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times and soil management. In the past,
precision agriculture was limited to larger
operations which could support the IT Today,
however, smart sensors, drones and cloud
computing makes precision agriculture possible
for farming and even small family farms.

Precision agriculture (PA) is an approach of
smart farm management that uses information
technology to ensure that the crops and soil
receive exactly what they need for optimum
health and productivity. The goal of PA is to
ensure profitability, and protection of the
environment. PA is also known as agriculture,
as-needed farming and site-specific crop
management. Precision tools under precision
farming provides a new solution using a systems
approach for today's agricultural issues such as
the need to balance productivity with
environmental concerns. Precision agriculture
and its suite of information technologies such as
soil and yield mapping using a global
positioning system (GPS), GPS tractor guidance
systems, and variable-rate input application—
allow farmers with guidance about crop
rotation, optimal planting times, harvesting
November, 2019

Why Precision Farming?
•
•
•
•
•
•

4

For doing the right thing in the right place
at the right time
For enhancing productivity
Prevents soil degradation
Reduction of chemical use in crop
production
Efficient use of water resources
A smart farming tool for improving quality,
quantity & reduced cost of input
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Components of precision agriculture
Database required-

•

For assessing spatial and temporal variability in
the fields following databases are important to
develop the potential of precision farming.
•
•

•

3.

Soil: Physical Condition, Soil texture,
Structure, Soil moisture, Soil nutrients, etc.
Crop: Plant population, Crop tissue
nutrient status, Crop stress, Weed flora and
intensity, Insect pest and their species and
intensity, Crop yield, Harvest swath width
etc.
Climate: Rainfall, temperature, humidity,
solar radiation, wind velocity, etc.

II. Technology

•

Technologies include a vast array of tools of
hardware, software and equipment’s.
1. Global Positioning System (GPS) -GPS
is a navigation system based on a network
of satellites that helps users to record
positional information (latitude, longitude
and elevation) which allows farmers to
reliably identify field locations so that
inputs
(seeds,
fertilizers,
pesticides,
herbicides and irrigation water) can be
applied to an individual field, based on
performance criteria and previous input
applications.
2. Geographic
information
systems
(GIS): This system comprises hardware,
software that use feature attributes and
location data to produce maps.
•
•

•
•
•
•
•
•

Application of GIS technique:
An
important
function
of
an
agricultural GIS is to store layers of
information, such as yields, soil survey
maps, remotely sensed data, crop
scouting reports and soil nutrient
Cadastral, topographic and thematic
mapping.
Surveying.
Remote sensing, image processing and
photogrammetry.
Earth sciences and geographical
application.
Assist in decision makers to select
alternatives resources.
Environmental pollution and natural
hazards management.
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Planning for urban area management,
transportation,
architecture,
conservation and landscaping.
• To locate wildlife habitat and
migrational study.
Remote sensing: Remote sensing is the
science (and to some extent, art) of
acquiring information about the Earth's
surface without actually being in contact
with it. This is done by sensing and
recording reflected or emitted energy and
processing, analyzing, and applying that
information.
Remote sensing has several unique
advantages (Jensen, 1996):

4.

RS technology is well-known as a
nondestructive method to collect
information about earth features
• RS data may be obtained systematically
over very large geographical areas
rather
than
just
single
point
observations
• RS data can reveal information about
places that are inaccessible to human
exploration
• The systematic (raster) data collection
in RS can remove sampling bias
• RS
can
provide
fundamental
biophysical information that can be
used in other sciences
• RS is independent from the data
produced elsewhere, in comparison
with the other mapping sciences such
as cartography or GIS
Variable Rate Applicator: ability to
adapt parameters on a machine to apply, for
instance, seed or fertilizer according to the
exact variations in plant growth, or soil
nutrients and type.
The variable rate applicator has three
components:

• Control computer
• Locator and
• Actuator
The application map is loaded into a
computer mounted on a variable-rate
applicator. The computer uses the application
map and a GPS receiver to direct a productdelivery controller that changes the amount

5
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and/or kind of product, according to the
application map.

III. Management
•

•

•

Information management: A farmer
must have clear idea of objectives of
precision farming and crucial information
necessary to make decisions effectively.
Decision support system (DSS): The
main aim of the work is to develop a system
that can provide information about the
expected yield in each season with better
accuracy. For this purpose, DSS can be
developed, utilizing GIS, agronomic,
economic and environmental software, to
help farmers manage their fields.
Identifying a precision agriculture
service provider to decrease the cost and
increase the efficiency of precision
agriculture, farmers are advised to take
services of agricultural service providers.

3.

Benefits of precision farming
•

•

Steps in precision farming
1.

2.

•

Identification and assessment of
variability
a. Grid soil sampling: Grid soil
sampling is efficient method to increase
the intensity of sampling compared to
the traditional sampling.
b. Crop
scouting:
In-season
observations of crop conditions like
weeds (weed type and intensity); insect
or fungal infestation (species and
intensity); crop tissue nutrient status;
also can be helpful later when
explaining variations in yield maps.
c. Use of precision technologies for
assessing variability: Faster and in
real-time assessment of variability is
possible only through advanced tools of
precision agriculture.
Management of variability
a. Variable-rate
application:
According to variability (e.g. Soil
nutrients status) maps are made and
loaded into a computer mounted on a
variable-rate input applicator.
b. Yield monitoring and mapping:
Yield measurements are essential for
making sound management decisions
about managed inputs.
c. Quantifying on-farm variability:

November, 2019

should be done by using one or two of
the tools at a time and carefully
evaluating the results and then
proceeding further.
Evaluation of precision farming
a. Economic analysis: Whether it is cost
effective?
b. Environmental assessment: Does it
improve the quality of environment or
at least not harm?
c. Rate of ToT (Transfer of Technology):
Do farmers adopt it rapidly?
The concept of "doing the right thing in the
right place at the right time" has a strong
intuitive appeal which gives farmers the
ability to use all operations and crop inputs
more effectively.
More effective use of inputs results in
greater crop yield and/or quality, without
polluting the environment.
Precision agriculture can address both
economic and environmental issues that
surround production agriculture today.

Drawbacks of precision farming
•
•
•
•

High cost
Lack of technical expertise knowledge and
technology
Not applicable or difficult/costly for small
landholdings
Heterogeneity of cropping systems and
market imperfections

References
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Introduction

them maintain improved nutritional status. In
2001, the bean researcher, Steve Beebe, coined
the term ‘biofortification’.

According to global nutrition report 2017, 2
billion people lack key micronutrients like iron
and vitamin A. 88% of countries face a serious
burden of either two or three forms of
malnutrition.
The
major
reason
for
micronutrient deficiency in the populations of
third world countries is the predominance of
non-diversified cereal and plant-based diets,
which are poor in micronutrient content.
Micronutrient deficiency consequences, in
terms of malnutrition and health, are
devastating and can result in blindness,
stunting, diseases, and even death.
The biofortification strategy is a feasible
means of reaching rural families that only have
limited access to markets and healthcare
facilities needed to provide fortified foods and
nutritional supplements because it is targeted at
this
population.
Once
implemented,
biofortification will lower the number of
micronutrient-deficient
people
requiring
interventions dependent on supplementation
and
fortification
programs.
Thus,
biofortification
complements
other
interventions and is a means to provide
micronutrients to the most vulnerable people in
a comparatively inexpensive and cost-effective
way, using an agricultural intervention that is
sustainable.
Biofortification is a process of increasing
the density of vitamins and minerals in a crop
through plant breeding, transgenic techniques,
or agronomic practices. The process of breeding
nutrients into food crops provides a
comparatively cost effective, sustainable, and
long-term
means
of
delivering
more
micronutrients. This approach not only will
lower the number of severely malnourished
people
who
require
treatment
by
complementary interventions but also will help
VOLUME NO. 16, ISSUE NO.2

Methods of biofortification
1.

2.

3.

4.

5.

7

Agronomic biofortification- Agronomic
fortification is the application of nutrientrich fertilizer to foliage or soil to increase
the micronutrient concentration in edible
crop parts and thus increase the intake of
essential micronutrients by consumers. Zinc
fertilizer has been successful in increasing
zinc content in the wheat grain.
Conventional
plant
breedingConventional plant breeding refers to the
crossing of plants in research fields to yield
progeny with characteristics of both
parents. Crop biofortification is much more
expensive and time-consuming
Genetic
modification-With
genetic
modification, molecular techniques are
used to transfer a specific genetic trait from
a donor organism to a recipient organism so
that it expresses this trait. This method
takes less time to produce a crop that expresses in a stable way the trait of interest
and it allows the transfer of specific genes.
Golden Rice is an example of a genetically
modified biofortified crop. Rice is not
normally able to synthesize beta-carotene;
however, due to genetic modification,
golden Rice can produce rice with betacarotene in it.
Microbial
BiofortificationPlant
growth-promoting rhizobacteria (PGPR)
and plant growth-promoting fungi (PGPF)
lead to stimulation of growth of the host,
due to the increased mobility, uptake, and
enrichment of nutrients in the plant. They
improve nutrient use efficiency of applied
fertilizers and improving nutrient uptake in
problematic. However, they are less
November, 2019
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variety)
16. Bhu Krishna (anthocyanin rich variety)
17. Pomegranate SolapurLal (iron, zinc &
vitamin-C rich variety)

explored
options
in
biofortification
strategies and need to be included in
agronomic and breeding approaches to
develop effective biofortification strategies
for the staple crops.

Methods of agronomic bio fortification

Biofortified Varieties developed by ICAR
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.

3.

1.

Rice CR Dhan 310 (protein rich variety)
DRR Dhan 45 (zinc rich variety)
Wheat WB 02 (zinc & iron rich variety)
HPBW 01 (iron & zinc rich variety)
Maize
PusaVivek
QPM9
Improved
(provitamin-A, lysine & tryptophan rich
hybrid)
Pusa HM4 Improved (lysine & tryptophan
rich hybrid)
Pusa HM8 Improved (lysine & tryptophan
rich hybrid)
Pusa HM9 Improved (lysine & tryptophan
rich hybrid)
Pearl millet HHB 299 (iron & zinc rich
hybrid)
AHB 1200 (iron rich hybrid)
Lentil PusaAgetiMasoor (iron rich variety)
Mustard Pusa Mustard 30 (low erucic acid
variety)
Pusa Double Zero Mustard 31 (low erucic
acid & low glucosinolate variety)
Cauliflower Pusa Beta Kesari 1 (β-carotene
rich variety)
Sweet Potato BhuSona (β-carotene rich

2.

3.

Soil treatment-Soil application method is
more common and most effective for
nutrients, which are required in higher
amounts.
Foliar application- In situation where
mineral
elements
are
not
readily
translocated due to various limitations in
soil to edible tissues, foliar applications of
soluble inorganic fertilizers are made
Seed treatment- seeds are treated by the
nutrients to increase its content in
harvested grain through seed coating and
seed priming

References
Yadav, D.K., Choudhury, P.R., Firoz Hossain and
Dinesh Kumar. 2017. Biofortified Varieties:
Sustainable Way to Alleviate Malnutrition.
Indian Council of Agricultural Research, New
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Prasanna, R., Nain, L., Rana, A. and Shivay, Y. S.
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Metabolomics Assisted Breeding for Crop
Improvement
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Dr. Rajendra Prasad Central Agriculture University, Pusa, Bihar

Introduction

Metabolomics attempts to fill this gap.

The genome-sequencing projects have resulted
in generation of large amount of data on
different aspects of plant species due to
developments in various areas of genomics at a
faster rate. The availability of complete genome
sequences in many plant species has provided
plant breeder an excellent undrerstanding of the
link between gene to protein. Still a vast gap
exists between proteome and phenotype, which
makes
it's
understanding
cumbersome.

What is metabolomics?

November, 2019

Metabolome comprises all the metabolites
representing the end products of cellular
processes present in a cell, tissue, organ, or
organism. The term metabolomics was defined
for the first time by Oliver et al. (1980) as the
quantitative complement of all of the low
molecular weight molecules present in cells in a
particular physiological or developmental stage.
8
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benefits to a plant breeder for Crop
improvement. An effective combination of these
modern approaches guides researchers to
pinpoint the functional gene(s) and the
characterization of large number of metabolites,
in order to search for the candidate genes and
ultimately, to develop trait-specific markers to
improve economially important traits. So
metabolomics can be used for crop
improvement in various ways such as:
1. For gene identification: Metabolomics
study helps in identifying particular mQTL
which corresponds to gene(s) related to that
particular trait and thus it became easier to
identify gene(s) responsible for that
particular metabolite. The metabolite
investigation of mutants and transgenic
lines can help understanding the metabolic
networks and to pinpoint the underlying
candidate gene(s). Also, the metabolomics
helps to resolve gene‘s’ function: how a
particular gene impacts upon the metabolic
pathway, and uncovers different layers of
regulation and interception between linked,
which otherwise is difficult to achieve by
conventional assays like microarray.
2. To speed the breeding program:
Application of molecular tools such as
enzyme-based markers, marker-assisted
selection (MAS) has shortened the entire
process of crop improvement from 10-12
years to 5-6 years. By using mQTL-based
approaches, we may further reduce time up
to 4 years.
3. To characterize GM crops: Acerage
under GM crops is increasing day by day.
Metabolomics offers a great tool to
characterize
the
biochemical
status,
including important nutritional and
toxicological characteristics. The metabolite
composition have close association with the
plant phenotype. Also a database of
metabolites of both GM crops and
traditional varieties can be generated with
the application of metabolomic technology.
4. For improvement of quality traits in
fruits:
Metabolomics
studies
have
provided better understanding of fruit
biology specially related to ripening and
quality. Tomato is a rich source of
carotenoids, antioxidants and flavonoids.
By correlating fruit transcriptome with

Therefore, metabolomics is the systematic study
of the characteristic small-molecule metabolite
profiles generated by the various cellular
metabolic processes. It is a complex field of
analytical chemistry and bioinformatics in
which advanced techniques are employed to
determine the levels of a wide range of
metabolites. The levels of metabolites can be
regarded as the ultimate response of biological
systems to genetic or environmental changes
and these are indispensable component of plant
metabolism which finally influence the plant
biomass and architecture. Metabolomics has the
ability to detect a vast array of metabolites from
a single extract, thus allowing speedy and
precise analysis of metabolites. In other words,
metabolomics offers a comprehensive view of
cellular metabolites like small organic
compounds, which participate in different
cellular events, thus representing the absolute
physiological state of a cell.

Tools for metabolomic studies
Presently for metabolomic studies two
approaches are used, namely mass spectrometry
(MS) and nuclear magnetic resonance
(NMR).The NMR based metabolite detection is
based on utilization of magnetic properties of
nuclei of atoms under magnetic field. The NMR
is a non destructive method extensively used to
identify metabolites with smaller molecular
weight (<50 kDa). The major limitation of NMR
based approach is its poor sensitivity and large
sample requirement. It is used mainly for
identifying physical properties of ligands,
binding sites on protein and uncovering
structures of protein-ligand complexes etc. MS
approach has allowed researchers to generate a
wide range of metabolome data due to its higher
sensitivity and resulted in identification of novel
metabolic biomarker and molecules that can
facilitate the better understanding of metabolic
pathways and reconstruction of metabolic
networks.

Application of metabolomics for crop improvement
Presently efforts in metabolomics have been
mainly focused to improve the quality traits
with a major focus on yield related traits.
Metabolomics in integration with quantitative
approaches, molecular plant breeding and
different omics tools may provide immense

VOLUME NO. 16, ISSUE NO.2
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5.

ripening events, diverse and differential
biochemical pathways existing in the fruits
of tomato has been searched. Apple
contains beneficial nutrients including
antioxidants that reduce the risk of asthma,
cancer,
cardiovascular
disease,
and
diabetes. The metabolite contents of the
apple fruits are used to differentiate
commercially important cultivars. For
example, the cultivar ‘Golden Delicious’
contains a high amount of myoinositol,
sugars and succinic acid; whereas, the
cultivars ‘Granny Smith’ contains high
levels of unsaturated fatty acids (oleic and
linoleic acid). So with the help of
metabolomics we can study the existing
metabolites and as a result can improve the
existing quality.
For improvement of cereal crops:
Cereals are the prime source of food
worldwide. Cereals have been widely
studied in order to quantity variation in
metabolites and their association with
sequence variation. In rice, different
research groups have harnessed the
potential of metabolomics in order to
explore the metabolites diversity between
different varieties and natural variants. In
maize, drought stress is reported to be
regulated by amino acid metabolism.
Photorespiration is tightly regulated under
drought as the two amino acids involved in
this pathway, glycine and serine are
rendered
up-regulated.
Further,
accumulation of glycine and myo-inositol
was reported to relate with grain size of
maize under drought, implicating these
metabolites as potential markers for
identifying drought tolerant maize. Similar
work in rice demonstrated drastic induction
of certain compounds in tolerant plants
such as allantoin, galactaric acid, glucose,
gluconic acid, glucopyranoside and salicylic
acid, which could be considered as
metabolite markers to address drought
stress in rice

chemical footprints during different phases of
growth and development of plants. To feed the
ever-increasing
population
with
limited
resources and in a rapidly changing
environment is the biggest challenges that the
world faces today. To minimize this gap between
production and demand new approaches are
needed to discover and deploy agronomically
important genes that can help crops to better
withstand weather extremes and growing pest
prevalence worldwide. To shift from single
metabolite measurements to platforms that can
provide information on hundreds of metabolites
has led to the development of better models to
describe the links both within metabolism itself
and between metaboloism of an yield associated
traits. In this context, metabolomics provides
viable option, to deliver the future crops of
immense potential. The ongoing efforts to
elucidate the metabolic response to biotic and
abiotic stresses indicate that Metabolomics
assisted breeding might also be useful in the
development of crops that are more resistant to
these stresses. Thus, metabolomics-assisted
breeding can be applied to for the improvement
of traits related to biotic and abiotic stress and
for quality improvement in cereals and fruits
like other tools such as marker assisted selection
for crop improvement.
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Conclusion
Metabolomics is key to understand the
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Pearl Millet- Nutritional Quality and Processing
Jyoti Kaushik
Department of Genetics and Plant Breeding, ChaudharyCharan Singh Haryana Agricultural
University, Hisar (Haryana) India- 125004

tannin and phytate).Pearl millet can be malted
and used wholly or partially in place of sorghum
malt in the traditional or industrial brewing of
opaque beer. However, the small size of the
grain is a disadvantage in large-scale industrial
malting plants.
In West African countries, for e.g., in
Senegal, it is used for making couscous, pap and
fritters. Pearl millet-based gruels and steamed
cakes are prepared for feeding infants and
preschool children in Cameroon. Pearl millet
has also been used with wheat for making bread.
For this, up to 30% of pearl millet was used
successfully in making bread in Senegal. The
main nutritional advantages provided by pearl
millet are its high fat content and relatively high
lysine content, as compare to high-lysine corn in
some varieties.
In India, various alcoholic beverages are
produced from millets, from pearl millet also.
Millet is also the base ingredient for the distilled
liquor rakshi. Awaokoshi, which is a millet
puffs, are a specialty of Osaka, Japan. In Russia,
it is eaten sweet (with milk and sugar added at
the end of the cooking process) or can be served
with meat or vegetable stews. In Germany also,
it is eaten sweet, boiled in water with apples
which are added during the boiling process and
then added honey during the cooling process.
But in China, it is eaten without milk or sugar,
frequently with beans, sweet potato and/or
various types of squash may be prepared. Millet
is also the main ingredient in a Vietnamese
sweet snack called banh da ke. It contains a
layer of smashed millet and mungbean and then
topped with sliced dried coconut and meat
which are wrapped in a crunchy rice cake. It is a
specialty of Hanoi.
The people which are affected by glutenrelated disorders, such as coeliac disease, nonceliac gluten sensitivity and wheat allergy
sufferers and who need a gluten-free diet, can
replace gluten-containing cereals in their diets
with millet. While millet does not contain

Pearl millet is commonly known as bulrush
millet (Pennisetumglaucum (L.) R. Br.). It is a
cultivated, small-grain, tropical cereal grass. In
India, it is commonly known as bajra. Pearl
millet is the most important millet. It is
cultivated mainly in the semiarid tropics, almost
exclusively by subsistence and small-scale
commercial farmers.Pearl millet is uniquely
well-adapted
to
harsh
environmental
conditions.It can be cultivated in regions with
very low annual rainfall, even down to 250 mm
and very high temperatures of about 30°C in
well-drained loam soils. Pearl millet is a high
energy
cereal
that
contains
protein,
carbohydrates and fats. It is rich in vitamin B
and A. it is rich in iron, zinc and calcium and
also
contains
potassium,
phosphorus,
magnesium, manganese and copper.
Pearl millet is an underutilized, but
versatile crop whose inclusion in diets can
improve nutritional qualities. It contains about
11% (dry weight basis) protein and it has high Bvitamins, phosphorus, iron and fibre contents.
Millet is a significant cereal crop in Africa and
semi-arid tropics of Asia especially in Niger,
Nigeria and India, and 97% of world millet
productions are from developing countries. In
Africa,pearl millets are used on a large scale to
prepare traditional, either thick or thin,
fermented or unfermented porridges. Another
major use in Africa is for malting for the
brewing of traditional beers and wines. Malting
may be defined as a controlled germination
process characterized by the production of
enzymes capable of triggering the hydrolysis of
starch and other food components of a
grain.Malting facilitates the activities of
hydrolytic enzymes, enhances the breakdown of
starch and proteins into their simpler forms,
thereby reducing dry matter and enhancing food
metabolism.Due
to
malting,
there
is
enhancement of the nutritional status with
consequent decrease in some of its antinutritional factors (oxalate, trypsin inhibitor,
VOLUME NO. 16, ISSUE NO.2
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developing countries, outside Africa; millet has
local significance as a food in parts of some
countries, such as China, India, Burma and
North Korea.

gluten, its grains and flour may be contaminated
with gluten-containing cereals. Per capita
consumption of millets as food varies in
different parts of the world with consumption
being the highest in Western Africa and in

5.

