with
nitrogen
to
remove
oxygen.
Some
nonheterocystous filamentous cyanobacteria fix
N2 under dark, anaerobic conditions in
microbial
mats.
Planktonic
forms
of
cyanobacteria such as trichodesmium, have the
ability to fix molecular nitrogen. However, the
oxygen-problem in nonheterotrichous bacteria
is overcmeby the hydrolysis of ATP in N2 fixing
system, which provides anoxic atmosphere
around the active site of nitrogenase.

Asymbiotic nitrogen
fixation
electron which is accepted
by ferrodoxin.
1. Glucose-6-ohosphate is
1. Pyruvic acid is converted
converted into 6into acetyl CoA with the
phosphogluconic acid. This release of one CO2 and H2.
step is catalyzed by glucose- H2 is converted into protons
6-phosphate
and electrons, the reaction
dehydrogenase.
is catalyzed by
hydrogenase.
The electrons released by
glucose-6-phosphate are
Pyruvic acid +CoA→
accepted by NADP+ and it is Acetyl CoA+ CO2+ H2
reduced to NADPH + H+
H2 ↔ 2H+ + 2eGlucose -6-phosphate +
NADP+ + H2O → 6phosphogluconic acid +
NADPH +H+
2. the electron from NADPH 2. Acetyl CoA is converted
is transferred to ferrodoxin in into acetyl phosphate with
the release of CoA
the presence of enzyme
NADP-Fd-oxidoreductase
Acetyl CoA +
and release H+ to the
H2PO4→Acetyl phosphate
medium
+ CoA
3. Acetyl phosphate reacts
with ATP and is converted
into acetate, as a result one
molecule of ATP is released
which plays important role
in nitrogen fixation.
Acetyl phosphate + ADP→
Acetate +ATP
Symbiotic nitrogen fixation

Steps Common to Both Symbiotic and Asymbiotic
N2-Fixation
1.
Figure 1: A heterocyst showing the model of
operation. Glutamine is the form of fixed nitrogen
transported fron heterocyst to vegetative cells. GS=
glutamine synthetase enzyme. Heterocyst lacks
photosystem-II and obtains the needed reductant for
nitrogen fixation from organic matter produced by
adjacent photosynthetic vegetative cells.

2.

3.

Differences in Symbiotic and Asymbiotic Nitrogen Fixation:
Symbiotic nitrogen fixation
Glucose-6-phosphate
reduces the ferrodoxin in the
following manner:

Reference

Asymbiotic nitrogen
fixation
Pyruvic acid is broken down
in stepwise manner which
is given below and releases
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The reduced ferredoxin donates its electron
to Fe-protein component of nitrogenase
which is ultimately reduced.
The reduced Fe-protein combines with ATP
in presence of Mg2+ to become activated
and to reduce second subunit (Mo-Feprotein) of enzyme nitrogenase.
The reduced Mo-Fe-protein donates its
electron to N2 to reduce N2 to NH3.

Kumari, Sunita & Sinha, Rajeshwar. (2011).
Symbiotic and Asymbiotic N2 Fixation. Research
gate 133-148.
B. Sylvain, G. Francine and P. A. D. Grimont.
(2006) The Genus Klebsiella Prokaryotes
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Behavioural Immunity
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ABSTRACT

risk of exposure to parasites by changing their
activity and mismatch with activity rhythms of
parasites. The termitophagous ants (Pheidole
titanis Wheeler) shifted their foraging activity
from diurnal to nocturnal in wet season when
phorid parasitoids are inactive (Feener, 1988).
Similarly, leaf-cutter ants shifted their activity
from diurnal to nocturnal in the presence of
diurnal
parasitoid
fly,
Neodohrniphora
curvinervis Malloch (Orr, 1992).
Trophic avoidance: Insects can also
decrease infection by the avoidance of infectious
food as some parasites are trophically
transmitted. Gypsy moths larvae are able to
detect and avoid virus-contaminated foliage
(Parker et al., 2010).
Grooming: Insects avoid infection by
mechanically removing parasites from their
body. Japanese beetles (larvae) remove more
than sixty per cent infective nematodes from
their cuticle by brushing with their legs and
rubbing with the abrasive raster (Gaugler et al.,
1994). The damselfly uses its tarsal claws
vigorously and rubs away the ecto-parasitic
mites from its body (Leung et al., 2001).
Grooming behaviour is especially prevalent in
social insects which often groom their relatives
(allo-grooming) or hive as a whole (social
grooming). Allo-grooming in social insects can
cause disease resistance by removing infective
parasites such as fungal conidia (Hughes et al.,
2002) or by boosting up the host’s physiological
resistance to parasites (Ugelvig and Cremer,
2007). Termites preferentially groom infected
nest-mates more than uninfected nest-mates
(Yanagawa and Shimizu, 2007).
Prophylactic medication: Insects can
seek out food with prophylactic properties that
will decrease their risk of infection. Prophylactic
medication can be directed at the individual
itself or its offsprings and other relatives. Arctiid
caterpillars increased their survival in the
presence of their parasitoid flies when reared on

Insect hosts can protect themselves against
parasitism through the use of altered
behaviours, referred as behavioural immunity.
The anti-parasitic behaviours in insects are
categorized into three defense mechanisms
(Roode and Lefevre, 2012) that include
Qualitative resistance, Quantitative Resistance
and Tolerance. Behavioural immunity provides
insights into behavioural trans-generational
immunity, Social immunity and host-parasite
co-evolution.
KEY WORDS: Host, Parasite, Immunity,
Behaviour, Resistance, Infection.

