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Stripe rust of wheat: Understanding the Shifty Enemy
Deepshikha1, Elangbam Premabati Devi2 and Jai Prakash Jaiswal3
1Department

of Plant Pathology, 3 Department of Genetics & Plant Breeding, GBPAU&T, Pantnagar263 145, Uttarakhand 2Department of Plant Pathology, Wheat Research Station, SDAU, Vijapur382 870, Gujarat

Introduction

Historical Significance

Wheat, one of the world’s staple food crops, is
under constant attack in farmers’ fields from
diseases, insects and weeds. Wheat rusts is the
oldest plant disease known to man. Stripe rust,
also known as yellow rust, is caused by Puccinia
striiformis West. f. sp. tritici Eriks. E. Henn and
is highly destructive and can cause up to 100%
crop loss, though commonly in the range of 10
to 70% (Chen, 2005). During the last five
decades the efforts made by International
Centre for Maize and Wheat Improvement
(CIMMYT), Mexico in developing high yielding
and rust resistant wheat varieties have been
overwhelming and that has helped many
country to become food self-sufficient.

May, 2019

Wheat rusts are among the most destructive
plant pathogens in the world. It was observed
and recognized as early as the time of Aristotle
(384-322 B.C.). The ancient Romans sacrificed
red animals such as dogs, foxes and cows to the
rust God, Robigus, each spring during the
festival called the Robigalia in hopes that the
wheat crop would be spared from the ravages of
the rusts. This festival was incorporated into the
early Christian calendar as St. Mark's Day or
Rogation on 25th April. Historical weather
records suggest that a series of rainy years, in
which rust would have been more severe and
wheat harvests reduced, may have contributed
to the fall of the Roman Empire.
4
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spores have thick and echinulated walls and are
contained in sori or pustules on the plant (Fig.
2). Urediniospores production is usually
followed by teliospores production late in the
growing season. The pathogen survives in wheat
as dormant mycelium in cooler climates.

Status in Indian Sub-Continent
Rust has been recorded on wheat in India for
centuries (Nagarajan and Joshi, 1975) with
documented evidence from 1786, 1805, 182829, 1831-32, 1879, 1887 and 1907. Nagarajan
and Joshi (1975) identified 17 notable
appearances or epidemics of wheat rusts in
India between 1786 and 1956 however, they
noted that in India the rust epidemics did not
appear to create famines on their own but rather
aggravated famines that occurred prior to or
after a poor monsoon. There are three rusts
which occur on wheat i.e. stem/black rust,
leaf/brown rust and stripe/yellow rust. Rusts
have complex life cycles which involve alternate
hosts and several types of spores. Besides,
numerous physiological races with different
patterns of pathogenicity and virulence
continually evolved due to the ability of
pathogen to mutate and sexually recombine.
Evidence of increased aggressiveness of the
disease in India was reported during 2010-2011
crop season. It is the most important disease of
wheat in North Western Plains Zone of the
country, which comprises of Punjab, Haryana,
Delhi, Western Uttar Pradesh, plains of J & K
and Uttarakhand. This disease appears if cold
temperature with intermittent rains prevails,
move towards rest of the North Western Plain
Zone and Northern Hill Zone of India.

Fig.1a. Typical symptom of stripe/yellow rust
(Source: Alfredo Martinez, John Youmans, and
James Buck Department of Plant Pathology-Griffin
Campus)

Recognizing Stripe Rust
The disease gets its name from the appearance
on the plant (Fig 1a). Stripe rust is easiest to
identify in the morning. Especially the older
leaves are distinguished by the presence of light
yellow, straight-sided pustules that occur in
stripes on leaves and hence the name was given
as stripe rust. These elongated pustules are
narrow and vary in length. As the pustules
mature, yellow-orange spores are produced (Fig.
1a). These pustules are raised above the leaf
surface and can be easily wiped off onto a white
cloth or tissue leaving a yellow stain.

Fig.1b. Typical symptom of stripe/yellow rust
(Source: Deepshikha, Department of Plant
Pathology-GBPUA&T, Pantnagar)

Pathogen
Fig 2. Urediospores of Puccinia striiformis at 40X
magnification (Source: Alfredo Martinez, John
Youmans, and James Buck Department of Plant
Pathology-Griffin Campus)

Stripe rust of wheat is caused by fungus
Puccinia striiformis Westend f. sp. tritici Eriks
& Henn (Syn. P. glumarum Erik. and Henn.). It
is an obligate parasite. The fungus produces
bright yellow to orange urediniospores having
size of 20 to 30 um in diameter (Fig. 1a). These
VOLUME NO. 15, ISSUE NO.8
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Unfortunately, stripe rust is a highly variable
pathogen and continually developed new
pathotypes that can overcome seedling
resistance overtime. The second is adult plant
resistance (APR) which developed as the plant
matures and controlled by multiple genes so
effective against few number of pathotypes. APR
usually develops some time during the booting
stage, but can develop earlier during stem
elongation, or be delayed until early head
emergence, depending on variety and growing
conditions.

Conditions Favouring the Disease
Stripe rust is a lower-temperature disease that is
generally found at higher elevations and in
cooler climates. The optimum temperature for
the development of this disease is 50-59°F with
disease progression ceasing at temperatures
above 70°F. When conditions are optimum for
disease development, infection is completed in
6-8 hours and urediospores capable of causing
secondary spread of the disease are produced in
7-10 days. Urediospores are relatively limited in
the length of time they remain viable compared
to other spore stages produced by rust fungi.
Urediniospores are spread via wind currents to
healthy plants where they can initiate new
infections.

Strategies to Overcome Disease
The most effective, economic and ecofriendly
strategy of controlling rusts of wheat is by
deploying genetic resistance. This reduces the
need for fungicide usage and offers an
environmental friendly alternative. Deployment
of multiple resistant genes in the background of
high yielding genotypes is an effective strategy
to overcome the problem of yellow rust.
Breeding of resistant varieties is an effective
approach to eliminate the use of fungicides.
Therefore, breeding of varieties with multiple
diseases resistance is essential and also most
economical way to manage yellow rust. Besides,
molecular markers have emerged as a powerful
tool for the precise identification of genes which
ultimately helpful to breeders for quick transfer
of genes from donor to recipient and it is
becoming integral part of classical plant
breeding. Molecular markers help precise
introgression of gene of interest on one hand
and screening of sources of resistance on the
other hand. Many researchers have proved the
successful transfer and pyramiding of rust
resistant genes for the development of wheat
varieties having durable rust resistance
(Sivasamy et al., 2009; Singh et al., 2018).

Mode of Spread
Wind is the main mode of dispersal for stripe
rust. The spores are produced in huge numbers
in pustules on the upper surface of leaves. Once
the spores become airborne, their spread is a
matter of chance. However, they are produced
in such high numbers that some land on other
living wheat plants. In lower humidity, spores
disperse singly in the air and can travel for
much longer distances. This may result in a
uniform pattern of disease development in
crops. Long distance dispersal means rust
developing in any part of the wheat belt can
spread rapidly to other areas.

Green Bridge
Stripe rust can only survive from one season to
next on living plats (mostly wheat and to a
lesser extent barley, triticale, Phalaris minor).
This is called green bridge. It does not survive
on seed, stubble or soil. Therefore, the more
susceptible volunteer wheat plants growing
during
summer/autumn
the
risk
of
development of epidemic stripe rust is greater.
The susceptibility of the volunteer wheat plants
over summer influences the quantity of
inoculum generated by the green bridge.

Summary
Stripe rust survives year round on living wheat.
Some other cereals and grasses can play a minor
role in its survival. Wind spreads spores within
crops and over long distances. The rate of
development depends on moisture and
temperature. Growing resistant varieties keeps
the level of stripe rust low. However, with
resistant varieties other controls are also
needed. Depending on variety, location and
yield potential, control should include

Disease Resistance in Wheat
The reaction of wheat variety to stripe rust
depends on two forms of resistance. The first,
seedling resistance which operates throughout
the stages of plant and it is highly effective
against a particular pathotype of stripe rust
since it is usually controlled by a single gene.
May, 2019
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Singh, A., Jaiswal, J.P. and Badoni, S. 2018.
Enhancing rust resistance in wheat through
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Sivasamy, M., Vinod, Tiwari, S., Tomar, R. S.,
Singh, B., Sharma, J. B., Tomar, S. M. S. and
Chand, S. 2009. Introgression of useful linked
genes for resistance to stem rust, leaf rust and
powdery mildew and their molecular validation
in wheat. Indian J. Genet.,69:17-27.

integration of the following measures:
1. Resistant
variety
for
particular
race/pathotype.
2. Ensuring purity of seed source.
3. Eradicating volunteer wheat growing over
summer in cool regions.
4. Spraying of Propiconazole (Tilt 250 EC) or
Tebuconazole (Folicur 250 EC) @ 0.1%.
5. Farmers should be vigilant about the
appearance of disease.

References
Chen, X. M. 2005. Epidemiology and control of
stripe rust (Puccinia striiformis f. sp. tritici) on
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Micronutrient Deficiency Symptoms and
Correction Measures in Coconut
A. Anjaneyulu*
Ph.D. Scholar, Department of PSMA, F/Horticulture, Bidhan Chandra Krishi Vishwavidyalaya,
West Bengal

Micronutrients are essential for plant growth
and play an important role in balanced crop
nutrition, though plants don’t require as much
of them. Lack of any micronutrients in the soil
can limit the plant growth and shows deficiency
symptoms, in coconut some of micronutrient
deficiency symptoms and its correction
measures.

Manganese deficiency
The newest leaves of Mn deficient palms emerge
chlorotic with longitudinal necrotic streaks. As
the deficiency progresses, newly emerging
leaflets appear necrotic and withered on all but
basal portions of the leaflets. This withering
results in a curling of the leaflets about the
rachis giving the leaf a frizzled appearance
(‘frizzle top’). On new leaves of Mn-deficient
palm, necrotic leaflet tips fall off and the leaf has
a signed appearance. In severely Mn- deficient
palms, growth stops and newly emerging leaves
consist solely of necrotic petiole stubs.
Correction measure: Soil application of
MnSO4 @ 10 Kg/acre

Boron deficiency
B deficiency on coconut palm is manifested as
sharply bent leaflet tips, commonly called “hook
leaf”. Leaves have a serrated zigzag appearance.
Young and newly developing leaves become
deformed called as little leaf. One of the most
common symptoms of B deficiency is the failure
of newly emerging spear leaves to open
normally. They may be tightly fused throughout
their entire length, or the fusion can be
restricted to basal or distal parts of the spear
leaf. In a chronic stage, multiple unopened
spear leaves may be visible at the apex of the
canopy.
Correction measures: Soil application of
borax 0.2 to 0.5 kg /tree/year or foliar spray of
borax 0.2%. Spraying is commonly practiced
when coconut palms are at the nursery stage at
a rate of l to 1.5 grams per seedling.
VOLUME NO. 15, ISSUE NO.8

Magnesium deficiency
Magnesium deficiency appears on the oldest
leaves of palms as broad chlorotic (yellow)
bands along the margins with the central
portion of the leaves remaining distinctly green.
In severe cases leaflet tips may become necrotic.
Older leaves become bronzed and dry
appearance. Leaflets show necrosis and turn to
reddish brown with translucent spots yellowing
starts at the tip and spreads to the base.
Correction measure: Soil application of
7
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MgSO4 1-2 Kg/tree/year. Root feeding of 200 ml
of 0.2% MgSO4 twice a year

leaves remain green, necrotic spots in chlorotic
region. Iron deficiency usually appears on palms
growing in poorly aerated soils or those that
have been planted too deeply. Water logged
soils and deep planting effectively suffocate the
roots and reduce their effectiveness in taking up
nutrients such as Fe. The main symptom of iron
deficiency is chlorosis or yellowing between the
veins of new leaves (Uniform chlorotic new
leaves as the deficiency progresses, the tips
become necrotic and leaf size reduced.
Correction measure: Application of
FeSO4 0.25 to 0.5 Kg/tree/year

Sulphur deficiency
Typical symptoms are yellowish-green or
yellowish-orange leaflets. Leaves droop as the
stem becomes weak. In older palms, leaf
number and size are reduced. Sometimes an
apron of dead fronds develops around the stem
due to weakness of the rachis. Nuts may fall
prematurely. Copra is rubbery and of poor
market quality.
Correction measure: Soil application of
gypsum 2 - 5 kg/tree/year. Root feeding of 0.2%
gypsum

Calcium deficiency
Young leaves exhibit narrow white bands at
margins, interveinal chlorosis, rusty appearance
in leaf margin, rolling up of leaves and occurs
only in acid soil
Correction measure: Soil application of
lime based on lime requirement and root
feeding of 1% calcium nitrate.

Zinc deficiency
Little leaf symptoms, rosette appearance,
necrotic patches in interveinal areas, delayed
fruiting.
Zinc deficiency is characterized by
formation of small leaves wherein the leaf size is
reduced to 50%. Leaflets become chlorotic,
narrow and reduced in length. In acute
deficiency, flowering is delayed. Zinc deficiency
will also lead to button shedding.
Correction measure: Soil application of
ZnSO4 @ 10 Kg/acre

Copper deficiency
Coppery bluish leaf, rolling of terminal leaves
due to loss of turgor, leaves appear to be
bleached grey and fail to produce flowers.
Correction measure: Soil application of
CuSO4 @ 10 Kg/acre.

Iron deficiency
Interveinal chlorosis in terminal leaves; older
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Value Addition in Marigold
Pavan Kumar. K1, A. Anjaneyulu2, Vamshi Krishna. S3 and Eggadi Ramesh4
1, 2&3Ph.D.

Scholar, Bidhan Chandra Krishi Vishwavidyalaya, Faculty of Horticulture, West Bengal
Banga Krishi Vishwavidyalaya, Faculty of Horticulture, Pundibari, West Bengal.

4Uttar

in several states commercially more profitable
than any other crops. Marigold plays a vital role
as a cash crop to poor farmers in India.

Introduction
Marigolds were first discovered by the
Portuguese in Central America in the 16th
century, it was introduced to Europe and India.
China, India & Peru are the leading countries
producing & exporting Marigold flowers. Major
Importing Countries are USA and Europe.
Traditional flowers, including marigold, occupy
nearly 2/3rd of area. Marigold cultivation is
extensively seen in Andhra Pradesh, Tamil
Nadu, West Bengal, Karnataka and Uttar
Pradesh. It is an important decorative plant and
May, 2019

Active compounds:
•
•
•

8

Marigold flowers (Tagetes erecta and
Tagetes patula) contain compounds called
carotenoids.
Lutein (purified extract) - marigold
oleoresin - petals of marigold flowers with
organic solvents.
The final product after saponification,
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•
•

contains a major component, lutein and a
smaller proportion of zeaxanthin.
The essential oil from the leaves of Tagetes
erecta - antifungal and insecticidal
properties
Flowers of Tagetes patula - antiinflammatory activity.

•

As Repellant:

Nutritional Properties:
•
•

•

Rich source of flavonoids and vitamin C.
No fat content and aid in weight loss.

•

Cosmetics:
•

•
•
•
•
•
•

Petals and flower heads of marigold were
added to water to make an infusion - used
as body lotion, cosmetics including face and
hand creams.
Food colouring and decoration:
Marigold flowers contain the yellow
carotenoid pigments - add colour to some
food products.
In cooking, the flowers of marigold can used
as a Saffron substitute in the coloring of rice
dishes, fish dishes.
The leaves of Marigold are used in salads
Petals from marigolds can be frozen in
small ice-cubes and served in drinks such as
Pimms
Marigold Pound Cake

•

•
•
•
•
•

Marigolds also help to detect whiteflies
when planted around tomatoes; Whiteflies
hate the smell of marigolds.
French marigold (T. patula) roots - exude a
substance which spreads in their immediate
vicinity killing nematodes.
Marigold Insect Spray for leaf-cutters.

Health Benefits and Therapeutic Uses:
•
•
•
•
•
•
•

Marigold pigments:
•

marigolds provide familiar splashes of
colour in South Asia.
To make colorful garlands - used as
offerings and to decorate religious
buildings, statues at many religious
ceremonies and festivals.

•

Lutein, zeaxanthin has primarily been used
as a natural colorant due to its orange-red
color.
Lutein absorbs blue light and therefore
appears yellow at low concentrations and
orange-red at high concentrations.
Plant dyes - Hindu festival Holi - synthetic
dyes are generally used instead.
Dyes prepared from plants like marigold are
safer, alternative to synthetic dyes.
Lutein was traditionally used in chicken
feed - yellow color of broiler chicken skin.
Lutein fortification - darker yellow egg yolk.

•
•
•
•

Marigolds (health benefits) - high content
of antioxidants.
Antioxidants - eyes from macular
degeneration and cataracts
Effective in combating the damage that
caused by free radicals.
Treatment of minor burns
Allergic
reactions,
eczema
antiinflammatory properties
Getting rid of an oily complexion naturally.
Marigold flowers, leaves - number of
tumors (breast cancer) & prevent
development of new cancer cells.
Effective against colon, leukemia and
melanoma cancer cells.
Growth of new blood vessels, new skin
tissue - healing of wounds such as burns,
scrapes, irritated skin.
Petals of the marigold flower - Sitz baths healing bladder infections, stitches after
child birth
Marigold flower rubbed on the affected part
- remedy for the pain and swelling caused
by the sting of a wasp or bee.
Marigold tea - effective against painful
mouth and stomach ulcers as well as colitis.

Marigold garlands:
•

Brightly

coloured

yellow

and

orange

Subscribe
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Methods of Seed Extraction: Solanaceous Vegetables
Somashekar Gajjela and Eggadi Ramesh
Ph.D. Research Scholar, Department of Vegetable and Spice Crops, Faculty of Horticulture, Uttar
Banga Krishi Viswavidyalaya, Pundibari, Cooch Behar, West Bengal, India.

and gel except the clean seeds at bottom.
Acid method: In this method the fully
ripened mature fruits are harvested and crushed
to pulp. The pulp is taken in a plastic or wooden
container or cement tub of required size and
hydrochloric acid is added. A 25ml of Hcl is
added for 1kg pulp and kept aside for 30
minutes. The seed mass is stirred while adding
the acid. The acid removes the mucilage
adhered to the seed and separates the seed from
the pulp. The acid treated seeds are poured into
a clean fine mesh cloth for washing. 4-5 times
repeated washing is done to remove the acid
adhered to the seeds. This is a very quick
method of seed extraction. The seeds obtained
by this method are brighter and with good
germinability and without any fungal attack.
The seed recovery percentage is also higher in
this method.
Alkali method: In this method also fully
ripened matured fruits are harvested and
crushed to pulp. The pulp with seeds are mixed
with a solution of sodium carbonate (washing
soda) 10%. The mixture is kept aside for two
days at room conditions and the seeds are
washed out in sieve and dried. This method is
used where fermentation method is not
practiced in areas of cool temperate regions.

Introduction
Seeds are nothing but the embryonic plants
growing in hard or semi-hard outer coverings.
seed extraction method is important step in
solanaceous crops seed production, which
involves removal of pulp and gelatinous
substance present around the seed. Seed
separation or extraction is an important skilled
operation. Timely harvesting and extraction is
necessary to retain the vigour and vitality of the
seed. A good quality seed can be produced when
it is harvested only at proper physiological
maturity. The fully mature or red ripe fruits are
harvested for extraction of seed, otherwise
germination difficulty may occur. In tomato,
seeds of red-firm fruits gave the maximum seed
quality regardless of the method used for
extraction (Demir and Samit, 2001).
Following methods are used for the
extraction of seeds in important solanaceous
crops:

Tomato
Fermentation: This is an old and established
method of seed extraction process. The ripen
fruits are kept to trample under feet for
crushing. Crushed fruits are kept in a plastic
containers for fermentation to takes place to
separate the gel mass attached to the seeds.
Depending upon the temperature one day or
two will take to complete the fermentation
process. It is not recommended for more than
two days as it spoils the seed quality. Stirring
several times is done to maintain equal
fermentation and to avoid discolouration of
seeds. As soon as the fermentation completes
pulp is removed and kept in another container.
Now the container with seeds are filled with
water to remove the flesh and skin adhered to
the seeds. Finally the seeds will settle at the
bottom. Now gently incline the container to
remove the floating material. This washing is
repeated with fresh water to remove all the flesh

May, 2019

Brinjal
Wet method: The fully ripe fruits are
harvested and kept under shed for one week at
room temperature to become soft. This is done
to get the seeds mature completely. The outer
covering is peeled and the flesh intact with the
seeds is cut into thin slices. Now these pieces are
softened by soaking them in water till the seeds
are separated from pulp. As the brinjal pulp is
hard and dry it requires more water for it to
separate from the seed. So it is kept overnight
for it to separate. After separating seeds are kept
in water for collecting clean seeds. This method
is followed when the quantity of seed is large.
Dry method: Fruits which are ripened are
10
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harvested and they are dried in the sun until
they split open. Purple coloured and black
purple fruits become to coppery brown colour
during drying. After drying seeds are extracted
by beating the dried fruits with stick. This
method is followed when the quantity of seed is
small.

extracted by wet method without doing
fermentation. Fruits are harvested when they
are fully ripe with the desirable colour is
attained. After harvest the fruits are allowed to
mature for short period so that maximum seed
germination potential is achieved (Sanchez et
al., 1993). At first, the fruits are dried in the sun
for a few days and then cut into pieces and
soaked in water for separation of seeds from the
flesh. Continuous stirring and washing is done
to clean the seeds.