GENETICS AND PLANT BREEDING

Varieties of Chilly
Jyoti Kaushik
Department of Genetics and Plant Breeding, Chaudhary Charan Singh Haryana Agricultural
University, Hisar (Haryana) India- 125004

C. pubescens: Pubescens are also known
as Rocoto. They originate from Bolivia.
They are hardy plants with a long growing
season.
Varieties of Chilli found in India:
There are a number of varieties under
cultivation which differ in the size, shape, color
and pungency of the fruits. The fruits of chilli
may be thin and long, large and thick, short and
bell- shaped or they may be small and round.
The unripe fruits may be of any color i.e. green,
creamy, yellow or orange and the ripe fruits may
be of different shades of red. In India, two major
species i.e. C. annum and C. frutescens are
grown and the varieties of C. annum constitute
the chief source of the dry chilli for commercial
use. The major varieties grown in India include
Birds Eye Chilli (Dhani), Byadagi (Kaddi),
Ellachipur (Sannam S4 type), Guntur Sannam
S4 type, Hindur S7, Jwala, Kanthari White, and
Kashmir Chilli etc. Sannam S4 variety is most
famous variety having 3 lakh tons a year
production and it is also the major variety that
is exported outside India.
Birds eye chiili is blood red in color and
highly pungent while Byadagi is red in color,
less pungent or it may be without pungency.
Ellachipur is reddish in color and very hot while
in case of Guntur Sannam S4 type, fruit skin is
thick and it is hot and red. Hindpur-S7 is red in
color, hot and highly pungent type of variety
while Jwala is highly pungent, light red in color,
short and its seeds are pungent. Kanthari-white
variety has short and ivory fruits which are
white in color with high pungency. Kashmiri
chilli has long and fleshy fruits which are deep
red in color. The variety i.e. Madras pari is pure
red in color and hot.
5.

Chilly also known as “Mirch” in India originally
originated in southern Brazil and eastern
Bolivia. Thee seeds of the wild capsicum were
first scattered and spread across the Americas
by birds. But they were brought back to Europe
by
Christopher
Columbus.
Christopher
Columbus and his crew collected the seeds and
plants and brought them back to Europe where
they got popular very quickly and spread rapidly
across the world via trade networks. Capsicum
plants are grown all over the world across a wide
range of temperatures and under the most
diverse growing conditions. Capsicum has 25
wild varieties and almost 2,000 – 3,000
different cultivars are grown across the world
today. Some of the more common varieties of
these are Habanero, jalapeño, cayenne, Serrano,
birds eye and poblano. These are just a few. The
complete list is exhaustive. Chilli varieties are
bred from several different capsicum species. All
of these cultivated chilli peppers are variations
of 5 main species – C. Annuum, C. Chinense, C.
Pubescens, C. Baccatum and C. Frutescens.
1. C. annum: Annuum are the most common
species. It includes Cayenne and Jalapeno
as well as bell peppers.
2. C. chinese: Chinense chilli plants are quite
delicate. They are best suited to growing
inside. Chinese species includes Habanero
chillies along with the Trinidad Scorpion
3. C. baccatum: Another chilly i.e. Baccatum
chillies originate from South America. It
can grow upto 5 feet tall. They include the
Aji variety.
4. C. frutescens: Frutescens are from Brazil
and the Mexican city of Tabasco (giving its
name to the popular variety) and they are a
bushy species which grow up to 4 feet.
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SOIL MICROBIOLOGY

Sulphur Cycle: Mechanism of Sulphur Oxidation
Suman Chaudhary
Research Scholar, Department Of Microbiology, COBS&H, CCS HAU HISAR

compounds. Most of the S present in soils is
found in the bounded form with organic
molecules (~90%), which is divided in two
groups: in the first group S atom is present in
the oxidized state and in the other group, it is
present in the reduced form. Although plants
uptake sulphur mainly in the form of sulphate
but organic sulphur pools are also important
sources of sulphur for plants for the growth
requirements during their growing season
(Chaudhary, 2018).
The inorganic sulphur usually accounts for
less than 10% of total sulphur usually found in
form of elemental sulphur, sulfite, tetrathionate,
hydrogen sulphide and thiosulphate. The key
natural sources of reduced sulphur compounds
are hot springs, volcanoes and hydrothermal
vents. Apart from this, industrial activities like
petroleum, natural gas extraction, production of
rayon
textile,
paper
and
chemical
manufacturing, agricultural and waste disposal
are also responsible for adding inorganic
sulphur compounds to the atmosphere.
Different plant residues with variable sulphur
contents, biochar addition, C/S ratios and
organic S effect considerably S mineralization
process with liberating S as a secondary
product.

As we know, approximately 98% of sulphur(S) is
present in organic forms and the amount of
sulphur, which is available to the plants
(inorganic forms), is very less. Therefore
application of sulphur fertilizer (readily
available forms) is essential for obtaining
optimum crop yield. One approach to improve
its availability is by oxidation of inorganic
sulphur compounds by sulphur oxidizing
bacteria, which can make the S available to
plants.
Sulphur undergoes several biological
transformations in the environment, which are
carried out by microorganisms only. Most of the
S is absorbed by the roots of plants in sulphate
(SO4-2) form, which further undergoes a
sequences of conversions before its assimilation
into the original sulphur requiring compounds.
The conversions of inorganic S compounds in
nature have been formalized in the so-called
sulphur
cycle.
Different
types
of
microorganisms, including both heterotrophic
and autotrophic mode of nutrition, participates
in sulphur cycle. The bacteria, which are having
capability to oxidize the reduced forms of
inorganic sulphur compounds with sulphate as a
final product, are generally known as sulphur
oxidizing bacteria (SOB). Besides their influence
in agricultural practices, the sulphur oxidizing
microorganisms also play a significant role in
removal of toxic hydrogen sulphide (H2S) from
the environment.

Sulphur cycle
Sulphur is also cycled in the exosphere like
any other element and recycled metabolically
through the atmosphere, lithosphere and
hydrosphere comprising the biogeochemical
cycle. The sulphur cycle includes an
interconnected sets of oxidation-reduction
potential of organic and inorganic S complexes
with an alteration in the reduction form of the
sulphur from -2 reduced (sulphide) to +6
(sulphate) oxidation state through several
common intermediate compounds for example,
elemental
sulphur
(So),
polysulphide,
thiosulphate, polythionates and sulfite as shown
in figure 1.

Sulphur pools in soils
Sulphur is a prime inorganic element that is
vibrant for the entire biological kingdoms, due
to its occurrence in proteins, vitamins, enzymes,
carbohydrates, lipids and other biomolecules.
The main sulphur forms present in nature are
sulphate and sulphide in water or soil and
sulphur dioxide in the aerial environment;
whilst
sulfoxides,
elemental
sulphur,
thiosulphate and polythionate plays a lesser but
significant role. S can be divided mainly into
two forms- (i) organic (ii) inorganic sulphur
VOLUME NO. 16, ISSUE NO.2
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Figure 1. Oxidation-reduction reaction of sulphur compounds

Figure 2. Sulphur cycle (Sorokin, 2003)
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isotope has been re-defined in perspective
of different time interval when enough
atmospheric oxygen accumulated to avoid
the generation and conservation of massindependent fractionation of sulphur
isotopes (MIF-S) into sedimentary rocks.

In Figure2, the S cycle is demonstrated
comprising oxidation pathway of reduced
inorganic sulphur compounds carried out by
sulphur-oxidizing bacteria, with enrolment of
various sulphur enzymes.

Recent findings in Sulphur Cycle
•

Reference

The most commonly studied prokaryotic
model organism i.e. Escherichia coli K-12,
executes sulphoglycolysis along with
standard glycolysis. Sulphur cycle can be
completing within a bacterial community
itself with the help of others by other
bacteria.
The hydrothermal and volcanic fluxes to the
surface environment also effects the
geochemical cycle of sulphur.
The Great Oxidation Event (GOE) due to
globally asynchronous signals of sulphur

•
•

7.

Chaudhary, Suman. (2018). Characterization of
sulphur oxidizing bacteria and their effect on
growth of mustard (Brassica juncea L.). Ph.D.
Thesis
published
by
CCSHAU
Hisar.
HYPERLING http://krishikosh.egranth.ac.in/
handle/1/5810089625
Sorokin, D.Y. (2003). Oxidation of inorganic
sulphur
compounds
by
obligatelyorganotrophicbacteria.
Microbiologiya, 72(6): 725 -739.

AGROMETEOROLOGY

Weather and Pests
Priyanka Swami,
Subject Matter Specialist-Agrometeorology, AU, Jodhpur, Rajasthan

which help to modify the garden’s microclimate
and make it more or less attractive to pests.
Weather helps to regulate all biological
populations (including those of pest species),
primarily through temperature and humidity
changes, but also by aiding their dispersal
(onthe wind or in rain splash) between or within
gardens. This article seeks to provide an
overview of the relationship between elements
of the weather and pest behaviour in general,
concentrating on insect pests and diseases due
to microorganisms (which together do the
greatest amount of damage in most gardens)
with a brief consideration of vertebrate pests.

The attractiveness of gardens to pests has long
been recognised. Most of us know intuitively
what a pest is, but few books on gardening
define the term and most dictionary definitions
are fairly general. Perhaps the most useful
definition for gardeners is “any deadly epidemic
disease; any insect, fungus etc. destructive of
cultivated plants”. Gardens are highly
specialised ecosystems and often provide ideal
habitats for pests. Consequently, competition
between gardeners and invading animals and
plants is inevitable. Garden pests fall into
several categories: invertebrates (mainly insects,
but also slugs and snails), vertebrates (birds,
moles and rodents), and plant and fungal
species. It has been known for centuries that
biology and weather are closely related. Weather
conditions may promote pest activity in an area;
for example, hot and SUMY weather may
encourage aphids, whereas slugs and snails
thrive in relatively warm and moist
environments. Consequently, even neighbouring
gardens may host different pest species,
depending on aspect, the plants they contain,
and differences in soil type and drainage, all of
VOLUME NO. 16, ISSUE NO.2

Temperature and insect pests
In addition to the direct damage caused to
plants by plant-eating (phytophagous) insects,
many insects, especially those with piercing
mouthparts (for
example, aphids and
leafhoppers), may transfer viruses from plant to
plant as they extract plant juices, thus spreading
disease. Folklore from around the world tells
how temperature and insect behaviour are
closely related. The Apache Indians noted that
15
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time, occurs in developing countries. For
example, although recent estimates are not
available. In East Africa, adults of the African
Armyworm moth (Spodopmaexempra) can fly
tens or even hundreds of kilometres downwind
during the night. Caterpillars of this moth do
severe damage to grasses (including wheat,
maize, rice, millet and sorghum), when
outbreaks may result in up to 1000 caterpillars
per square metre. The relationship between
wind response and flight in insects is complex
and involves considerations of the insect flight
boundary layer. This is defined as the
(changing) layer of air in contact with a
substrate, within which the flight speed of an
insect is greater than the speed of the
surrounding wind. Insects flying within their
boundary layer are thus more easily able to
control their movements, and many species
observed flying around and between plants are
active within it. When insects leave their
boundary layer they gradually encounter winds
of increasing strength and are less able to
control their direction of flight (although they
can return to the ground by folding their wings
or by gliding). Insect landing is more controlled
and will almost invariably take place within the
insect’s boundary layer to avoid damage. This
may be within vegetation or in a sheltered area
or hollow. Wind-borne insects may accumulate
on the windward side of crops or obstacles, but
often accumulation occurs on the leeward side,
downwind of the obstacle. This has been
demonstrated for many insect species,
particularly towards dusk, as wind currents die
away. In addition to the migration and dispersal
of insects on the broad-scale wind, sunny
convective conditions in summer may result in
the transport of small insects (a few millimetres
or less in size) in convective cells through the
lower atmosphere. Such transport is primarily a
vertical-transfer process, although horizontal
displacement also occurs as the convective cells
move through the air under the influence of the
broad-scale wind. The sudden arrival of clusters
of insects in the air or on to plant surfaces
during warm summer days may often be
attributable to such convective transport.

an early appearance of insects in a year
indicated an early spring and good crops, and
beetles and butterflies have been reported to be
more active before sunny weather. The
behaviour of insects and other invertebrates has
also been related to other weather conditions;
for example, bees and ants are reported to be
more active, and spiders spin shorter and
stronger silk for their webs before storms. The
consequences of unseasonal changes in
temperature (for example, late frosts or warmer
summers) and their effects on host plants and
pests are well known. Whilst unseasonably high
temperatures may lead to greater plant
productivity (although less so if coupled with
drought), they also afford many insect species
an opportunity to complete additional
generations during the growing season, leading
to an increased population. The increased
number of aphid predators (ladybirds) in 1976
was a direct response to the change in
population dynamics of their prey the previous
year. Conversely, colder episodes, especially out
of season, may regulate pest populations by
killing either insects which have emerged from
winter hibernation, or spring hatchlings.
Unfortunately, however, such episodes of lower
than normal temperature can also kill beneficial
predatory species, so the net gain to the
gardener may be minimal. Many insect species
have threshold temperatures below which they
will not be active. Consequently, daytime
heating and cooling, and associated diurnal
changes in light level, often result in peaks of
activity by different insect species at certain
times of the day. Such patterns have been
reported for many common garden insects,
including aphid and thrips species.

Insect dispersal and wind:
The relationship between wind and the
movement of insect pests has been well
documented throughout history. Indeed, one of
the accounts is given in the Bible, where the
plague of locusts inflicted upon Pharaoh is
described, with the observation that the insects
arrived and departed on the wind. Although
such large-scale wind-borne movements of
locusts, and other insects, still occur, often
resulting in some spectacular migrations most
of the resulting devastation of food crops,
caused by the arrival of millions of insects at one
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Weather and diseases caused by micro-organisms:
Fungal diseases of plants are caused by fungal
spores (the sexual and asexual units of
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actions. Consequently, dawn, at the time of dew
evaporation, is a favoured time for the release of
many common fungal species. The continued
presence of water surrounding vegetation at
that time of day may also encourage their
subsequent colonisation of neighbouring plants.

reproduction in fungi) landing on, and
subsequently infecting, the leaves and
sometimes the stems of plants. Common
examples include mildew, wilt and rust diseases
of leaves. Both wind and water play an
important role in controlling the spread and
development of fungal diseases in gardens.
Except for short periods after rain, the
atmosphere is rarely clear of suspended
microorganisms, and microscopic examination
of an exposed glue-coated microscope slide or
Petri dish will show a wide range of pollen and
spores. Use of a suitable volumetric suction trap
will reveal even more of these, whilst more
advanced imaging, for example through the use
of an electron microscope, may also show
airborne bacteria and viruses. As in the case of
insect movement, diurnal and seasonal patterns
in airborne spores and pollen are well known.
An important difference, however, is that whilst
insects generally have a degree of control over
their movements in the air, airborne pollen and
spores do not, and their liberation, airborne
spread and subsequent impaction occur largely
at the whim of the elements. Whilst pollen is not
normally considered a pest (unless the gardener
suffers from hay fever) many fungal spores are,
as they cause a wide range of diseases in fruit,
vegetables, ornamental plants and trees. Fungal
spores may enter an area by being blown on the
wind or, more commonly in the case of shortdistance dispersal, dispersed locally from plant
to plant through transport in rain splash or
water runoff (rain or dew) from leaves. They
may also be carried on the bodies or legs of
insects as well as through the transfer of
infected plant material. Many fungal species
require water (usually in the form of rain,
although watering cans and hosepipes also
suffice), either for liberation from their parent
fungi or from the surfaces where they may be
growing as parasites or saprophytes.
Temperature and humidity are also
important when considering the rate and extent
of development of fungal infections on plants, as
many species have relatively narrow thresholds
or tolerances for growth. Generally, many fungi
thrive in warm, moist conditions (and comprise
an important component of the ecological cycle
in compost heaps) but many fungal species also
require changes in humidity to trigger their
release, through either specific wetting or drying
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Weather and vertebrate pests
This category includes the animals and birds
which nibble and peck (for example, rabbits,
mice, squirrels and birds), dig (moles), or
generally scavenge (rats and birds) in our
gardens. AS in the case of insects and microorganisms, gardens offer vertebrate pests a
highly specialised and modified habitat with an
abundant (although often limited) seasonal food
supply. Although most animal and bird pests are
capable of doing significantly more damage than
insects or fungi (a few rabbits can clear a lettuce
patch more efficiently than a few caterpillars in
the same time), the range of vertebrate pests
found in a typical garden is normally less than
the range of insect pests. Many examples of
weather-related animal and bird behaviour are
known from folklore. Much of what has been
written relates the behaviour of livestock to
forthcoming weather, although the ability of
wild animals and birds to ‘forecast’ the weather
is also reported. Thus, the behaviour of squirrels
in the autumn has been linked to forthcoming
winter temperatures; and the daily activity of
rats, weasels and mice, for example, has been
used as an indicator of rain. Many pet owners
also report uncanny forecasting abilities by their
pets. The best animal weather forecaster I have
ever known was a pet cat we had when I was a
child. The cat’s behaviour in the morning was
often a more accurate indication of rain to come
than the local official weather forecast, even if
the skies were clear. Unfortunately, however,
many reports of weather forecasting by animals
are anecdotal and any mechanisms which might
be operating are often unclear or untested (this
is also true for the case noted above). Generally,
wind as an agent of dispersal is less important to
animals and birds than it is to insects and
micro-organisms (although obviously some
birds will not fly if it is too windy). Instead, the
single most important weather condition
affecting the behaviour of animals and birds in
gardens is probably temperature, although
excessive rainfall leading to local flooding may
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thrive at all.

also be important for relatively short periods.
Drought is usually less of a problem to
vertebrate pests, especially if there are garden
ponds, gutters or water-butts to drink from
(plus fluids available in garden and household
waste). Because most vertebrates can control
their own body temperatures, they are capable
of surviving at a much wider range of ambient
temperatures than the other pests discussed.
Many birds also have the advantage of being
migratory (and are hence able to leave an area
when conditions become hostile). People who
put food out for the birds (which might
otherwise suffer the most due to lower
temperatures and a general lack of food in
winter) also provide food indirectly for many
other garden visitors (such as squirrels, mice
and rats) who are adept at exploiting free food
supplies. Consequently, whilst frost might deter
or suppress burrowing activities in certain
species, the impact of colder weather, and its
role in regulating natural populations, is often
less than for non-vertebrate pests.
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Summary
Weather conditions influence the behaviour of
garden pest species in many ways. Population
levels of insects and micro-organisms,
especially, are regulated by extremes of
temperature and rainfall, and wind acts as an
important dispersal agent between and within
gardens. Compared with these groups, weather
is a less important controller of vertebrate pest
populations
and
behaviour.
Ultimately,
however, it is the host plants in the garden
which determine the range of pests found there.
Without these, many pest species would do
relatively little damage and many would not
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Introduction

shortage. To feed the global population of 9.6
billion by 2050, as projected by United Nations,
report scaling up food production is important.
Ensuring food security, producing more with
less resources and encouraging the small holder

Across the world, agriculture is facing multiple
setbacks, in the form of extreme weather
conditions like floods and droughts or factors
such as soil degradation, soil salinity and water
November, 2019
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•

smaller farmers are also important in creating a
food secure future.
Lately Indian economy led to a deep
agrarian crisis that made small scale farming an
unviable vacation. Markets and quality inputs
such as seeds, fertilizers, insecticides etc are
costly and thereby not accessible to farmers.
Indian farmers increasingly find themselves in a
cycle of debt, high production costs, high
interest rates for credit and volatile market
prices of crops. With the given scenario, zero
budget farming ceases a dependency on loans
and therefore reduces cost of production.
The term ‘Zero Budget’ means not relying
on credit and cutting the expenditure on inputs.
‘Natural Farming’ implies farming naturally
without application of any synthetic chemicals.
ZBNF is a set of farming methods and also
grassroots peasant movement. It was first
proposed by an agriculturalist Subash Palekar of
Vidarbha, Maharashtra. This farming method
was successful in southern states of India;
especially Karnataka where the ZBNF concept
was first developed and applied. More than 30
million farmers throughout India are practicing
Zero Budget Natural Farming in parts of
Maharshtra, Karnataka, Telangana, Andhra
Pradesh, Tamil Nadu, Kerala, Punjab, Haryana,
Uttar Pradesh, Madhya Pradesh, Chattisgarh,
Jharkand, Rajasthan, Gujarat and West Bengal.
Farmers in Andhra Pradesh have practiced
ZBNF and have witnessed good results. The
government of Himachal Pradesh has launched
ZBNF program to enhance agriculture produce
and the returns to farmers by the year 2022.