INTRODUCTION
Immunity is derived from Greek word
“immunis” meaning exempt and resistance to
infection. According to Roode and Lefevre
(2012), insect hosts can protect themselves
against parasitism through the use of altered
behaviours, a series of mechanisms referred as
behavioural immunity. The anti-parasitic
behaviours in insects are categorized into three
defense mechanisms namely 1. Qualitative
resistance 2. Quantitative resistance and 3.
Tolerance
I.
Qualitative
resistance/
antiinfection
resistance/
avoidance:
It
comprises the prevention of establishment of
the parasites or reduction in infective doses.
Spatial avoidance: Insects can reduce
their risk of exposure to parasites by avoiding
infectious habitat. Water striders (Aquarius
paludum insularis Motschulsky) tend to
oviposit under water to avoid infection with the
egg parasitoid wasp, Tiphodytes gerriphagus
Marchal (Amano et al., 2008). Long-term
migration of monarch butterfly enables them to
leave behind parasite-infested host plants
(Bartel et al., 2011) and reduced flight ability
(Bradley et al., 2005).
Temporal avoidance: Insects can reduce
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future reproduction. The crickets were able to
increase their oviposition rate when exposed to
bacterium, Serratia marcescens Bizio (Adamo,
1999).
Tolerance medication: Insects can also
use additional compounds to increase tolerance
against infections rather than reduction or
clearance of infections i.e., by preferentially
consuming food that allows them to maintain
health and fitness. Monarch butterflies
experienced different levels of tolerance to
parasitism, depending on the species of
milkweed on which they feed, with some species
providing over two-fold greater tolerance than
other milkweed species (Sternberg et al., 2012).
Behavioural
Trans-generational
immunity: Adults of monarch butterflies
preferentially laid their eggs on toxic plants
those reduced parasite growth and disease in
their offspring’s (Lefevre et al., 2010).
Social immunity: Social insect’s colonies
have evolved collective immune defenses that
could be prophylactic and activated as well on
demand which consist of behavioural,
physiological and organisational adaptations of
the colony for preventing parasite’s entry,
establishment and spread (Cremer et al., 2007).
Host-Parasite
Co-evolution:
Host
selection of parasites is mediated not only
through evolution of immune system based
pathways and processes, but also by pre- and
post-infection
mechanisms
of
nonimmunological defense. Non-immunological
and immune system based defenses in turn
influence the evolution of each other as well as
other host processes due to the cost defense
(Parker et al., 2011).

mixed diets (include toxic plants) under
laboratory (Singer et al., 2004). Wood ants
strongly improved their survival when mixed
their nest material by solidified pieces of resin
against bacteria and entomopathogenic fungi
(Chapuisat et al., 2007).
Sexual behaviours: Several insect species
can gain indirect fitness benefit by preferring
mates those resistant/ tolerant to parasites
(Rantala et al., 2003). Indirect fitness benefit
can be gained when the preference for a healthy
mate is associated with heritable resistance/
tolerance to parasites (Hamilton and Zuk,
1982). Crickets having flat wing protected
themselves from parasitoid, overcome the
difficulty of attracting females without song by
acting as ‘satellites’ to the few remaining callers
and enhanced phonotaxis for calling song that
increases female encounter rate (Zuk et al.,
2006).
Decreased contact with conspecifics:
Social insects have also evolved ability to
decrease their social contacts when a contagious
parasite has invaded the colony. Carpenter ant
infected by pathogenic fungus performed less
social interactions and did not interact with
brood anymore and spent most of their time
outside the nest (Bos et al., 2011).
II. Quantitative Resistance/ antigrowth resistance/ clearance: It reduces
parasite growth or parasite burdens in already
infected hosts.
Therapeutic medication: A series of
behaviours through which infected hosts exploit
additional species or compounds to reduce or
clear infections, whether mediated through
defensive or nutritional properties. Larvae of
Drosophila consumed high ethanol food which
killed endoparasitoid wasps and increased
survival (Milan et al., 2012).
Behavioural
Thermo-regulation:
Insects can clear infections or limit development
of parasites by behaviourally raising or lowering
their body temperature. Honeybees generate a
brood comb fever against colonial infection by
heat-sensitive pathogens (Starks et al., 2000).
III. Tolerance: It does not reduce
parasitic infection or growth, but alleviates the
fitness reductions caused by infection.
Fecundity compensation: Insects can
increase their current reproductive efforts when
parasitic infection decreases their chances of
VOLUME NO. 14, ISSUE NO.12

CONCLUSION
Although, study of behavioural immunity in
insects is still in its infancy, it is cleared that
insects display an enormous variety of antiparasitic behaviours viz., qualitative resistance,
quantitative
resistance
and
tolerance.
Behavioural immunity provides novel insights
into host parasite co-evolution.
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