Chilli
Fully matured red ripe fruits are harvested and
kept in cool and dry place for one week to get
uniform ripening of any immature fruits. Fruits
are heaped in shade or indoor. Avoid direct
sunlight for one week to get uniform red colour.
Post-harvest ripening upto 10 days in half-red
fruits improved seed germination, vigour and
field emergence significantly (Pandita and
Nagarajan, 2001). Red ripe fruits are dried on
clean polythene sheets, cemented or concrete
drying floors for two weeks depending on
weather conditions. They can also be dried in
hot air oven at 35ºC for one week. The seeds
from the fruits are extracted after drying
threshing and breaking the fruits.
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Capsicum
Capsicum fruits are large fleshy so it is not
possible to dry the fruit completely. So seeds are

5.

HORTICULTURE

Wine! Just More Than Alcohol
Ayeeshya Hasansab Kolhar
Ph.D. Scholar, College of Horticulture, Bagalkot

In country like India alcoholic liquors have
negative image and are known with their
adverse effect on health and social relationship.
Likewise wine is also considered like other
alcoholic beverages such as rum, whiskey etc.,
and its positive face is ignored by the society. It
is well known that “Anything in excess will turn
into poison (atiyadare amrutavu vish)”. So wine
has both pros and cons, whereas consuming
wine in moderate quantity has many benefits.
Before looking into health benefits it’s better to
know the dosage for women, it’s one glass a day
and for men it’s two glass a day.
The
father
of
modern
medicine,
Hippocrates prescribed wine for a variety of
ailments including diarrhea and lethargy. It has
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a long history of use as an early form of
medication, being recommended variously as a
safe alternative to drinking water, an antiseptic
for treating wounds, a digestive aid, and as a
cure for a wide range of ailments including
lethargy, diarrhea and labour pains. Such other
health benefits of wine are discussed here
under.
•

•
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It contains antioxidants: In the battle
against fighting off free radicals that cause
terrible health problems such as cancer,
wine could be the answer. Wine is full of
antioxidants that attack free radicals when
they come lurking around.
It boosts the immune system: While
you probably shouldn’t stop taking your
May, 2019
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daily vitamins, drinking a glass of wine
daily can give your immune system a boost.
Moderate alcohol consumption can ward off
infections and keep your immune system in
check.
It reduces the risk of stroke: Moderate
consumption of wine and alcohol in general
– can prevent blood clotting. Wine acts as a
natural blood thinner, breaking up any
blood clots that could lead to a stroke. This
lower risk of blood clotting is more
beneficial to females than males.
It reduces the risk of heart disease: In
the battle against heart disease, taking all
necessary precautions is well worth it,
especially when it involves wine. The
tannins found in red wine contain
procyanidins phenols which neutralize free
radicals – that have shown to be effective in
preventing cardiovascular disease.
It
can
lower
cholesterol:
The
procyanidins found in the in red wine
promotes a healthy heart also reduces the
cholesterol.
It reduces the risk of type 2 diabetes:
Resveratrol present in the wine known to
improve sensibility to insulin. With insulin
resistance contributing to type 2 diabetes
risk.

•

•

•

•

6.

•

•

•

•

It promotes longevity: The resveratrol
found in the red wine acts as an agent
against anti-aging and decreases mortality
rate.
It reduces the risk of cancer: Wine can
answer for number of cancers such as colon
cancer, prostate cancer, and breast cancer
can be reduced by drinking a glass of wine.
The antioxidants combat nasty free radicals
that allow cancer to thrive. Red wine
especially is beneficial, as the resveratrol
that fights against heart disease also fights
against cancerous cells.
It improves cognitive function: It may
sound crazy, but drinking a glass of wine is
like food for the brain. It is known to
improve brain function. The chemicals in
red wine prevent the brain’s neurons from
dying off. As a result, it protects the brain
from dementia while slowing the onset of
neurodegenerative diseases like Alzheimer’s
and Parkinson’s.
It increases bone density: As we get
older, our bones get more brittle. We can
have a sip of wine which increases our bone
density. Red wine has high levels of silicon,
which is great for our bone mineral density.
It increases the density and reduces the
chance of osteoporosis.

MICROBIOLOGY

Liquid Formulation of Biofertilizers
Nivetha, N.
Ph. D. Scholar, Division of Microbiology, ICAR-Indian Agricultural Research Institute, New Delhi
110012, India

Biofertilizer is defined as a preparation
containing live or latent cells of efficient strains
of microorganisms (nitrogen fixers, phosphate
solubilizers and plant growth promoting
rhizobacteria), when they applied to soil or
treated with seed, they can accelerate certain
microbial processes by which they augment
nutrient availability to the plants. The strength
of biofertilizers is determined by the number of
surviving cells, ease in usage and efficiency of
the microorganisms in nutrient solubilization
and plant growth development. Carrier based
biofertilizers available in the markets like
rhizobium, Azotobacter, Glucanacetobacter,
May, 2019

blue green algae, phosphate solubilizers, AM
fungi and plant growth promoting rhizobacteria
has proved its superiority over chemical
fertilizers in terms of safety, reliability and plant
growth promotion.
Conventional biofertilizers have some
constrains
like
shorter
shelf
life
of
approximately 6 months, easy access to
contamination, troubles in detection of
contamination, difficulties in application,
storage and handling etc. Liquid biofertilizers
has been developed as an alternative to rectify
the disadvantages of carrier based biofertilizers
(Table. 1). These are liquid formulation
12
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Table 1: Differences between carrier and liquid bioinoculants

containing the dormant form of desired
microorganisms and their nutrients along with
the substances that encourage formation of
resting spores or cysts for longer shelf life and
tolerance to adverse conditions. Liquid
biofertilizers have one to two years shelf life
with high microbial load of 1010 to 1012 cells/
mL. Advantages of using liquid biofertilizers are
given below.
•
•
•
•
•
•

1.

Azotobacter
Azospirillum

All crops
Cereal crops

4.
5.

Higher and not easy
to detect

Quality control

Time consuming
process
More

Application by drip
irrigation
Production

Not possible
Cumbersome

Liquid bio
inoculant
One to two
years
Up to 45° C
1010 to
1012 cells/
mL
Almost nil
and easy to
detect
Easy and
quick
10 times
lesser.
Possible
Easy and
cost effective

Liquid formulations available in Division of
Microbiology, IARI are

Application dosages are as follows
20-30 kg N/
ha
15-20 kg N/ ha
5-10 kg N/ ha

1.

Phosphorous solubilizing bacteria for all
crops - 15-20 kg P2O5/ ha
Potash solubilizing bacteria for all crops –
5-10 kg K/ ha
Zinc solubilizing bacteria for all crops
NPK providing formulation for all crops 15-20 kg N/ ha, 15-20 kg P2O5/ ha and 5-10
kg K/ ha.
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Contamination

Dosage

Nitrogen fixing bacteria
Pulse crops

3.

Storage condition
Microbial load

Longer shelf life of nearly two years, no loss
in properties even on long storage.
Less contamination, easy detection by
typical fermentative smell, colour, pH and
physical observations.
Easier storage (upto 45 °C) and application
by seed treatment, seedling dip and through
drip irrigation system.
High microbial load and activity, less
dosage and greater potential against native
population.
Cost effective than carrier inoculant in
terms of carrier material preparation,
packaging and transport.
High commercial revenue and export
potential.

Rhizobium

2.

Shelf life

Carrier based
inoculant
Approximately 6
months
Below 30° C
107 to 109 cells/ g

2.
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Seed treatment
a) Rhizobium – 200 mL/ acre for all field
crops, pulses and oilseeds.
b) Azospirillum – 200 mL/ acre for rice,
wheat, oat, parley, maize and sorghum.
c) Azotobacter – 200 mL/ acre for all
cereals, millets, forage crops and
grasses
Seedling root dip
a) Azotobacter – 500 mL/ acre for
plantation crops and tobacco
b) Azospirillum – 500 mL/ acre for rice

May, 2019
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3.

7.

Soil application
a) Rhizobium – 1-2 mL/ plant
leguminous plants and tress

b) Azotobacter – 2-3 mL/ plant at nursery
for all fruit and agro-forestry plants,
400 mL/ acre for tea and coffee.

for

BIOTECHNOLOGY

The Human Genome Project: Goals and Features
Suhail Ahmad and Rahul Patil
College of Agriculture, Junagadh Agricultural University, Junagadh, Gujarat

The term genome (introduced by H. Winkter in
1920) refers to one complete copy of the genetic
information (DNA) or one complete set of the
chromosome (monoploid or haploid) of an
organism. The term genomics coined by T.H.
Roderick in 1987 denotes mapping, sequencing
and functional analysis of genomes.
The Human Genome Project (HGP) was
launched on 1st October, 1990 for sequencing
entire genome of 2.75 billion nucleotide pairs.
This megaproject was a 13 year project
coordinated by the U.S. Department of Energy
and the National Institute of Health. During the
early years of the HGP, the Wellcom Trust
(U.K.) becomes a major partner; additional
contributions come from Japan, France,
Germany, China and others.
The project was completed in 2003. James
Watson was the first director of the human
genome project and after a period of two years
he was replaced by Francis Collins in 1993. Two
important scientists associated with HGP were
Francis Collins, director of the HGP and J. Craig
Venter, founding president of Celera Genomics.
HGP was closely associated with rapid
development of a new era in biology called as
Bioinformatics.

issues (ELSI) that may arise from the
project.
The methodologies involved two major
approaches identifying all genes of the genome
and their sequencing. For sequencing, the total
DNA from a cell is isolated and converted into
fragments of relatively small sizes and cloned in
a suitable host, this generates a genomic library
of the organism. The complete sequencing of the
first human chromosome, small chromosome
22, was published in December 1999. Then
chromosome 21 was completely sequenced in
May 2000. The first draft sequence of the entire
human genome was published in the famous
scientific journal “Nature” on 16th February,
2001.

Figure 1: A Reprehensive Diagram of the Human
Genome Project

Goals of Human Genome Project:

Important Features of Human Genome:

Human Genome Project had many goals some
of the important goals were outlined below:
1. To identify all the approximately 30,00040,000 genes in human DNA.
2. To determine the sequences of the 3 billion
base pairs that makes up human DNA.
3. To store this information in the database.
4. To develop improvised tools for data
analysis.
5. To transfer related technologies to other
sectors, such as industries.
6. To address the ethical, legal and social
May, 2019

1.
2.

3.

4.
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The human genome contains 3164.7 million
nucleotide bases.
The average gene consists of 3000 bases,
but gene size varies greatly (the largest
human gene is dystrophin containing 2.4
million bases).
The total number of genes in the genome is
estimated at 30,000 and all (99.9 percent)
nucleotide bases are exactly the same in all
people
Functions of about 50% of the discovered
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genes are still unknown.
Less than 2% of the genes of the genome
codes for proteins.
6. Chromosome 1 has most genes (2968) and
the Y has the fewest (231).
7. Repeated sequences (AT-AT-AT or GC-GCGC…….) make up a very large portion of the
human genome.
8. Scientists have identified about 1.4 million
locations
where
single-base
DNA
differences
(SNPs-single
nucleotide
polymorphism, pronounced as ‘snips’)
occur on humans.
Human
Genome
Project
was
an
undertaking by many countries to acquire

complete knowledge of the organization,
structure and functions of the human genome.
Such a multinational undertaking was called as
International Human Genome Sequencing.
HGP was regarded as the most ambitious
project ever undertaken by humans.
The project had the benefits to identify all
human genes and also mutated genes causing
diseases. Complete knowledge on the genome
sequence will enable the scientists in future to
gain knowledge on the types of proteins
encoded by these genes. The cloning and
sequencing of the disease causing alleles
(mutated genes) will largely help in the
diagnosis and treatment of diseases.

5.
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SERICULTURE

Mulberry sericulture in Tamil Nadu
Dr. Prashant Natikar
Scientist – B, Silkworm Seed Production Centre, Hosur, National Silkworm Seed Organization,
Central Silk Board, Ministry of Textile, Govt. of India

Tamil Nadu lies in the southern most part of the
Indian subcontinent and is bordered by the
union territory of Puducherry and the South
Indian states of Karnataka, Kerala and Andhra
Pradesh. The total area of the state is 1,30, 058
km2 having a population of 72,147,030 (2011
census). It is bounded by the Eastern Ghats on
the north, by the Nilgiri Mountains, the
Meghamalai Hills, and Kerala on the west, by
the Bay of Bengal in the east, and by the Indian
Ocean on the south. The annual rainfall of the
state is about 945 mm of which 48 per cent is
through the north east monsoon and 32 per cent
through the south west monsoon.

Sericulture, Govt. of India, 2018).
Tamil Nadu is the leading state in bivoltine
silk production over the years. The handloom
silk sarees including Kancheepuram silk sarees
produced in the state are world famous because
of its enchanting craftsmanship. Venpattu
dhotis produced in Salem are veru unique and
has got authorization to use geo - index number.
The demand for raw silk is perennial in the state
and it produces nearly 1914 metric tonnes
against demand of 3000 metric tonnes. Hence,
there exists vast potential for cultivation of
mulberry plantation, where bivoltine silkworms
could be reared as climatic conditions are
favourable and ideal for improvement of socioeconomic conditions of the farmers.

Sericulture
Sericulture is an important agro-based rural
industry that help rural economy and generates
higher income and employment. Tamil Nadu is
one of the progressive states of India with great
potential development for mulberry crops. The
state is blessed with the ten agro-climatic
regions suitable for growing variety of mulberry
all around the year. It occupies fourth position
in the country in silk production. At present
24,427 farmers are practicing sericulture in
Tamil Nadu and this gives employment
opportunities to 2,32,000 persons (Dept. of
VOLUME NO. 15, ISSUE NO.8

Grainages
Seed is the sheet anchorage of Sericulture
development. Disease freelaying’s are being
produced and supplied to the Sericulture
farmers by the followingtwo Central Silk Board
run National Silkworm Seed Organization
(NSSO) grainages and 11 State Government
grainages.
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Table 1: Grainages operating in Tamil Nadu district *

District
Irrigated
Rainfed
Nagapattinum
73.00
Villupuram
866.25
Cuddalore
346.25
Madurai
405.50
Theni
1864.00
Virudhunagar
519.50
Ramnad
215.50
Sivagangai
278.50
Dindigal
3377.10
Tirunelveli
1622.55
Thoothukudi
237.60
Kanyakumari
245.95
Total
43,568.90 366.85
*Dept. of Sericulture, Govt. of India, 2016-17

Name of the
NSSO/ State
Sl.No District
Grainage
Govt.
1.
Krishnagiri Hosur
NSSO
Hosur
State
Krishnagiri
State
2.
Dharmapuri Dharmapuri
NSSO
Sogathur
State
Pennagaram
State
3.
Coimbatore Coimbatore
State
4.
Erode
Erode
State
Talavady
State
5.
Vellore
Vaniyambadi
State
6.
Trichy
Trichy
State
7.
Dindigal
Dindigal
State
8.
Tirinelveli
Courtallum
State
*Dept. of Sericulture, Govt. of India, 2016-17
Area under plantation
Presently, a total of 43,935.75 acres of land is covered
under mulberry plantation as on 2016-17. The district wise
total area covered under mulberry plantation both in
irrigated and rainfed conditions in given in Table 2.

Raw silk production
Out of total 1914 metric tonnes of raw silk
produced during 2016-17, 1627 metric tonnes
are bivoltine silk. Tamil Nadu is the leading
state at National level in terms of bivoltine raw
silk production. The percentage of bivoltine silk
has improved from 80.71 per cent in 2015-16.

Table 2: Area under mulberry plantation (acres) *
District
Krishnagiri
Dharmapuri
Salem
Erode
Coimbatore
Tiruppur
The Niligiris
Vellore
Kancheepuram
Thiruvallur
Tiruvannamalai
Namakkal
Karur
Trichy
Perambalur
Ariyalur
Pudukottai
Tiruvarur
Thanjavur

May, 2019

Irrigated
7591.50
3171.85
2492.45
4480.56
2636.25
5275.14
42.00
2630.25
45.50
9.00
834.65
1781.25
314.50
972.30
89.50
132.50
577.00
144.00
297.00

Rainfed
158.60
126
82.25
-

Total
73.00
866.25
346.25
405.50
1864.00
519.50
215.50
278.50
3377.10
1622.55
237.60
245.95
43,935.75

Productivity parameters

Total
7591.50
3171.85
2492.45
4480.56
2636.5
5275.14
42.00
2788.85
45.50
9.00
960.65
1863.50
314.50
972.30
89.50
132.50
577.00
144.00
297.00

The average cocoon productivity per 100
silkworm laying’s is 78 kgs. ’during the year
2016-17.

SWOT analysis
The strengths, weaknesses, opportunities and
threats involved in the Tamil Nadu state under
mulberry sericulture sector reveals the
following:

Strengths
•

•
•
•
•

16

The state possesses varied types of agroclimatic conditions ranging from hot
tropical through sub-tropical to temperate
climate.
The major types of soil like loamy and
sandy loam found in state are highly
suitable for growing mulberry plant.
Highly remunerative cash crop.
The state is fairly well endowed with water
and land resources. Ground water potential
is also fair in many parts of the state.
Young rural youths are coming forward to
do sericulture activities.
VOLUME NO.15, ISSUE NO.8
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•

Ideal climate for quality bivoltine cocoon
production.

Weaknesses
•

•

The success of sericulture yet depends on
the
successful
monsoons.
Frequent
monsoon failures, low and uncertain
rainfall and its skewed distribution affect
the tempo of sericulture growth.
Lack of technology awareness, extension
research and inadequate extension support.
Lack of awareness on the importance of
good maintenance of chawki rearing
houses.
Diverse sericultural practices leading to
wide fluctuations in productivity and
quality.

•
•
•

•
•

capabilities can be sustained through
proper
and
planned
soil
fertility
management practices.
Generates rural employment and checks
urban migration.
Growing export potential due to increase in
bivoltine area.
Generation of additional income through
by-product utilization.

Threats
•
•
•

Migration of rural population from farming
to urban areas.
Mulberry silk has to face compete with the
synthetic fibre because of its low cost.
Uncertainty of crop due to natural vagaries.

Opportunities
•

The loamy and sandy loam soils found in
the state are highly productive and their

9.

SEED SCIENCE AND TECHNOLOGY

Isoelectric Focusing (IEF) and its application
C. Tamilarasan
Department of Seed Science and Technology, Tamil Nadu Agricultural University, Coimbatore,
Tamil Nadu – 641003.

positively charged at pH values below their pI
and negatively changed at pH values above their
pI).
A pH gradient is necessary so that under the
influence of an electrical field, a protein will
move to the position where its net charge is
zero. A protein with a positive net charge will
migrate towards the cathode becoming
progressively less positively charged as it moves
through the pH gradient until it reaches a point
that corresponds to its pI value.
Isoelectric focusing requires solid support
such as agarose gel and polyacrylamide gel.
Polyacrylamide is a polymer with small
interstices – approximately the size of proteins
so that apart from surface charge, separation
depends on the size of the molecules. Isoelectric
focusing gels contain synthetic buffers called
ampholytes that smooth the pH gradients.
Isoelectric focusing needs high voltage
(1000 V or more). It gives good separation with
a high resolution compared to any other

Principle involved in IEF
Isoelectric focusing takes place in a pH
gradient. The charged molecules move towards
the anode or the cathode until they reach a
position in the pH gradient where their net
charges are zero. This pH value is the
"isoelectric point" (pI) of the substance. Since it
is no longer charged, the electric field does not
have any influence on it. Should the substance
diffuse away, it will gain a net charge again, and
the applied electric field will cause it to migrate
back to its pI.

Isoelectric focusing
Isoelectric focusing is the electrophoretic
method that separates proteins according to the
iso-electric points. The net charge of a protein is
the sum of all negative and positive charges of
its amino-acid chains and their ionisable groups
(amino and carboxyl termini). The isoelectric
point (pI) is the specific pH at which the net
charge on the molecule is zero (proteins are

VOLUME NO. 15, ISSUE NO.8
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method. Resolution depends on:

the gels are placed in the staining chamber. The
plates are fixed with 20% TCA for 5 minutes at
20 oC, and washed with distilled water for 2
minutes. Subsequently they are stained for 10
min with 0.2% Coomassie Blue (1:10 solution, of
stock solution: destain solution), containing
0.15 w/v% CuSO4 (5H2O) at 50 oC. The plates
are destained in the destain solution for 10 min
at 50oC and allowed to dry. Plates are scanned
on a laser scanning densitometer for
determination of pI values.