•
•

Success story
Shri Jetti Satyanarayana is a 65 year old farmer
from Ameenabad, Phirangipuram, Guntur. He is
a tenant farmer and he leased one acre land for
farming chillies, a highly sensitive crop to pest
attacks. Instead of using chemical fertilizers and
pesticides,
he
chose
natural
farming
methodologies on his field. He has taken help
from the members of ZBNF and practiced those
techniques in his field. He treated the seeds with
ghee (cow) and camphor. He was very sure to
adapt ZBNF techniques in his farm and
therefore attained more yields from the crop.
The chillies outcome from the entire season
was 52 quintals. He stored his produce in cold
storages. The current market rate of chillies is
Rs 8000/ quintal which would earn him a total
gross income of Rs 4,14,000. The total
investment for the entire season including the
cost of storage is Rs. 1,12,000. His income for
that season was 3,02,000. After realizing super
normal profits by using ZBNF method, he
motivated other farmers to follow natural
farming in his village.

Conclusion
Agricultural scientists in India are working on
this practice to give some more techniques to
the farmers, which benefit them within small
space. Many farmers have gained by following
the ZBNF techniques on their own farms which
also enhances the ecosystem in a natural way.

Benefits of ZBNF to Farmers
•

Farmers practicing ZBNF benefit from
reduced input cost and get higher yields
Elimination of chemical pesticides and
promotion of good agronomic practices

•

9.

Ensure decent livelihoods to small and
marginal farmers
Even infertile barren lands can also be
converted to fertile cultivable lands for
cultivating the crops
Women farmers can adopt these techniques
and gain profits within small space
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India is a premier pulse growing country. The
pulses are an integral part of the cropping
system of farmers all over the country. Pulses
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are essential constituents of the Indian diet and
supply a significant part of the protein
requirement. Besides being rich in protein and
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complex regulatory network triggers the
initiation of maturation and accumulation of
storage
products,
and
this
includes
transcriptional
and
physiological
reprogramming mediated by sugar and
hormone-responsive
pathways
(Gibson,
2004).The developmental process of seed
legumes is connected with growth transport
processes and the control of biosynthetic
pathways.
The necessary background of legume seed
development is discussed as growth regulation
and organisation of embryo tissue, cellular
differentiation and signal transduction. Growing
seeds of legumes, consisting of the protective
seed coat and the ﬁlial endosperm andembryo,
are
genetically
and
physiologically
heterogeneous.
Development
proceeds
successively starting with the maternal organs.
At the transition stage, the embryo switches
from a meristem-like tissue into a differentiated
storage organ when sugar and hormoneresponsive signalling pathways trigger initiation
of maturation. A developmental gradient results
from the gradual differentiation of different
organs or within a single-seed organ and is
reﬂected by heterogeneous populations of cells
of different physiological age accumulating
different amounts of substances, e.g., mRNAs,
proteins, and starch. The cotyledons reach
physiological maturity when cell expansion and
storage activity stop first in the centre and then
gradually more in the outer regions.
Early embryo growth is maternally
controlled by physically restricting seed coat
growth activity of seed coat–borne invertases,
and transient storage activity within the seed
coat. During the transition phase, the formation
of transfer cells, followed by increased sucrose
uptake and generation of embryonic sink
strength, marks the switch to ﬁlial control of
further embryo/endosperm development.
Cell-wallbound invertases in maternal seed
tissues regulate assimilate unloading and
elevate hexose levels. Therefore, sink strength is
maintained at early stages and nature and
amount of nutrients supplied to the embryo are
controlled, thus regulating the cell division
phase.
Transient storage products within the seed
coat could function as a buffer and are
subsequently mobilized to supply the embryo

some of the essential amino acids, pulse crops
help to enrich the soil through symbiotic
nitrogen fixation.
Seed maturation refers to the set of events
which brings about morphological, physiological
and functional changes from the time of
fertilization until the matured ovules become
physiologically independent of the parent plant
that means they are ready for harvest. Legume
seeds develop within the confines of an ovaryderived pod whose walls provide numerous
functions for the seeds. Pod ontogeny covers the
events from the appearance of flower bud,
anthesis, the setting of pods, development of
pod shell, elongation and dry matter
accumulation in pod shell, the setting of seeds
into pod and growth of grain in terms of length,
breadth and width. Development of seeds is very
critical issues and perhaps the very pivotal
phenomenon in determining the yield.
In brief, seed developmental process mainly
has three stages like phase I(cell division), phase
II(storage phase), phase III(dehydration and
desiccation phase). These stages come to an end
by physiological maturity, followed by
harvestable maturity. From a physiological
point of view, the relationship between source
and sink during seed development rightly
affects the seed filling and final yield. The plant
breeders now have given more emphasis to the
synthesis of physiologically efficient plant types
capable of converting maximum solar energy in
the form of biological energy. They have given
importance to sink in term of the partitioning of
photosynthates to the economically useful parts
of the plant. In pulses, generally sink potential is
high, but the realization of sink is very poor and
thus harvest index is very low. This limitation in
the capacities of source and sink, presumably,
seems to be the major physiological
impediments for higher pulses yield.
Legume seed development is characterized
by progressive differentiation of organs and
tissues resulting in developmental gradients.
The whole process is prone to metabolic control,
and distinct metabolite proﬁles specify the
differentiation state. Seed development is
genetically programmed and correlated with
changes in the metabolite level. Differentiation
occurs successively starting with the maternal
and followed by the ﬁlial organs, which later
become highly specialized storage tissues. A

November, 2019

20

VOLUME NO.16, ISSUE NO.2

ISSN No.:2321-7405

Legume embryos become green during the
transition and acquire photosynthetic activity,
which improves the oxygen supply and energy
state (Borisjuk 2003). Low oxygen and/or
energy activate speciﬁc responses.

and promote its growth(D´ejardinet al., 1997).
Besides, the seed coat modiﬁes and controls the
nutrient supply to the embryo. Invertases can
actas stress sensors,thereby adjusting sinksize,
e.g., seednumber, to the available resources.
Cell-wall bound invertases can to regulates
assimilate unloading and elevate hexose levels.
Therefore, sink strength is maintained at early
growth stages and the nature and amount of
sugars supplied to the embryo are controlled,
thus regulating the cell division phase.

Photoheterotrophic seed metabolism occurs as
Photosynthetic oxygen production, Redox
signalling,
Seed
photosynthesis
and
metabolism,
Photoheterotrophic
plastids,
Integration of plastidial and cytosolic
metabolism
Nitrogen transport and availability is the
most important thing for understanding storage
protein synthesis. Protein accumulation in
legume seeds depends mainly on nitrogen
uptake and availability (Golombek et al., 2001).
Glutamine and/or asparagine are imported
from the phloem. Within the seed coat, amino
acids are metabolized and reconstructed. Mainly
glutamine, alanine, and threonine are released
(Lanfermeijeret al., 1992). At later stages,
asparagine is unloaded from the seed
coat.Legume seeds provide essential food and
feedstuff. Therefore, changing sink strength and
metabolic pathways are essential for increasing
the protein content and/or improving the
nutritional quality of legume crop seeds(Wang,
2003).

Developmental stages of seed development:
1.

The initiation of a nutrient uptake system
based on transfer cells formed by regional
differentiation of the protoderm.
2. The subsequent sharply increased sucrose
uptake leading to raising sucrose levels in
the embryo and a switch from a high-hexose
to a high-sucrose state.
3. The switch from mitotic growth to growth
driven by cell expansion.
4. The gain of photosynthetic activity and the
improvement of the energy state.
5. The induction of storage-associated gene
expression leading to high metabolic ﬂuxes
into storage products.
Embryo
maturation
as
metabolite
distribution, sucrose as a differential signal,
ABA as signal of maturation, ABA and sugar
signal interaction.Seed maturation occurs
through energy maturation via protein
phosphorylation.
Sometimesseed energy metabolism occurs
under hypoxic conditions. Maternal seed tissues
are barely permeable for gases it may be
required to prevent loss of CO2 from the
respiring embryos (Flinn, 1985). Growing
embryos are heterotrophic. ATP is mainly
produced by respiration and is imported into
plastids
via.,
ATP/ADP
translocators
(Rawsthorn, 2002). ATP import into plastids is
potentially rate-limiting in storage tissues.
Therefore, the low oxygen content of seeds can
lead to energy depletion, a stressful situation
with physiological consequences. A typical
response to hypoxia is inducing fermentation,
evidenced by ethanol and/or lactate production
and increased alcohol dehydrogenase or lactate
dehydrogenase activity.
During the transition stage, legume
embryos become adapted to oxygen availability.
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Introduction

Genomics

Genomics provides breeders with a new set of
tools and techniques that allow the study of the
whole genome, and which represents a
paradigm shift, by facilitating the direct study of
the genotype and its relationship with the
phenotype.
While
classical
genetics
revolutionized plant breeding at the beginning
of the 20thcentury, genomics is leading to a new
revolution in plant breeding at the beginning of
the 21th century. Plant genomics has vast
potential in crop breeding since it provides very
valuable information that can be exploited to
improve on varieties that we currently rely on in
our breeding programs.
The field of genomics and its application to
plant breeding are developing very quickly. The
combination
of
conventional
breeding
techniques with genomic tools and approaches
is leading to a new genomics – based plant
breeding. In this new plant breeding context,
genomics will be essential to develop more
efficient plant cultivars, which are necessary,
according to FAO, for the new 'greener
revolution' needed to feed the world’s growing
population while preserving natural resources.

The study of nucleic acids began with the
discovery of DNA, progressed to the study of
genes and small fragments, and has now
exploded to the field of genomics. Genomics is
the study of entire genomes, including the
complete set of genes, their nucleotide sequence
and organization, and their interactions within a
species and with other species. The advances in
genomics have been made possible by DNA
sequencing technology. Just as information
technology has led to Google Maps that enable
us to get detailed information about locations
around the globe, genomic information is used
to create similar maps of the DNA of different
organisms.

History
•

Genomics is a concept that was first
developed by Fred sanger in early 1970s,
who first sequenced the complete genome
of a virus and of a mitochondrion
• In 1972, Walter Fiers and his research
group became the first to sequence a gene.
In 1995, Hamilton O.Smith and his team
became the first to sequence a genome of a freeliving organism – that of Haemophila influenza.

Genome
The German botanist Hans Winkler coined the
term genome in 1920 by combining the words
GENe and chromosome. A precise definition of
genome is “all the DNA in a cell” because this
includes not only genes but also DNA that is not
part of a gene, or non-coding DNA.A genome is
the genetic material of an organism. It consists
of DNA (or RNA in RNA viruses).
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Importance
Genomics studies the complete genetic makeup
of plants. Plant genomics consists of mapping,
sequencing, and analyzing plant genomes to
determine the function of their genes. The
ultimate goal of plant genomics is to understand
the structure and function of agriculturally
important genes in plants. The knowledge
gained benefits all aspects of crop improvement.
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Application

genomics tools are of great value for the genetic
dissection and breeding of complex traits. In
crop plants, genome mapping has been
completed in two species, Viz., Arabidopsis
thaliana (a weedy relative of mustard) and rice.

•

Identity comparison for new nucleic acid
sequence.
• Analysis of gene expression profile.
• To study evolution through mutation
lineages.
Genomics is useful in determining: genome
size, gene number in the genome, gene
mapping, gene sequencing, tracing evolution of
crop plants, gene cloning, identification of DNA
markers, Construction of linkage maps.
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Conclusion
Plant breeding is a dynamic science and,
fortunately, genomics resources and tools are
already available and are helping to give another
quantitative leap in plant breeding. New
genomic advances, many of which are already
being developed, will make easier for breeders
to obtain new cultivars with improved
characteristics, either by facilitating selection or
by improving the variation available for
breeders
by
using
precision
breeding
approaches. In particular, the present and new
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Introduction

available for fodder production, untill milk
production is remunerative to the farmer as
compared to other crops. The green fodder
requirement (622 m.t.) and availability (224
m.t.) in India do not match and leaves a short
fall of 63 per cent. The area under fodder
cultivation is limited to only 4.6 per cent of the
total cultivable land. The present area under
fodder crops in India is 8.6 million ha.

Livestock is a major source of livelihood security
for the poor in most of the developing countries.
Apart from being an important source of human
nutrition, livestock is also a source of crop
nutrition, power for agricultural tillage and
rural transportation and a valuable asset, which
can be easily encashed during emergencies.
India has the largest number of livestock,
representing over 17% of the world population
and 16% of human population to be sustained
and Progressed on 2% of total geographical
areas. Due to ever increasing population
pressure of human, arable land is mainly used
for food and cash crops, thus there is little
chance of having good quality arable land

VOLUME NO. 16, ISSUE NO.2

Definition
It was Dr. W. F Gerickein 1936 of the
University of California who came up with the
term Hydroponics from the Greek hydro
(water) and ponos (work) meaning working
with water. Hydroponics is often defined as “the
cultivation of plants in water.” Hydroponics is
23
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itself to provide suitable conditions for plant
growth. It is called the buffer action of the soils.
Plants also absorb nutrients released through
natural mineralization. In a solution or inert
medium, maintenance of acidity or alkalinity
(pH) and electrical conductivity (Ec) in suitable
ranges for plant root system is called buffer
action. This requirement must be artificially
maintained in hydroponics. In any hydroponics
system the following basic requirements must
be maintained at optimum levels.

however a technique for growing plants without
using soil. Utilizing this technology, the roots
absorb a balanced nutrient solution dissolved in
water that meets all the plants developmental
requirements. Research has determined that
many different aggregates or media can support
plant growth; therefore, the definition of
hydroponics has been broadened to the
cultivation of plants without soil.

Important issues in fodder production
•

•

•
•

•
•

Almost 70% of arable land is dry or rainfed
land having an erratic rainfall, and poor
productivity of cereal grains resulting into
low output of dry fodder.
As a result of rising human population,
there is a tremendous pressure on land for
its utilization for construction of human
housing, roads and industries.
The land holdings per farmer -household
are getting fragmented and reduced.
As and when irrigation facilities are
available, the farmers tend to take cash
crops and value-added crops. The land for
fodder cultivation and availability is a last
priority.
Lack of suitable education/training for skill
development for fodder production and
sustainable technology
The cattle population and therefore the
demand for fodder is increasing every year.

•
•

•
•

Types of hydroponics
•
•

High-cost hi-tech hydroponic systems
Low cost hydroponic systems

High-cost hi-tech hydroponic systems
This type of greenhouse is highly advanced,
fully automatic and costly. The requirement for
water, light, temperature and humidity is
maintained by water fogging or sprinkling and
tube lights, controlled automatically through the
sensors of the control unit. To save water,
provision for recycling of water is made inside
the greenhouse with water tank and pump
facility. The hi-tech greenhouse may be with or
without air conditioner.

Basic Requirements of Hydroponics
Soils naturally maintain the temperature and
aeration needed for root growth. When the soil
is poor, plant growth and yield decline also due
to unsuitable aeration and temperature. Plant
cultivation is impossible under ill drained
condition due to these conditions. Soil adjusts
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Buffer action of water or the inert medium
used.
The nutrient solution or the fertilizer
mixture used must contain all micro and
macro elements necessary for plant growth
and development.
Buffer action of the nutrient solution must
be in the suitable range so that plant root
system or the inert medium is not affected.
The temperature and aeration of the inert
medium or the nutrient solution is suitable
for plant root system.
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The first figure shows the High cost
hydroponic system while the second figure
shows the low cost hydroponic system.
Even if manufactured in India, the cost of a
hi-tech greenhouse without air conditioner and
with daily production potential of about 600 kg
hydroponics maize fodder is approximately Rs.
15 lakhs. In India, Government established 11
hi-tech
hydroponic
units
under
RashtriyaKrishiVikasYozna (RKVY) at the
Research Complex, Goa of the Indian Council of
Agriculture Research (ICAR) and in Dairy
cooperatives of Goa State. Likewise in Kerala
the Dairy Development Department (KDDD),
Integrated Dairy Development Project, has
introduced a scheme to produce hydroponic
green fodder. The department has already
distributed 24 hydroponic fodder units to
selected dairy farmers. The procedure, in brief,
for production of hydroponic fodder comprises
procuring clean, sound, intact, untreated, viable
seeds/grains of high quality (Naiket al., 2015).

•

•

Low cost hydroponic systems
In developing countries, the expensive, hi-tech
commercial hydroponic fodder production
systems are being replaced by low cost
hydroponic systems made up of locally available
materials. The cost of such systems depends
upon the type of construction materials used.
Any type of shelter, garage, basement, room or
low density plastic sheets, greenhouse or polyhut with solid floor of compacted earth, concrete
Bamboos etc. were used for the construction of
shelf racks. Southern states of India, TANUVAS
developed a hydroponic system at the University
Research Farm at Madhavaram Milk Colony.
This is a low cost mobile system producing 40
kg hydroponic fodder/day. The system is being
sold to dairy farmers at Indian National Rupees
(INR) 48000.0 (US $750).The seeds sprout
within 24 h and grow up to 20-30 cm in 7-8
days, when they are ready for harvest and
feeding. In hi-tech greenhouses, about 8-15
units of electricity are required to produce 600
kg of hydroponic maize fodder daily, which can
be reduced significantly in low cost shade net
structures.

•

•

•

Advantage of hydroponic fodder production
•

Increased efficiency: It has been
reported that about 1.5-2 liters are needed
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to produce 1 kg of green fodder
hydroponically in comparison with 73, 85,
and 160 liters to produce 1 kg of green
fodder of barley, alfalfa, and Rhodes grass
under field conditions, respectively. Under
hydroponic systems this equates to only 25% of water used in traditional fodder
production (Rachel Jemimahet al., 2015).
Require
reduced
space:
Using
hydroponics technology, about 600-1000
kg maize fodder can be produced daily in 78 days growth cycle, in only 45-50 m2 area
compared with one ha.required in
traditional farming. Another study revealed
that only one square meter space is required
to produce fodder for two cows per day and
the milk yield was increased by 13%.
Increased fodder yield:One kg of unsprouted seed yields 8-10 kg green forage in
7-8 days. The hydroponics maize fodder
yield on fresh basis is 5-6 times higher than
that obtained in a traditional farm
production, and is more nutritious (Naiket
al., 2015).
Improved fodder quality:The crude
protein (CP), neutral detergent fiber (NDF),
acid detergent fiber (ADF) and Ca content
increased, but organic matter (OM) and
non-fibrous carbohydrates (NFC) content
decreased in the hydroponic green forage
compared with the original seed on a DM
basis. Hydroponic fodder is a rich source of
vitamin A, vitamin E, vitamin C, thiamin,
riboflavin, niacin, biotin, free folic acid,
anti-oxidants like β-carotene.
Impact on animal production: Feeding
hydroponic fodder to beef cattle resulted in
leaner meat containing more omega-3-fatty
acids and vitamins.
Reduced
carbon
footprints:
Hydroponics are more environmentally
friendly than traditional agriculture,
because fertilizers are rarely used. This
reduces
greenhouse
gas
emissions
considerably. In traditional farming, run-off
can lead to the degradation of the
surrounding environment. Hydroponic
systems help in reducing the fuel
consumption for transportation of product
from distant agricultural farms and carbon
emissions in turn.
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Conclusion

Attribute
S
s
l

There seems to be a great potential for
developing hydroponics technology for fodder
production.Hydroponics fodder is nutritious,
palatable and digestible and can be grown in
with locally home grown grains. Against
impeding climate change, hydroponics fodder
production is an effective alternative technology
for sustainable livestock production in different
regions of India.

6 Labour
requireme
nt
7 Fencing
and
protection
8 Green
Fodder
utilization
by
animals
9 Fodder
feeding
Practices

Differences between hydroponics and conventional green
fodder production methods
Attribute
S
s
l

Hydroponi
cs Green
Fodder

Conventio
nal Green
Fodder

1 Area

10sq.
meters
Just 7
days

50 sq.
meters
65 to 70
days

2 Days to
productio
n
3 Water
Very low
and
electricity

Very high

4 Soil
Fertility

Not
essential

Essential

5 Fertilizers

Not
required

Required

Savings On
Land
Time period
saving
Water and
Electricity
RequirementSav
ing
Saves the
fertility
requirement
Saving on
fertilizers Cost
and protects

Hydroponi
cs Green
Fodder

Conventio
nal Green
Fodder

Very less

More

Not
required

Required

Savings On
from
contamination
Saving on
Labour
Saving on cost
and protection

Complete/F Partial
ull

Reduction in
green fodder
waste

Not
required

Saves chopping
time and labour
cost

By
chopping
the green
fodder
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Introduction

to reduce the cost or increase the gain could
cause severe damage to consumers’ health.
Therefore, accurate and rapid determination
methods are required to identify food fraud and
adulteration and thus guarantee the public
health(Warner et al., 2013).
With the consistent rise in food
contaminants, including those that cause
serious
illness
among
the
population

Food adulteration issues have been recorded
ever since people started to process foods. With
the increased complexity and globalization of
food supply chain, the incidence rate of food
fraud has increased extensively.Among all types
of food adulterations, deliberate addition of
illegal chemicals (e.g. melamine in infant
formula, formaldehyde in fruits etc.) into foods
November, 2019
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colonies are steadily dwindling. Small
manufacturers labeling honey as 100% pure
may actually have traces of corn syrup or sugar
cane as a means of extending their product and
reducing manufacturing and production costs.
NMR has been helpful in these types of
situations for detecting these ingredients.While
this doesn’t always prove to be a serious health
threat, those allergic to unlabeled fillers could
experience
adverse
events
following
consumption (Bertelliet al., 2010; Spiteri et al.,
2015).
Amino acids, lipids, and sugars can be
analyzed with NMR to determine product
authenticity, and harmful food adulterants and
contaminants can also be identified using this
screening tool. Many researchers involved in
food and agriculture believe NMR should be a
standard and complementary approach for
monitoring food safety.
NMR offers the ability to provide
researchers as well as food regulators both
qualitative and quantitative data of food
components to establish ingredient authenticity.
Data obtained from NMR can also be combined
with gas chromatography, according to one
study (Monakhovaet al., 2013), which may help
quantify the fatty acid profile of certain foods.
The NMR technique could enable rapid
analysis of food composition by comparing
analyzed foods to known samples and seeing if
the food product is a genuine representation of
what is on the products label. Ascertaining the
possibility of meat adulteration is one example
where this technique could be useful.

(Escherichia coli, for example), the use of
technology for monitoring food safety has
become crucial.
Foods that contain ingredients not listed on
the label and foods that have dangerous
chemical or bacteria contamination are just a
couple of the many examples of potential risks
inherent
in
the
food
production
industry.Appropriate monitoring of food safety
involves a number of tools and techniques that
assist in reducing the incidence of outbreak as
well as fraudulent food distribution. Nuclear
magnetic resonance (NMR) spectroscopy is one
tool that has shown promise in achieving these
goals.
Nuclear magnetic resonance (NMR)
spectroscopy is one of the most powerful and
versatile analytical techniques that can be
applied to liquid and/or solid materials and has
become increasingly popular in the field of food
science for the evaluation and the analysis of
several foods, such as beverages, oils and lipids,
vegetables, meat, and dairy products.

NMR in Achieving Food Quality
Nuclear
magnetic
resonance
(NMR)
spectroscopy is a robust method, which can
rapidly analyze mixtures at the molecular level
without
requiring
separation
and/or
purification steps, making it ideal for
applications in food science.Nuclear magnetic
resonance (NMR) spectroscopy is commonly
used to study the structure of molecules as well
as the composition of biological solutions.
An example of tainted food being released
to the public is the 2008 Chinese milk scandal
in which melamine contamination of milk
products in China went undetected by safety
officials. Melamine, a nitrogen-rich compound,
was added to diluted milk and infant formula to
increase protein content. According to reports,
infants started developing kidney stones
following consumption of the milk, six babies
died, and 300,000 became ill.
Food scandals such as these are often the
result of poor screening procedures and/or lack
of adherence to current safety procedures that
are used to monitor the incidence of known and
relatively unknown contaminants (Maher and
Rochfort, 2014).
Honey, for example, can be marketed
deceptively, especially in a time when bee
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NMR Screening
Screening with NMR may provide an advantage
over other screening procedures for food fraud
and contamination. The Honey-Profiling
module of Brukers FoodScreenerTM can help
detect fraud in the honey industry and assist in
identifying and quantifying a number of
parameters such as sugars and amino acids.
NMR can be a cost-effective solution that
combines both detection and identification of
potentially harmful food contaminants and
adulterants within the same scan set. The
FoodScreener utilizes high-quality NMR
techniques and the method of food screening
depends on acquirement of the spectroscopic
fingerprint that is specific to an individual food
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sample. The profiles of screened food products
are compared to a larger database of genuine
food samples to ensure quality control while
minimizing safety issues.
The use of NMR can also be helpful for
determining the authenticity of a product. For
example, NMR could be used to determine
whether or not a non-dairy milk substitute
contains lactose. Additionally, NMR techniques
can help provide quantitative and qualitative
data regarding food components in an effort to
determine the dependability of a product.
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Introduction

other fleshy parts of the fruits of plants in the
genus Capsicum. The seeds themselves do not
produce any capsaicin, although the highest
concentration of capsaicin can be found in the
white pith of the inner wall, where the seeds are
attached.
Currently, based on the results of HPLC, the
hottest pepper has been Bhut Jolokia, followed
by Habanero Red Savina and Habanero Yellow
etc. The content of capsaicin in dried chillies is
7—10 times higher compared to fresh ones.
Chilli pungency is measured in Scoville Heat
Units (SHU) and Scoville organoleptic test was
used initially for measuring SHU (Scoville,
1912). However, high-performance liquid
chromatography (HPLC) method has replaced
the organoleptic method since the HPLC
method is considered the most reliable and
accurate method for determining both the
amount of capsaicin and pungency in a chilli
sample (Collins et al., 1995; Perucka and
Oleszek, 2000; Woodbury, 1980).
The amount of capsaicinoids in a chilli
pepper pod is dependent on the genetic makeup

Chillies are the berries of the genus Capsicum
(family: Solanaceae) and they are used variously
as a pungent flavor in food, natural plant colour,
pharmaceutical ingredient and as sprays for riot
control and self-defense. The pungent flavor of
chillies is due to a group of closely related alkaloid called capsaicinoids found only in the genus
Capsicum (Hoffman et al., 1983). Capsaicin (8methyl-N-vanillyl-6-nonenamide) is an active
component of chilli peppers.
Capsaicin and several related compounds
are called capsaicinoids and are produced as
secondary metabolites by chilli peppers,
probably as deterrents against certain mammals
and fungi. Pure capsaicin is a hydrophobic,
colorless, highly pungent, crystalline to waxy
solid compound. Among the capsaicinoids,
capsaicin and dihydrocapsaicin together
account for about 90% of pungency (Kawada et
al., 1970).
Capsaicin is present in large quantities in
the placental tissue (which holds the seeds), the
internal membranes and, to a lesser extent, the
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Temperature : : Pungency level is highly
variable in response to air temperature between
cultivars and species, and therefore there is no
consensus regarding the temperature effects on
capsaicinoid synthesis and accumulation.
Furthermore, high night-time temperatures can
have a greater impact on capsaicin contents
than daylight temperatures.
Water : Water stress decreases fruit size
compared to well-watered plants, but affect less
the formation of placental tissue, leading to a
higher proportion of placental tissue per fruit.
This is consistent with a higher production of
capsaicinoids because the placenta is their site
of synthesis and accumulation.
Mineral Nutrition : Mineral nutrition
influences the metabolism of capsaicinoids. N
availability
directly
affects
capsaicin
accumulation because the synthesis of a single
capsaicin molecule involves three amino acids –
phenylalanine, valine, and leucine. the level of K
levels might indirectly affect capsaicin
accumulation through its effects on fruit
development

of the plant and the environment where it is
grown. The amount of capsaicin in a given
variety can vary depending on the light intensity
and temperature at which the plant is grown,
the age of the fruit, and the position of the fruit
on the plant. Chilli peppers must be harvested at
an appropriate degree of development in
accordance with the criteria proper to the
variety and the area in which they are grown.
Chili pepper inheritance studies have
suggested that one single dominant gene,
named locus C, is responsible for the pungent
characteristic (Deshpande 1935).

Biosynthesis pathway
Capsaicin is the most abundant capsaicinoid
found in the genus Capsicum, but at least ten
other capsaicinoid variants exist. Phenylalanine
supplies the precursor to the while leucine or
valine provide the precursor for the branchedchain. To produce capsaicin, 8-methyl-6nonenoyl-CoA is produced by the branchedchain and condensed with vanillamine. Other
capsaicinoids are produced by the condensation
of vanillamine with various acyl-CoA products
from the branched-chain, which is capable of
producing a variety of acyl-CoA moieties of
different chain length and degrees of
unsaturation. All condensation reactions
between the products of the phenylpropanoid
and branched-chain fatty acid pathway are
mediated by capsaicin synthase to produce the
final capsacinoid product.

Uses of Capsaicinoids
Food industry: uses capsaicinoids for
multiple purposes because they are the basic
ingredients for salsas, curries and dressings,
among other foods (Perkins et al. 2002).
Pharmaceutical and medical uses:
Capsaicinoids have been found to exert a series
of physiological and pharmacological effects,
including
analgesia,
anticancer,
antiinflammatory, antioxidative and anti-obesity
activities (Negulesco et al. 1987). Therefore,
they are used as the main components of
ointments, patches, oils and creams designed to
relieve the pain caused by several diseases. It
has been observed that capsaicinoids can
participate as pain relievers for cluster
headaches,
neck
pain,
oral mucositis,
rhinopathy, hyperreflexia and cutaneous pain
caused by skin tumors (Hautkappe et al. 1998).
Similarly, capsaicin is able to inhibit the
growth of prostate cancer cells in mice, without
producing any toxicity.
Cosmetic and Dietary: Capsaicinoids are
also used as additives in a series of hair-lossprevention shampoos currently found in the
market.
Capsaicinoids have been tried as a repellent

Factors affecting Capsaicinoid accumulation in
fruits
Capsaicinoids begin to accumulate from the
early stages (10 days after pollination, DAP) of
fruit development, peak at around 40 DAP, and
then decrease sharply. The late decrease in
capsaicinoid content appears to result from high
peroxidase activity which oxidizes capsaicinoids
in the presence of H2O2. Capsaicinoid levels are
thus highly determined by a complex set of
ecological and physiological tradeoffs with
strong input from the environment.
Light: Light stimulates capsaicinoid
formation in fruits harvested immature and
kept under artificial lighting. Moreover, ripe
pepper fruits maintained under a fluorescent
light contained twice the capsaicin content of
peppers stored in darkness.
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to prevent mice from gnawing on underground
electrical cables. Further, capsaicinoids have
antimicrobial properties. These substances are
capable of inhibiting the growth of Fusarium
fungus, which is a major problem in postharvest fruits and vegetables. Consequently,
capsaicinoids might be useful as biopesticides.
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14. AGRICULTURE

Plant Activators: Defense inducing Molecules against
Plant Pathogens
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Plant activators: Defense inducing molecules
against plant pathogens

responses seem to be initiated by necrotrophs,
whereas salicylic acid (SA) dependent response
is activated by biotrophic pathogens. So better
understanding of plant signalling pathways has
led to the discovery of natural and synthetic
compounds called plant activators that induce
similar defense responses in plants as induced
by the pathogen infection. So use of plant
defense activator compounds usually by priming
is coming up as new alternative to chemicals by
induction of natural plant defense against plant
pathogens. Priming is a mechanism which leads
to a physiological state known as “primed” state
that enables plants to respond more rapidly and
more robustly after exposure to biotic or abiotic

Plants are challenged by a variety of biotic
stresses like fungal, bacterial, or viral infections
which lead to a great loss in crop yield. So most
widely adapted chemical management practice
has proved to be cumbersome and hazardous to
environment and human health. So activating or
upgrading the natural defense system of plants
may be an effective and eco-friendly alternative
to chemicals. Plants can activate separate
defense pathways depending on the type of
pathogen they encounter with. In which
Jasmonic acid (JA) and ethylene dependent
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disaeses and method of application need to be
standardize. Apart from this Plant activators
would never be able to provide complete
protection so they have to be used along with
other protective chemicals for complete
result/management.
In future aspect the use of plant activators
in crop protection and pest management is still
in the very early stages. As they do not have any
pesticidal or antibiotic activity, their adverse
effects on human health and environment are
minimal. Since they do not interact directly with
the pathogens, it is unlikely that plant
pathogens will develop resistance to these
chemicals. The success of defense inducers for
plant disease control depends on our ability to
manage their phytotoxicity either by chemical
modification of the compound or by modifying
their formulation. By keeping all this points in
mind plant activators can be a potential future
of healthy and safe agriculture.

stress. The primed state results amplification of
defense response-inducing signals, by various
ways of inducing priming such as, infection by
pathogens, colonization of roots by beneficial
microbes, treatment with natural or synthetic
chemicals, primary metabolism alteration and
perception
of
certain
volatile
organic
compounds. Majorly used plant defense
activating compounds are β-Aminobutyric acid
(BABA),
γ-Aminobutyric
acid
(GABA),
Probenazole,
Salicylic
acid,
2,6dichloroisonicotinic acid (INA), Acibenzolar-SMethyl, Chitosan, Oligogalactouronids, Harpin,
Azelic acid, Hexanoic acid and some vitamins
such as Thiamine, Riboflavin etc. They activate
defense response by activating oxygen burst
cycle and production of reactive oxygen species
(ROS) and peroxides. These plant activators are
used for the management of many plant
diseases. Such as Acebenzolar S methyl for foliar
blight disease of Amaranthus, BABA is used
against late blight of potato, tomato etc,
Probanazole is used against rice blast disease,
Salicylic acid is used to control of post harvest
diseases as Botrytis rot and Chitosan is used
against a number of diseases. Actiguard,
Messenger, Alfositol are some commercial
compounds of plant defense activators. These
are widely used in alone or in combination with
other fungicides.
But usages of plant activators have its, own
challenges too. As their effect is only transient
and lasts only for a few days. They are not
curative and cannot eliminate an already
established infection. Phytotoxicity is another
major problem which reduces the efficacy of
these compounds. So their dosage for various
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Organic Agriculture: Pride of Sikkim
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Introduction

tourism is the main base of the Sikkim
economy. In the limited geographical area 16%
of area is arable land. In that net cultivated area
is 79,000ha only. In this cultivable land only 11
% is irrigated hence agriculture is largely rainfed. But the state receives plenty of rainfall well

Sikkim is the second smallest state located on
the Eastern Himalaya with geographical area of
7096sq.km. The rugged mountainous terrains
with wide variations in slopes and altitude are
the unique identity of the state. Agriculture and
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Impact of organic farming

distributed over 6 months from May to October.
Agriculture is basically traditional and
organic since time immortal even though use of
inorganic pesticides and fertilizers were
available. It produces more cardamom and it is
largest cultivated area of cardamom. Along with
this barring maize, ginger, tea, potato and
mandarin are the main cash crops of the state
and animal husbandry is the subsidiary
occupation. Production and productivity of the
all these crops are low and below the national
average. In this situation in the year 2003 the
Sikkim Government declared Sikkim is an
organic State. Later the entry of chemical inputs
for farmland was restricted and their sale was
banned completely in 2014.

The government of Sikkim has started training
farmers intensively and exclusively on organic
composting
methods
and
non-pesticide
management of pests. But the farmers of Sikkim
experienced that the training was insufficient to
handle the pest attacks on their crops in the
field level. The traditional practices that they
have learnt through training were not that much
effective to fight pest attacks as chemicals and
the problem of pest attacks were increased after
adoption of organic farming and the yields of
the rice, maize, ginger, cardamom, pulses and
vegetables said that their yield has worsened
since they stopped using chemicals. In this
situation Sikkim government has mandate to
increase the production and productivity to feed
rising population and inflow of tourists. After
that the government started focusing training
on holistic management practices and the
training
includes
disease
management
techniques that can avoid pest attacks. As a part
of the capacity building, Govt. of Sikkim took
many steps, from including study of organic
farming in the school curriculum to training
sessions at micro level. Then gradually people
started substitute plant nutrients by organic
manures & fertilizers to control diseases and
pests & insects as well and mean while Gove. Of
Sikkim started providing basic infrastructure
pre-requisites for initiation of actual organic
farming in Sikkim. Finally the production and
productivity was gradually picked and reached
the stage of getting the benefits from the organic
farming.

Approaches for organic farming
Sikkim government was given immense
importance to farmers’ capacity building on
organic farming and started giving subsidy for
inorganic fertilizers and pesticides. Initially,
there was fear among farmers they refused to
take up organic farming. But with continuous
training and education, there was a shift in their
mindset. In 2004, most impactful technologies
was demonstrations and propagation was take
up by Sikkim Department of Food Security and
Agriculture
development
on
effective
microorganisms technology, microbes enriched
biomanures, biofertilizers such as Rhizobium,
Azospirillum,
Biopesticides,
Phosphate
solubilizing bacteria, Neem-based pesticides,
Growth promoting substances, Vermicompost,
Rural compost-cum-urine pit, Azolla etc.
Agricultural research stations were focused on
developing organic package of practices and
standardised them for cultivation of important
commercial crops of Sikkim. The KVKs of
Sikkim started developing and demonstration of
extension models to reach remote villages
following cluster approach for successful
cultivation of organic crops. In the meanwhile
the government started slowly introducing of
different varieties of cereals, pulses and
horticultural crops suitable for the organic
farming system. In coordination with ATMA
Sikkim government has taken steps to develop
package of practices through short term
research to all the commercial crops of Sikkim.
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Market for the organic produce
To make organic plan success, Sikkim
governments assures the farmers that organic
product would fetch higher price. They have
formulated a state policy says that all organic
products has to be sold under the brand name of
“Sikkim Organic”. Although the Sikkim organic
products were not marketing under the brand
name that was registered. It’s because no
regulation on food products that comes from
outside the state. In the market Sikkim organic
food competes with the cheaper conventional
food that comes from the other states. Therefore
farmers of Sikkim was experienced that the
price the organic products was fetches lower
price as compared conventional produce
32
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by transforming first organic state of India. The
Himalayan state has become the first fully
organic state of India in 2016. It took about 13
years for the Sikkimese to achieve this crown,
besides this it is the cleanest state of India.
Followed this, it is contributing lot for
conservation and maintain of bio-diversity
trough protecting environmentally balanced
ecosystem. Simultaneously, it pushed the
farmers towards a life of economic enrichment.
It created a benchmark for all other states and
enlightened a unique way of leadership in
bringing welfare to the farmers by balancing
ecology and economy.

because shelf life of the organic products was
less as compared to the conventional products.
Along with this, lack of marketing channels and
interference of middlemen in the marketing
channel leads the farmers to fetch lower prices.
After that Govt. of Sikkim created recognised
market places for organic food products and
started formulating policy for sale of organic
products. In support of this, the Govt. Of Sikkim
standardised the products as per the market
demand and also certified the agricultural
products based on their marketability.

Conclusion
Sikkim has shown a path breaking achievement
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Chickpea (Cicer arietinum L.) is cultivated in
almost all parts of the world covering Asia,
Africa, Europe, Australia, North America and
South America continents. In India, chickpea is
known by various names like Chana or Gram or
Bengal gram or Chani. Chickpea, a member of
Fabaceae, is a self pollinated and its cultivation
is
mainly
concentrated
in
semiarid
environments. It is one of the most important
food legume plants in sustainable agriculture
system because of its low production cost, wider
adaptation, ability to fix atmospheric nitrogen
and fit in various crop rotations and presence of
prolific tap root system.
In India, it is extensively grown. Although
the yield potential of chickpea varieties in the
current scenario exceeds, the average yield
realized is very less. The gap between the
potential and average yield is mainly due to
diseases and poor management practices. The
major diseases of chickpea in the order of their
global importance are ascochyta blight,
fusarium wilt, botrytis grey mould (BGM), dry
root rot, collar rot, foot rot and stem rot. This
article focuses on the most economically
important diseases and their management.
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Wilt of chickpea:Causal agent - the disease is caused by
Fusarium oxysporum f.sp. ciceri
Symptoms - the foliage of diseased plant
develops a grayish green chlorosis. Lower leaves
show the change of color first. Chlorosis
gradually extent up the plant. Leaves eventually
become dull yellow in color, wilt and the plant
collapse and die.

Management of the disease •

•
•
•

•

33

Field: Deep summer ploughing, field
sanitation by collecting and burning
diseased crop debris helps in reducing
chance of survival in the field.
Seed treatment with Bavistin + Thiram is
effective to eradicate the seed borne
inoculam.
Bioagent: Seed treatment Trichoderma
viride + Carboxin (4+1 g/kg seed) or
Carbendazim+ Thiram (1+2 g/kg seed)
Resistant variety JG 315, Avrodhi, DCP 923, JG 74, BG 372, KWR 108, Pusa 212, Pusa
362, DCP 92-3, IPC 97-67 (SCS 3), Shubhra
(IPCK 2002-29): Kabuli variety
Cropping system: Intercropping with
linseed, wheat or mustard
November, 2019
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Ascochyta blight of chickpea:Causal agent - the disease is caused by
Ascochyta rabiei (Pass.) Labrousse
Symptoms - the disease symptoms appear
first on the leaves as water soaked lesions which
later develop into roundish spot, with brown
margin and yellowish grey centre. Similar spots
soon appear on the steam and pods. In
advanced stages, several spots on leaves and
fruit may coalesce to blight the plant. In the
centre of the spot numerous minute black dot
arranged in concentric zones occur.

•

Dry root rot
Causal agent - the disease is caused by
Rhizoctonia bataticola
Symptoms - the whole plant dries up and
turns straw colored. Roots become black and
brittle and have only a few lateral roots or none
at all. It may be seen in flowering and podding
stage.