•
•
•
•
•

The pH gradient,
The thickness of the gel,
Time of electrophoresis,
The applied voltage,
Diffusion of the protein into the gel.
The two techniques we describe each utilize
IEF but differ in the type of support employed,
1. Ultrathin layers Isoelectric Focusing
(ultrathin agarose gels versus single)
2. Multiple
layers
Isoelectric
Focusing
(Multiple layers of cellulose acetate (CA)
membranes).

Advantages
•

Procedure
The UTLIEF gels were prepared according to
the flap technique.
•
•
•
•

•
•

•
•
•

•

The iso-electro focusing (IEF) was carried
out on an IEF horizontal electrophoresis
unit
The unit was connected to a cooling
apparatus and the gel surface was cooled to
8°C.
The anodal electrode was placed on the top
and the cathodal electrode on the bottom of
gel.
The anode solution contained 0.33% (w/v)
L-aspartic acid and 0.37% (w/v) L-glutamic
acid while the cathode solution contained
0.47% (w/v) L-arginine, 0.36% (w/v) Llysine and 12% (volume per volume, v/v)
ethylenediamine.
An application strip was placed on top of
the gel surface about 5 mm away from the
anode strip.
An aliquot of 20µL of each protein sample
after being diluted with distilled water to a
dilution of 8:12 (v/v) was loaded into the
respective wells of an application strip.
The IEF was carried out for 90 min at 150
Vcm-1A power unit supplied 5 mA, 15W and
1,500 V).
After rinsing with water, the gel was air
dried overnight at room temperature.
The dried gel that stuck on the surface of
the Gel- was then covered with transparent
adhesive film before evaluation.

•

Application
•
•
•
•
•

It’s applicable to evaluate the ability of
UTLIEF to distinguish hybrids and
evaluation of genetic purity in seeds.
The UTLIEF were analyzed to evaluate the
hybridity test in hybrid seeds.
This technique has become crucial for the
development of Proteomics.
In many applications, closely related
proteins have to be separated.
Examples are the differentiation of protein
isoforms or enantiomers, Such problems
have been successfully solved by isoelectric
focusing (IEF).

References
Radola, B. J. (1980). Ultrathin-layer isoelectric
focusing in 50-100 μm polyacrylamide gels on
silanized glass plates or polyester films.
Electrophoresis, 1: 43–56.

Staining
After the focusing steps have been performed,
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IEF's greatest advantage is its high
resolution, resulting in greater separation of
solutes. IEF of serum proteins results in
many more bands; these bands are sharper
because each pH region is very narrow.
Performing IEF is easier because the
placement of sample application is not
important. The sample and ampholytes can
be
mixed
before
application;
the
ampholytes will migrate, create the
gradient, and then the proteins separate
and migrate.
Some isoenzymes and variant hemoglobins
in prenatal screening are separated with
IEF. Detection of oligoclonal bands in
gamma-globulin is a newer use of IEF. IEF
is commonly used as one of the separations
in two-dimensional electrophoresis.
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10. GENETICS AND PLANT BREEDING

Semi dwarf (sd1) Gene: A Major Breakthrough in
Green Revolution for Increasing the Rice Productivity
*Richa Sao and Parmeshwar K. Sahu
Department of Genetics and Plant Breeding, College of Agriculture, Indira Gandhi Krishi
Vishwavidyalaya, Raipur- 492012 (Chhattisgarh)

including Latin America. His short stature, early
maturity and high capacity performance were
the defining characteristics of IR8 that allowed
quadruple production of rice.

Introduction
Rice is the staple food for more than one half of
the world’s population. Tropical Asia accounting
for over 90% of production and consumption of
rice has been growing tall statured lodging
prone varieties of very low yields until the
advent of the non lodging high yielding semidwarf varieties in sixties. The short statured
varieties developed using Dee-Gee-Woo-Gen
(DGWG), a dwarf of spontaneous origin have
enabled many countries in the region to achieve
self-sufficiency in rice in a short span of 15
years. To provide food for an ever-increasing
population is one of the main challenges that
science has always faced. A major breakthrough
occurred in this direction when a remarkable
increase in the production of rice was achieved
in South Asia through the utilization of new
semi dwarf rice varieties developed at the
International Rice Research Institute (IRRI) in
Philippines by using sd1 gene.

The sd1 gene
IR8 was bred by the crossing with a Taiwan
native semi dwarf variety, Dee-geo-woo-gen
which carries the semi dwarf 1 (sd1) gene, an
Indonesian good taste variety, Peta. The
resultant IR8 variety showed the semidwarf
phenotype caused by the sd1 allele derived from
Dee-geo-woo-gen. Like IR8, the high yielding
varieties Taichung Native 1in Taiwan and Tongil
in Korea also harbored the sd1 allele from the
Dee-geo-woo-gen and contributed to food
security in these countries. Genetic lineage of
the majority of the cultivated rice varieties in
tropical Asia reveals that sd1 from DGWG (DeeGeeWoo-Gen) is the source of dwarfing gene.

Role of sd1 gene in green revolution
The sd1 gene played a major role by employing
semi dwarf rice varieties for increasing the
productivity of cereals during 1960’s. Green
revolution technologies in India were originally
introduced in the states of Punjab, Haryana, and
western Uttar Pradesh (UP). Both Punjab and
Haryana are intensively cultivated states. With
the ushering of green revolution, rice–wheat
emerged as the major cropping system in this
region. During 1966–2012, area under rice
increased 10-fold (from 0.28 to 2.85 mha) in
Punjab and six-fold (from 0.19 to 1.22 mha) in
Haryana. An unprecedented increase in both
production and productivity levels of wheat and
rice occurred in these states, which helped India
meet the food shortages of the 1960s.

Green revolution
In the 1960s the rapid expansion of the world
population and dramatic increase in cultivated
lands raised concerns that food production
would not meet the growing demands which
may lead to a global food crisis. To overcome
this IRRI developed a high yielding semi dwarf
variety of rice IR8 known as miracle rice. IR8
was largely adopted and led to major increase in
rice production in addition with nitrogen
fertilizer application was able to overcome the
feared shortage of food production in Asia. This
remarkable achievement was referred to as
green revolution. The seed of the variety IR-8
was initially introduced in the Philippines and
India by IRRI, being rapidly adopted by
thousands of farmers around the world,
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The sd1 gene contains defective gibbereline 20
oxidase

base to majority of present day rice varieties, as
far as sd1 (semi-dwarf1) gene is concerned. In
addition, analysis of such high amount of
genetic homogeneity renders rice plants
vulnerable to epidemic of diseases and insect
pests. Recent studies showed that some dwarf
accessions which were mutagenised, showed
absence of DGWG allele of sd1 gene with
varying response to GA and could be used as an
excellent alternate sources for DGWG allele of
sd1 gene. These dwarf accessions could be used
for broadening the genetic base for the plant
height and thereby minimize the risk of genetic
vulnerability.
A novel dwarf gene, d60, which was found
in the semidwarf mutant Hokuriku 100,
developed by exposing Koshihikari to 20 kR of
gamma radiation is thus of particular
importance. Unlike sd1, which is inherited as a
single recessive gene, d60 complements the
gametic lethal gene gal, which is carried by
many rice varieties.

The major semidwarﬁng allele, sd-1, is still
extensively used in modern rice cultivars. The
phenotype of sd-1 is consistent with dwarﬁsm
that results from a deﬁciency in gibberellin (GA)
plant growth hormones. Semidwarf (sd-1)
phenotype is the result of a deﬁciency of active
GAs in the elongating stem arising from a
defective 20-oxidase GA biosynthetic enzyme.
Sequence data from the rice genome was
combined with mapping studies to locate a
putative GA 20-oxidase gene (Os20ox2) at the
predicted map location of sd-1 on chromosome
one. Two independent sd-1 alleles contained
alterations within Os20ox2: a deletion of 280
bp within the coding region of Os20ox2 was
predicted to encode a non-functional protein in
an indica type semi-dwarf whereas a
substitution in an amino acid residue (Leu-266)
that is highly conserved among dioxygenases
could explain loss of function of Os20ox2 in a
japonica semi-dwarf. It can be proposed that
the Os20ox2 gene corresponds to the sd-1 locus.

Conclusion
Semi-dwarf stature of rice plants improves the
light-interception
properties,
nitrogen
responsiveness, and lodging resistance and is
thus an important trait worldwide. Therefore
sd1 gene is very precious for enhancing the
productivity of rice.

Alternatives of sd1
After the success of IR8 and TN1, breeders
depended heavily on these two rice cultivars for
source of short stature led to the narrow genetic

11. PLANT PATHOLOGY

Ethylene in Host-Pathogen Interactions
Muttanna Revadi
Senior research fellow, Indian Institute of Horticultural Research, B’lore-560089

senescence of plant organs, it influences plant
growth, it acts as a stress hormone during biotic
and abiotic stress conditions, and it exhibits
various morphogenetic effects. Almost all biotic
and abiotic stress conditions elicit ethylene
synthesis in plants. In some instances, ethylene
appears to be involved in mediating the
response to stress. ET helps to restrict the
spread of a pathogen by causing leaf abscission
in cases where it exacerbates disease symptoms.

Introduction
Ethylene,
the
simplest
unsaturated
hydrocarbon, regulates many diverse metabolic
and developmental processes in plants. The
history of its discovery as a signal molecule or
plant hormone was described by Anthony et al
(2000). More downstream induced responses
rely on a network of cross communicating
signaling pathways of which salicylic (SA),
jasmonic (JA) acid and ethylene (ET) are the
principal mediators.

Ethylene Biosynthesis
ET is synthesized from the amino acid
methionine, which is converted to S-adenosyl-

Physiology of Ethylene Action
In the broadest of terms, ethylene triggers
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methionine (S-AdoMet) by the enzyme SAdoMet synthase (ADS). S-AdoMet is converted
by the enzyme ACC synthase to 1aminocyclopropane-1-carboxylic acid (ACC) and
ACC is finally oxidized by ACC oxidase to form
ET, cyanide and carbon dioxide (Kevinet al.,
2002). Regulation of ethylene biosynthesis is
mainly
by
transcriptional
and
post
transcriptional signals.

machinery to trigger specific biological
responses. On the basis of the highly
reproducible triple response in dark-grown
Arabidopsis seedlings, a number of mutants
impaired in their response to ethylene have
been identified. Five ethylene receptors exist in
Arabiodpsis: ETR1, ETR2, ERS1, ERS2, and
EIN4 among these receptors, only ETR1, ETR2
and EIN4 contain a receiver domain that shows
similarity to bacterial response regulators at the
C-terminal part of the protein.

Ethylene Perception
After its synthesis, ethylene is perceived and its
signal
transduced
through
transduction

Ethylene Signaling

Photo 1. Ethylene signal transduction pathway

further spread of wilt pathogens such as
Fusarium oxysporum f.sp. lycopersici, through
the plant’s vascular system. In rice leaves, for
example, ET induces the production of the
phenyl
propanoid-derived
phytoalexin
sakuranetin, but not of the terpenoid
phytoalexin momilactone A. In general,
phytoalexins derived from the phenyl propanoid
pathway are inducible by ET in different plant
species. In Arabidopsis, pathogen-induced
production of camalexin, an indole alkaloid
phytoalexin, is controlled by a reactive oxygen
speciesmediated pathway that exhibits little or
no cross-talk with ET- and JA-dependent
signaling and mutants affected in ethylene
signaling, such as ein2, are still able to

Ethylene-dependent Induction of Effector
Molecules
Pathogen-induced defense responses ultimately
result in the expression of numerous defenserelated genes. The corresponding proteins
include (i) Proteins that participate in the buildup of physical barriers and as such in the
physical confinement of the pathogen (ii)
Enzymes of secondary metabolism, for instance,
those
functioning
in
biosynthesis
of
antimicrobial secondary metabolites; and (iii)
Pathogenesis-related (PR) proteins, the latter
representing the largest quantitative changes in
soluble protein during defense responses.
ET is required for the xylem occlusion
response that occurs in plants to counter the
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synthesize camalexin in response to pathogen
attack. By far the most extensively documented
ET-induced defense-related effector molecules
are the so-called pathogenes is related (PR)
proteins.

from cross-talk with other defense response
signaling
pathways,
ET-responsive
ERF
transcription factors also seem to act as
connectors with general stress-related signal
transduction pathways.

Interactions between primary ET signaling and
other mechanisms of induced resistance

Conclusion
ET bio-synthesis and downstream signaling in
plants occur through a well conserved linear
pathway to cascade of transcription factors that
differentially regulate ET-mediated responses,
including various mechanism of plants defense
against pathogens. A significant cross-talk
appears
between
ET-dependent
disease
response and gene-for-gene resistance, JA and
SA dependent resistance allowing the plant to
further differentiate its defense response.

The primary ET signaling pathway components
described earlier (ETR/ERS/EIN4, CTR, EIN2,
EIN3/EIL) are required for all known ET
responses. Branch points in the ET response
pathway therefore must lie downstream of
EIN3/EIL. In fact, differential regulation by
disease-related stimuli such as ET, JA, SA, and
infection by virulent or avirulent pathogens has
been shown for several ERF genes. As such,
significant
cross-talk
between
different
signaling pathways appears to occur at this
level. In the section below some illustrative
overlaps between ET-dependent disease
responses and other mechanisms of induced
resistance in plants including gene-for-gene
resistance, JA- and SA- dependent resistance
and rhizobacteria-induced resistance. Apart
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Contract Farming: Concept and Future Prospects
Ashish M. Shendurse
Asst. Prof., S. D. Agricultural University, Sardarkrushinagar-385506 (Gujarat)

corporations like Ballarpur Industries Limited
(BILT), JK Paper, and Wimco, Green Agro Pack
(GAP) Ltd., VST Natural Products, Global
Green, Interrgarden India, Kemps City Agro
Exports and Sterling Agro, United Breweries
(UB), Nijjer Agro, Tarai Foods, A I M Todd,
McCain India are also entering into contract
farming (Singh, 2000; Dileep et al., 2003; Paty,
2005). Wide support for contract farming under
the Structural Adjustment Programme (SAP)
and liberalization policies and its promotion by
the international development agencies such as
the World Bank, the USAID, the IFC and the
CDC has further supported the development of
contract farming in India, which in turn helps
reform agriculture marketing practices indeed.

Introduction
The first known evidence of contract farming in
India dates back to the British colonisation; The
East India Company had contractual farming
arrangements in the coffee and tea estates. As
such, the concept of contract farming is not new
to India but there are new forms and models of
contractual arrangements which have prevailed
post-independence (Ghosh, 2003). The total
area covered by contract farming is less than 2
percent of the total cultivable land. However, if
one were to consider purely corporate contracts
with farmers for their crops, then this figure
would barely touch 0.05 percent of total
cultivable land. Contract farming in India is
changing towards this corporate contract model
as reflected by the entry of many Multinationals
such as, Cadbury, Pepsi, Unilever, ITC Ltd.,
Cargill and Frito Lay. Similarly domestic
May, 2019
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Contract farming is a transaction wherein
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agribusiness and farms are vertically integrated.
Baumann (2000) defined contract farming as a
system where a central processing or exporting
unit purchases the harvests of independent
farmers and the terms of purchase are arranged
in advance through contracts. Contract farming
involves different institutions like processing
firms, financial institutions, input providing
companies, and the farmers themselves. The
details of a contractual arrangement vary
according to the depth and complexity of the
provisions in each of the following areas (Paty,
2005; Eaton and Shepherd, 2001). In general,
contracts can be classified into three nonmutually exclusive categories: (i) Market
provision, (ii) Resource provision (iii)
Management specification.
In the overall, the concept of contract
farming promises- i) to provide a proper linkage
between the farm and market, ii) promote high
degree of competition at the supply and market
end, and iii) minimize intermediaries in order to
increase famer's income (Ram and Kumawat,
2013).

tariff barrier for exports. Contract farming
enables firms to have control over production of
agricultural commodities at various stages of
growth, thus making it possible to meet such
standards of food safety (Singh, 2005).

Future Prospects

•

Suggestions
In the light of emerging situation of contract
farming, the following suggestions are
important to improve the current situation.
•

•

The future of contract farming in India is quite
promising, thanks to the increasing awareness
about food quality and safety among the rising
middle class population coupled with rising
domestic disposable income and the stringent
food safety requirements of the export market of
the developed countries. As the Indian economy
grows, there will be an increase in the number
of people with high disposable income and
consciousness about quality and health who will
demand food products of certain specifications
(Manjunatha et al., 2016).
Further, developed countries prescribe
exacting standards of quality for imports of
agricultural commodities and processed food
from
developing
countries.
The
WTO
agreements on Sanitary and Phyto-sanitary
(SPS) measures are in accordance with food
safety and food standards set by the Codex
Alimentarius Commission (CAC). An important
component of the CAC guidelines is the
implementation of a food safety system called
Hazard Analysis and Critical Control Points
(HACCP). This needs to be incorporated in the
food quality system of the food processing units;
otherwise the SPS agreement can act as a non-
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It is necessary for contract farming to
increase infrastructure facilities like roads,
public
transport,
telephones,
postal
services, electric power, water supply, cold
storage facilities, etc.
The government needs to ensure that
contract farming, which is generally
commodity specific and tends to promote
monoculture, does not grow beyond
proportion to destroy bio-diversity and
agricultural ecology. It may be necessary to
provide necessary guidelines for land use
planning in each region in order to prevent
such eventualities.
The barrier such as high level of public
intervention in the market need to be
completely stopped or greatly liberalized in
order to allow free flow of trade in
agricultural commodity.
The companies should write their contract
agreements in regional languages rather
than in English. So that the local farmers
could understand the terms of contract.
The standard farmer-friendly agreement
should be designed and mandated by the
government.
In contract farming, the agreement record
is not available. Therefore, the record of
contract farmers, along with other relevant
details such as the area and crops under
contract, contracting agency and contract
farmers, etc. should be maintained at a state
level, country level and should be made
available to the public through the
government website.
On a larger scale, the sponsors themselves
should be honest. Therefore, the contract
should be managed in a more transparent
and participatory manner. So that there is
greater social consensus in handling
contract violation from either side without
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•

•
•
•
•

getting involved in costly as well as lengthy
process of litigation.
The government should give some intensive
like providing irrigation facilities, fertilizers
and other agricultural subsidies for
improving production of food grains in
contract farming.
It is necessary to provide agro-based
business to contracted farmers in the
country.
The government and contracted company
should provide modern irrigation facilities
to farmers under contract farming.
It is necessary to provide more loans to
farmers through banking and free them
from clutches of moneylenders.
The government should provide crop
insurance scheme effectively to farmers.

governance of the contract farming business.
However, in the present context, contract
farming is clearly a win -win situation for both
the companies and the farmers. The future of
contract farming in India is quite promising due
to increasing consciousness about food safety
and quality among the rising middle class
population and the quality demands of the
export market in the developed countries.
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Conclusion
Contract farming is no doubt a viable alternative
farming model in India, which can provide
assured and reliable input services to the
farmers and desired farm produce to the
contracting firms. Several Indian and
multinational companies have already begun
such initiatives in India and have demonstrated
repeated success. The successful cases of
contract farming should provide a blueprint for
further expansion of contract farming in order
to increase the quality of agricultural produce as
well as to increase the incomes of rural farm
communities. Moreover, the success of contract
farming depends on a profitable market, the
physical
and
social
environment
and
government support. The contracting firms
must
consider
physical
infrastructure,
telecommunications
infrastructure,
land
availability and tenure, input availability, and
social considerations.
Contract farming has both positive and
negative aspects but benefits overweigh the
negative effects which can be addressed through
the involvement of institutions related to the
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13. AGRIBUSINESS MANAGEMENT

Agricultural Project Management
Ashish M. Shendurse
Asst. Prof., S. D. Agricultural University, Sardarkrushinagar -385506 (Gujarat)

determined objectives within the constraints of
time and cost. It is the application of knowledge,
skills and techniques to execute projects
effectively and efficiently. It’s a strategic
competency for organizations, enabling them to
tie project results to business goals — and thus,
better compete in their markets. It has always
been practiced informally, but began to emerge
as a distinct profession in the mid-20th century.
It is no longer a special-need management. It is
rapidly becoming a standard way of doing
business. Project management processes fall
into five groups such as initiating, planning,
executing, monitoring, controlling and closing.
Project management knowledge draws on nine
areas, viz., integration, scope, time, cost, quality,
procurement,
human
resources,
communications and risk management. The
elements of project management control include
programmed objectives, policy restrictions,
resource constraints, government regulations,
process implementation, review of output,
feedback, and revision of objectives. Thus,
agricultural project management involves the
coordination of group activity, wherein the
manager plans, organizes staffs, directs, and
controls to achieve an objective, with
constraints on time, cost and performance, of
the end product (Charumathi, 2018).