Management of the disease -

Management of the disease •

•

•
•

•
•

•

Seed treatment- seed can be treated with
organomercurials (Agallol, Agrosan etc.),
Copper sulphate, Thiram, Benomyl or
Calixin M.
Field control of chickpea ascochyta blight
has been achieved by seed treatment with
Bavistin+ Thiram in 1:3 ratio @ of 2.5 gm
/kg seed followed by three sprays of
Bavistin (0.5 kg/ hac.) at 10 days interval
when the disease appear ( usually at pod
formation stage).
Spray the crop with Mancozeb @ 2.5 gm/lt
if noticed during the growth period or spray
wettable sulphur @ of 2.3gm/lt of water.
Use of resistant varieties is the most
effective
and
economical
way
of
management of ascochyta blight of
chickpea. F8, C325, C727, I-13, EC 26414,
EC 26435, EC 26446, Kabuli type ILC 3864,
3870 and 4421, C 215 resistant to blight.
Inter cropping of chickpea with cereals
Removal and destruction of dead plant
debris, rotation and deep sowing also an
effective measure to control the disease.

•
•
•

Seed treatment with Trichoderma viride @
4 g/kg seed or Thiram (2g) + Carbendazim
(1g) @ 3 g/kg of seed or Carbendazim @
2gm/kg of seed.
Follow crop rotation.
Timely sowing to avoid post flowering
drought and heat stress, which aggravate
the disease.
ICC 2644, ICC 10384, ICC 10630, ICC
11224, ICC 11332, ICC 12441, ICC 12450,
ICCV 10, ICCL 81002 and ICCL 81010
showed moderate resistance against the
disease.

Collor rot
Causal agent- the disease is caused by
Sclerotium rolfsii
Symptoms – the color region of plant is
constricted and begins to rot. White mycelia
strands with minute mustard seed sized
sclerotial bodies are seen over the affected
tissue. The affected seedlings turn yellow and
wilt. It may be seen in seedlings and vegetative
growth stage.

Management of the disease -

Rust of gram

•
•

Causal agent - the disease is caused by
Uromyces ciceris- arietini
Symptoms - the initial symptoms are small,
round or oval cinnamon- brown pustules which
coalesce on both the surfaces of the leaves. In
severe attack similar pustules appear on petioles
and stem and sometime on pods also.

•
•

Management of the disease •

NEC 249, JM 583, HPC63, HPC-136 and
HPC 147.
Field sanitation

Application of calcium fertilizer.
Seed treatment with fungicide @ 3g/kg of
seed.
Crop rotation with cereals such as wheat,
sorghum and millets.
Field sanitation by collecting and burning
diseased crop debris helps in reducing
chance of survival in the field.

Resistant variety- lahaul valley, NRC-34,
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17. AGRICULTURAL ENTOMOLOGY

New Invasive Pest, Fall Armyworm (Spodoptera
frugiperda) in Maize
G. Vijayalakshmi and S. Varshini
Coimbatore, Tamilnadu

Maize is the one of the most important cereal
crop, it also known as queen of cereals. It has
many economical values itself, but gradually
maize production was reduced by biotic and
abiotic factors. Biotic factors viz. the pests such
as stem borer, corn worm, cutworm and sucking
pests. Recently a new invasive pest (fall
armyworm) was introduced in maize crop which
causes high economic yield loss.
Fall armyworm (Spodoptera frugiperda) is
a destructive pest of maize crop. It is native pest
of South America is been introduced into Africa
a couple of years back started threatening the
food security of African countries. The pest
recently been introduced in India causing huge
losses to maize crop and was identified in
Karnataka state in the month of May 2018 and
now introduced into Tamil Nadu mainly in the
maize growing areas.

Damage Symptoms
Larvae feed on the lower surface of leaves in
gregarious manner, it scarps the chlorophyll
content. Third and fourth instar larva damages
the inner portion of leaves and cut the central
whorl and make into pieces. Parallel shot holes
on the newly emerged leaves and excreta are
observed.

Bionomics
Fall armyworm has four life stages viz. egg,
larva, pupa and adult. Adult moth is able to
move over 100 km per night. An adult female
moth can lay upto thousand eggs in its lifetime,
commonly at young plants; the eggs are white in
color and later turn into brown and within 3 – 5
days egg hatches, larva grows upto 14-22 days,
which takes 6 moultings during its larval period.
Initially larvae are brown in color and later turn
into dark green and larvae are seen in groups.
The larva of FAW can be identified by four
characteristic spots on the last second segment
forming a square. The head has an inverted “Y”
mark. After development it crawls to the ground
to pupate in the soil for 7-14 days, after
pupation adult moth emerges, the moth lives as
an adult for 11-14 days. The total life cycle is
completed in 30 days during the summer, 60
days in the spring and autumn and then during
winter, it takes 80-90 days.
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Shot holes on the leaves and central whorl toppled
FAW Larvae
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•
•
•

Adult male and female FAW

•

Management Practices
•
•

•
•

Deep summer ploughing before every crop
season to expose FAW pupae to sunlight
and predators.
Plan for maximizing plant diversity by
intercropping of maize with suitable pulse
crops of particular region. Example: Maize
+ pigeon pea/black gram /green gram.
Plant Napier grass in the border rows to act
as FAW trap crop.
Plan the sowing time at community level to
follow synchronous planting.
Install FAW pheromone traps @ 5/acre on
or before germination of the crop to

•

monitor pest arrival and population buildup.
Erect bird perches @ 10/acre as soon as
sowing is completed.
Only effective measures at 4 to 6th instar
larvae is poison baiting.
Mix 10 kg rice bran and 2 kg jaggery in 2-3 l
of water and keep the mixture for 24 hours
to ferment. Add 100g Thiodicarb 75% WP
and roll into balls of 0.5 - 1 cm diameter just
half an hour before application in the field.
Add some sand while rolling if the balls are
too sticky. The bait should be applied into
the whorl of the plant in the evening. The
above mixture is sufficient to cover one
acre.
Spray Bt kurstaki formulations viz., Dipel
8L @ 2ml/l of water or Delfin 5WG @ 2g/l
water.
Spray any one of the following insecticides
for the effective control of FAW viz.,
Emamectin benzoate 5 SG @ 0.4 g/l,
Spinosad 45 SC @ 0.3 ml/l and
Chlorantraniliprole 18.5 SC @ 0.4 ml/l.
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maintaining
biodiversity
and
vibrant
ecosystems for plants, humans and the bees
themselves. Beekeeping is a forest and agrobased industry, which is beyond the ordinary
realms of industry, in the sense that the humans
derive benefits from interaction between two
living things like plants and bees without
affecting adversely both. On the contrary plants,
including many crops, prosper with the
abundance of bees (as pollinating agents) and
the bees, sheltered both by nature and humans
provide mainly honey and other by-products

The roots of organized beekeeping in India
during the pre- Buddha period can be traced to
the Hindu holy books. Ramayana described the
existence of ‘Madhuban’ in Kishkinda
maintained by King Sugriva. This Madhuban
was maintained exclusively for rearing bees for
honey. Pollination is vital to life on our planet.
Three out of four crops across the globe
producing fruits or seeds for human use as food
depend, at least in part, on pollinators. Bees and
other pollinators have thrived for millions of
years, ensuring food security and nutrition, and
November, 2019
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of honey, bees are becoming a growing
generator of income, livelihood strategy and
means of food security for many small-scale
producers and forest dwellers in many
developing countries. Clearly, the benefits that
bees and other small pollinators bring us go
beyond human food. Thanks to these
pollinators, farm animals have diverse forage
sources and hence more flexibility to adapt to an
increasingly changing climate. We also have
certain medicines, biofuels, fibres and
construction materials. Some species also
provide materials such as beeswax for candles
and musical instruments. So embedded in our
lives, bees and other pollinators have long
inspired art, music and even sacred passages.
Threats to pollinators: The decline in
pollinator population and diversity presents a
serious threat to agricultural production and
conservation and maintenance of biodiversity in
many parts of the world. Pollinator populations
and diversity have declined worldwide in the
recent years mainly due to the following
reasons.

like beeswax, bee-pollen, propolis and royal
jelly.
Bee-keeping, systematically adopted as a
supplement to farming. Pollinators are essential
to the production of many of the micro-nutrient
rich fruits, vegetables, nuts, seeds and oils we
eat. In fact, close to 75 per cent of the world’s
crops producing fruits and seeds for human
consumption depend, at least in part, on
pollinators for sustained production, yield and
quality. The diversity of food available is largely
owed to animal pollinators. But alarmingly, in a
number of regions, pollination services are
showing declining trends. Improving pollinator
density and diversity boosts crop yields –
pollinators affect 35 per cent of global
agricultural land, supporting the production of
87 of the leading food crops worldwide.
Unfortunately the enormous benefits that
the humans reap from the silent services of
honeybees towards crop productivity and to
national income get only lesser attention and
low priority, in spite of the fact that it needs low
capital, it is non-polluting, needs less labour and
is complementary to farming and forest
ecosystems. Honeybees and flowering plants are
interdependent for their life cycle. In other
words, apiculture and agriculture/horticulture
are interdependent and cannot develop in
isolation. Integration of apiculture and
agriculture is necessary for mutual benefits of
both beekeeper and the farmer. Warnings have
been, however, sounded by environmentalists
and scientists that excessive use of insecticides,
monoculture, pollution etc., causing depletion of
useful pollinating insects, are threatening to
reduce our food production by 1/3. Among all
insects, bees are more effective pollinators
because they are social and collect nectar and
pollen for their own needs as well as to feed
their young. Their body hairs help transfer
pollen from flower to flower; they show flower
constancy and move from one flower to another
of the same species; and many species can be
reared and managed for pollination. Among
different species of honeybees, the hive-kept
species (Apis cerana and Apis mellifera) are of
special value because they can be managed for
pollination and moved to fields/orchards where
and when necessary for pollination.
Bees can, in a sense, be considered as
livestock. With the increasing commercial value
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•

•
•

•

•
•

Decline in the habitat, with the
accompanying decrease in their food
(nectar and pollen) supplies as a result of
decline in pristine areas
Land use changes due to deforestation,
extend agricultural land, urbanization, and
industrialization.
Increase
in
monoculture-dominated
agriculture; earlier, farmers used to grow a
variety of crops, which bloomed during
different months of the year and provided
food and shelter for a number of natural
insect pollinators
Negative impacts of modern agricultural
interventions like use of chemical fertilizers
and
pesticides.
Mono-cropping
also
requires increased pesticide use which led
to the killing of many pollinators due to
pesticides.
Proper disposable of waste, especially paper
cups for tea and soft drinks can act as sticky
death traps of bees.
Infestation by diseases and predators.

References
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A major maize pest in North America, the Fall
Armyworm, Spodoptera frugiperada arrived in
africa in 2016. The fall armyworm (FAW), is
known to eat more than 100 plant species, with
a particular preference for maize. Since then, it
has threatened the continent`s maize crop, a
staple food crop which feeds 300 million people.
Distribution and spread: FAW is native
to the tropical and subtropical regions of the
Americas, also occurs in the southern states of
the USA. In January 2016, it was first reported
in South-Western Nigeria, later it spread to the
Central and Western Africa and subsequently to
Southern Africa. The Karnataka finding is the
first report of the pest in Asia. Scientists from
the College of Agriculture, University of
Agricultural and Horticultural Sciences (UAHS)
confirmed the arrival of the pest in maize fields
within campus grounds in Shivamogga, in the
state of Karnataka, southern India. Both
morphological and molecular techniques
confirmed the identity as FAW. Following which
massive surveys were undertaken and now it
has been reported from multiple locations viz.
Chikkaballapur,
Hassan,
Chikkamagaluru,
Belgaum,
Davanagere,
Chitradurga,
Doddaballapur, Chintamani, Gowribidnur and
Madhugiri. The pest attack was also discovered
by a team of scientists attached to the Krishi
Vigyan Kendra of Karur when they carried out
field surveys on maize crop at Nathamedu of
Krishnarayapuram block and Karuppur of
Thanthoni block in Karur distric. So far FAW is
reported from Karnataka, Telengana, Andhra
Pradesh, Maharastra and Tamil Nadu. Massive
surveys on war footing are undergoing. The
discovery is more worrisome because the pest
feeds on more than 100 different crops such as
maize, sorghum, vegetables and rice

flattened and the egg curves upward to a
broadly rounded point at the apex. The number
of eggs per mass varies considerably but is often
100 to 200, and total egg production per female
averages about 1500 with a maximum of over
2000. The eggs are sometimes deposited in
layers, but most eggs are spread over a single
layer attached to foliage. The female also
deposits a layer of grayish scales between the
eggs and over the egg mass, imparting a furry or
moldy appearance. Duration of the egg stage is
only two to three days during the summer
months.

Life stages
Egg: The egg is dome-shaped; the base is
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Larvae: There usually are six instars in fall
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Adult: The moths have a wingspan of 32 to
40 mm. In the male moth, the forewing
generally is shaded gray and brown, with
triangular white spots at the tip and near the
center of the wing. The forewings of females are
less distinctly marked, ranging from a uniform
grayish brown to a fine mottling of gray and
brown. The hind wing is iridescent silver-white
with a narrow dark border in both sexes. Adults
are nocturnal, and are most active during warm,
humid evenings. After a preoviposition period of
three to four days, the female normally deposits
most of her eggs during the first four to five days
of life, but some oviposition occurs for up to
three weeks. Duration of adult life is estimated
to average about 10 days, with a range of about
seven to 21 days.

armyworm. Young larvae are greenish with a
black head, the head turning orangish in the
second instar. In the second, but particularly the
third instar, the dorsal surface of the body
becomes brownish, and lateral white lines begin
to form. In the fourth to the sixth instars the
head is reddish brown, mottled with white, and
the brownish body bears white subdorsal and
lateral lines. Elevated spots occur dorsally on
the body; they are usually dark in color, and
bear spines. The face of the mature larva is also
marked with a white inverted "Y" and the
epidermis of the larva is rough or granular in
texture when examined closely.

Male

Nature of damage: Larvae cause damage
by consuming foliage. Young larvae initially
consume leaf tissue from one side, leaving the
opposite epidermal layer intact. By the second
or third instar, larvae begin to make holes in
leaves, and eat from the edge of the leaves
inward. Feeding in the whorl of corn often
produces a characteristic row of perforations in
the leaves. Larval densities are usually reduced
to one to two per plant when larvae feed in close
proximity to one another, due to cannibalistic
behavior. Older larvae cause extensive
defoliation, often leaving only the ribs and stalks
of maize plants, or a ragged, torn appearance.

Pupa: Pupation normally takes place in the
soil, at a depth 2 to 8 cm. The larva constructs a
loose cocoon, oval in shape and 20 to 30 mm in
length, by tying together particles of soil with
silk. If the soil is too hard, larvae may web
together leaf debris and other material to form a
cocoon on the soil surface. The pupa is reddish
brown in color, and measures 14 to 18 mm in
length and about 4.5 mm in width. Duration of
the pupal stage is about eight to nine days
during the summer, but reaches 20 to 30 days
during the winter.
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Introduction

citrus fruit, litchi, sandy pear, peach, plum and
apricot in an area of 68,384 hectares of land
in Jammu. The estimated damage is 9,426
metric tonnes of fruit production at estimated
cost of Rs. 4.72crore (Daily excelsior, Apr 4,
2013). National Agricultural Statistics Service
(NASS) reported wildlife damage to U.S.
agriculture as $944 million during 2001. Field
crop losses to wildlife totaled $619 million,
losses of vegetables, fruits and nuts totaled
$146 million and livestock and poultry losses
totaled $178 million. These losses include
destruction of or damage to crops in the field
and death or injury to livestock caused by
wildlife. White-tailed deer accounted for 58% of
the field crop damage and 33% of vegetable,
fruit and nut damage. In New York, farmers
estimated their deer-related crop damages
totaled $59 million in 2002. Farmers reported
a loss of approximately 3800 acres because of
deer in 2009 (NAAS May 3, 2002). Wild
Animals estimate to cause around 30 – 35%
loss (The Hindu Business line, Jan 19, 2016).
Damage to Zea mays - 10-75%, Arachis
hypogea - 5-56%, Sorghum vulgare - 5-30%,

Crop damage by wild animals is a severe
problem in most of the areas all over India.
Field surveys showed that on an average 36% of
the crop were damaged by wild animals. They
fed on all phenological stages, especially
vulnerable stage of the crop. Major Wild animal
pests include Elephants, Wild deer, Wild Boar,
Bison, Nilgai, Monkeys and Porcupines. Crops
like Paddy, Maize, Sorghum, Banana, Vegetable
crops, Sugarcane, Fruit trees, Coconuts, Coffee,
Cocoa and many tree crops are affected severely
by the attack of wild animals.

DAMAGE AND ECONOMIC LOSSES
Wild animals can disrupt, damage and harm
agricultural crops and livestock, land,
infrastructure and equipments needed to raise
them, spread undesirable insects, weeds and
diseases. In Jammu division, major crops like
maize, wheat, rice and vegetable crops covering
15596 hectares of agricultural land falling in
more than 250 villages get damaged annually by
monkeys. Monkeys cause substantial loss to the
fruit crops like mango, guava, bear, grapes,
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Frightening and Scare Techniques Frightening involves creating an unusual
disturbance or distraction either by sight,
sound, smell or hanging a shining lamp moving
all the time through the wind - similar to the
method of hanging a CD-ROM to scare pigeons.
Repellents - Repellents that are applied
directly to an area or food and avert the wildlife
by taste are contact repellents. Repellents not
directly applied to a food source but near the
damaged area are area repellents. Natural
repellents include Smoke, Fish or garlic
natural emulsion, Beehive fencing, Egg based
repellent, Chili peppers and Castor oil.
Chemical repellents are active substances
such as Anthraquinone, Butanethiol, and
Methyl Anthranilate. Electronic repellents Effective, long lasting, and eco-friendly method
for crop protection that repels animals without
harming them; Ultrasonic
electronic
repellent - Silent to humans, high-frequency
sound waves repel wild animals and Sonic
electronic repellent - Use audible noise that
scares animals.
Trapping - Traps are classified according
to design and function and can either be nonlethal (live box traps) or lethal traps which kill
the animal include body-gripping traps used for
beavers.
Toxicants - Known toxicants or poisons
should not be used to reduce wildlife or other
animal pests since they are illegal and the risks
to children, pets and other non-target animals is
great.
Bag Limits - Bag limits is a predetermined number of animals that can legally
be harvested each season based on hunters
harvest reports and based on road-kill numbers
from car insurance companies.

Oryza sativa - 10-35%, Pulses - 5-20% and
Vegetables – 10–30%. The incident of damage is
very high in crop fields adjacent to forest areas
(Rao, et.al., 2015).
They feed on all
phenological stages, especially vulnerable stage
of the crop. Seedling stage – 21% (22% in crops
in field near forests) and Mature stage – 7% (8 –
10% near forests) (Kumar et. al., 2017).

Wildlife Damage Management
Wildlife damage management, regardless of the
problems species, has four basic components
1. Problem definition (identification
and assessment of damage) - Problem
definition refers to determining the species
and numbers of animals causing the
problem, the amount of loss or nature of the
conflict, and other biological and social
factors related to the problem.
2. An understanding of the behavior
and ecology of the problem wildlife
species - Proper identification of the pest
species is important, since it determines
which control strategy will be used
3. Selection and application of control
techniques - Ecology of the problems
species refers to understanding the life
history of the species, especially in relation
to the conflict
4. Evaluation of control efforts Evaluation of control efforts allows an
assessment of the reduction in damage in
relation to costs and impacts of control
efforts on problem wildlife.

Prevention and Control Methods to Reduce Wildlife
Damage
Exclusion of Problem Wildlife - Physical
barriers around critical areas that need to be
protected. This includes permanent woven
fences, permanent or temporary electric fences,
netting, hardware cloth or expanding foam over
openings of structures, repellants, flashing
around trees and/ or other barriers that prevent
entry of wildlife.
Habitat Modification - Available food
sources are the most common attractant for
problem wildlife. In many cases, by simply
removing food, nuisance species can be
discouraged from visiting an area. Water can
also be a strong lure for wildlife during drought
years.
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Introduction

to rice crop is considerable in Tamil Nadu

Rats are the most notorious pests of different
commodities in the fields as well as when these
commodities are stored. A number of crops like
vegetables, oilseeds, cereals etc., at early stage in
field are eaten and contaminated by rats. They
are also seen playing a vital role in transmission
of public health diseases viz., plague,
leptospirosis etc. to humans and other animals.

Indian gerbil rat (Teteraindica)
It is reddish grey in colour with white underside
and equals the common house rat in size with
about 18 cm long. Feeds on grain, grass, roots
and fruits.

Indian field mouse (Mus booduga)
It is brown in colour with a white belly. It
burrows in field bunds causing extensive
damage to bunds.

Common traits of rodents
•
•
•
•
•
•

Nocturnal in habit
Excellent swimmers
Good climbers
Good sense of smell and hearing
Can gnaw through materials like lead,
sheathing, aluminium, wood, wiring, etc
Can enter through very small opening

Norway rat (Rattusnorvegicus)
Large size, brown in colour. The tail is shorter
than body + head length. Ears are thick, opaque
and short with fine hairs. They are excellent
swimmers and grow rapidly in sewers and
drainage systems, therefore also called as sewer
rat.