Introduction
Projects have a major role to play in the
economic development of a country. Since the
introduction of planning in our economy, we
have been investing large amount of money in
projects related to industry, minerals, power,
transportation, irrigation, education etc. with a
view to improve the socio-economic conditions
of the people. These projects are designed with
the aim of efficient management, earning
adequate return to provide for future
development with their own resources. But
experience shows that there are several
shortcomings in the ultimate success of
achieving the objectives of the proposed project.

Concept of Project
A project can be defined as an organized
programme of pre-determined group of
activities that are non-routine in nature and that
must be completed using the available resources
within the given time limit. Gillinger defines
“project” as the whole complex of activities
involved in using resources to gain benefits.
Project management institute, USA defined
project as “a system involving the co-ordination
of a number of separate department entities
throughout organization, in a way it must be
completed with prescribed schedules and time
constraints”. According to the encyclopedia of
management, “project is an organized unit
dedicated to the attainment of goal, the
successful completion of a development project
on time, within budget, in conformance with
predetermined programme specification.”

Importance of Agricultural Project Management
Agricultural project management includes:
identifying requirements, establishing clear and
achievable objectives, balancing the competing
demands from the different stakeholders and
ensuring that a commonality of purpose is
achieved. It is clear that unless there is a
structured and scientific approach to the
practice of management, organizations would
find themselves aimless and hence would be
unable to meet the myriad challenges that the
modern era throws at them. Hence, the
importance of agricultural project management
is
discussed
below
(https://www.managementstudyguide.com).

Agricultural Project Management
Agricultural project management is an
organized venture for managing projects,
involves scientific application of modern tools
and techniques in planning, financing,
implementing, monitoring, controlling and
coordinating unique activities or task produce
desirable outputs in accordance with the
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1.

2.

3.

4.

5.

6.

Reduction in the Product Life Cycle:
The product life cycle is one of the most
significant driving forces behind the
demand for project management. As the
lives of the products are shortened, time to
market for new products with short life
cycles has become increasingly important.
Innovation and invention has become the
key to success for many organizations that
are depending on cross-functional project
teams to get new products and services to
the market as quickly as possible.
Global Competition: In the globally
competitive today’s market, customers want
cheaper products and services with better
quality at cheaper prices. This had led to the
emergence of the quality movement across
the world in International Standards
Organization certification requirements for
doing business. Quality management and
improvement essentially requires project
management. As the basic elements of
project management concentrate on time,
cost and quality, project management has
become style of managing business.
Knowledge Explosion: The knowledge
explosion world over has increased the
complexity of managing projects. Product
complexities have increased and demanded
integration of divergent technologies. To
manage all this, project management is the
only way.
Corporate Downsizing: Restructuring
of organizations in the recent years has
resulted into the downsizing or rightsizing.
Downsizing
and
sticking
to
core
competencies have become essential for
survival for many organizations.
Increased Customer Focus: Customers
expect customized products and services
instead of generic ones. The customization
of products and services required better
understanding of the customers’ needs by
project team members. The customers are
more aware and their changing needs are to
be taken into account to survive in the
market.
Managing Small Projects: In an
organization many projects are run
concurrently which resulted into multiproject environment and also plethora of
new problems. Prioritizing resources across

May, 2019

7.

a portfolio of projects is a major challenge
for top management. During multi-project
management, large projects are given more
importance than small projects. Small
projects are perceived as having little
impact on the bottom line because they do
not demand large amount of scarce
resources and money. Unfortunately, many
small projects add large sums of money and
their inefficiency results into adverse
impact.
Upsurge of Third World and Closed
Economies: The gradual opening of
emerging economies has created an
explosion of demand for goods and services
within
these
economies
for
their
development. Thus, new markets emerge in
the scenario. The developed markets have
started introducing their products and
services into these markets. Many firms are
using project management techniques to
establish distribution channels and foreign
bases
of
operations
(http://citeseerx.ist.psu.edu).

An Integrated Approach to Agricultural Project
Management
Many project managers have tried many tools,
techniques and systems to manage projects.
These piecemeal systems fail to integrate the
overall strategies of the organizations. They also
fail to balance the application of project
planning and control methods with appropriate
adjustments in the organization’s culture to
support project activities. Thus, today’s project
management
environment
requires
an
integrated
approach.
Integrated
project
management process focuses all project efforts
towards the strategic plan of the firm and
reinforces mastery of both the project
management
tools
or
techniques
and
interpersonal skills necessary to achieve
successful project completion. Integration of
project management has two key areas
(http://www.referenceforbusiness.com).
1. Integration of Projects with Strategic
Plan: Earlier, strategic plans were written
by one group, selected by another group
and implemented by yet another group.
This resulted in unsatisfied customers.
Thus, integration of projects with the
strategic plans is very essential. Strategies
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2.

are implemented through projects and only
those projects are selected that make largest
and most balanced contribution to the
objectives and strategies of the organization
so that scarce resources are allocated to
right projects.
Integration within the Process of
Managing
Actual
Projects:
The
integration within the process of managing
projects has two dimensions. The first
dimension is the technical side of the
management process which consists of the
formal, disciplined, pure logic part of the
process. It relies on the formal information
system and it includes planning, scheduling
and controlling of projects. The second
dimension is the socio-cultural side that
centers on creating a temporary social
system within a larger organizational
environment that combines the talents of a
divergent set of professionals working to
complete
the
project
(http://www.mansfield.vic.gov.au).

deliver the required result. In other words, there
has to be a framework and a defined way of
doing things to ensure that there is a structure
to the art of project management. Thus, Project
Management is both necessary and essential to
the success of the project. An integrated project
management has become indispensable to the
modern day project manager. The technical side
of project represents science of project
management and the socio-cultural side
represents art of managing project.

References
Charumathi, B. (2018). Project Management – An
Overview.
Online
site:
http://www.pondiuni.edu.
in/sites/default/files/Project%20Managementt
200813.pdf. (Accessed on 25-12-2018).
http://citeseerx.ist.psu.edu/viewdoc/download?do
i=10.1.1.454.853&rep=rep1&type=pdf.
(Accessed on 22-11-2018).
https://www.managementstudyguide.com/project
-management.htm. (assessed on 23-01-2019).
http://www.referenceforbusiness.com/manageme
nt/Pr-Sa/Project-Management.html. (Accessed
on 15-01-2019).
http://www.mansfield.vic.gov.au/Libraries/Comm
unity_Development/Intro_to_Project_Manage
ment_Manual.sflb.ashx. (Accessed on 18-012019).

Conclusion
Without a scientific approach to the task of
managing the projects and achieving objectives,
it would be very difficult for organizations to
successfully execute the projects within the
constraints of time, scope and quality and

14. PLANT PHYSIOLOGY

Effect of Pathogens on Plant Metabolism
Rahul Patil and Suhail Ahmad
College of Agriculture, Junagadh Agriculture University, Junagadh, Gujarat

Plant (Host) shows the different type of
responses after infection by the pathogen.
Normal physiological activity of host cell
disturbed and anatomical, morphological
changes appear as visible changes. In the
pathogenesis, the first stage of infection is the
manifestation of these responses of the host cell
which appears in the form of following.

2. Physiological Changes
Pathogen
infection
physiological changes
summarized below,
•

Structural Changes

•
•

Structural changes like hypertrophy and
hyperplasia. Sterile flower, phyllody, hairy root,
witches broom, bunchy top, crown gall, root rot,
etc.

•
•
•

VOLUME NO. 15, ISSUE NO.8

27

causes
which

numerous
listed and

Disintegration the tissue by the enzymes of
pathogen
Effect on growth of the host.
Effect on uptake and translocation of the
water and nutrient.
Abnormal respiration of the host tissue.
Reduction in the photosynthesis.
Effect on transcription and translation of
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the host.

Disintegration the Tissue
Among the diverse symptoms of the host tissue,
most of them caused by cell disintegration of
tissues resulting in a condition known as rot.
The material binding of the cell is destroyed by
the pathogen to enable it to reach the host
protoplasm. Fungi, nematode, and bacteria
bring out the tissue disintegration by the
enzymes secreted by them, some of them listed
below,
•
•
•
•
•

•

Cutinase:- Catalyze the breakdown of
cutin, hydrolyzing into cutin acids.
Pectinase
and
cellulase,
Hemicellulases:- Degrade the cell wall.
Lignolytic Enzymes:- Degradation of
lignin.
Amylase:- Degradation of starch present
in cell protoplasm.
Lipase and phospholipidase:- Lipase
degrade the lipid or fatty acids and
phospholipid in the membrane degraded by
phospholipidase.

Effect on Uptake and Translocation of Water and
Nutrient
Many pathogens such as fungi causing root
decay or root rot and damping off. The fungal
and the bacterial plant disease entered into the
xylems and crushed or dislocated tissue vessels
thus lose their normal water conducting ability.
Pathogens released pectic substance such as gels
and gums which block the septal spore and
membranes pits. Thus, upward and lateral
movement of water is checked and therefore,
affects the translocation and uptake of nutrient
also.

Effect on the Growth of Host
The growth of the plant is controlled by the
group of naturally occurring compound cells as
growth regulators. Pathogen disturbs the
regulation of growth regulators leading to the
appearance of various structural abnormalities
on the host.
•

•

•

Effect On Transpiration

Auxin: Many pathogens produced a small
quantity of IAA or induced the plant to
produced more of this compound resulted
in a hormonal imbalance of the plant
system. Increase in the amount of IAA
noticed in many diseases caused by
bacteria, fungi, nematode and viruses [e.g.
Fungi causing club root of brassica
(Plasmodiphora brassicae)]. The high level
of auxin in the plant increases plasticity and
the permeability of the cell wall. This makes
pectin, cellulose and protein easily available
to plant pathogen.
Gibberellin: The disease is characterized
by the abnormal elongation of the steam
due to the high production of the
gibberellin.
Cytokinin: In rust and the root knot
increase in the level of the cytokinin in
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leaves of bean attacked by the Uromycea
phaseoli reported to induced formation of
the green island around the infection
center.
Growth and the differentiation
inhibitors: Some plant pathogen induces
the production of the abscission of the layer
at a wrong time by producing the excess of
Abscisic acid (ABA). A number of fungi and
bacteria already produced ethylene causes
epinasty, tissue proliferation, increased in
the rate of respiration, premature
senescence and premature ripening of
fruits. E.g. Fusarium wilt of tomato
(Fusarium oxysporum f. sp. lyopersici)
ethylene production is sufficient to account
epinasty disease.

Pathogen affects transpiration also. In plants,
diseases like rust, powdery mildew, apple scab,
etc, transpiration notice to be increased. The
main cause of increasing transpiration rate is
the loss of water from the body due to 1. Disintegrated cuticles.
2. Increased cell wall permeability.
3. Stomatal malfunctioning.

Effects on the Respiration of host:
When plants are attacked by the pathogen
shows the increased in the rate of respiration
and a slight increase in the temperature. Level
of enzymes associated with respiration
increased in the diseased plant. Accumulation of
oxidative phenols increases with the increased
respiration. It suggested that the increased
respiration in the host also due to increased
respiration of the pathogen as well. Two
28
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mechanisms, has been suggested;
1. Uncoupling
of
the
oxidative
phosphorylation that enhances the rate of
oxygen uptake.2,4-D prevent the formation
of the ATP resulted in higher accumulation
of the ADP increases the rate respiration.
2. Stimulation of the defense mechanism of
the plant by the pathogen leads to processes
occurs fastly which need more energy and
therefore accelerate the breakdown of ATP.

2.

Decrease efficiency of photosynthetic
process per mole of chlorophyll.
Rust mildew and wilt causing fungi often
affect the photosynthesis by the breakdown of
chlorophyll by the enzymes chlorophyllase.

Effect On Transcription And Translation:
Transcription and translation of host cells
usually increase in response to pathogen
infection, but with a higher level for resistant
plants, since the resistant plants need to precede
the defense reactions.

Effect on the Photosynthesis
Photosynthesis process which produces the
source of energy thus any obstruction in this
process can be considered as pathogenic
Appearance of the chlorosis symptoms the host
plants is a common phenomenon when infected
by the pathogen. The effect of the pathogen on
the photosynthesis can be attributed into two
groups:
1. Destruction of chlorophyll including
chloroplast
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15. HORTICULTURE

Role of Mulching in Vegetable Production
Sajal Debbarma*
Department of Vegetable science, G.B.P.U.A.T., Pantnagar, Uttarakhand, India

Mulch is a general term for a protective ground
cover which can include manure, wood chips,
seaweed, leaves, straw, grasses, sands, stones,
synthetic plastics and other natural products.
While the term mulching may be defined as a
practice of covering the surface of soil with these
materials to reduce evaporation and also to
moderate wide fluctuations in diurnal soil
temperatures, especially in the root zone.
Production of vegetable crops is a costly
enterprise and needs heavy inputs like water,
fertilizers, insecticides-pesticides, weeding and
other cultural operations. Furthermore, the
establishment of seedlings in agricultural field is
a tedious job especially in water limited regions
which is considered as a dwindling natural
resource. Keeping in view the benefits of
mulching particularly the buffering properties of
soil temperature and conservation of soil
moisture in hot arid and semi-arid areas, the
practices of mulching in vegetable production
has been advised so as to cut-down the cost
VOLUME NO. 15, ISSUE NO.8

incurred on cultivation and obtain quality
produce, maximum return with increased
profits.

Types of Mulch
There are of two basic types of mulches viz.,
organic and non-organic mulches. The examples
of only those mulch materials have been
mentioned below which are mostly used in
vegetable productions are:

Organic mulches
•
•
•
•
•

Compost/Manure/peat
Pine bark and Pine needles
Sawdust
Grass-clippings and straw
News paper

Non-organic mulches
Polyethylene mulches: Among the different
inorganic mulches, the use of plastic mulches is
most common owing to its properties of
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moderating the hydrothermal regimes of
microclimate of crops, show positive effects on
weed control, water saving by preventing
evaporation from surface and reduction of
nutrient loss by leaching.

mulches significantly increased the oleoresin
content in ginger over un-mulched control
(Aggarwal et al., 2003).

Role of plastic mulching in vegetable production
Effects on plant microclimate

Role of organic mulching on soil condition and
vegetable production
Soil temperature

Plastic mulches also affect plant microclimate
by modifying the soil energy balance and by
restricting soil water evaporation. Modification
of these microclimate factors influence soil
temperature, which affects plant growth and
yield.

Under hot arid conditions it has been found that
grass mulching applied to the crop @ 6 t ha-1
reduces the maximum temperature of soil at 10
cm depth by 1-7°C during monsoon season (July
to September) and by 4-10°C during summer
season (April to June) (Gupta and Gupta,
1983).

Soil fertility
The use of black polyethylene mulch in
vegetable production has been reported to
control the weed incidence, reduces nutrient
losses and improves the hydrothermal regimes
of soil. Many researchers have revealed that
yield of tomato was significantly higher in
polyethylene mulched soil as compared to
uncovered soil.

Soil moisture content
In an experiment it was found that local grass
straws like sevan (Lasiuruss indicus) and kheep
(Leptodenia pyrotechnica) and lasoda (Cordia
myxa) leaf mulches with brinjal under hot arid
conditions recorded higher moisture content in
the range of 33-100% compared to unmulched
plots (Awasthiet al. (2006).

Soil water conservation
Mulching experiment conducted on brinjal crop
with black polyethylene revealed that it
conserved 29-56 and 22-107% more moisture as
compared to straw mulches and control,
respectively (Singh et al. 2006).

Germination, seeding establishment and
growth
Straw mulching helps in better seedling
establishment by reducing the soil temperature
and conserving soil water, resulting in better
seedling establishment. Organic mulches may
produce some phytotoxic allelochemicals, which
are known to reduce the germination and
seedling growth of crops.

Plant growth and yield
In an experiment, the yield of brinjal mulched
with white and black polyethylene is recorded to
be increased by 344 to 520% over control
probably as a result of slowing the soil-water
percolation and restricting removal of nutrients
from the top 15-cm of soil (Singh et al.
2006).

Fertility improvement
The practices of use of crop residues as mulch is
known to either directly or indirectly affect
physical, chemical, biological and biochemical
soil properties. The crop residue mulching
increases the status of organic carbon in soil.
Mulching has been used to improve yield in
tomato through its marked effect on the soil
environment.
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Fruit quality
The concentrations of ascorbic acid, B-carotene
and vitamin-A are also recorded to be
appreciably higher in the fruit of brinjal plants
growing with Cordia leaf mulch as compared to
the bare field (Awasthi et al., 2006).
Similarly, it is also reported that organic
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16. ENTOMOLOGY

Function of Fat in the Hind Leg in Gasteruptiid Wasps
(Hymenoptera: Gasteruptiidae)
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1 Department

of Entomology, CCS Haryana Agricultural University (CCSHAU) 2Department of
Zoology and Aquaculture, CCS Haryana Agricultural University (CCSHAU)

Gasteruptiid wasps are highly specialized
hymenopterans parasitoid characterized by
several morphological traits, one of which is a
noticeably expanded clavate hind tibia. These
are parasitoids of solitary and soil-nesting bees;
a female seeks out its host’s larvae in their nest,
where she then deposits her egg. Gasteruptiids
lay their eggs in the nest of solitary bees and
wasps where their larvae act as predatorinquilines on the host egg or early instar larvae
before consuming cell provisions. Whether the
expanded hind tibia operates for mechanosensation has been questioned as both male and
female gasteruptiids possess clavate tibiae of
similar morphology and only females need to
use vibrational signals to locate hosts for
oviposition. This could be a result of an
inconsequential failure to decouple this adaptive
trait by sexes as has been reported for hearing
organs or could suggest that this organ serves
another function. The host searching behaviour
of gasteruptiids and hypothesized that
gasteruptiids might be perceiving vibrational
signals transmitted by air to localize host nests
while hovering and may use the enlarged hind
tibiae for balance during flight.
Although insect legs are primarily
recognized for their locomotory functions, extra
function is the detection of vibrational signals
with internal mechanoreceptors the subgenual
organs. Tibial enlargement in parasitoid
hymenopterans tends to occur primarily in
females, where it is hypothesized to enhance the
detection of vibrations generated by the host.
The fat body in the gasteruptiids enlarged hind
tibiae is located adjacent to the subgenual
organ, suggesting the fat body serves to amplify
those vibrational signals. The wasps vertical and
horizontal swaying of their legs in flight near
their host’s nests could be a way to tune into the
VOLUME NO. 15, ISSUE NO.8

source of these vibrational signals through the
air. The use of the extended hind tibia to detect
vibrational signals transmitted by the air during
nest location. The presence of fat body in the
wasps’ legs raises questions on its own, but a
closer look at the cells in the tibial tissue and
genes expressed therein raises even more.
Within the tibial fat body, the researchers found
what appear to be oenocytes, cells unique to
insects responsible for lipid processing and
detoxification and like fat body usually found in
the abdomen. Meanwhile highly expressed
genes in wasps tibiae were ones linked to
detoxification, lipid synthesis and transport,
and mechanoreceptors.
Numerous studies reported the close
connection of fat body cells to the chordotonal
organ thus, it is possible that the fat body plays
a role in vibration transmission in insects. The
hind tibia of G. tarsatorium is swollen relative
to the middle and fore tibiae and is pear shaped,
with the largest diameter closer to the distal
margin. The proximal tibial area is transparent
so that white internal structures are visible
externally. Internally the tibia is divided into
two chambers by a membranous septum
extending between two marginal (medial and
lateral)tracheae. One chamber contains muscles
and fat body (muscle chamber)and the other the
hemolymph chamber is filled with a nonpolar
liquid. The tibial chordotonal organ the
subgenual organ is the most sensitive insect
mechanoreceptor with a sensitivity threshold
similar to that of vertebrate hair cellsin the
cochlea. This organ is present in the liquidfilled
hemolymph chamber of the tibia in most insect
taxa absent from diptera and coleoptera where
it detects vibrational signals through the
movement of the hemolymph and the changes
in the shape of the hemolymph chamber.
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Gasteruptiids are predator-inquilines on a
wide range of solitary bees and wasps, with
recorded hosts being either ground or twig
nesting. Gasteruptiids could use their enhanced
subgenual system to locate ideal nest
oviposition locations either by detecting signals
of host larval movement through nest entrances
and substrates or simply by tuning into host
vibrational communication of adults (e.g.
buzzing) during host interaction a trait that may
serve additional purposes in avoiding host
stinging defense. Their leg position parallel to
the nest entrance could enable maximum
reception of such signals. The gasteruptiid
subgenual organ is surrounded with a nonpolar
medium and anchored to two relatively flexible
structures, as it attaches to the tibial cuticle and
is connected medially to the tracheae and the
membranous wall of the fat body-filled
chamber. The apical meta-tibial spur and the
metatarsus respond with distinctive movement
even to a slight pressure with an insect pin
indicating that even a fine movement of the
flexibletibial wall changes the hemolymph
pressure in the hemolymph channel. These
characters along with the potential for leg fat to
facilitate signal transmission suggest that
vibrational detection is likely an important

function of this structure. The large amount of
fat body and the fat produced by oenocytes may
be involved in the transmission of these signals.
It is possible the fat body also serves different
purposes with additional functions to consider
including detoxification and the roles that
vitellogenin and an odorant-binding protein
may play in the leg.
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17. SOIL SCIENCE

Potential of Silicate Solubilising
Microorganisms in Soil
Prava Kiran Dash
Ph.D. Scholar, Department of Soil Science and Agricultural Chemistry, OUAT, Bhubaneswar

sugarcane, cucumber, tomato, citrus and barley.
It has been listed as beneficial nutrients
particularly for paddy. Despite of its abundance
in earth’s crust it is mostly present in insoluble
forms that cannot be readily absorbed by plant
roots. It remains in insoluble form unless
solubilized by weathering action of rocks or
biological activity of plant roots and
microorganisms. The solubilized Si in the form
of orthosilicic acid (H4SiO4) is absorbed along
with water. Si is accumulated in the form of
silica gel and is deposited in epidermal cells,
scelerenchyma, vascular bundles and in
florescence brackets in cereals. The accumulated
Si not only improves growth and yield of these

Introduction
Silicon (Si) enhances the growth, development
and yield of many plants and is reported to
decrease the incidence of many fungal diseases
in different pathosystems by strengthening the
cell walls and especially the outer membrane of
epidermal cells in leaves thus increasing
resistance to the penetration of pathogenic
fungi. Silicon benefits the plants in several other
ways by accelerating growth, conferring rigidity
to leaves thus maximizing leaf surface area for
photosynthesis and mitigating the effects of
abiotic stresses like drought, salt and metal
toxicity in several plants including wheat, rice,
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plants but is also involved in induction of
systemic resistance (ISR) against pests and
diseases. Silicate solubilizing bacteria (SSB) can
play an efficient role here by solubilizing
insoluble forms of silicates hence increasing soil
fertility
and
enhancing
plant
defence
mechanisms.

Conclusion
Soils are naturally rich in total silicon but lack
available silicon. Application of soluble
inorganic silicate fertilisers to alleviate silicon
deficiency in certain soils is a costly practice.
Thus, introducing an elite culture or a
consortium of strains capable of utilizing
different unavailable insoluble forms of silicate
and tolerant to higher silicate levels may be
useful to make silicon available in the soil
system. Selection and inoculation of Silicate
solubilising bacteria(SSB) either alone in soils
inherently rich in native silicon or along with
cheaper insoluble silicon compounds, like
ZnSiO4 will lead to profitable crop production.

Functions
It is essential to certain diatoms. Silicious cell
wall protects food material which is oils in
diatoms. It gives resistance to rice and other
crops like cucumber, barley. It Increases the top
length, number of stems, fresh and dry weight of
rice plant growth in nutrient cultures.

Impact of silicon deficiency in humans
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Potential of silicate solubilizing micro-organisms
•

•
•
•

Bacterial isolates from different soil
samples are spread on agar plates
containing silicate medium for e.g. 0.25%
insoluble magnesium trisilicate.
Plates are incubated at a temperature of
30˚C ± 1˚C for 36 - 72 h.
After the incubation period, the bacterial
colonies exhibiting clear zones around them
are selected for further investigations.
Percentage of silicate solubilizing bacteria
are checked for each soil sample and
calculated as follows.
% age silicate solubilizers = Number of silicate
solubilizing bacteria/total bacteria × 100

•

Four of the illite isolates were characterised
by 16s rRNA sequencing and were found to
be Bacillus flexus, B. mucilaginosus, B.
megaterium and pseudomonas flurescens.
A SSB strain Q-12 was isolated from the
surface of feldspar and identified as Bacillus
globisporus
based
on
16s
rDNA
sequencing.(Vasanthietal,2016)
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18. SEED SCIENCE AND TECHNOLOGY

Genetic Engineering Extended the Shelf-life of Fruits
and vegetables
Vinothini N1, Bhavyasree R.K.2
Department of Seed Science and Technology, Centre for Plant Breeding and Genetics
Tamil Nadu Agricultural University, Coimbatore - 641003 Tamil Nadu, India

production is linked to fruit ripening as the
same is known to trigger the ripening effect. The
breakdown of starch to sugars and accumulation
of large number of secondary products improves
the flavor, taste and smell of the fruits.

Introduction
Fruit and vegetables play an important role in
healthy nutrition and are high on the list of
consumer priorities. However the major
obstacle of purchasing ready-to-eat fresh-cut
fruits and vegetables is their short shelf life,
leading
to
quick
degeneration
and
decomposition of the product and undesirable
look and negative palatability. Fruit and
vegetables are living products undergoing a
ripening and at the end an ageing process, in
which the plant tissue is broken down. The
products undergo various biological processes,
which also continue after the products have
been harvested. The processes cause gradual
changes in the quality. In the last decade,
tremendous progress has been made through
various techniques of genetic engineering in the
development of transgenic plants. One of them
is to improve the shelf lifeof the fruits and
vegetables.

Three distinct genes involved in tomato ripening
have been isolated and cloned
1. pTOM5 encodes for phytoene synthase which
promote lycopene synthesis that gives red
coloration. 2. pTOM6 gene encodes for
polygalacturonase. This enzyme degrades the
cell wall, resulting in fruit softening. 3.pTOM
gene encodes for ACC oxidase. This enzyme
catalyzes the ethylene formation that triggers
the fruit ripening.

Genetic manipulation of fruit ripening:This involves antisense RNA approach. Few
examples are:1. Manipulation of enzyme polygalacturonase
2. Manipulation of ethylene biosynthesis.

Advantages of delayed fruit and vegetables
ripening

1) Manipulation of enzyme
polygalacturonase (development of flavr
Savr tomato):-

It extends the shelf life, keeping the quality of
the fruit intact. Long distance transport
becomes easy without damage to fruits. Slow
ripening improves the flavor. Delayed fruit
ripening work has been extensively carried out
in tomatoes.

Softening of fruits is largely due to degradation
of
cell
wall
(pectin)
by
enzyme
polygalacturonase (PG). The gene encoding PG
has been isolated and cloned (pTOM6).

Procedure involves: -

Biochemical changes during fruit ripening

1.

Fruit ripening is an active process characterized
by increased respiration accompanied by a rapid
increase in ethylene synthesis. As the
chlorophyll gets degraded, the green color of
fruit disappears and a red pigment, lycopene is
synthesized. The fruit gets softened as a result of
the activity of cell wall degrading enzymes
namely polygalacturonase (PG) and methyl
esterase.
The
phytohormone
ethylene
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Isolation of DNA from tomato plant that
encodes the enzyme polygalacturonase
(PG).
Transfer of PG gene to a vector bacteria and
production of complementary DNA (cDNA)
molecules.
Introduction of cDNA into a fresh tomato
plant to produce transgenic plant.
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Mechanism of PG antisense RNA
approach:-

Solutions to increase the shelf life of fruits and
vegetables

In normal plants, PG gene encodes a normal or
sense mRNA that produce the enzyme PG and it
is actively involved in fruit ripening. The cDNA
of PG encodes for antisense mRNA, which is
complementary
to
sense
mRNA.
The
hybridization between sense and antisense
mRNA render the sense mRNA ineffective.
Consequently, no polygalacturonase is produced
hence fruit ripening is delayed.

Ethylene is a plant hormone produced naturally
by fruits and vegetables, responsible for the
processes of ripening and aging. The
elimination of this gas during the post-harvest
storage and transport stages is not only
desirable, but essential for horticultural
products to reach consumers with the best
quality, keeping their organoleptic properties
intact.
Founded in 1996, Bioconservación works on
two different fronts. On the one hand, it is a
global leader in the sale of post-harvest products
for the elimination of ethylene by means of
potassium permanganate absorbents through its
ProtektFruit division. The main products in this
area are Ethylclean machines and TransProtekt
transport filters, designed to filter air and
eliminate ethylene and other volatile organic
components, preventing not only fungal
infections, but also unpleasant odours. On the
other hand, the BioAir Europe division offers
services for the treatment of gases and biogases
within several sectors: water treatment, garbage
handling, petrochemical industries, refineries,
paper, mining, hospitals, airports and museums.
Bioconservación's Bi-On® pellets are
manufactured and sold in various formats: one
of them are cylinder-like tubes of various sizes
to adapt to the different types of refrigerated
containers in ships and lorries. Another one are
small sachets, which are placed on the fruit and
vegetables during storage and transport. Finally,
there are also modules which are placed within
Ethylclean machines for refrigerated chambers
where fruit and vegetables are stored, or in
standalone modules which are easily installed in
refrigerated storage chambers.
The variety of formats make the pellets a
useful tool, not only for producers and exporters
working with faraway markets, but also for
importers, wholesalers and distributors who
store the product. Bi-On® helps reduce the loss
of fruit and vegetables during transport and
storage, extends the shelf life of fresh products,
prevents
complaints
and
returns
and
consequently
improves
the
exporter's
reputation. The firm's technical experience
allows it to adequately assess users on the
format most suited to their logistics.
Bioconservación's technology is suitable for

Rise and fall of flavrsavr tomato:Genetically engineered tomato known as
flavrsavr was approved by US Food and Drug
Administration on 18th may 1994. FDA ruled
that flavrsavr tomatoes are as safe as normal
tomatoes. The new tomatoes could be shipped
without refrigeration to far off places as it was
capable of resisting rot for more than 3 weeks
(double the time of a conventional tomato).

2) Manipulation of ethylene biosynthesis:Ethylene plays a key role in ripening of fruits.
Ethylene is synthesized from S-adenosyl
methionine via the formation of an intermediate
namely 1-aminocyclopropane 1-carboxylic acid
(ACC) catalyzed by ACC synthase. Next step is
conversion of ACC to ethylene by ACC oxidase.

Different strategies have been developed to
block ethylene biosynthesis.
1.

2.

3.

Antisense gene of ACC oxidase: transgenic plants with antisense gene of
ACC oxidase have been developed. In these
plants production of ethylene was reduced
by about 97%.
Antisense gene of ACC synthase: ethylene biosynthesis was inhibited to an
extent of 99.5% by inserting antisense gene
of ACC synthase and the tomato ripening
was markedly delayed.
Insertion of ACC deaminase gene: ACC deaminase is a bacterial enzyme. It
acts on ACC (remove amino group) and
consequently substrate availability for
ethylene biosynthesis is reduced. Bacterial
gene encoding ACC deaminase has been
transferred and expressed in tomato plants.
Ethylene biosynthesis is inhibited up to
90% in these plants. Fruit ripening is
delayed about 6 weeks.
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all kinds of fruit and vegetables. It neither
comes in direct contact with the food, nor is it a
chemical additive. For these reasons, its use as
ethylene absorbent meets the European Union
Organic Farming Regulations. The company
also owns its own laboratory, able to perform
analyses on the pellets' ethylene filtering and
absorption capacity, as well as corrosion and
thermal desorption analyses.
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Insects As Evidence - Forensic Entomology
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provide evidence for the estimation of PMI up to
one month. Correct species identification is the
initial step. Different species differ in their
growth rates and maturation. For estimating the
PMI, age of the larvae has to be determined. By
measuring the length or dry weight of the oldest
larvae and comparing it with the reference data,
age of the larvae can be estimated. The rate of
development of the larvae is dependent on the
surrounding ambient temperatures. Each stage
of development has its temperature requirement
hence each species has its own defined number
of accumulated degree days or accumulated
degree hours to complete its development. Once
the thermal history of the larvae is obtained, it
can be compared with temperatures at the death
scene and PMI can be estimated. The firstgeneration adult flies can also be used to
determine the age. They can be identified by the
shriveled wings, and tiny abdomen with dull
grey colour. When an insect colonizing the
carrion in a particular area is known, an insect
colonizing succession model can also be used to
estimate the PMI.

Introduction
Forensic entomology is the study of the
application of insects and other arthropods in
criminal investigation. Insects or arthropods are
found in a decomposing vertebrate corpse or
carrion (Bhandari et al., 2015). These insect
colonizers can be used to estimate the time of
death, movement of the corpse, manner and
cause of death and association of suspects at the
death scene.

Arthropods and their association with post-mortem
changes of the human body
As soon as death occurs, cells start dying and
enzymes start digesting the cells inside out in a
process called autolysis. The body starts
decomposing.
Bacteria
present
in
the
gastrointestinal tract start destroying the soft
tissue producing liquids and gases like hydrogen
sulphide, carbon dioxide, methane, ammonia,
sulfur dioxide and hydrogen. The volatile
molecules called apneumones escaping from the
decomposing body attract insects. The volatile
molecules released during each stage can
modify the insect behaviour.

DNA analysis for species identification
Identifying the correct species is the important
initial step for estimating the age of the larvae.
Morphological comparison is usually used for

Steps in estimating the post-mortem index with
insect larvae
The insect larvae present on the dead body can
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species identification which requires special
expertise and is often time-consuming. In order
to overcome this difficulty species identification

can be done by polymerized chain reaction
amplification suitable regions of the larvae
genomes and comparing it with reference data.

Estimating time of death:

less than a month prior to discovery.

The major use of forensic entomology is
estimating the time of death or the post mortem
interval (PMI) of a corpse. The post mortem
interval is the amount of time that has elapsed
since the person died. Two main factors need to
be considered when estimating a PMI; firstly the
time it has taken each species of fly to reach the
body and secondly the rate of development for
each species.

Conclusion:
In conclusion, insects are evidence! Forensic
entomology is a very useful method of
determining elapsed time since death after 72 h,
and can be used earlier. It is accurate to a day or
less, or a range of days, and may be the only
method available to determine elapsed time
since death. I have successfully defended this
evidence in court many times. It is vital that the
insects are collected properly and its accuracy
depends on this and on suitable conditions for
insects.

Estimating PMI:
Insect evidence is often the most accurate and
sometimes the only method of determining
elapsed time since death. There are two main
ways of using insects to determine elapsed time
since death: 1. Using successional waves of insects
2. Using maggot age and development.
The method used is determined by the
circumstances of each case. In general, the first
method is used when the corpse has been dead
for between a month up to a year or more, and
the second method is used when death occurred

VOLUME NO. 15, ISSUE NO.8
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Introduction

Features of Endophytes (Multifarious group of
microorganisms)

Plants have a complex immune system that
defends them against herbivores and microbial
pathogens and also regulates the interactions
with mutualistic organisms. Endophytes are
such microorganisms that live within plants for
at least a part of their life cycle without causing
any visible manifestation of disease. The
capability of colonizing internal host tissues has
made endophytes valuable management tool in
agriculture for crop improvement. The natural
and biological method of pest and disease
management has gained much attention in the
past decades as a way of tumbling the use of
chemical products in agriculture.

•
•
•
•

Role of Endophyte

Potential utility of Endophytes
•
•
•

Endophytes confer greater resistance to
stress conditions (water)
Alteration in physiological properties
Production of phytohormones and other
compounds of biotechnological interest
(enzymes and pharmaceutical drugs).

•
•
•
•

Effects of endophytes on insect pest:
•

Oviposition deterrent: Females will not lay
eggs on endophyte-infected grasses because
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Live within plants for at least a part of their
life cycle
Transiently symptomless and unobtrusive
It can be either fungi, bacteria, or even
viruses
During their association with host plants,
reside in the tissues beneath the epidermal
cell layers and cause no apparent harm to
the host

•

38

they detect the presence of endophyte once
they chew a small hole at the base of the
grass tiller prior to oviposition.
Reduced fecundity
Lower survival capacity
Increased flight muscle development which
will aid dispersal away from endophyteinfected plants
Reduced growth rates than larvae present
on endophyte-free plants
Commercial utility: produce and market
endophyte-infected perennial ryegrass seed.
VOLUME NO.15, ISSUE NO.8
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Endophytic fungi
•

Fungi that occur inside asymptomatic plant
tissues and are ubiquitous, dominated by
Ascomycota
• It occurs in two groups as naturally
occurring endophytes and introduction of
endophyte using different techniques
• Fungal endophytes in plant tissues shows
feeding deterrence or antibiosis to insects
due to production of metabolites
Example: Reduced tunneling by Ostrinia
nubilalis in maize plants with endophytic
Beauveria bassiana and no symptoms of
mycosis

•

Endophytes and Plant-Parasitic Nematodes
•
•

•

Several species of fungal endophytes are
involved in biological method of insect
management –
Example: Ascomycetous fungi -Beauveria,
Metarrhizium, Tolypocladium, Isaria and
Lecanicillium

•

Endophytic bacteria
•
•
•

•

•
•

Endophytic bacteria are found in roots,
stems, leaves, seeds, fruits, tubers, ovules,
and also inside legume nodules
In most plants, roots have the higher
numbers of endophytes compared with
above-ground tissues
Bacterial endophytes are capable of
suppressing nematode proliferation benefit other crops in rotation with the host
plants
Endophytes Herbaspirillum seropedicae
and Clavibacter xylii have been genetically
modified to produce and excrete the δendotoxin of Bacillus thuringiensis to
control insect pests
Endotoxin gene from B. thuringiensis has
been introduced into nitrogen-fixing
bacteria from the genus Bradyrhizobium
Engineered bacterium was introduced into
roots of Cajanus cajan, improving nitrogen
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fixation and protecting the host against
Rivelia angulata larvae
Erwinia sp. was the most frequently
isolated endophyte from healthy cotton
plants with the highest population level and
was shown to spread systemically after its
introduction into germinated seeds.
Endophytes colonize the same root tissues
as sedentary plant-parasitic nematodes
Endophytic
bacterial
strains
(as
Pseudomonas
fluorescens
89B-61,
BrevundimonasvesicularisIN884
and
Serratia
marcescens)
from
cotton
significantly reduced galling of cotton roots
by Meloidogyne incognita
Rhizobium etliG12 - endophyte of potato
and its genetically modified strain G12
(pGT-trp) containing green fluorescent
protein (GFP) significantly decreased the
number of galls formed by M. incognita on
potato.

Conclusion
•
•
•
•

Presence of endophytes in plants do not
always result in an effective pest control
Understanding the plant signal pathways
related to pathogenesis /insect attack
Rapid development in molecular biology
and genomics
It is also expected that new drugs of
biotechnological importance, produced by
endophytes, will be discovered
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volumes are unknown. Worldwide production
figures are difficult to isolate owing to the small
scale of the farming operation and the fact that
statistics generally do not quote the figures of
essential oil crops or herbs separately. In 1995,
the world production of chamomile was
estimated to be approximately 500 tons of dried
flowers per annum. In 1998, the world
production of chamomile blue essential oil was
estimated to be 1000 tons of dried flowers per
annum from large farming.

Chamomile is one of the most ancient
medicinal herbs known to mankind. It is a
member of Asteraceae/Compositae family and
represented by two common varieties viz.
German Chamomile (Chamomilla recutita) and
Roman Chamomile (Chamaemelumnobile). The
dried flowers of chamomile contain many
terpenoids and flavonoids contributing to its
medicinal properties. Chamomile preparations
are commonly used for many human ailments
such as hay fever, inflammation, muscle spasms,
menstrual disorders, insomnia, ulcers, wounds,
gastrointestinal disorders, rheumatic pain, and
hemorrhoids. Essential oils of chamomile are
used
extensively
in
cosmetics
and
aromatherapy. Many different preparations of
chamomile have been developed, the most
popular of which is in the form of herbal tea
consumed more than one million cups per day.
In this review we describe the use of chamomile
in traditional medicine with regard to evaluating
its curative and preventive properties, highlight
recent findings for its development as a
therapeutic agent promoting human health.
Chamomile is the fifth top selling herb in the
world. It is a major food, cosmetic and
pharmaceutical additive. It is sold as either a
flower head or as oil. The world demand
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Morphological Description
The branched stem is erect, heavily ramified,
and grows to a height of 10-80 cm. Some
morphological
characters
measured
for
Ethiopian varieties are summarized in table 1.
The long and narrow leaves are bi to tri pinnate.
The flower heads are placed separately with
white petals. They have a diameter of 10-30
40
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mm, and they are pedunculate and
heterogamous. The golden yellow tubular florets
with 5 teeth are 1.5-2.5 mm long, ending always
in a glandulous tube. The 11-27 white plant
flowers are 6-11 mm long, 3.5 mm wide, and
arranged concentrically. The receptacle is 6-8
mm wide, flat in the beginning and cone shaped
later. The fruit is a yellowish-brown achene.