Common rat (Rattusrattusrufescens)
•
•
•
•

Large bandicoot (Bandicotaindica)

It is reddish or yellowish brown with a pure
white belly.
It lives in roofs of houses and underground
burrows.
It is destructive to tender coconuts.
Its damage is great in ware houses and
storage godowns.

Large sized active burrower and is responsible
for much structural damage to the storage
buildings, ground, flooring and also spoils
stored products. They are good swimmers and
non-fussy eater. It is also serious a pest in
poultry and agriculture.

Management of rodents

House mouse (Mus musculus)

1.

Head + body length is 70-110mm, large ears and
relatively small eyes, they have characteristic
musky odour that identifies their presence. A
good climber.

Indian mole rat (Bandicotabengalensis)
It is a dark grayish brown in colour with a
grayish white belly and a bare tail, head and
body 15 to 23 cm and tail 15 to 18 cm long. It
feeds upon grass, grains and tubers and damage
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Rat proofing: Indoor stores can be made
rat-proof by concrete flooring with iron
meshes on the windows, over the ceilings,
and by providing metal doors or metal
bands at the bottom.In godowns, the
entrance staircase must have an 18" long
plank which has to be placed and removed
whenever necessary.
Trappings: Caging / trapping of rats has
been the most popular and common
practice employed in place where rat
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3.

4.

infestation is low and poison baiting and
fumigation are impracticable. Baits (roasted
coconut, ground nut, etc.) are used to lure
the rats into the traps. There are several
types of traps: box-type, wonder trap (can
trap more than one rat per trap at a time),
pot trap, bow traps (Vallanad, Tanjore
bamboo traps) and ‘break back’ trap.
Habitat manipulation: Availability of
food, shelter and water are governing
factors in rodent in population in any
habitat. Removal of any of these factors will
affect adversely on the rodent population.
These methods are easy, effective and
require no extra expenditure and can be
adopted by the removal of garbage,
maintenance of good hygienic conditions
and by following strict sanitary practices.
Poisoning: The most popular and effective
method of controlling rats is the use of
poison baits. The poison used in the baits
are of two types:
a. Acute poisons: which are used in a
single dose, i.e., zinc phosphide. It is
mixed with the bait at 1: 49 ratio. The
bait can be any cereal, milled or broken.
Acute poisons give better results if plain
(unpoisoned) bait is laid from 4 - 8

5.

6.

days before being replaced with
poisoned bait. This technique is known
as pre-baiting.
b. Chronic poisons: which act as blood
anticoagulants and are used in multiple
doses,
i.e.,
hydroxyl
coumarin
(warfarin, fumarin, recumin). The other
anticoagulants (bromadiolone) are
lethal in a single dose but the rats die
after several days of poisoning.
Chemosterilants: The chemical which
makes the rat sterile is called as
chemosterilant. Furadantine @ 0.02 g and
colchicines @ 0.14 g are commonly used
chemosterilants, which make the rat sterile.
These are generally used as mixture of one
tablet of furadantine and half tablet of
colchicines in the water floor to make both
sexes sterile.
Fumigation:
Aluminium
phosphide
(Celphos), a fumigant available for
restricted use in India, can be used inside
the rat burrows. It is available as a 3 g
tablet. Put it inside the burrow and close it.
When it combines with atmospheric air,
phosphine gas is released, which is a nerve
poison.
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sheet of water. Studies have indicated that (2025 per cent) amount of irrigation water is lost
during its application at the farm due to poor
farm designing and unevenness of the fields.
This problem is more pronounced in the case of
rice fields. Unevenness of fields leads to
inefficient use of irrigation water and also delays
tillage and crop establishment options. Fields
that are not level have uneven crop stands,
increased weed burdens and uneven maturing
of crops. All these factors tend to contribute to
reduced yield and grain quality which reduce
the potential farm gate income. Effective land
leveling is meant to optimize water use

Land leveling is a precursor to good agronomic,
soil and crop management practices. Resource
conserving technologies perform better on wellleveled and laid out fields. Farmers have
recognized
this
and
therefore,
devote
considerable attention and resources in leveling
their fields properly. However, traditional
methods of leveling land are not only more
cumbersome and time consuming but more
expensive as well. Very often most rice farmers
level their fields under ponded water conditions.
It is a common knowledge that most of the
farmers apply irrigation water until all the
parcels are fully wetted and covered with a thin
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efficiency, improve crop establishment, reduce
the irrigation time and effort required to
manage crop.
Laser land leveling seeks to explain the
benefits of land leveling in fields, particularly
rice fields, and help develop skills of farmers
and operators in using laser technology to
achieve a level field surface. It is also intended
to enable the users to identify and understand
the working of the various components of a laser
controlled land leveling system, undertake a
topographic survey using a laser system, set up
and use a laser-controlled leveling system and
troubleshoot a laser-controlled leveling system.
It is hoped that the users (farmers and service
providers) will find this information useful in
adopting resource conserving technology as a
precursor to several other improved agronomic,
soil
and
crop
management
practices.
Unevenness of the soil surface has a major
impact on the germination, stand and yield of
crops through nutrient water interaction and
salt and soil moisture distribution pattern.

Field evaluation
The evaluation of leveling a field involves the
following steps:
•
•
•
•

•
•

•
•

Benefits of Land Leveling
•

The laser controlled bucket should be
positioned at a point that represents the
mean height of the field.
The cutting blade should be set slightly
above ground level (1-2 cm)
The tractor should then be driven in a
circular direction from the high areas to the
lower areas in the field.
To maximize working efficiency, as soon as
the bucket is near filled with soil the
operator should turn and drive towards the
lower area.
Similarly, when the bucket is near empty
the tractor should be turned and driven
back to the higher areas.
When the whole field has been covered, the
tractor and bucket should then do a final
leveling pass in long runs from the high end
of the field to the lower end.
Re survey to make sure that the desired
level of precision has been attained.
The fields should not require further major
leveling works for at least 8 years.

•
•

•
•
•
•

Limitations
•
•
•

November, 2019

Increase in water application efficiency up
to 50 per cent.
Reduces the amount of water required for
land preparation (20 – 30 per cent), hence
saving in energy (diesel/electricity)
Better crop stand due to even application of
fertilizers
and
other
inputs
i.e.
improvement in crop yield by 10 to 15 per
cent.
Less area under bunds/ridges i.e., increase
in 8 to 10 per cent area under the crop. ·
Reduced labour requirement for irrigation.
Effective land leveling reduces the work in
crop establishment and crop management,
and increases the yield and quality.
Reduces weed problems
Improved field used traffic ability (for
subsequent operations)

44

High cost of the equipment/laser
instrument.
Need for skilled operator to set/adjust laser
settings and operate the tractor.
More efficient for regularly sized and
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shaped field.
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lead to not only reduction in productivity but
alsodeterioration of soil health as well as natural
eco-system. Moreover, today the farmers are
facing a challenge of over dependence on these
synthetic chemicals face the market competition
due to globalization of trade. Such problems
gave birth to different new concepts of farming
i.e. organic farming, natural farming, biodynamic
agriculture,
do-nothing
agriculture,eco-farming etc.
The concept of the farming is Give back to
nature, where the idea is to feed the soil rather
than the crop. Therefore, there is need for
adoption of an alternatives farmingsystem like
organic farming for maintaining sustainable
agricultural system.Organic farming is theory
and practice from early 20th century, holistic
production management systems forcrops and
livestock and accomplished by using, as possible
as cultural, biological, mechanical and natural
methods of farming in place to synthetic
agrochemicals.

After green revolution the nation became selfsufficient with food for day by day increasing
population.Green revolution includes greater
use of agro chemicals like fertilizers and
pesticides, excessive use of nutrients, highyielding varieties of crops and greater
exploitation of irrigation potentials had boosted
the production in most of cases. High yielding
varieties, resulted reduction of green biomass,
change the mode of traditional farming and
reducing nutrient recycling. It increased
production also disturbed the soil structure,
texture and the soil micro-environment and led
poisoning to the ecosystem, environment and
organism (bio-accumulation). Green revolution
based
on
mono-cropping
and
highly
mechanized farming system lead to replacement
of traditional farming practice i.e. growing
different crops. Without proper choice and
continues use of these high energy inputs is
leading to decline in production and
productivity of various crops as well as
deterioration of soil health and environments.
The most unfortunate impact of Green
Revaluation Technology (GRT) on Indian
agriculture
and
world
are:
nutrient
imbalance/deficiencies, damage the soil flora
and fauna, reduce the earth worm activity,
reduction in soil humus/organic matter,
reduction in productivity and quality of the
produce, destruction of soil structure, aeration
and water holding capacity.All these problems
VOLUME NO. 16, ISSUE NO.2
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Increase soil microbial diversity and
activity.
Maintain long-term soil fertility.
Recycle organic wastes in orderto return
back nutrients in to the land.
Minimizing the use of non-renewable
resources.
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•

other sides of agricultural farming system which
is actually a safer alternative over the chemical
farming that somehow will reduce the adverse
effect of traditional/chemical farming and also
an urgent need of our agricultural system in
order to control such adverse effect of these
farming on health of ecosystem and
environment, organic farming, involving the use
of all the forms organic waste viz. plant and
Crop residues (fruit and vegetables resource),
leaf litter, forest litter, human and animal waste,
kitchen waste, farm waste, industrial waste,
sewage waste as a source of plant nutrients, Bioinoculants
i.e.
pseudomonas,
bacillus,
myorrhiza, nitrogen fixing bacteria, fungi, as for
the mobilization of nutrients, emphasis on nonchemical weed and pest and disease
management practices such as for minimizing
the weed population, practices include i.e.
mulching/cover
crops,
soil
solarization,
sanitation, crop rotation, for pest and disease
management use of biopesticides/botanicals,
trap crops, light traps (ultraviolet and electric),
pheromones traps, yellow sticky traps and
physical and cultural methods of controlling
pest population.

Rely on renewable resources in locally
organized agricultural systems.
• Promote the healthy use of soil, water,
synthetic agrochemical as well as minimize
all forms of pollution that may result from
agricultural practices.
Organic farming is crop production system
excluding of all synthetic off-farm inputs but
rely upon on-farm agronomic, biological and
mechanical practices such as crop rotations,
crop residues, intercropping, animal manures,
off-farm organic waste and biological system of
nutrient mobilization and plant protection
which promotes and enhances biodiversity,
biological
cycles
and
agro-ecosystem
health.Organic farming is the backbone of
sustainable agriculture production system
particularly depends on recycling of organic
waste such as crop residues, industrial waste
and sewage waste, are valuable source of plant
nutrients. Organic waste includes sugarcane
trash compost (1.09 per cent N), bio-gas slurry
(1.8 per cent N, 1.10 per cent P2O5 and 1.50 per
cent K2O), Vermicompost 1.60 per cent N, 5.04
per cent P2O5, 0.8 per cent K2O), Industrial
waste such as press mud improves soil fertility it
is a reclamation agent in saline and sodic soil
and Coir waste act as fertilizer, Crop residues (
0.5 per cent N), Rice husk used to improve soil’s
physical condition and green manuring crops
such as Sesbania, Dhaincha, and Sunhemp.
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Conclusion
The purpose of writing this article is to turn the
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environmental control (humidity, temperature,
gases) and fertigation.
Lettuce
production
in
vertical
gardens: Lettuce (Lactuca sativa) is a very
common cool season salad crops. It leaves rich
in vitamin -A, C and minerals- calcium and
Phosphorus.
Lettuce is a versatile plant which can easily

Vertical gardening: Vertical gardening is the
practice of producing food and medicine in
vertically stacked layers, vertically inclined
surfaces and or integrated in other structures.
The modern ideas of vertical gardening use
indoor gardening techniques and controlled
environment agriculture technology, these
facilities utilize artificial control of light,
November, 2019
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to hand water each of the pockets. Once
seeds sprout, use the water system
exclusively. The hand watering help to
increase the germination rates.

adapt to growing vertically. As a plant which
thrives in cooler weather, its optimal growing
conditions can include a wide range of possible
seasons and circumstances.
Both indoors and outdoors it is possible to
have a delicious and harvestable product over a
shorter period than you might think. Vertical
gardens are excellent because they allow
relatively dense plantings occupying small basic
footprints.
We can grow lettuce nearly anywhere, but
to get a large harvest from growing in
containers, then growing it in vertical planters.
We grow mixed lettuce, heads of lettuce and
baby greens every spring and fall.
Selection of good potting mixture for
growing lettuce: Selection of potting mixture
for growing of lettuce is very important because
heavy soil is not suitable for lettuce. For lettuce
lightweight soil mixes like peat moss, compost,
coconut coir, Perlite etc.
After selection of suitable potting mixture,
fill each planter up to the top with potting mix.
There is no need to “pack” the soil into the
planters as it will settle over time. Wait to water
until after stacking.
Propagation of lettuce: Multiplication of
lettuce through seeds.
Growing lettuce in planters: lettuce
seed is especially helpful when growing
vertically, because starter plants add up fast and
there are a lot of pockets in vertical planters.
Sowing of two seeds per pocket for large lettuce
head varieties and up to 8 seeds per pocket for
baby greens or mixed lettuces and then sprinkle
the seeds over the soil and covers it very lightly.

Fig: Vertical gardening of lettuce

Harvestings: Lettuce is one of the
wonderful crops that we can harvest from
multiple times. Lettuce plants are ready for
harvesting within 45 – 55 days after sowing. For
harvesting, Use the sharp knife and cut the
lettuce in straight line parallel to the soil leaving
about 1-2” of the lettuce stem so it will have
something to re-grow from.
Lettuce does get more bitter as continue to
harvest. We can usually get up to 3 cutting per
plant and continue the harvesting at 2 weeks
interval until the plant turns bitter or bolts.

Lettuce problems in vertical gardening
•

Care after planting
•
•

Stack:- Stack each of the tiers together
with a grey watering disk between each tier
and the top water reservoir locked in on top.
Water:-After stacking, it’s time to water.
Fill the top water reservoir to the amount of
tiers. In addition to the watering system, or
instead, use a spray bottle or watering can

VOLUME NO. 16, ISSUE NO.2

Tip burn: Tip burn is physiological
disorder in lettuce. This results in burning
and scorching of lateral margins of inner
leaves of mature head. This is caused due to
Calcium deficiency and unfavorable climatic
conditions. By applying calcium chloride,
this malady can be rectified.
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Carrot is valued as food family because it is a
rich source of α and β carotene. In carrot roots,
sucrose is most abundant with endogenous
sugar contents, 10 times than those of glucose
and fructose. Carrots are valuable for their taste,
good
digestibility,
high
contents
of
photochemicals and fibres. The popularity of
carrots has also been influenced by the
introduction of technology for the year round
cultivation of carrot. The health benefits of these
compounds, including protection against certain
forms of cancer, reduction of cardiovascular
disease, and scavenging of free radicals, have led
to consumer interest in getting natural products
all the year round. Carrots are nutritional
heroes; they store a goldmine of nutrients. This
is truly a versatile vegetable and an excellent
source of vitamins B and C as well as calcium
pectate an extraordinary pectin fibre that has
been found to have cholesterol –lowering
properties. Carrots also contain in smaller
amounts, essential oils, carbohydrates and
nitrogenous composites. They are well-known
for their sweetening, antianemic, healing,
diuretic, remineralizing and sedative properties.
In order to assimilate the greatest quantity of
the nutrients present in carrots. The popularity
of the carrots due to its various health benefits
has led the breeders to develop such varieties so
that it becomes available year round.

year round cultivation of carrot. Raised beds are
very popular in carrot production as they help in
promoting faster emergence. The soil tends to
be very soft in the beds, which is crucial for
weaker carrot seedlings. Seeds are sown in
ridge/raised beds at the rate of 5-6kg/ha. Seeds
should be treated with Bavistin @1g/kg seed.
The raised beds should be at 30 cm distance and
seeds are sown at a depth of 2-3 cm. Rouging is
done after the emergence of seedlings and 8-10
cm plant to plant distance is kept. Watering
should be done with rose can immediately after
sowing. Regular care should be taken in the
field. The optimum germination temperature is
18-20°С and as soon as the seedlings emerge,
the mulch should be removed. Hoeing should be
done with sticks between the lines so as to keep
weed free. Irrigation should be given alternate
day, in the morning, so as to keep the soil moist,
which protect the seedlings against frost.
Overwatering should be avoided. The seed bed
should not be more than 1 m wide to facilitate
easy cultural operations. The Asiatic types are
sown in the month of October while European
types in the month of November in plains. The
offseason cultivation of carrot will not only
benefit the farmers but also helps in the
availability of fresh to consumers year round.
Both the consumers and the producers will be
benefitted with this technology.

Cultivation practices of year round cultivation of
carrot
The following table will give us an idea for the
S.No.
1.
2.
3.
4.

Varieties
Pusa Vrishti
Pusa Rudhira and Pusa Asita
Pusa Yamdagini and Pusa Nayanjyoti
Pusa Vrishti

Sowing time
July –October
September –October
September- March
March- April

Soil and Climatic requirement

Yield (q/ha)
180-200
300-350
270-320
150-160

or muck-based soils are suitable for carrot
production. A pH range of 5.5 to 8.0 is
desirable. Carrot seedlings are very weak, and

Carrots favour well-drained, fine textured soils
with good water-holding capacity. Sandy, loamy

November, 2019

Harvesting time
October-November
November-January
November-April
March-April
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Harvesting

do not tolerate soil crusting. Seedbed
preparation must eliminate clods as they
interfere with uniform growth of the roots. Since
the taproot is the edible portion of the plant, the
field should be tilled to a 30 cm (12 inches) deep
to ensure that root penetration is not restricted.
Crusting of the soil surface will prevent the
seedlings from emerging. For this reason, avoid
clay soils. Carrots need an ample supply of
moisture from rainfall and/or irrigation
throughout the growing season since they are
not drought tolerant. A consistent moisture
supply helps keep the crop growing and reduces
the incidence of splitting from growth flushes. It
is basically a cool season crop. But some Asiatic
types can tolerate higher temperature. But the
newly released varieties from IARI are adapted
to the different climatic condition. For proper
growth and colour development of roots an
optimum temperature of 20 -25°C is required.

Roots should be harvested only when they are
fully developed. Sufficient moisture should be
present at the time of digging of roots. Roots are
properly well developed within 90-100 days.
Roots are to be properly washed with water
before sending to the market. The Asiatic types
are found to be more productive than European
types.

Crop Management
The first rouging is done after the emergence of
the seedlings. This is done to remove the extra
plants and proper spacing is maintained to have
well developed uniform roots. Removal of weeds
and properly covering of the roots with the soil
is done as when required.

Nutrient requirement
The nutrient requirement depends on soil type
and available nutrient content in the field. Well
decomposed farm yard manure @10-15 t /ha
should be mixed thoroughly with the soil before
sowing. To ensure heavy yields, it is advisable to
apply fertilizers @ 60 kg N2, 40 kg P2O5 and 40
kg K2O/ha. 30 kg N2 and full potassium and
phosphorus are top dressed at the time of
sowing. The remaining N2 is top dressed after 56 weeks of sowing.

Irrigation
Proper moisture should be there at the time of
sowing. The first irrigation should be after the
emergence of the seedlings. Initially irrigation
should be given at 8-10 days interval and later
on 10-15 days interval.

Plant protection

The above figures show the varieties as
under:
1. Pusa Vrishti
2. Pusa Yamdagini

The hybrid is relatively free from diseases and
pests.
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3.
4.
5.

Delhi.
Thamburaj S. and Singh N. (2015).Textbook of
Vegetables, Tuber crops and Spices. Indian
Council of Agriculture Research New Delhi.
Hazra P. and Som M. G. (2010). Textbook of
Vegetables Sciences.

Pusa Nayanjyoti
Pusa Asita
Pusa Rudhira
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Introduction

Seven out of the top 10 crops grown in the
world are designated as Silica accumulators so
understanding the role of Silica and the
mechanisms of Silica uptake and translocation
by the plant are justified.

Silicon (Si) is the seventh most abundant
element in the universe and the second most
abundant element on the planet, after oxygen,
making about 25 per cent of the Earth's crust.
Silicon is present in the soil in many forms that
vary with the pH of the soil solution. If the soil
pH is below 9.0, Silica is primarily in the
monosilicic acid form, Si(OH)4, and is found in
soil solution at concentrations ranging from 1420 mg Si/L. It has long been known to provide
beneficial effects on soil and plant growth. Silica
concentration in plants varies according to the
plant species. Plants of the gramineae family
had higher Silica concentrations. There is a
large variability in silica concentration in plants,
ranging from 0.1% to 10% dry weight,
depending on species.

Table 1. Silica Concentration of some of the crops ranked
by production.
Crop
Sugar Cane
Corn
Rice
Wheat
Potatoes
Cassava
Soybeans
Sugar Beet

•

Dicots including: Fabaceae (e.g. peas),
Cucurbitaceae (e.g. cucumber and squash),
Rosales (e.g. elm trees), and Asteraceae
(e.g. sunflower)
• Monocots including: Graminaceae (e.g.
wheat) and Cyperaceae (e.g., sedges)
Plants are divided in three groups according
to accumulation of silica in plants are:•
•
•

Silica Concentration in Shoots
(% Dry Wt.)
1.509
0.827
4.167
2.455
0.4
0.5
1.399
2.34-‐7

Barley
155
1.824
Tomatoes
136
1.55
Data from Hodson et al. (2005)

Beneficial Effects of Silica
Managing Environmental Stresses
The role that Silica plays in alleviating
environmental stresses on plant growth is due
to the way silica functions in the soil as well as
in the plant (see Fig 1). Silica works at several
different levels and can relieve stress from biotic
as well as abiotic influences as described below.

Silica-Accumulators
have
a
Silica
concentration over 1% and a [Si]/[Ca] ratio
>1.
Silica‐Excluders
have
a
Silica
concentration below 0.5% and a [Si]/[Ca]
ratio <0.5.
Plants that do not meet any of these two
criteria are called Silica-intermediates.
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Producti
on (MT)
1.736
826
686
683
326
232
231
222

Biotic Stresses
Silica has been shown to enhance the resistance
of plants to many disease organisms on a wide
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1973) or a decrease in Mn concentration. It was
observed that even when the concentration of
silica was low there was an increase in uptake of
K. This increase in K uptake was related to the
activation of H-ATPase. Mali and Aery (2008)
also reported an increase in absorption of N and
Ca for cowpea and wheat fertilized with
increasing doses of sodium metasilicate as well
as an improvement in nodulation and N2
fixation in cowpea. Studies in rice suggest that
silica applications increase a plant’s root’s
ability to oxidize Fe, converting ferrous iron into
ferric iron. The oxidation of iron reduces the
uptake of iron which reduces its toxicity.
Manganese toxicity is reduced in silica fertilized
plants because silica increases Mn binding to
cell wall limiting cytoplasmic concentrations.
Silica decrease the Cd and Zn concentrations in
corn shoots grown on Cd or Zn contaminated
soil with application of calcium silicate, resulted
in an increase in shoot biomass due to changes
in metal speciation in the soil rather than to pH
increase.

range of crops, including those caused by
bacteria and fungi and those diseases common
to wheat such as powdery mildew and eyespot.
The effect of Silica has also been demonstrated
in rice on stalk rot, rice blast, fusarium wilt, tan
spot, melting seedlings, and leaf spots.
Applications of silica also reduce the incidence
of powdery mildew in cucumber, barley and
wheat, sheath blight in rice, ring spot in sugar
cane, rust in cowpea and leaf spot in Bermuda
grass. Silica also appear to reduce insect activity
on crops. This suppression includes pests such
as stem borer and a range of leaf hopper and
spider mites.

Abiotic Stresses
Drought Stress: Silica applications have been
shown to have a significant positive impact on a
plant’s ability to tolerate drought stress.
Drought-stressed wheat plants that were treated
with silica fertilizer retained greater stomatal
conductance, relative water content, and water
potential than untreated plants. Treated leaves
were larger and thicker, reducing the loss of
water through transpiration and reducing
overall water use efficiency. Silicon fertilization
enhances the development of secondary and
tertiary cells of the endodermis which allows for
increased root resistance in dry soils and a
quicker growth of roots.
Salt Stress: Silica applications also
improved a plant’s resistance to water or salt
stress. It was also observed that silica could be
used in conjunction with soil plastic-relief
mapping to reduce the impact of irrigation
water on salt build-up in the soil. Silica can have
to increase yields in soils that are affected by
salt stress when calcium silicate was applied to
wheat plants grown in a hydroponic solution the
wheat growth was enhanced as well as the
K+/Na+ ratio. Na+ uptake was reduced and K+
uptake was increased.

Plant Growth Factors
Silica applications have shown a significant
effect on plant lodging and density of stands
especially in cereal grain crops such as rice,
wheat and barley. Deposits of silica in rice
shoots enhanced the thickness of the culm wall
and the size of the vascular bundles that results
in a reduction in lodging. Strong winds that can
increase lodging also act to desiccate the plant
tissue. Silica has be shown to be effective in
preventing excess water loss by forming
deposits on the hulls of rice. Silica also affects
the erectness of plant leaves that can improve
the amount of light a leaf can intercept, thereby
improving photosynthesis.

Referencea
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Nutrient Regulation
Silica fertilization increased the yields of barley
crops when soil phosphorus fertilization was
limiting. The effect of silica applications under
phosphorus deficient conditions could be due to
an in-‐planta mechanism, suggesting an
improved utilization of phosphorus, through an
increase in phosphorylation (Cheong and Chan
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What is Structured Water?

What is Structured Water Technology?

Structured water is water in it’s natural,
balanced state, both energetically and
materially, yet, cleansed of matter and energy
that isn’t congruent with nature, simply means
water that is arranged in a crystalline pattern at
the molecular level (Prof. Gerald Pollack from
the University of Washington). Structured water
is hexagonal in structure because it has six sided
molecules. Hexagonal water has a 109.50 angle a wider angle which creates a 3 dimensional
pattern where each water molecule serves as the
donor and the acceptor of 2 electrons.

Structured Water Technology changes the
Physical & Chemical parameters of natural
water, resulting in improvement of filtration
properties and increase dissolving properties of
water. Agricultural sciences take an interest not
only in the common and valued crop-farming
factors, but also in those less expensive and
generally underestimated, though more proecological ones, such as magnetic and implosion
technology. Structured water Technologies are
natural energy generators that correct corrupt
electromagnetic frequencies and enhance
natural electromagnetic frequencies. These
technologies employs an innovative application
and advanced understanding of the vortex
phenomenon
utilizing
the
dynamic
characteristic of water itself to create a unit that
works at the molecular and electromagnetic
level. These units alter the molecular structure
of the water, which activates it and allows it to
absorb healthful frequencies. Structured Water
Devices create soft water without taking the lifeenhancing
minerals
like
calcium
and
magnesium out of the water. These units use
rare earth minerals and quartz compression to
produce radiant energy frequencies that
effectively reduce the surface tension and
cluster size of water. This accelerates water's
ability to hydrate plant tissues, penetrate soils
and conserve water.

Structured Water Technology used in agriculture:1.
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Mag
Green
Structured
Water
Technology:-Magnetic Technology is the
outcome of more than 30 years of constant
research, observation and implementation.
Passing water through Mag Green Devices
change its structure. This technology
changes
the
Physical
&
Chemical
parameters of natural water, resulting in
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2.

improvement of filtration properties and
increase dissolving properties of water. This
technology enhances nutrient mobility in
soil and increases extraction & uptake of
Phosphorus (P), Potash (K), Nitrogen (N)
and iron (Fe) by plants. Magnetic
Technology increases the efficiency of
added fertilizers.
Crystal
blue
structured
water
technology:Crystal
Blue
Water
Structuring Units are natural energy
generators
that
correct
corrupt
electromagnetic frequencies and enhance
natural electromagnetic frequencies. This
alters the molecular structure of the water,
which activates it and allows it to absorb
healthful frequencies.

per plant, pods weight (g plant-1), number of
seeds per pod, 100-seed weight(g), seed yield (g
plant-1), straw yield (g plant-1), biological yield (g
plant-1) compared to irrigation with tap water (
Hozayn M, Abdul Qados AMS. 2010). When
wheat crop irrigated with magnetized water
significantly increased in all yield and yield
components compared to control treatment.
The increases reached to 24.56, 31.33 and 27.68
% in seed, straw and biological yield per teller
over the control. Irrigation of broad bean plants
with magnetic water increased significantly the
yield production. At harvest stage, the effect of
magnetic water and normal tap water on
number of branches/plant and number of
legumes/plant were increased significantly
compared to control treatment (tap water).

Quality parameters

How the unit works?

The sucrose concentration in the sugar beet is
the major factor affecting white sugar yield. The
irrigation of sugar beet plant with magnetized
water increased significantly beet quality by
increasing sugar concentration by 4.07%, TSS
by 1.04%, quality by 2.91% and recoverable
sugar by 8.25% compared to beet plants
irrigation with normal water (Kacharava et al.
2009). The irrigation of broad bean plant by
magnetic water exhibited an increase in
potassium, calcium, phosphorous contents in all
parts (roots, stems, leaves and seeds) of broad
bean plant compared with the control (tap
water) plant, whereas, sodium content tended to
decreased significantly in all plant parts (roots,
stems, leaves and seeds) irrigated with magnetic
water than tap water (control) plants

The two primary forces that work upon water to
structure it are:
•
•

Motion:- The vortex that is created by
silica spheres, is a picture of perfect motion.
Energy:- The EMF spectrum that is
created by mineral layer, reveals the
fullness of light which is energy

Effect of Structured Water on Production of field
Crops
Growth Parameters
Irrigation with magnetized water increased leaf
fresh weight (22%), stem fresh weight (19%),
root fresh weight (47%), total fresh weight
(24%), leaf dry weight (20%), stem dry weight
(20%), root dry weight (47%), total dry weight
(22%), leaf area (26%), SLA (6%), LAR (4%),
RWR (18%), stomatal conductance (22%) and
WUE (22%) as compared to ordinary water in
cowpea crop (Sadeghipour, O. and Aghaei, P.
2013). The enhancement in leaf area and SLA in
the plants irrigated with magnetic water must
have increased photosynthetic rates due to the
greater interception of light and the greater
amount of assimilates available for vegetative
growth. Growth parameters of chickpea plant
were increased with magnetized water
significantly as compared to pots which
irrigated with tap water.
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Yield Parameters
Irrigation of chick-pea plants with magnetic
water significantly increased number of pods
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Introduction

enemies: Ladybird beetles viz., Coccinella
septempunctata, Menochilus sexmaculata,
Hippodamia variegata and Cheilomones vicina
are most effcient pradators of the mustard
aphid. Adult beetles may feed on an average of
10 to 15 adults/day. Several species of syrphid
fly i.e., Sphaerophoria spp., Eristallis spp.,
Metasyrphis spp., Xanthogramma spp and
Syrphus spp. are predating on aphids. Foliar
spray with oxydemeton methyl 25 EC or
dimethoate 30 EC @ 2 ml/lit.
Mustard saw fly: Athalia lugens
proxima: Primarily the larva nibbles leaves,
later it feeds from the margins towards the
midrib. The grubs cause numerous shot holes
and even riddled the entire leaves by voracious
feeding. In severe cases, skeletonisation of
leaves
and
heavy
defoliation
occurs.
Management: Summer ploughing to destroy
the pupa. Apply irrigation in seedling stage is
very crucial for sawfly management because
most of the larvae die due to drowning effect.
Severe cold reduces pest load. Conserve
Perilissus cingulator (parasitoids of the grubs),
and the bacterium Serratia marcescens which
infect the larvae of sawfly. Use of bitter gourd
seed oil emulsion as on anti-feedant. Foliar
spray with malathion 50 EC or quinolphos 25
EC or methyl parathion 50 EC @ 2ml/lit or
carbaryl 50 WP @ 3g/lit.
Diamondback
moth:
Plutella
xylostella: Caterpillars feed on under surface
of leaves and make holes in leaves. In severe
cases, the leaves are skeletonised and give a
withered appearance. It also bores into pods
and feeds developing seed. Management:
Erecting pheromone trap @ 5/ acre to monitor
the moth activity. Collection and destruction of
larvae at gregarious stage at least twice a week
conserve Cotesia plutellae and Brachymeria sp.
as they are important parasitoids for diamond
back moth. Application of B.t @ 1g/lit. Spray

Rapeseed-mustard are the most important rabi
oil seed crops of India. Several biotic and abiotic
factors are responsible for reducing the yield of
rapeseed-mustard. Among various biotic
factors, insect pests are one of the major
constraints, which are responsible for huge yield
losses to an extent of 10 to 90 per cent.
Intensive modern cultivation practices for
higher production, productivity and profitability
relying heavily on chemical pesticides are a
major cause of wide spread ecological
imbalances resulting in serious problems of pest
resistance, pest resurgence, secondary outbreak,
disturbance in ecosystem and environmental
pollution. There is a lot of awareness in the
current world over on the need for promoting
environmentally
sustainable
agriculture
practices. Successful, economical control of
rapeseed-mustard insect pests requires using a
variety of control methods instead of only
insecticide use.

Insect pests and their management in rapeseedmustard
Mustard aphid: Lipaphis erysimi: Both
nymphs and adults suck the sap from leaves,
buds and pods. In case of severe infestation
leaves become curled, plant fails to develop
pods, the young pods when developed do not
mature and cannot produce healthy seeds. As a
result, plant loses their vigour and their growth
is stopped. Plants remain stunted and sooty
molds grow on the honey dew excreted by the
insects. In severe cases, the infected filed looks
sickly
and
blighted
in
appearance.
Management: The crop sown before 20th
October escape the damage. Set up yellow stick
trap to monitor aphid population. Destroy the
affected parts along with aphid population in
the initial stage. Conserve the following natural
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in wilting and loss of vigour of the plant. Adult
bugs excrete resinous substances which spoils
the pods. Management: Deep ploughing so
that the eggs of painted bugs are destroyed. The
bugs usually congregate on the leaves and stem
which can be jerked to dislodge them and killed
in kerosinised water. Conserve bio-control
agents like Alophara spp. Spray the crop with
malathion 50 EC or dimethoate 30 EC @ 2ml/lit
is effective.
Cabbage head borer: Hellula undalis:
Caterpillars firstly mine the leaves and make it
white papery. Later they feed on leaves and bore
into stems. Entrance hole is covered with silk
and excreta. Management: Collection and
destruction of larvae at gregarious stage with
leaves twice a week. For control of grown up
larvae apply 5% malathion dust 5 DP @ 37.5
kg/ha or carbaryl 50 WP @ 375 g in 150 litre of
water.
Mustard leaf miner: Chromatomyia
horticola: Maggots make large number of
tunnels and interferes with photosynthesis and
proper growth of the plants. The minute slender
larvae can be seen feeding within the tunnels,
when the attacked leaves are held against bright
light. Management: Spray 5% NSKE. Foliar
spray of dimethoate 30 EC @ 2ml/lit and repeat
spray at 15 days interval. A waiting period of 20
days should be observed for picking of pods

thiodicarb 75 WP @ 1g/lit or indoxacarb 14.5 SC
@ 1ml/lit or novaluron 10 EC @ 1ml/lit.
Bihar hairy caterpillar: Spilosoma
obliqua: Young larvae feeds gregariously on
the under surface of the leaves. In severe
infestation who crop will be defoliated.
Management: Deep summer ploughing. Use
optimum seed rate and provide adequate
spacing. Intercrop soybean either with (early
maturing) pigeon pea variety or maize or
sorghum in the sequence of 4:2 should be
practiced. Collect and destroy infested plant
parts, egg masses and young larvae. Install one
light trap (200W mercury vapour lamp) per
hectare to catch the adults. Apply trizophos 40
EC @ 0.8 lit/ha or quinalphos 25 EC @ 1.5
lit/ha or dust quinalphos 1.5 DP @ 25 kg/ha.
Leaf webber: Crocidolomia binotalis:
Young larvae feed initially on the chlorophyll of
young leaves and later on older leaves, buds and
pods, make webbings and live within. Severely
attacked plants are defoliated. Seeds in the pods
are eaten away. Management: Conserve biocontrol agents like Microbracon mellus and
Apanteles crocidolmiae. Foliar spray of
phosalone 35 EC @ 2 ml/lit, fenvalerate 20 EC
@ 0.5 ml/lit.
Painted
bug:
Bagrada
hilaris
(cruciferarum): Both nymphs and adults
suck sap from leaves, shoots and pods resulting
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Introduction

for specific use. It is a new aspect of biological
and agricultural science which provides new
tools and strategies in the struggle against
world’s food production problem (Anuradha et
al 2017). The major areas of biotechnology
which can be adopted for improvement of fruit
crops are –
– Tissue Culture
– Genetic Engineering
– Molecular markers

Biotechnological tools have revolutionised the
entire crop improvement programmes by
providing new strains of plants, supply of
planting material, more efficient and selective
pesticides and improved fertilisers. Many
genetically modified fruits and vegetables are
already in the market in developed countries.
Modern biotechnology encompasses broad
areas of biology from utilisation of living
organisms or substances from those organisms
to make or to modify a product, to improve
plant or animal or to develop microorganisms
VOLUME NO. 16, ISSUE NO.2
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(d) Conservation of germplasm:

I. Tissue Culture:
(a) Micropropagation:

In vitro germplasm conservation is of great
significance in providing solutions and
alternative
approaches
to
overcoming
constrains in management of genetic resources.
In crops which are propagated vegetatively and
which produce recalcitrant seeds and perennial
crops which are highly heterozygous seed
storage is not suitable. In such crops especially,
in vitro storage is of great practical importance.
These techniques have successfully been
demonstrated in a number of horticultural crops
and there are now various germplasm collection
centers. In vitro germplasm also assures the
exchange of pest and disease free material and
helps in better quarantine.

One of the widest applications of biotechnology
has been in the area of tissue culture and
micropropagation in particular. It is one of the
most widely used techniques for rapid asexual
in vitro propagation. This technique is
economical in time and space affords greater
output and provides disease free and elite
propagules. It also facilitates safer and
quarantined movements of germplasm across
nations. When the traditional methods are
unable to meet the demand for propagation
material this technique can produce millions of
uniformly flowering and yielding plants.
Micropropagation of almost all the fruit crops
and vegetables is possible now. Production of
virus free planting material using meristem
culture has been made possible in many
horticultural crops.
Example: banana, papaya, date palm
mulberry, passion fruit, grape vine etc.

(e) Somaclonal variation:
Plant breeders are continually searching for new
genetic variability that is potentially useful in
cultivar improvement. A portion of plants
regenerated by tissue culture often exhibits
phenotypic variation atypical of the original
phenotype. Such variation, termed somaclonal
variation may be heritable i.e. genetically stable
and passed on to the next generation.
Alternatively, the variation may be epigenetic
and disappear following sexual reproduction.
These heritable variations are potentially useful
to plant breeders. These variations are due to
variation in chromosomal number, structural
variation of chromosomes due to deletions,
duplication,
translocation,
genetic
and
cytoplasmic mutation etc.
Example:
Hwang and Ko (1987) identified somaclonal
variations in the cultivars Giant Cavendish with
putative field resistance to Fusarium wilt (race
4) but inferior in agronomic characters.

(b) Embro rescue:
Embryo rescue is another area where plant
breeders are able to rescue distant crosses which
would otherwise abort. Culture of excised
embryos of suitable stages of development can
circumvent problems encountered in post
zygotic incompatibility. This technique is highly
significant in intractable and long duration
horticultural species. Application of embryo
rescue can overcome can overcome some of the
pre and post-fertilization barriers in fruit crops.
This technique has important role in haploid
production, shortning of breeding cycle, rapid
seed viability test and propagation of rare
plants.
Example: grape, apple etc.

(f) Somatic hybridization:

(c) Anther culture:

Somatic hybridization provides a method where
sexual incompatibility in the plants can be bypassed. Protoplast culture includes a series of
operations such as isolation of the protoplasts
from cells, culturing them in a suitable medium,
inducing them to divide and then regenerating
plantlets from them. Fusion of protoplasts may
occur spontaneously or they may be induced to
fuse in the presence of fusigenic agents. The
polyethylene glycol (PEG) is the most widely
used fusigenic agent.
Example: Citrus (Tangelo) + Murraya

Haploid generation through anther/pollen
culture is recognized as another important area
in crop improvement. It is useful in being rapid
and economically feasible. The purpose of
anther and pollen culture is to produce haploid
plants by the induction of embryogenesis from
repeated division of monoploid spores, either
microspore or immature pollen grains.
Example: pineapple, papaya, litchi, apple,
citrus etc.
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and ecofriendly manner. Therefore, novel
insecticidal proteins and their respective
genes need to be identified and used in
conjugation with Bt to prevent development
of resistant insect. Disease resistance,
herbicide resistance, abiotic resistance etc.
are the other areas where genetic
engineering can play an important role in
imparting resistance in fruit crops.
Example: In apple gene attacin (from
Hyalophora cecropia) lysozyme (farm
chicken) and cecropin B (from H. cecropia)
can be used for disease resistance against
Eriwinia amylovora.

paniculata {electrofusion}
(C. reticulata × C. paradisi) + C. jambhiri
{electrofusion}
C. sinensis + C. reticulate {commercial
method-PEG}
C.
sinensis
+
Clausena
lansium
{electrofusion}

II. Genetic Engineering of Plants
The advent of recombinant DNA technology has
opened
tremendous
possibilities
for
transforming almost any plant by transferring
any gene from any organism across, taxonomic
barriers.
•

Laser-mediated gene transfer Important
fruit crops in which transgenic plants are
reported: Kiwi fruit var. Hayward, Papaya
var. Sunrise Solo, kapoho, solo, sunset,
maradol, sunrise, Lime, Mandarin (C.
reticulata), Walnut, Banana var. Grand
Nain, Pecannut var. Elliot6, Schley S/3,
Wichita 9 etc.