Medicinal Uses of Chamomile
Chamomile is among the widely used aromatic
and medicinal plants throughout the world. It
has been used in herbal remedies for thousands
of years, known in ancient Egypt, Greece, and
Rome. The dry flowers of chamomile are also in
great demand for use in herbal tea, baby
massage oil, for promoting the gastric flow of
secretion, and for the treatment of cough and
cold. The use of herbal tea preparations
eliminated colic in 57% infants. The powder
form of chamomile flower can be applied to
wounds slow to heal, for skin eruptions, and
infections, such as shingles and boils, also for
haemorrhoids and for inflammation of the
mouth, throat, and the eyes. The aromatic and
medicinal value of this plant is for active
substances, mainly accumulated in the flowers.
The flower of contain apigenin which is used as
hair color. It also has medicinal properties such
as anti-inflammatory, antispasmodic, antiseptic
and therapeutic use and antimicrobial. The
essential oil of chamomile used as antibacterial,
antifungal, as a mild sedative and for digestion
problem. In addition to pharmaceutical uses,
the oil is extensively used in perfumery,
cosmetics, and aromatherapy, and in food
industry. Chamomile’s essential oil is also a
treatment for malaria and parasitic worm
infections, cystitis, colds, and flu. It also
recommended by many physicians to treat
gastrointestinal spasms and inflammatory
diseases of the gastrointestinal tract.

Bioactive Chemical Compounds
Different classes of bioactive constituents are
present in chamomile, which have been isolated
and used as medicinal preparations and
cosmetics. The plant contains 0.24%–1.9%
volatile oil, composed of a variety of separate
oils. When exposed to steam distillation, the oil
ranges in color from brilliant blue to deep green
when fresh but turns to dark yellow after
storage. Despite fading, the oil does not lose its
potency.
Approximately
120
secondary
metabolites have been identified in chamomile,
including 28 terpenoids and 36 flavonoids. The
principal components of the essential oil
extracted from the German chamomile flowers
are the terpenoids α-bisabolol and its oxide
azulenes including chamazulene and acetylene
derivatives. Chamazulene and bisabolol are very
unstable and are best preserved in an alcoholic
tincture. The essential oil of Roman chamomile
contains less chamazulene and is mainly
constituted from esters of angelic acid and tiglic
acid. It also contains farnesene and α-pinene.
Roman chamomile contains up to 0.6% of
sesquiterpene lactones of the germacranolide
type, mainly nobilin and 3-epinobilin. Both αbisabolol, bisabolol oxides A and B and
chamazulene or azulenesse, farnesene and
spiro-ether quiterpene lactones, glycosides,
hydroxycoumarins,
flavonoids
(apigenin,
luteolin, patuletin, and quercetin), coumarins
(herniarin and umbelliferone), terpenoids, and
mucilage are considered to be the major bioactive ingredients. Other major constituents of
the flowers include several phenolic compounds,
primarily the flavonoids apigenin, quercetin,
patuletin as glucosides and various acetylated
derivatives. Among flavonoids, apigenin is the
most promising compound. It is present in very
small quantities as free apigenin, but
predominantly exists in the form of various
glycosides.
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Conclusion
The world market is growing rapidly, especially
in the natural products demand. Also, there has
been an increase in the use of natural
substances instead of synthetic chemicals
because many herbal medicines are free from
side effects, easy to obtain, considered healthy,
and create income. Now a day’s chamomile is
one of those aromatic and medicinal plants
which have high demand and high market in the
world.
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the simplified model for understanding the
mechanism of cross protection whereby the
protector being confined to one or more genes
(or defined sequences) which are constitutively
expressed in the plant. There are two virusresistance mechanism have been explained and
studied for cross protection are Coat-protein
(CP) mediated resistance and RNA mediated
resistance.

Introduction
Cross protection is an effective and natural
phenomenon against plant virus infection
whereby mild or attenuated strain of virus
protects systemically the infection from a severe
strain. McKinney (1929) first demonstrated
scientifically for the first time in tobacco plants
infected with a milder strain which produce
light green mosaic, showed no change in the
symptoms after re-inoculated with severe yellow
mosaic strain. As viruses have a very short
genetic material, it is prone to highest genomic
diversity due to changing agriculture scenario
hence it is considered as one of the most
diversifying pathogenic organism. Due to high
evolving character of viruses, a no. of strains
widely occur under natural condition. Initially
many person termed this phenomenon as
“acquired immunity” “antagonism” “cross
immunization”
“induced
immunity”
“interference”
“preimmunity”
“protection
inoculation”. Among all the term “cross
protection” is the most appropriate one as it
described as strategy for the control of disease
of crops (Matthews, 1949). The first inoculative
virus, usually a mild strain, is the “protector”
against the “challenge” virus, but may also be
regarded as the “inducer” that initiates
resistance based on the gene-silencing
mechanism. Now-a-days control of viruses
based on the strains of the same virus is being
emphasized.

Coat-Protein (Cp) Mediated Resistance
CP mediated resistance basically works on the
fact that prevention of uncoating of the
challenge virus when it enters the plant cell and
which in turn disturbs the replication and
translation process. CP mediated resistance and
cross protection is less strain specific but it
works against a broad range of virus strains and
hence it can be broken by a high level of
challenge virus. In many cases, CP-mediated
resistance probably takes part in crossprotection but is confined to only virus-infected
cells.

Rna Hybridisation Mediated Resistance
It was first developed by (Palukaitis and Zaitlin,
1984) where the protector virus produces
progeny positive sense RNA in excess, which
hybridizes with the first negative strand RNA of
challenge virus and thereby it confers resistance
to the plant by disrupting the replication and
translation of the incoming virus which is
logically called as RNA silencing Ratcliff et al.
(1999). RNA silencing is a method which is used
against the invasive viruses, mobile RNA
elements and viroids and leads to the sequence
specific RNA degradation. RNA silencing is
stimulated by long dsRNA such as replicative
intermediate form of RNA viruses as well as
viroids. PTGS can also be works against the
ssDNA geminiviruses which also forms dsRNA
by transcribing overlapping genes of different
polarity. In plants, RNA silencing is known as

Mechanism of Cross Protection
The exact mechanism behind the cross
protection is not understood yet but the post
transcriptional gene silencing (PTGS) is
functionally regarded as the underlying
mechanism. PTGS is a defense mechanism in
plants against viruses which is mediated by
virus-derived, 20-24 nucleotides long small
interfering RNA (siRNA). Transgenic plants are
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Post Transcriptional Gene Silencing (PTGS).

Mechanism Of Ptgs

Fig.1: Model of RNA-mediated viral cross-protection in RNA viruses

•

•

•

•

Initially, the dsRNA cleaved by ribonuclease
III (RNAse III)-like enzyme family known
as DICER which forms 21-25 nt double
stranded molecule called siRNA containing
a distinct 5’ phosphate and two nt long 3’
overhang(Fig. 1).
siRNA unwound and the resulted single
stranded RNA molecule binds in to
amulticomponent
nuclease
silencing
complex called RNA-induced silencing
complex (RISC).
RISC is otherwise known as “slicer” because
it contains an ARGONAUTE (AGO)
nuclease which can potentially degrade any
ssRNA of viral origin.
Plants contains several small RNA which
are produced from cleavage of dicer-like
enzyme which cleaves the incoming viral
RNA and make them in to 21-25 nts long
vsiRNA.
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Photoperiod can be adjusted either by providing
supplementary light from artificial sources, such
as tungsten bulbs and fluorescence lamps, to
prolonging the duration of day length, or
keeping the plants in a dark room to shorten the
duration of day length

extensive growth of intact plants. It has been
demonstrated that gibberellins can substitute
for the long-day requirement in some species,
and has an interaction with light. They also
overcome the need some species have for
inductive cold period to flower (vernalization).
It appears that the formation of flowers caused
either by long days or by cold periods might
normally depend upon the buildup of
endogenous gibberellins during these periods.
Growth retardants: These are a group of
synthetic chemicals that inhibit stem elongation
and cause overall stunting. They do so in part
because they inhibit gibberellin synthesis. These
include: Phosphon D, Amo-1618, CCC or
Cycocel, and Ancymidol. Growth retardants (e.g.
CCC) promote initiation of floral primordium by
reducing endogenous GA level, or antagonizing
its inhibitory effect on floral initiation.

There are two main aims of adjusting photoperiod:
•

•

To induce flowering by giving optimum
photoperiod: By providing supplementary
light to a long-day plant to exceed the
critical value, flowering will be induced.
To keep the plant in non-inductive cycle so
that it will not flower: By providing
supplementary light to a short-day plant to
exceed the critical value, it will not flower,
but remains in the vegetative phase

Chemical Flower Forcing
Four types of chemicals affect flowering, namely
fertilizers, plant hormones, ethylene, and other
chemicals.

Ethylene:
An
ethylene-releasing
substance,
called
ethephon or Ethrel, is commercially available by
ethylene gas inhibits flowering in most species.

Fertilizers
Certain fertilizers affect the C/N ratio of the
plant, which in turn affects flowering. The
broader C/N ratio, i.e. higher C, will induce
flowering, while the narrower C/N ratio, i.e.
lower C, will keep the plant in vegetative phase
Adjusting fertilizers formula can be used to
retard or stimulate flowering.
Retarding flowering: This can be done
by providing fertilizers having high amounts of
N to the plant. Watering should also be provided
so that N will be readily absorbed by the plant.
Stimulating flowering: This can be done
by giving fertilizers having low amounts of N,
and reducing watering. Other chemicals that
help to fix N to a bound form can also stimulate
flowering.

Mechanical Flower Forcing
Pruning: Pruning helps to broaden the C/N
ratio, thus stimulating flowering. flowers, such
as roses, also need pruning for flowering
induction.
Leaf Trimming: Leaves may provide
inhibitor to flowering, like in the case of
jasmine. Thus, cutting off some leaves or
portion of a leaf helps to induce flowering.
Ringing: Ringing helps to broaden the
C/N ration, thus stimulating flowering.
Low-temperature Storage: Many plants
are promoted to flower by low-temperature
storage. This can be done by keeping the plants,
usually the bulbs or corms, in the refrigerator
for a period of time before they are taken out for
planting.
Breaking Dormancy: Seeds and buds of
some plants are indormant stage, i.e. no growth

Plant Hormones:
Gibberellins: Gibberellins have the unique
ability among plant hormones to stimulate
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at all, for a period of time. Breaking
dormancycan be done by exposure to low
temperature, or treatment with chemicals and
gibberellins. The latter, i.e. gibberellins, are

more commonly used in association with
flowering. Applied gibberellins break dormancy
of many cold-requiring seed sand induce
flowering of many cold-requiring plants.

24. AGRICULTURE
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Indigenous Technical Knowledge (ITK) is
knowledge unique to the society or culture.
Indigenous knowledge is holistic in nature and
has been integrated into the lives of people and
used by people from time immemorial. For a
long time, indigenous knowledge was ignored by
modern science and it was said to be primitive,
superstitious, or unscientific. Recently, modern
science has rediscovered the wisdom of
indigenous knowledge. It is right time for the
scientists and farmers to work together to
improve the indigenous practices and to derive
maximum advantages and improve health.
Tuber crops are cultivated by tribals and
resource poor farmers from time immemorial
that led to the development of several
indigenous cultivation, plant protection and
processing technologies. Even though several
useful technologies have been recorded, they
can prove their wide applicability only if they
are made known and can be validated. A
harmonious blend of indigenous knowledge
with modern science is essential to promote
sustainable development and utilization of tuber
crops.
Indigenous Technical Knowledge:
These are the essence of tribal life style and have
an indispensible utility in all walks of life in one
or other arena. Some of the following
technologies are given below1. Planting Giant Taro in upland gives lower
acridity corms.
2. Use of small cormels for production seed
corms in EFY is popular in Gujarat and
Tripura.
3. Planting of Dioscorea in the cement bags
kept inside a pit is used for early harvest of
deeply grown tubers of D. alata.
4. The pit made for planting Dioscorea spp. is
VOLUME NO. 15, ISSUE NO.8

filled with banana pseudostem. This
method is used for production long tubers
with higher yield.
5. Cassava stems are used in ponds for
protection and periphyton development.
The cassava stem has got dual advantages
in using ponds. It will give protection like
that of bamboo in the ponds. The semidecayed peels of the stems would be ideal
food for Omni-carps.
6. They float on water and can be readily
harvested.
7. Cassava and Sweet potato leaves are used to
feed the grass carps.
8. Colocasia leaves are used for making
beverages in tribes of Tripura.
9. In Peddapuram and Dapoli, 3/4 RD of
FYM+ N&K+ Green leaf manure (Glyricidia
leaf@ 25 t/ha) + 3% panchagavya foliar
spray recorded higher tuber yield in
Cassava.
10. Defoliation of 50 % and 75% leaves had
significant reduction on tuber yield in
Cassava at Peddapuram.
11. Cassava leaves were used for rearing of Erisilkworm at Peddapuram and Jorhat.

Sweet potato
Crop Rotation: The ideal sequence are maize
(kharif)-sweet potato (autumn with early
cultivars), wheat (rabi)-green gram (summer)
and maize-sweet potato-onion in Northern
Bihar; cereal crop followed by sweet potato in
Tamil Nadu; rice-rice-sweet potato under
lowland and rice-sweet potato-fallow in upland
in Kerala; sweet potato followed by jute and
upland rice in eastern zone of India.
Storage: the indigenous storage practices
are the heaps of sweet potato roots cover them
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with a layer of straw and plaster with a mixture
of clay soils and cow dung under the shade; pit
covered with dried banana leaves and soil and a
thatch over it; earthen pots reeled with fine net
or cloth.

needed as a matter of priority.
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Elephant foot yam
The big size corm of 2-3 kg is cut into 4-6 pieces
by vertically retaining part of the apical bud.
Dipping the cut tubers in thick cow dung slurry
(1:1) mixed with captan (0.3 %) reduces corm
rot in the field and also increases sprouting.
Bamboo baskets, paddy straw and dry banana
leaves are used for keeping the tubers.

Cassava
The Malayali tribes indicated that the cassava
setts should be planted within three hours after
cutting. Storage of setts under high
temperatures and low relative humidity, causing
about 50% reduction in viability. Intercropping
of Dolichos spp. reduces the weed infestation
and protects soil erosion. Pig excreta enhance
tuber bulking by providing potash.

Conclusion
Farmer-led innovations are both realistic and
more imaginative to address location specific
problems. There is need to document and
disseminate such innovations for wider
adoption. ITK has to be blended with scientific
innovations through participatory research
approach. Also institutional support for
scientific documentation of ITKs would be
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The flower is doubtlessly the most beautiful
example of an evolutionary innovation that is
believed to be a major contributor to the
diversification of angiosperms. The rapid
diversification of angiosperms during the mid
Cretaceous, 90 to 125 million years ago, is often
linked to mutualistic interactions with insect
pollinators (Shusheng et al., 2007).
May, 2019

Evolution is change in the heritable
characteristics of biological populations over
successive generations. Evolutionary processes
give rise to biodiversity at every level of
biological organisation, including the levels of
species, individual organisms, and molecules.
The flowers and their insect pollinators have
influenced each others evolution, but there is
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still considerable uncertainty about whether or
not co-evolution has been a major process in the
diversification of these groups. Types of
variation in flower include abortion of organs,
radial versus bilateral symmetry, whorled or
spiralphyllotaxis, dramatic variations in the
colour, number or arrangement or size of floral
organs, or even evolution of extra floral organs.
These results suggest that the diversification of
insect-pollinated angiosperms may have been
facilitated by the exploitation of pre-existing
sensory biases of insect pollinators (Ramirez et
al., 2011).

first developed by Darwin, who used it to
explain how pollinators and food-rewarding
flowers involved in specialized mutualisms
could, over time, develop long tongues and deep
tubes, respectively (Darwin, 1862). Classic
examples of such co-evolved brood-site
pollination mutualisms are the relationships
between figs and agaoinid fig-wasps and
between yuccas and tegiticula moths (Weiblen,
2002; Pellmyr, 2003). Pollination also done
through flower mimicry and fakery. The orchid
family is one of the largest of flowering plants
with up to 30,000 species, of these about 1/3
are pollinated by deception (Vander Pijl and
Dodson, 1966). One of the most remarkable
strategies to achieve pollination without
providing any reward to the pollinator is sexual
deception. Sexually deceptive orchids provide
no reward to their pollinators. Instead, they
mimic the sex pheromone of receptive insect
females to attract males which pollinate the
flowers in mating attempts. Nearly all species of
the Mediterranean orchid genus Ophrys are
sexually deceptive and pollinated by solitary
bees and wasps (Delforge, 2006).

Mediterranean orchid genus Ophrys pollinated by
male Wasp.
Acacias to protect their succulent leaves from
herbivorous animals, it adopt several methods,
including vicious-looking spines, repellent,
noxious chemicals, and as in the case of the
bull's horn acaciaby developing a mutualism
with the acacia ant. The symbiotic relationship
begins when a newly mated queen gets attracted
by the odour from the tree and starts nesting
inside the large hollow acacia thorns. As
gardeners, the ants aggressively attack creatures
of all sizes attracted by the acacia leaves, killing
insects such as crickets and stinging the heads
of mammals such as goats (Milewski et al.,
1991). In compensation, special glands at the
base of the tree's leaves produce a nectar rich in
sugar and aminoacids and the tips of the leaves
sprout beltian bodies, small nutritious packets
of oils and proteins (Janzen, 1967).
The co-evolution hypothesis suggests that
both plant and pollinator traits evolve as a result
of reciprocal selection (Anderson and Johnson,
2007). In contrast, the pollinator-shift
hypothesis suggests that ﬂoral evolution is
driven by pollinator-mediated selection, but

Co-evolution is the influence of closely
associated species on each other in their
evolution. The term co-evolution was coined by
Paul R. Ehrlich and Peter H. Raven in 1964. Coevolutionary interactions and pollinator shifts
may contribute to pollinator-driven evolution of
ﬂoral traits. The concept of co-evolution was
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Thorns as induced defences: experimental
evidence. Oecologia, 86: 70–75
Pellmyr, O. 2003. Yuccas, Yucca moths, and coevolution. A review. Annals of the Missouri
Botanical Garden, 90: 35-55
Ramirez, S. R., Eltz, T., Fujiwara, M. K., Gerlach,
G. and Huertas, B. G. 2011. Asynchronous
diversification in a specialized plant-pollinator
mutualism. Science, 333:1742-1746
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University of Miami Press, Coral Gables,
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with no reciprocal evolution of the pollinator
(Whittall and Hodges, 2007). These show that
evolution may proceeding predictable pathways
without reversals and that change may be
concentrated during speciation. Interaction of
flowering plants with insects will leads to more
diversification.
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Digital India and Agriculture: The Power to
Empower the Indian Farmers
Sajana, S., Parvathi Bennurmath and Prashanth Kalal
Ph.D. Scholars, ICAR-IIHR, Bengaluru-89

Digital India (DI) is a campaign launched on 2
July 2015 by our honorable Prime Minister of
India, Shri. Narendra Modi. The main objective
of the project is to connect rural areas including
farmers with high-speed internet networks thus
improving the digital infrastructure, digital
services and digital literacy. It is an ambitious
programme projected at Rs 1, 13,000 crores.
This programme has been devised by
Department of Electronics and Information
Technology (DeitY) and will impact ministry of
communications & IT, ministry of rural
development, ministry of human resource
development, ministry of health and others.
According to “Situation Assessment of
Indian Farmers”, only about 28% of all farmers
use any kind of agriculture-related information
that is available rather than what they need.
While about 72% of farmers do not have any
source of information that can help them adopt
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latest technology, most farmers are unable to
access credit, insurance and marketing services
from the established institutions.
The project will benefit small farmers. It
seeks to
•
•
•
•
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Transform rural India into a digitallyempowered knowledge economy
Provide universal phone connectivity and
access to broadband in 250,000 villages
Extend timely services to farmers through
information technology and its tools
Enhance
efficiency
in
agricultural
governance through digital literacy and
electronic delivery of services. This article
briefly highlights government’s initiatives
and suggests the need for harnessing
potential of digital India for agricultural
development.
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etc. The portal also gives us an idea of the
projected price of the different commodities
based on the historical data and modeling.

Information and Communication Technology (ICT)
It has the potential to revolutionize Indian
agriculture in terms of raising crop productivity
and profitability per unit area and resources. By
June, 2014, rural India had about 122.4 million
[68.32%] households with mobiles exhibiting
mobile connectivity has become a basic service
in rural areas. Rural mobile subscriber base is
growing twice as faster compared to urban
subscriber base. As of March 2015, the national
teledensity was 79% and rural teledensity
46.5%. Mobile phones can be effectively utilized
for purposes including generating, processing,
transmitting, disseminating, sorting, archiving
and retrieving critical information and data
relating to agriculture.

m-Kisan-SMS Based Farm Advisory
There are a large number of websites/web
portals on agriculture that are existing today but
many are not being accessed by the farmers due
to lack of a single website that can solve
information needs and information in
vernacular languages (most of the sites are in
English language). The portal so called ‘farmers’
portal which provides information related to the
complete value chain, crop management,
postharvest, risk management, exports and
imports through mobile SMS.