III. Molecular Markers
The possibility of using gene tags of molecular
makers for selecting agronomic traits has made
the job of breeder easier. It has been possible to
score the plants for different traits or disease
resistance at the seedling stage itself.
1. Bochemical marker: In mango enzyme
polymorphism has been used to distinguish
nucellar from zygotic seedlings, in citrus for
classification, in grapes for root stock
identification isozyme pattern was used.
2. DNA based markers
a. In
the
genetic
diversity
assessment:
Avocado,
banana,
blueberry, citrus, grapes, mango,
strawberry, walnut etc.
b. In varietal identification: Annona
sp. (RAPD), Apple (minisatellite,
RAPD), Grapes (SSR), Grape root stock
(RAPD), Lemon (RAPD).
c. Marker assisted selection (MAS):
Apple- columnar growth habit, scab
resistance, Avocado- skin colour,
Citrus- differentiation of zygotic and
nucellar
progeny,
Papayasex
determination.

Role of Genetic engineering
1.

2.

3.

4.

Improving shelf life of fruits (Name of Crop
and Gene)
Apple: ACC synthase, Attacin esterase,
Polygalacturonase, Banana: ACC synthase,
Strawberry:
Acetolactate
synthase,
Chitinase, Glucanase, PG inhibitor protein,
SAM transferase.
Edible vaccines: Transgenic banana is
one of the most recent examples, where
genes of antigenic proteins of many deadly
disease causing pathogens have been
expressed in banana fruits. Thus, children
can be immunized only by feeding with
these transgenic fruits, instead of painful
injections for immunization.
Biodegradable plastic: Polyhydroxy
butyrate (PHB) is used as a substrate for the
production of biodegradable plastic. By
transforming the PHB genes into the plants,
this could be produced on a large scale and
at a very low cost, which may reduce the
threat imposed by polyethylene to the
ecosystem.
Pest management: Fruit crops suffer
from a variety of insect pests. It is possible
to implement biotechnological approaches
to manage insect pests in a rational, durable
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Introduction: A transboundary problem is an
environmental problem that is transboundary in
scale. In other words, it is an environmental
problem originating in, or contributed by, one
country and affecting (or impacting) another.
For example: Several countries polluting a river,
a lake, or an ocean: (Eutrophication in Dnipro
River Basin transboundary problem affecting
many aquatic systems), the nutrients may be
emitted predominantly by one country in a
region but the effects felt in several countries.
The impact may be damage to the natural
environment (e.g. algal blooms) and/or damage
to human welfare (e.g. health problems).
Transboundary
Environment
Problem Analysis: To formalize the analysis
of transboundary environmental problems,
consider n countries with emissions (e1,...,en).
For each country j there is an environmental
variable zj that depends on emissions from all
the n countries. The variable zj is defined so that
an increase in zj gives a deterioration of the
environment in country j. For simplicity we
assume that the relationships between
emissions and depositions are linear, i.e.

Transboundary Environment Problem Solution
1.

2.

3.

zj=∑ eiaij……………. (1)

where, the element aij = the amount of
depositions in country j per unit emission in
country I, zj's = measure the environmental
quality in the countries, ei= Emission from
country i
For pure unidirectional case in which a river
runs through several countries which all pollute
the river. Clearly, a country that is further
downstream cannot pollute an upstream
country. When the countries are indexed as per
above equation (1) so that their index is higher
the further downstream the country is.
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Abatement cost/ Incentives for
reduction: The first country will not have
any incentive to cut back on emissions
unless they are influenced by the other
country (either financially or morally).
International treatises may be a solution,
where the polluter can compensate the
damages or the other country can pay to
avoid the damages, as in the Coase theorem.
International agreement: In countries
like Canada, the quality of environment
depends not only on what countries do at
home but also on activities outside our
borders.
International
environmental
agreements are important because they
enable countries to work together to
address vital environmental issues that are
transboundary or global in nature, such as
air pollution, climate change, protection of
the ozone layer, and ocean pollution. E.g.:
The Sulphur protocol of several European
countries to reduce acid rain caused by
emission of SO2.
Non Co-operative Equilibrium: In the
absence of any coordination between
countries, it is usually assumed that each
country chooses its own level of emissions
so that its own net benefits are maximized,
taking emission levels of other countries as
given. Formally, country j maximizes Rj(ej)Dj(zj) Subj to Eq…1 and taking the emission
levels of other countries as given. Where
Rj(ej) is Marginal Abatement cost and
Dj(zj) is Environment Damage cost. Solving
these maximization problems, we find that
the Nash equilibrium is given by emission
levels that satisfy Rj(ej)=ajjDj(zj) for all j
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Fig. 1: Nash equilibrium (Point N) for the two-country case in which αy > 0 e2

The Nash equilibrium is illustrated in
Figure 1 for the two-country case in which all
aij>0. In this Figure, ICj' and ICj'' are isowelfare curves for country j, i.e. curves for which
net benefits Rj(ej)-Dj(zj) are constant. An
increase in emissions from country 2 will
increase z1, which will increase the marginal
environmental cost in country 1, thus making it
optimal to reduce emissions from country 1. The
line r2(e1) in Figure 1 is country 2's response
function. It will be downward sloping under
corresponding assumptions as for country 1.
The Nash equilibrium is given at point N in
Figure 1
4. Pareto optimality: It is clear from Figure
1 that N is not a Pareto-optimal point.
Ignoring any side payments, the Paretooptimal points in Figure 1 are all points
along the line L connecting the tangency
points of iso-welfare curves. Among the
Pareto-optimal points, all points on the
heavily drawn portion of L are Paretopreferred (i.e., preferred by both countries)
to the Nash equilibrium, N. Formally, the
Pareto-optimal emission levels follow from
maximizing a weighted average of the net
benefits in all countries. Letting the weights
be α1,.,αn (all non-negative and adding to
one), we maximize the following with
respect to all emission levels.
W=Σ αk {Rk ek − Dk Σ ek ak }
5. Technology development: Greenhouse
gas emissions will become costly for
VOLUME NO. 16, ISSUE NO.2

6.

7.

countries and private producers, countries
and individual producers will have
incentives to undertake effort and costs, e.g.
research
and
development
(R&D)
expenditures, to develop new technologies.
On the other hand, R&D in one country is
not only advantageous for this country, but
usually also for other countries.
IMF Initiatives for Transboundry
Environment solutions: Different IMF
support policy reforms involving price and
exchange system, tax and subsidy has
tended to promote rational use of natural
resources and discouraged waste. IMF
indirectly helped to solve environmental
issues like Acid rains and improved quality
growth function of countries. E.g. IMF
implemented SDGs under Agenda 21 for
sustainable development.
Carbon Trading: Under carbon trading
there will be buying and selling of permits
to emit greenhouse gases to reduce global
climate change European union launched
world’s largest mandatory carbon emission
trading system in which government caps
national emission and allow polluters to buy
and sell permits to emit carbon dioxide
from the countries which can reduce their
carbon emission level.

Conclusion
Transboundary environmental problems
are serious problems these days which needs
joint effort of all the nations. To combat with it
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international
co-operations,
multilateral
agreements among all the nations and various
other measure as mentioned above are the need
of hour in order to protect our environment and
make it sustainable.
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two groups, subtropical race four (STR4),
causing disease in the presence of predisposing
factors such as low temperatures and tropical
race four (TR4), causing disease without
predisposing factors. TR4 was first reported in
the early 1990s in Indonesia and Malaysia. Now
it has reported in Taiwan, China, Philippines,
Australia,
Oman,
Jordan,
Mozambique,
Lebanon, Pakistan, Laos and Vietnam.

Panama disease (or Fusarium wilt) is one of the
most destructive diseases of banana caused by
the soil-borne fungus Fusarium oxysporum f.
sp. cubense (Foc). Its new race, Tropical Race 4
(TR4) which belongs to vegetative compatibility
group VCG 01213/16, is among the most
destructive disease of banana causing serious
losses in Southeast Asia (FAO 2016). In 2015, a
banana grower from Barari village of Katihar
district in Bihar (India) reported the wilting of
Cavendish banana cvs. Robusta and Grand
Naine (Thangavelu et al., 2019). In 2017,
symptoms were observed in a block of Grand
Naine in the Faizabad district in Uttar Pradesh
and officially reported in 2019 (Damodaran et
al., 2019). Now it has hit to Madhya Pradesh
(Burhanpur district), Gujarat (Surat district)
and Maharashtra (Jalgoan district), and
threatening to inflict heavy losses to the
country’s ₹50,000-crore banana industry
(Kulkarni, 2018). Since, the pathogen is soil
borne; new plantation cannot be done on
already infected field resulting in the shifting
cultivation by banana growers to other crops
like maize, paddy etc.
Around 35 strains of this fungus are
grouped into four main ‘races’ based on their
vegetative compatibility. Races one, two and
three affect relatively small number of banana
cultivars. Race four can infect most varieties,
but is known predominantly for attacking
Cavendish, the most widely cultivated variety in
the world. Race four is further categorized in
November, 2019

Spread and symptoms
Pathogen can persist in soil for more than 30
years and spread by infected planting material
(suckers), infested soil particles attached to
farm tools, shoes, vehicles etc., and irrigation
and drainage water. The spores infect the plant
through the roots and colonise the xylem
vessels, blocking the flow of water and nutrients
resulting in blacken, discolour (from pale yellow
in the early stages to dark red and black in the
later stages) and weaken the vascular tissue
within the stems. Symptoms start from feeder
roots and rhizomes and then in the pseudostem.
External symptoms include the wilting plants
with yellowing older leaves around the margins.
New leaves may have irregular, pale margins
and wrinkled blades (FAO 2019).

Management
TR4 cannot be controlled using fungicides, flood
fallowing, crop rotation and the use of organic
amendments. The effective means of control is
host resistance. Resistant cultivars identified are
60
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prevent further spread of disease. Disease can
effectively be managed by integrated disease
management including bio-agents, botanicals,
plant activators and resistant cultivars.
Regulatory measures must be implemented to
prevent the spread of disease.

FHIA-01, FHIA-02, FHIA-18, FHIA-25, Pisang
Jari Buaya, Cultivar Rose (AA), and to a lesser
extent GCTCV-119 and FHIA-03 in China;
EAHB, Plantain and GCTCV-219 in Philippines.
Quarantine and exclusion procedures are
effective in preventing the spread of pathogen
by implementing appropriate regulations and
phytosanitary measures to stop entrance of the
fungus into a country or region. Specific actions
include use of certified disease free tissue
culture planting material, avoiding sharing of
farm equipment, border controls, regular
surveys, early detection and containment (FAO
2016).
The National Research Centre for Banana,
under the Indian Council for Agricultural
Research, has begun advocating of burning
disease-hit plantations in the affected regions.
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Conclusion
In the near future, Fusarium wilt in banana will
be a serious threat to livelihood and
sustainability banana growers in India. Farmers
will move to other crops which will give less
profit as compare to banana crop. Creation of
awareness and training of farmers on the
significance of Fusarium wilt, its identification,
diagnosis and prevention is a pre-requisite to
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Introduction:
Zero Budget Natural Farming, as the name
implies, is a method of farming where the cost
of growing and harvesting plants is zero.This
means that farmers need not purchase fertilizers
and pesticides in order to ensure the healthy
growth of crops.It is, basically, a natural farming
technique that uses biological pesticides instead
of chemical-based fertilizers. Farmers use
earthworms, cow dung, urine, plants, human
excreta and such biological fertilizers for crop
protection. It reduces farmers’ investment. It
also protects the soil from degradation.

2.
3.
4.

1. Jeevamrutham/Jeevamrutha/Jivamrita
This is a fermented microbial culture prepared
from locally available natural resources for the
purpose of being applied to the soils/plants at
different stages of their growth. It is a form of
bio-fertilizer, a catalytic agent, promoting
microorganism and earthworm activity in the

The four pillars of ZNBF
1.

Ensure soil fertility through cow dung and

VOLUME NO. 16, ISSUE NO.2

cow
urine-based
concoction
(Ex:
Jeevamrutham)
Seed treatment with cow dung and urinebased formulations.
Mulching and soil aeration for favourable
soil conditions.
Water vapour condensation for better soil
moisture.
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•

soil. The 48 hour fermentation process
multiplies aerobic and anaerobic bacteria
present in the cow dung and urine, as they eat
up organic ingredients, and a handful of
undisturbed soil acts as inoculate of native
species of microbes and organisms. Its
application acts as a preventive measure against
fungal and bacterial diseases. It can be applied
through irrigation water or through foliar spray.
While transiting from conventional inputintensive agriculture, the application of
Jeevamruthato the soils and plants is required
only for the first three years because after that
the system becomes self-sustaining.
Preparation ofjeevamrutham: Put 200
liters of water in a barrel; Add 10 Kg fresh local
cow dung and 5 to 10 liters aged cow urine; Add
2 Kg of Jaggery (a local type of brown sugar), 2
Kg of pulse flour and a handful of soil from the
bund of the farm. Stir the solution well and let it
ferment for 48 hours in the shade. Now
jeevamrutham is ready for application. 200
liters of jeevamrutam is sufficient for one acre of
land.

•

•

Soil mulching: It protects topsoil by
avoiding tilling. It facilitates aeration, and
promoteswater retention. If not zero tillage,
avoid deep ploughing.
Straw/Biomass mulching: Application
of dry organic matter along with
Jeevamruthawill lead to decomposition and
humus formation that willimprove soil
fertility.
Live mulching: This suggests intercropping or mixed-cropping by combining
monocots(those seedlings with one seed leaf
like rice and wheat) with dicots (those
seedlings with twoseed leaves like legumes)
in the same plot of land. This will create a
symbiotic relationshipbecause monocots
will supply elements like potash, phosphate,
and sulphur, while dicots willwork towards
nitrogen-fixation.

Whapasa/Moisture:
This calls for an appropriate mix of water and
air in the soil or the relevance of soil moisture.
Itquestions the thinking that plants need more
water and irrigation is the way out. Rather, it
calls for a reduction in water usage and
resonates with the saying "more crop per drop."

2. Beejamrutham/Beejamrutha/Bijamrita:

Other principles of ZBNF:

This is a concoction prepared from locally
available natural resources for the purpose of
treatment forseeds, seedlings or any planting
material. It reduces the possibility of seed
infestation by pests and protects young roots
from fungus, soil-borne diseases, and seedborne diseases that generally affect the plants
after monsoon. In the ingredients, the dung and
urine from the indigenous breed cow act as a
powerful fungicide, and anti-bacterial agent,
respectively.

Some of the other important principles of ZBNF
are intercropping where in addition to
combiningmonocot and dicot crops in a single
plot of land it also articulates the relevance of
crop-tree association (and that will add to
income from additional sources), the role of
contours and bunds to preserve rainwater and
promote maximum efficacy for different crops,
the need to revive the local deep soil
earthworms and not to rely on vermicompost
(in particular, the Eisineafeotidaworm, exotic to
India should be avoided), and to use the
indigenous humped cow (BosIndicus) for their

3. Mulching/Acchadana:
There are three types of mulching.
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prices of crops, the rising costs of fossil fuel
based inputs, and private seeds. More than a
quarter of a million farmers have committed
suicide in India in the last two decades. Various
studies have linked farmer’s suicides to debt.
Debt is a problem for farmers of all sizes in
India. Under such conditions, ‘zero budget’
farming promises to end a reliance on loans and
drastically cut production costs, ending the debt
cycle for desperate farmers.

dung and urine because they have a greater
concentration of micro-organisms. Further,
depending on the nature and type of insect/pest
attack, zero budget natural farming has come up
with different formulations (neemastra,
agniastra, and bramhastraamong others) from
locally available resources that work as biopesticides.

Conclusion:
The neoliberalizationof the Indian economy led
to a deep agrarian crisis that is making small
scale farming an unviable vocation. Privatized
seeds, inputs, and markets are inaccessible and
expensive for peasants. Indian farmers
increasingly find themselves in a vicious cycle of
debt, because of the high production costs, high
interest rates for credit, the volatile market

Reference:
Srijit Mishra. 2018. Zero Budget Natural
Farming:Are this and similar practices the
answers. NabakrushnaChoudhury Centre for
Development Studies. Odisha.
http://www.fao.org/3/a-bl990e.pdf
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whereas devaluation is result of conscious effort
of RBI. Devaluation is never ending and termed
as devaluation spiral.

INTRODUCTION: If our country’s currency is
reduced in value terms in comparison to other
currencies or we can say “decreasing value of
nation’s currency relative to gold or currencies
of other nations is Devaluation.” Under
devaluation, there is no change in the internal
purchasing power of the currency. For example:
Rs. 60=1$ (before devaluation) and Rs. 65 =1$
(after devaluation). Two basic things are there
under Devaluation: a.) Monetary Policy by
Central Bank and b.) Conscious efforts of RBI.
There are two types of devaluation: planned and
market
driven
devaluation.
Planned
devaluations are brought about almost
exclusively by government decisions to
deliberately reduce the relative value of a
currency, (usually intended as a means to some
improvement in the country's trading position.)
The value of a currency relative to the world’s
major currencies (especially the dollar) declines
on its own through trading in the foreign
exchange markets. Depreciation is the term
which sometimes used to describe a decrease in
a currency’s value due to market forces, not
government or central bank policy actions
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INFLATION  DEVALUATION  VALUE OF
CURRENCY  PRICE RISES

FACTORS RESPONSIBLE FOR DEVALUATION
Prices Rises which lead to lack of
competitiveness, increase in Current Account
Deficit(CAD) i.e. when imports are more than
exports and Price of Oil (India depends on
imports for oil so increase in price of Oil lead to
increase in CAD which further lead to
devaluation).

IMPACT OF DEVALUATION
It depends on the state of the business cycle – In
a recession, devaluation can help in boosting up
growth without causing inflation. In a boom,
devaluation is more likely to cause inflation.
Secondly, it led to gain for exporters and lose for
importers: Let us suppose that 1$= Rs.60
before devaluation and 1$= Rs. 65 after
devaluation. For 100 $ commodity export,
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the balance of payments to worsen in the
beginning and then to improve it, there is a JCurve effect. Fourthly, economy will become
unstable
because
Domestic/international
instability-Investment decreases-- Growth
Decreases---
GDP
Decrease.
Fifthly,
Purchasing Power Decreases: It led to decrease
in standard of living. eg: If a consumer has
income Rs. 1000/- and Price of apple is Rs.
100/kg before devaluation then purchasing
power is 10 Kg apple, if price of apple id Rs.
125/kg after devaluation then purchasing power
is 8 kg apple.

exporters gain 60x100=Rs. 6000 before
devaluation & 65x100= Rs. 6500 after
devaluation. For 100 $ commodity import,
Importer will have to pay 60x100=Rs 6000
before devaluation & 65x100= Rs. 6500 after
devaluation. There will be short term economic
growth. Thirdly, competitiveness come down in
long run i.e. Exporters gain in short run but
have to compromise for quality in long run due
to which competitiveness come down in long
run. Devaluation may take a while to improve
current account (See Figure: J-Curve effect).
The J- Curve Effect: When devaluation causes

REASONS TO ADOPT DEVALUATION BY CENTRAL
BANK
•

•

•

To curve out excess imports: e.g.:
import of gold which is not productive only
lead to rise in CAD, so to avoid it RBI can
adopt Devaluation.
Competitive Edge: Exports Cheaper
and exporters gain in short run: e.g.
to provide impetus to tourism, China
regularly devaluates its currency and
exporters gain in short run.
To boost exports, correct balance of
payment, adjustment in the currency value,
reduce
debt
burden,
increase
competitiveness in the foreign market,
achieve higher economic growth and to
increase standard of living.
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HISTORY OF DEVALUATION OF INDIAN CURRENCY
The first devaluation was due to India's war with
Pakistan in late 1965. The US and other
countries friendly towards Pakistan withdrew
foreign aid to India. It resulted due to current
account deficit of over 290 cr. due to second five
year plan. Inflation has caused Indian prices to
become much higher than world prices. Budget
deficit due to defense spending in 1965/1966
was 24.06% of total expenditure. Money supply
increases and it led to depletion of foreign
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balance of trade and to maintain economic
stabilization. It is required to correct the price
distortion, to increase competitiveness in the
foreign market, raise national income.
Devaluation is the important corrective measure
adopted by central bank of country to achieve
higher standard of living and close the
development gaps.

reserves which resulted in 1966 devaluation.
Second was 1991 devaluation which resulted due
to trade deficit in 1990 of US $9.44 billion. The
current account deficit was US $9.7 billion. The
gulf war led to higher imports due to the rise in
oil prices. There were many other reasons also
like, cost push inflation, political and
economical instability and depleting foreign
exchange reserve.

REFERENCES:

CONDITIONS FOR THE SUCCESS OF
DEVALUATION:

Puri, A. and Mathew, S. J. 2018. Impact of
Devaluation of Indian rupee on international
trade. Journal of Management Research and
Analysis, 5(1): 149-161.
Garg, N. and Singh, S. 2018. Rupee-Dollar
fluctuation and its impact on Indian economy.
International Journal of Research and
Analytical Reviews, 5(4): 879-886.
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Domestic Price Stability
International Cooperation
Elasticity of imports and exports
Spirit of sacrifice by the people
CONCLUSION: Devaluation of currency
is required in order to relieve an unfavorable
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