Farm Advisory through Mobiles- Green SIM

Food Security Portal (FSP) Initiative
(www.foodsecurityportal.org)

Green SIM is an initiative by Indian Farmers
Fertilisers Cooperative Ltd (IFFCO), Bharati
Airtel and International Crops Research
Institute for the Semiarid Tropics (ICRISAT) to
provide information on agriculture to farmers.
The venture consists of low-cost mobile phones
that are distributed through IFFCO centres

The portal provides information on six different
aspects related to food security. The weekly
blogs published in each category are open to
everyone. The portal shows an interactive map
view of the world depicting the areas with the
different level of drought, temperature, rainfall,
VOLUME NO. 15, ISSUE NO.8

49

May, 2019

ISSN No.:2321-7405

bundled with Airtel SIM cards. These “Green
SIM cards” entitle farmers to receive from
IFFCO everyday on issues such as mandi prices,
farming techniques, weather forecasts, diary
farming, animal husbandry, rural health
initiatives and fertilizer availability.

Digital green

I-Kisan

Life Line Agriculture

Digital Green is an independent nongovernmental organization that focuses on
training farmers to make and show short videos
where they record their problems, share
solutions and highlight success stories.

I-kisan is an agricultural portal, a one-stop
information resource for the farmer. I-kisan
provides online, detailed content on crops, crop
management techniques, fertilizers & pesticides
and a host of other agriculture related material.
Latest updates on related markets, products and
weather forecasts are also available.

This uses an innovative, yet simple mix of
telephony and the internet – to serve vital
information and knowledge needs at grassroots
and to enable concurrent co-creation of a
contextual knowledge base on agriculture and
allied subjects. This service allows farmer to call
the toll free number, 1800-11-2500, to register
their query in local language, which is further
processed by the knowledge workers through
the database or else forwarded to experts and
the query is answered within 24 hrs through
mobile based application.

Facebook for farmers and extension workers
Based on the success of using facebook by the
Vattamkulam Krishi Bhavan (Malappuram
District, Kerala), the Government of Kerala has
decided to officially include facebook as an
important tool to strengthen the extension
activities of the Department of Agriculture. All
the farmers registered with the department will
have to maintain a social media account to be in
touch with the local Krishi Bhavan.
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27. SOIL SCIENCE

Conservation Agriculture: What is it and why is it
Important for Future Sustainable Food Production
Kiran Pilli
Ph.D. Scholar, Department of Agricultural Chemistry and Soil Science, BCKV, Mohanpur-7412523,
West Bengalr

infiltration and reduction in erosion, improving
soil surface aggregates, reducing compaction
through promotion of biological tillage,
increasing surface soil organic matter and
carbon content, moderating soil temperatures
and suppressing weeds. CA also helps with
reducing costs of production, saving time,
increasing yield through timelier planting,
reducing diseases and pests through stimulation
of biological diversity, and reducing greenhouse
gas emissions.

Definition
The conservation agriculture (CA) defined as
minimal soil disturbance (no-till) and
permanent soil cover (mulch) combined with
rotations, as a more sustainable cultivation
system for the future.

Concept
“A concept for resource-saving agricultural crop
production that strives to achieve acceptable
profits together with high and sustained
production levels while concurrently conserving
the environment” (FAO 2007). CA can improve
agriculture through improvement in water
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Elements of conservation agriculture:
The first key principle in CA (Conservation
Agriculture) is practicing minimum soil
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disturbance which is essential to maintaining
minerals within the soil, stopping erosion, and
preventing water loss from occurring within the
soil. Also tilling of soil can cause severe erosion
and crusting which leads to a decrease in soil
fertility. Today tillage is seen as destroying
organic matter that can be found within the soil
cover. No-till farming has caught on as a process
that can save soil organic levels for a longer
period and still allow the soil to be productive
for longer periods (FAO 2007). Additionally, the
process of tilling can increase cost of
production, time and labour for producing that
crop. Minimum soil disturbance also reduces
destruction of soil micro and macro-organism
habitats that is common in conventional
ploughing practices.

level which will act as a fertilizer for the soil
surface. If CA practices were used done for
many years and enough organic matter was
being built up at the surface, then a layer of
mulch would start to form. This layer helps
prevent soil erosion from taking place and
ruining the soil's profile or layout. This type of
ground cover also helps keep the temperature
and moisture levels of the soil at a higher level
rather than if it was tilled every year (FAO
2007).
The third principle is the practicing diverse
crop rotations or crop interactions. The crop
rotation can be used best as a disease control
against other preferred crops (Hobbs et al.
2007). This process will not allow pests such as
insects and weeds to be set into a rotation with
specific crops. Rotational crops will act as a
natural insecticide and herbicide against specific
crops. Not allowing insects or weeds to establish
a pattern will help to eliminate problems with
yield reduction and infestations within fields
(FAO 2007). Crop rotation can also help build
up soil infrastructure. Establishing crops in a
rotation allows for an extensive build-up of
rooting zones which will allow for better water
infiltration (Hobbs et al. 2007).
The fourth principle is the weed control
which can be controlled by crop rotation and
using of herbicides. By maintain the crop cover
over the soil suppress the most of the weed seed
germination and remaining emerged weed
seedling are by spraying selective herbicides.

Fig:1 Four elements of Conservation Agriculture

Benefits:
•

•

Fig:2 Conservation

The second key principle in CA is much like
the first in dealing with protecting the soil. The
principle of managing the top soil to create a
permanent organic soil cover can allow for
growth of organisms within the soil structure.
This growth will break down the mulch that is
left on the soil surface. The breaking down of
this mulch will produce a high organic matter
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Since agriculture is one of the most
destructive forces against biodiversity CA
benefits include less erosion possibilities,
better water conservation, improvement in
air quality due to lower emissions being
produced, and a chance for larger
biodiversity in a given area.
“Farmers like it because it gives them a
means of conserving, improving, and
making more efficient use of their natural
resources". Producers will find that the
benefits of CA will come later rather than
sooner. Since CA takes time to build up
enough organic matter and have soils
become their own fertilizer, the process
does not start to work overnight. But if
producers make it through the first few
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•

•

years of production, results will start to
become more satisfactory.
CA is shown to have even higher yields and
higher
outputs
than
conventional
agriculture once it has been established
over long periods. The soil will continue to
renew itself and crops are grown is a
renewable resource. There is an increase in
organic matter. Increase in water
conservation due to the layer of organic
matter and ground cover to help eliminate
transportation
and
access
runoff.
Improvement of soil structure and rooting
zone.
The practice of grazing livestock using CA
helps the farmer who raises crops on that
field and the farmer who raises the livestock
that graze off that field. Livestock produce
compost or manure which are a great help
in generating soil fertility.

•
•

most cases, the investment and policy
generally exist). CA is based upon
establishing an organic layer and producing
its own fertilizer and this may take time.
Availability of suitable equipment is a major
constraint to successful CA.
CA is a time taking process for obtaining
desirable production which will be a
problem for most of the small farmers. Lack
of knowledge and awareness regarding CA,
lack
of
government
policies
and
promotions.
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Problems
•

The process of CA takes time; when a
producer first becomes a conservationist,
the results can be a financial loss to them(in
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Maize and sorghum are the principal food and
cash crops for millions of the poorest people in
the predominantly mixed crop-livestock farming
systems. Stem borersand strigaare the major
constraints to increased maize production. At
least four species of stem borers (Chilopartellus,
Eldanasaccharina,
Busseolafusca
and
Sesamiacalamistis) infest maize and sorghum
crops, causing reported yield losses of 30-40%
of potential output. Stem borers are difficult to
control, largely because of the cryptic and
nocturnal habits of the adult moths and the
protection provided by the stem of the host crop
for immature stages. The main method of stem
borer control, which is recommended to farmers
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by the Ministry of Agriculture in the country, is
use of chemical pesticides. However, chemical
control of stem borers is uneconomical and
impractical to many resource-poor, small-scale
farmers. Therefore, reducing the losses caused
by stem borers through improved management
strategies is urgently needed which could
significantly increase cereal production, and
result in better nutrition and purchasing power
for many maize and sorghum producers.
The ‘push-pull’ strategy, a novel tool for
integrated pest management programs, uses a
combination of behaviour-modifying stimuli to
manipulate the distribution and abundance of
insect pests and/or natural enemies. In this
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strategy, the pests are repelled or deterred away
from the main crop (push) by using stimuli that
mask host appearancy or are repellent or
deterrent. The pests are simultaneously
attracted (pull), using highly apparent and
attractive stimuli, to other areas such as traps or
trap crops where they are concentrated,
facilitating their control.
The term ‘push-pull’ was first conceived as a
strategy for insect pest management by Pyke,
Rice, Sabine and Zaluki in Australia in1987.
They investigated the use of repellent and
attractive stimuli, deployed in tandem, to
manipulate the distribution of Heliocoverpa
spp. in cotton to reduce reliance on insecticides,
to which the moths were becoming resistant.
The concept was later formalized and refined by
Miller and Cowles in the US in 1990, who
termed the strategy ‘stimulodeterrent diversion’
while developing alternatives to insecticides for
control of the onion fly, Delia antiqua.

soil stability, improving soil fertility through
enhanced soil organic matter content and
nitrogen-fixation. It also serves as a highly
nutritious animal feed and effectively
suppresses striga weeds.

How push-pull strategy works

The grasses are planted in the border around
the maize and sorghum fields where invading
adult moths become attracted to chemicals
emitted by the grasses themselves. These
grasses provide the "pull" in the "Push-Pull"
strategy. They also serve as a haven for the
borers' natural enemies. Good trap crops
include well-known grasses such as Napier grass
(Pennisetum purpureum). Napier grass has a
particularly clever way of defending itself
against the pest onslaught: once attacked by a
borer larva, it secrets sticky substance that
physically traps the pest and effectively limits its
damage.

This technology controls both stem borers and
striga and improves soil fertility. Maize is
intercropped with a legume, desmodium
(Desmodiumuncinatum) and Napier grass
(Pennisetumpurpureum) is planted around the
intercrop (diagram below). The desmodium
produces volatile chemicals, such as (E)-ßocimene and (E)-4,8-dimethyl-1,3,7-nonatriene,
which repel the stemborer moths from the
maize ('push') while those released by Napier
grass, such as octanal, nonanal, naphthalene, 4allylanisole, eugenol and linalool, attract female
moths ('pull') to lay eggs. Desmodium roots
produce chemicals which stimulate Striga seed
germination, such as 4'',5''-dihydro-5,2',4'trihydroxy-5''-isopropenylfurano-(2'',3'';7,6)isoflavanone, and others which inhibit their
attachment to maize roots, such as 4'',5''dihydro-2'-methoxy-5,4'-dihydroxy-5''isopropenylfurano-(2'',3'';7,6)-isoflavanone
(suicidal germination), thereby reducing Striga
seed bank. The legume also improves soil
fertility through nitrogen fixation. Both plants
provide quality fodder for livestock. Therefore,
farmers using ‘push–pull’ technology for pest
control not only reap three harvests (maize,
Napier grass and desmodium); they also
dramatically reduce the devastating effects of
the parasitic weed Strigahermonthica through
the effects of desmodium.

The push

Conclusions

The "push" in the intercropping scheme is
provided by the plants that emit chemicals
(kairomones) which repel stemborer moths and
drive them away from the main crop (maize or
sorghum). The best candidates discovered so far
with the repellent properties are members of
leguminous
genus
Desmodium
species.
Desmodium is planted in between the rows of
maize or sorghum. Being a low-growing plant it
does not interfere with the crops' growth and,
furthermore, has the advantage of maintaining

Push-pull is not only a sustainable farming
system, but can also protect the new generation
of Genetic Modified crops against development
of resistance by pests. Although considerable
work still needs to be done for all the new tools
of biotechnology to be exploited in push–pull,
agriculture must sustainably produce more food
on less land as it is lost through diversion to
other uses and climate change, and so presents
an extremely important target for new
biotechnological studies.

The pull
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Fig- Mechanism of Push Pull strategy
farming
systems.
Current
Biotechnology. 26:125–132
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29. BIOTECHNOLOGY

Edible Vaccine: A Way of Oral Immunization
Suhail Ahmad, Rahul Patil and Chandramohan Sangh
College of Agriculture, Junagadh Agricultural University, Junagadh

Vaccines have been revolutionary for the
prevention of infectious diseases. Despite
worldwide immunization of children against the
six serious diseases, 20% of infants are still left
un-immunized; responsible for approximately
two million unnecessary deaths every year,
especially in the remote and impoverished parts
of the globe. This is because of the constraints
on vaccine production, distribution and
delivery. One hundred percent coverage is
desirable, because un-immunized populations
in remote areas can spread infections and
epidemics in the immunized safe areas, which
have comparatively low herd immunity. For
some infectious diseases, immunizations either
do not exist or they are unreliable or very
expensive. Immunization through DNA vaccines
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is an alternative but is an expensive approach,
with disappointing immune response

Vaccines
A biological preparation containing a pathogen,
in either attenuated or inactivated state or an
antigen from a pathogen, increases immunity
against particular disease. The term vaccines
derived from the name of virus ‘vaccinia virus’
that has been used as live vaccines for smallpox
since 1976. The concept of vaccines was first
time given by Edward Jenner that, this virus is
harmless to humans, but it can stimulate
immunity against smallpox virus. A vaccine
typically contains an agent that resembles a
disease causing microorganism, and is often
made from weakened or killed forms of the
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microbe. The agent stimulates the body's
immune system to recognize the agent as
foreign, destroy it, and "remember" it, so that
the immune system can more easily recognize
and destroy any of these microorganisms that it
later
encounters.
Vaccination
is
the
administration of antigenic material (the
vaccine) to produce immunity to a particular
disease.

measles, cholera (Potato), Hepatitis-B (Potato,
Lupin), etc.

Genetically Modified (GM)/Transgenic Plants for
Edible Vaccines
Various strategies for expression of foreign
genes in high amounts in plants include use of
strong and organ-specific plant promoters,
targeting of the protein into endoplasmic
reticulum (ER) by incorporating ER-targeting
and ER-retention signals, creation of optimized
translation start site context as well as alteration
of codons to suit the expression of prokaryotic
genes in a plant. For production of edible
vaccines or antibodies, it is desirable to select a
plant whose products are consumed raw to
avoid degradation during cooking. Thus, plants
like tomato, banana and cucumbers are
generally the plants of choice. The first report
on transgenic plant for the production of edible
vaccine appeared in 1990 in the form of a patent
application the concept of edible vaccine got
impetus after Arntzen and co-workers expressed
Hepatitis-B surface antigen in tobacco in 1992
to produce immunologically active edible
vaccine (Fig.1).

Edible Vaccines
Antigens or antibodies expressed in plants
(transgenic plant) can be administered orally
through edible parts of the plant. Edible
vaccines are the best option and they are more
convenient over traditional vaccines. In future, a
great ability for the immunization throughout
the globe with the use of edible vaccine can be
possible with its economic production will lower
down the cost of immunization, separation and
purification
is
easy
and
pathogenic
contamination can be avoided therefore safe, no
constricted criteria for its storage so can be
stored near the site of use, aseptic condition
does not require for oral immunization as it is
given through oral route. Plants like tobacco,
potato, tomato, banana, rice, maize, etc. are
used for the production of edible vaccines.
These vaccines can be utilized for the treatment
of various diseases in human or animals such as

Process of producing transgenic plant
vaccines

Fig.1 Schematic view for plant based production of stable or transient vaccine
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A key issue in producing transgenic plant
vaccines is the selection of plant material, which
can both express high levels of a chosen vaccine
candidate and be suitable for extensive storage
and oral delivery. With the development of plant
genetic engineering, the expression systems for
transgenic plants are no longer limited to model
plants, but extend to some orally or high protein
content plant.
Various plant platforms have been
demonstrated for production of recombinant
proteins in plants, including leafy crops, cereal
and legume seeds, oilseeds, fruits, vegetables,
higher plant tissue and cell cultures, hydroponic
systems, algae, and halobios.

•
•
•
•
•
•
•
•

Advantages of edible vaccines
•
•
•
•
•
•
•

controlling the temperature in plant
cultivation
Easy for mass production system by
breeding compared to an animal system
Possible production of vaccines with low
costs
Reduced need for medical personnel and
sterile injection conditions
Economical to mass produce and transport
Reduced dependence on foreign supply
Storage near the site of use
Heat stable, eliminating the need for
refrigeration
Antigen
protection
through
bioencapsulation

Disadvantages

Edible plants are very effective as a delivery
vehicle for inducing oral immunization
Adjuvant for immune response is not
necessary
Excellent, feasibility of oral administration
compared to injection
Easy for separation and purification of
vaccines from plant materials
Effective
prevention
of
pathogenic
contamination from animal cells
Convenience and safety in storing and
transporting vaccines
Effective maintenance of vaccine activity by

•
•
•
•
•
•
•
•

Dosage of vaccines would be variable
Not convenient for infants
Consistency of dosage form fruit to fruit
Plant to plant and generation to generation
is not similar
Stability of vaccine in fruit is not known
Evaluating dosage requirement is tedious
Selection of best plant is difficult
Certain food like potato is not eaten as raw
so, cooking the food might weaken the
medicine present in it.
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Significance of Nanotechnology in Agriculture
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Introduction: Agriculture play crucial role in
human existence and societal sustainability.
Climate
change,
ecological
inequity,
environmental pollution, increasing population
and land degradation as a major concern that
challenge ending hunger. According to the
United Nations FAO, 795 million people
worldwide lack access to sufficient food to lead a
healthy active life. The world agricultural
production has to increase by approximately
60% during 2050 to end the hunger of over nine
billion people. Nanotechnology (NT) is the way
to device farming techniques that protect
May, 2019

ecosystems, environment and human health,
and in the same time produce adequate amount
of grains, meat, plants with increasing the
quality and quantity of agricultural production
and making it more sustainable by decreasing
pollution
from
agrochemicals.
It
also
contributes to better health by improving the
fertility of soil through adding valuable
nutrients to plants and detects and remediates
heavy metals in the soil also reduces soil, water
and air pollution by agrochemicals, which
makes
agriculture
more
sustainable.
Furthermore, NT also help to reduce the effect
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of modern agriculture has on the environment
and human health in the future, and also
contribute to global food security. Thus, NT can
stand-in
more
sustainable
agricultural
production.
Nanotechnologies are technologies that
contain at least 50% natural or manufactured
particles in the size range from 1 to 100
nanometres (up to a billionth of a meter).
Nanotechnology has sole properties of
nanoparticles that high volume to surface ratio
and high solubility and the potential of
nanoparticles as increased reactivity and
efficiency.

2.

The seeds treated with nanoparticles
increase drought resistance, seed longevity
during storage, germinate faster steadier
and
increasing
their
pliability
to
environmental stress. It also increases
seedling strength, growth, more dry weight
and vitamins in seed.
3. Nano-biosensors comprising of an organicbased detection mechanism and increase
precision, finding limits, sensitivity,
discrimination, temporal response and
reproducibility
in
comparison
to
conventional biosensors due to their sizerelated properties and also able to detect
single viruses and contaminants at the
molecular level.
4. Nano technology helps in more efficient and
targeted delivery system of fertilisers and
plant pathogens to specific plant cells due to
their size-related properties and increase
stability in the environment over their
capability of slow or controlled release. In
addition, pesticide use efficiency was
increase twice with half the dose applied.
With these properties increased resistance
of crops towards threats like droughts, pests
and pollution.
5. Due to their uncontrolled application, up to
90% of agrochemicals directly lost in the
environment. Thus application of NT in
agricultural production helps to reduce
pollution resulting from fertilizers and
pesticides and remediate soils polluted with
heavy metals through their smart delivery
systems and increased efficiency.
6. With the use of NT problematic soils can be
remediated and making them productive
again and these techniques are effective,
low cost and environmentally friendly.
Conclusion: Nanotechnology has great
potential in agriculture as it can enhance the
quality of life through its applications in fields
like sustainable and quality agriculture and the
improved and rich food for community. All over
the world, this technology has become the
future of any country.

Nanotechnology for Agriculture
•
•
•
•
•
•
•
•
•
•
•

Single molecule detection to determine
enzyme/substrate interactions
Nano capsules for efficient delivery of agrochemicals, vaccines and growth hormones
Nano sensors for monitoring soil conditions
and crop growth, for detection of animal
and plant pathogens
Nano particles to deliver DNA to plants
(targeted genetic engineering)
Nano chips for identity preservation and
tracking
Nano-capsules to improve neutraceutical
properties of ingredients like cooking oil
Flavor enhancement
Nanotubes and nanoparticles as gelation
and viscosifying agents
Nanocapsule infusion of plant based
steroids to replace meats cholesterol
Nanoparticle to selectively bind and remove
chemicals or pathogens from food
Nano-emulsions and particles for better
availability and dispersion of nutrients

Benefits of Nanotechnology Applications:
1.

Nanotechnology is useful in dryland areas,
where drought is the largest environmental
risk for crop production. Nano-hydrogel is
able to absorb and release water and
nutrients more efficiently and can store
between 130 and 190 times its own weight
of rainwater or irrigation water leading to
more efficient use of water.
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31. HORTICULTURE

Low Tunnel Cultivation Technique of Vegetables for
Early Yield and Higher Prices
K.S. Rajawat and J. K. Tak
Department of Horticulture, Rajasthan College of Agriculture, MPUAT, Udaipur- 313001

Agriculture was developed by human beings for
their survival against hunger. As the time
passed, human beings learnt that maximum
crop yield is achieved when the crops are grown
during different seasons under favorable
climatic conditions. Vegetables are rich source
of vitamins, carbohydrates, salts and proteins.
There is a year round high demand for fresh
vegetables in the country in domestic and export
market due to: increased health awareness, high
population growth rate, changing dietary
patterns of increasingly affluent middle class,
and availability of packaged vegetables. But due
to unfavorable climatic conditions, there is a
May, 2019

flood of vegetables in the season and high priced
vegetables in off-season. Vegetables can be
cultivated in off-season, with the introduction of
green houses, low and high poly tunnel
technology, in which temperature and moisture
are controlled for specific growth of vegetables.
The production of vegetables all around the year
enables the growers to fully use the resources
and supplement income from vegetable growing
as compared to other normal agricultural crops.
Low tunnels: are essentially miniature
versions of high tunnels, usually two to four feet
tall at their peak and four to six feet wide.
Length varies, but less than 50 feet is
58
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recommended for windy areas. Low Tunnel are
generally made from PVC pipe and low cost
bamboo as a main Frame with moon Shape
structure. This low tunnel frame is covered with
Plastic Poly film sheet the polythene sheet
having a thickness of 50 microns is generally
used in this technique, which helps build the
greenhouse effect and enables cultivation of
vegetables under protected and controlled
weather conditions which is weighted down to
the ground or buried rather than attached to the
structure.

4.
5.
6.
7.
8.
9.

Crop advancement
The fruits remain available from April to
November thus causing glut in market, which
lead to price crash in the main season (Kumar et
al., 2015). But the price of the produces have
high premium value during their off-season
availability by adopting the season forcing
techniques like green house, poly house net
house and low tunnel (Enoch and Enoch, 1999)
but installation of these structures are costlier
so unaffordable by the small and marginal
farmers. Out of these techniques, low tunnel is
found one of the best for non woody species,
such as ornamental and vegetable. Which can
warm the soil and protect the plants from hails,
cold wind, injury and advance the crops than
normal season because temperature goes below
80C for 30- 40 days during winter season in
plain of north India. Technology for cucurbits
production has been extended to the farming
community successfully. The low tunnel
techniques can use for raising seedlings by
modifying the microclimate (Ken-Bar 2004).
Generally, the tunnels are made in north to
south direction to receive maximum sunlight.
Transparent plastic of 30-50 micron is
commonly used for making low tunnels, which
reflects infra-red radiation to keep the
temperature of the low tunnels higher than
outside. These tunnel increases the inside
temperature and entrapment of carbon dioxide,
resulted more photosynthetic activity of crops
hence early produce. They create a favorable
microclimate around the crops by proving, frost
and pest protection and reducing moisture loss
(Butler and Ross, 1999). In several part of
country, especially in northern plains,
temperature is hovering 4 to 15 oC during winter
season. So warm season crops like bottle gourd,
bitter gourd okra do not allow successful
production in open field in open field during

Benefit of Low tunnel technology:
1.

2.

3.

Used for off season production of vegetables
crops for mainly cucurbits and may also
useful for tomatoes, Radish, Cauliflower,
Potatoes, Spinach, Leeks, Herbs, Shrubs
and Flowers etc.
Drastically reduces frost damage by
cushioning sudden temperature drops in
month of December and January in north
Indian plains.
Creates suitable micro-climate for growth &
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development
Enables earlier seeding hence larger yields.
Protecting the plants against insects and
birds.
Protects from hailstorms, frost, and heavy
gusts of wind.
Reduction in the need for pesticides
treatment of plants (Reduce upto 70%)
Better air/water and gas permeability.
Can provide local greenhouse effect.
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winter season.
Sowing of different cucurbits start from first
week of December to end of February can be
advanced 30-60 days over their normal season
so that off season produced can fetch a very high
price in the market. Low tunnel technology is
quite economical and beneficial for off season
vegetable productions in northern plains of
India.

4.

Crops

1.

Cucumber

2.

Bottle
gourd

sowing
time
Dec.Jan
Dec.Feb

3.

Bitter

Dec.-

Harvesting
time
Feb.-March

Crop
advancement
30 days

Last week
of march to
Mid April
Last week
of march to

30-40 days

Feb
Dec.Feb

Mid April
Last week
of march to
Mid April

30-40 days
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Table: crop advancement, transplanting and harvesting t in
cucurbits under low tunnel.
S.N.

gourd
Water
Melon

30-40 days
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Aeroponic in Floriculture
Mangaiyarkarasi. R1 and Arunkumar. P2
1 PhD scholar, Department of Floriculture and Landscaping, TNAU, Coimbatore
2 Young Professional-II, Water Technology Centre, TNAU, Coimbatore

plants obtain nutrients and water from the
solution film that adheres to the roots. The
aeroponic culture is usually practiced in
protected structures and is suitable for low leafy
vegetables like lettuce, spinach, etc. The
principal advantage of this technique is the
maximum utilization of space. In this technique
twice as many plants may be accommodated per
unit floor area as in other systems. Another
potential application of this technique is in the
production of plants free of soil particles from
cuttings for exports.

Introduction
Aeroponic is defined as the culture of whole
plants with their roots fed by an air/water
nutrient fog (Martin et al., 1997). In this method
a fine mist of nutrient solution applied either
continually or intermittently over the root
surface. The major advantages of the aeroponics
system are the lack of a physical substrate, and
the ability to control cultural conditions,
sampling of the rhizobial strains and associated
nutrient solutions (Jarstfer and Sylvia, 1992).
Aeroponic is a method of growing plants
where they are anchored in holes in Styrofoam
panels and their roots are suspended in air
beneath the panel. The panels compose a sealed
box to prevent light penetration to encourage
root growth and prevent algae growth. The
nutrient solution is sprayed in fine mist form to
the roots. Misting is done for a few seconds
every 2 – 3 minutes. This is sufficient to keep
roots moist and nutrient solution aerated. The
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Some of the key benefits of Aeroponics:
•
•

60

Fast plant growth – The chief feature of
aeroponics. Plants grow fast because their
roots have access to a lot of oxygen 24/7.
Easy system maintenance – In aeroponics,
all we need to maintain is the root chamber
(the container housing the roots) which
needs regular disinfecting, and periodically,
the reservoir and irrigation channels. The
VOLUME NO.15, ISSUE NO.8
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•

•

constant semi-moist environment of the
root chamber which invites bacterial growth
is the only main drawback of all aeroponic
system maintenance.
Less need for nutrients and water –
Aeroponic plants need less nutrients and
water on average, because the nutrient
absorption rate is higher, and plants usually
respond to aeroponic systems by growing
even more roots.
Requires little space – we don’t need much
space to start an aeroponics garden.

NPR and discussed the importance of the water
conservation features of aeroponics for both
modern agriculture and space.
Stoner is considered the father of
commercial aeroponics. Stoner's aeroponic
systems are in major developed countries
around the world. His aeroponic designs,
technology and equipment are widely used at
leading agricultural universities worldwide and
by commercial growers.
Mojtaba et al. (2012) investigated the
potential of the aeroponic culture system as an
effective alternative for growing plant, the
degree to which root growth, leaf number of
Gerbera and macro elements uptake in response
to N-NH4+/NT ratio, spraying intervals of
nutrient solution and light in root media.
Fascella and Zizzo (2007) cultivated
Anthurium in both expanded clay and aeroponic
system to solve many problems of potted
Anthuriums (plant fall over, crooked stems) and
to evaluate the productive and qualitative
differences of the two growing systems.
Jowkar et al., (2009) reported that the
shorter spray interval (3/15 min) resulted in
roses with improved growth: length and
thickness of flowering stems, length and
thickness of flower buds and total leaf number
enhanced.

Key disadvantages of Aeroponics
•
•
•
•

Dependence on the system – A typical
aeroponics system is made up of high
pressure pumps, sprinklers and timers.
Technical knowledge required – we need a
certain level of competency in running an
aeroponic system.
Regular cleaning of the root chamber – The
root chamber must not be contaminated, or
else diseases may strike the roots.
High cost – Most aeroponic systems are not
exactly cheap. Aeroponic systems may cost
many hundreds of dollars each.

History
In nature, in tropical climates orchids develop
and grow freely in trees. It was W. Carter in
1942 who first researched air culture growing
and described a method of growing plants in
water vapor to facilitate examination of roots.
As of 2006, aeroponics is used in agriculture
around the globe. In 1944, L.J. Klotz was the
first to discover vapor misted citrus plants in a
facilitated research of his studies of diseases of
citrus and avocado roots. In 1952, G.F. Trowel
grew apple trees in a spray culture. It was F. W.
Went in 1957 who first coined the air-growing
process as “aeroponics”, growing coffee plants
and tomatoes with air-suspended roots and
applying a nutrient mist to the root section.
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Aeroponically grown food
In 1986, Stoner was the first person ever to
market fresh aeroponically grown food to a
national grocery chain. He was interviewed on
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33. HORTICULTURE

Major Physiological Disorders in Flower Crops
Veluru Bhargav
Sectional Officer, Horticulture Division 9, Delhi Development Authority, Vivek Vihar, Delhi- 110095

Rose

Control:

Blind shoots: Blind shoots may be defined as
a stem that fails to develop a bud. It is a non
flowering growth that must be removed to
enable the plant to expend its energy on creating
flowers rather than foliage.

•
•

Causes:
•
•

•

Low photosynthate accumulation rate
results in upto 57% of shoots developing
into blind shoots.
Temperature below 15o C increased number
of blind shoots

•

Control:
•
•
•
•
•

Vase shaped rose plants, trellised roses are
found to reduce percentage of blind shoots
Blind shoots can be reduced by bending
over technique
Pinched hard of these blind shoots in the
month of November resulted in flowering
shoots.
CO2 enrichment to level of 1000 ppm from
November to February is helpful in
reducing blind shoots.
Foliar spray of ascorbic acid @ 100 ppm
also reduced the blind shoots.

•

Carnation
Calyx splitting: As the flower bud opens and
the petals reach to their full size, the calyx may
split down either half or completely.

Causes:
•

Bent neck:
It is a physiological disorder characterized by
the bending of stems at the neck region after
harvesting and is an important factor to
determine the postharvest quality of any cut
flower.

•

•

•

It occurs due to various of reasons too soft
growth, premature bud harvest and
excessive water loss during handling.
Exposure to high temperature, low relative
humidity, ethylene, high microbial growth
and incorrect usage of floral preservatives
also cause bent neck in rose.

•
•
•
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It may be due to the low temperature <10o
C which lead to a development of extra
whorl of flowers inside the calyx which split
as it is unable to contain the load of these
extra petals.
Low nitrogen, low boron and closer spacing
also increases the incidence of split calyx

Control:

Causes:
•

Water losses through stomata, therefore
1/3rd of the lower leaves should be removed
after harvest.
The flowers exhibiting bent neck or
premature cutting should be re-cut under
water and kept in warm water for 1-2 hrs.
Use of 200 ppm cobalt nitrate along with
10% sucrose in floral preservative at pH 6.0
is found very effective in controlling bent
neck.
Some varieties show more incidence of bent
neck eg: Red Velvet and Sonia; whereas
neck strength of cvs First Red and Saphir is
more.
Fumigation with methyl bromide at 50o C
reduces the incidence of bent neck in cut
roses.
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Uniform night temperature and less
fluctuation between the day and night
temperatures reduces the incidence of split
calyces.
Banding of calyces when it shows a small
opening of young bud with rubber bands.
Optimum application of recommended
dosage of nitrogen, boron with a proper
spacing also reduces the calyx splitting.
Choosing the cultivars which are less prone
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to calyx splitting eg: Espana, Red Corso,
Cabanet etc. can reduce the problem.

•

Slab slide
This disorder may arise during cooler period
and buds do not open evenly, so that the petals
protrude on one side only.
Control: This can be overcome by gradual
increase of temperature to the optimum.

should be clipped if it shows bending.
To prevent bending of tips, the spikes
should be held vertically in storage as well
as during transport.

Chrysanthemum
Epinasty: Flowers stored at 5o C under dark
conditions results in yellowing of foliage
Epinasty due to the higher concentration of
ethylene in the storage room/ in green house
during cultivation.

Gladiolus
Tip burning or fluoride injury: This
physiological disorder occurs due to the
presence of high level of fluoride compounds in
the atmosphere which accumulated on the tips
of leaves results in discolouration and drying up
of tips of leaves of gladioli.

Anthurium

Causes:

Flower abortion, Flower deformation
and Rosette formation: In this the flower
spadix aborts and growth of the spathe is
stunted and stem of the flower is also becomes
short.

•

Cause:

•

Heavy application of SSP also causes
fluoride injury.
Irrigation/ cut spikes treated with fluoride
treated water causes fluoride accumulation
in leaves as well as flower bracts
respectively. Even as little as 0.25 ppm
fluoride is detrimental to certain cultivars.

•

Control
•

Control:
•
•

The flower doesn’t open because the spathe is
stuck as a result of sticking. It is a variety
dependent disorder and occurs especially during
periods in which growth is rapid.
Control: By lowering the R.H. and during
the early stage, the flowers can be loosened
carefully by hand.

The tips of gladiolus spikes show tendency to
bend against gravity if placed horizontally for a
longer periods is called geotropic bending.

Jamming
It is strong variety dependent characteristic but
more frequently occurs under arid conditions. It
occurs more frequently in cultivars with long
sheaths. The flower jams in the sheath, since
this leaf is wound very tightly around the flower.
Flowers that let loose according to their own
often seem damage in the shape of cracks on the
undesirable of the spathe.
Humidifying at top layer of the substrate
can provide a more favourable microclimate,
whereby the phenomenon appears less
frequently
Other disorders: Folded ears and cracksdue to high R.H.

Causes:

•

This is primarily due to the lateral
downward movement of auxins IAA and it’s
accumulation on the lower portion of the
spike. IAA cause asymmetrical elongation of
cells at this region, thereby causing the
upward bending of the spike tips.
The bending of tips doesn’t affect the vase
life but reduces the market value
considerably as the spikes do not fit well in
the flower arrangements.

Control:
•

It is suggested that the tips of the spike
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Excessive root pressure can be restricted by
growing plant drier and by raising the E.C.

Sticking

By applying Ca SO4 to the soil as well as
salts of Ca, Mg and Mn as foliar spray.
Water used for cut flowers should be low in
soluble salts and free from dissolved
fluorides.

Geotropic bending of spikes

•

Mainly due to strong root pressure that
cannot be processed by the plant above the
ground
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34. AGRICULTURAL ENTOMOLOGY

Whitegrubs and Their Management
R. Muthu
PG Scholar, Dept. of Agricultural Entomology, TNAU, Agricultural College and Research Institute,
Madurai-625 104

Introduction

•

Whitegrubs are complex set of species belonging
to the family Scarabaeidae under the insect
order Coleoptera causing heavy crop damage in
many type of crops. They are popularly known
as beetles because they emerge out of the soil
after the pre-monsoon/monsoon showers in the
month of May/June hence it is also referred as
maybeetle or June beetle. The whitegrubs are
polyphagous and cause damage to almost all
kharif crops. The loose soils with moderate to
low rainfall provide favourable conditions for
the survival and multiplication of these insects.
The crops affected by whitegrubs are
Groundnut, Sugarcane, Pearl millet, Maize,
Mung bean, Potato tubers, Ginger, Walnut,
Neem, Chilies, Upland paddy, Roots of tea,
Coffee, Arecanut, Cashewnut, Rubber and forest
nursery. Losses inflicted to the various crops by
this pest range between 40 and 80 per cent in
endemic pockets. There are some All India
Network Projects are undergoing to overcome
the whitegrub damage. Important species of
whitegrubs are, Holotrichia consanguinea,
Holotrichia
serrata,
Lepidiota
stigma,
Melolontha furcicada, Holotrichia longipennis,
Holotrichia
problematica,
Leucopholis
coneophora,
Leucopholis
lepidophora,
Leucopholis burmeisteri

•

Pupa
•

•
•

•

•
•
•
•

A female lays on an average of 27 eggs in
the soil, which are pearl like white enclosed
in earthen cells.
Eggs are usually 1.5 to 3 mm in diameter
and found encased in soil aggregates.
They are small, spherical, pearly white eggs
that darken just before hatching.

The grubs eat away the nodules, fine
rootlets and girdle the main root of the
crops.
An attacked plant becomes pale, gives
wilted appearance and finally dries which
can easily be pulled out
In heavy infestation, fields show patchy
appearance due to withering of plants
The adult beetles feed on the leaves at night,
first by making holes and later feed on the
entire leaf leaving mid ribs only.

INTEGRATED PEST MANAGEMENT
Cultural control
•

The length of the larvae varies from 20 to
45 mm.
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Adult beetles are a rusty-red color just after
emerging from the pupal stage, but turn
nearly black. Total life cycle = 86-113 days.
Only one generation per year.

Symptoms of damage

Grub
•

The length of the pupae varies from 20 to
24 mm long. The pupa is usually white,
faint yellow or dark brown in color and
occur deeper in the soil in earthen
chambers.

Adult

Biology of whitegrubs:
Egg
•

Larvae are white with a C-shaped body,
brown head, and three pairs of legs.
The hind portion of the abdomen is slightly
enlarged and appears darker due to the soil
particles showing through the body wall.
Two parallel rows of spines seen on the
underside of the last abdominal segment
distinguish true white grubs from similarlooking larvae.

•
64

Repeated ploughing during May-June may
be carried out so that hibernating
population of grubs are exposed to natural
enemies like birds, pigs and dogs.
During tillage, the grubs may be
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•

•
•

•

handpicked and destroyed.
The crop trashes, stalks are breeding
grounds (Vulnerable points) for white
grubs, field sanitation is important to
control this pests.
The weed Boerhavia diffusa which harbour
early stage of grubs may be removed and
destroyed.
Flooding of fields wherever possible to
reduce the grub population. This does not
allow egg laying or kills the grubs or the
grubs go deeper to avoid stagnated water.
Early season planting or autumn planting
also prevent the loss to sugarcane fields.

•

•

Metarhizium anisopliae and Beauvaria
bassiana
were
identified
as
entomopathogenic to the predominant
whitegrub
species
of
the
region
i.e. Holotrichia consanguinea, research
indicated that fungi were more effective,
when placed at soil depth of 10-15 cm
Few species of nematodes, Steinernema
glaseri, Heterorhabditis species and a local
strain were found to be pathogenic to
several
whitegrub
species
including Holotrichia consanguinea.
A pelecinid wasp and Pyrgotid fly act as a
natural enemy of white grubs

Mechanical control

Chemical control

•

In monsoon sown standing crop, chlorpyriphos
20 EC or quinalphos 25 EC at 4 l/ha be applied
with irrigation, 3 weeks after the first monsoon
shower.
Post monsoon standing crop, Fipronil 5 SC
150g a.i./ha or Imidacloprid 17.8 SL 60g a.i./ha
will be effective.

•

•

•
•

The use of Light Trap during beetle flight
period offers an excellent mode of
preventing the buildup of a large scale
incidence. The collected beetles killed by
dipping them in Kerosinized water.
The adult beetle collected by vigorous
shaking or twigs of trees and bushes like
Ber, Khejri, Neem etc. from 8.30 P.M.
onwards and killing the adult beetle
The insecticidal treated green twigs of
bushes of Neem kept in the field at several
places in the evening where ever feasible, so
as to attract emerging adult beetles which
would die on feeding the foliage.
Neem (Azadirachta indica) attract adults of
Holotrichia serrata and H. insularis and H.
consanguinea.
In the evening, at the time of beetle
emergence (7.30 to 7.45 PM) hang
pheromone dispensers on the already
sprayed,
marked
host
trees
(3
dispensers/tree)
for
3-4
evenings
continuously.
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