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Hydrogel for Improving Water Use Efficiency and
Crop Productivity
1U.

Sai Sravan*, 2B. Rama Krishna and 3G. Samba Siva
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Associates, ICAR-CRIDA,3 SRF, ICAR, CRIDA, Hyderabad

Though agricultural sector development in India
is fast paced, major agricultural area is still
under rainfed condition (i.e. around 67% of the
net sown area). Majority of the area still
depends primarily on rainfall for livelihood
security. The geometrically growing population
and increasing food demand has put substantial
pressure on rainfed areas which lacks irrigation
for crops. This has created enormous burden on
natural resources leading to their over
exploitation in these areas and poor quality of
life. Out of the India’s total rural population,
about 82% dwell in the rainfed areas, and India
is ranked 41st among 181 countries in terms of
water stress. By 2025 the problem of water
scarcity in India will be severest. Due to vagaries
of climate change, failure of monsoon and
increased unpredictability in rainfall pattern

March, 2020

agriculture, livestock as well as the human
population are adversely affected. The central
water commission (CWC), Govt. of India, has
also concluded that the water demand for
different purposes has been continuously
increasing in India, but the potential water
available for future use has been declining at a
faster rate. The impact of water scarcity on
agriculture has become more prominent as
agriculture sector consumes the maximum
water (85%) compared to industry (10%) and
domestic (5%) sectors. Numerous efforts are
being intended and developed to enhance the
water-use efficiency in agriculture. Various
micro-irrigation methods viz. sprinkler and drip
systems,
management
practices
viz.
compartmental bunding, ridge furrow methods,
mulching, etc. are in practice by farmers in
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rainfed areas for managing the meager water
resource. Hydrogel is also one of the viable
methods adopted to improve the water-use
efficiency in agriculture systems.
Polymeric soil conditioners were identified
since the 1950s but their wide application failed
despite the scientific basis for their use was well
established. These polymers were developed to
improve water use efficiency, soil permeability
and infiltration rates, reduce number of
irrigations, compaction tendency and to
enhance plant performance (particularly in
structure less soils in drought areas). Studies
with polymers were performed in the laboratory
or greenhouse without considering economics at
the production level in large-scale agriculture.

early 1980’s for agricultural use. These polymers
possess cross linked chain structures instead of
linear chain structures to form a three
dimensional network. Cross-linking occurs
when polymerisation is carried out in the
presence of a small amount of a divinyl
compound. These polymers can absorb up to
1000 times their weight in pure water
depending on synthetic conditions, type and
density of covalent bonds. Three different types
of hydrogels have been developed as agricultural
polymers:


Starch-graft copolymers which were formed
by graft polymerisation of polyacrylonitrile
onto starch followed by saponification of
the acrylonitrile units
 Cross-linked polyacrylates
 Cross-linked polyacrylamides and crosslinked acrylamide-acrylate copolymers
containing a major percentage of
acrylamide units.
For agricultural use the latter group of
hydrogels claimed to remain active for much
longer time. Hydrogel is a synthetic polymer
used in soil amendment. It is insoluble,
hydrophilic in nature and can absorb huge
quantity (80-180 times its volume & 400 times
its original weight) of water and hold for a long
time. Hydrogels have incredible potential in
areas where opportunity for irrigation is
restricted and can increase the water availability
to the plants when needed. Plant roots are able
to absorb water from the crystal bead of
hydrogel.
Hydrogel applied at the rate of 5 kg ha-1
along with farm yard manure (FYM) in an
alluvial sandy loam soil significantly impacted
hydrological properties of soil like the field
capacity, plant available water content, relative
field capacity and saturated hydraulic
conductivity. Hydrogel application in rice
improved the yield and yield components in
aerobic condition. Grain yield, nutrient uptake
and water-use efficiency increased in winter
wheat when hydrogel was applied at the rate of
5 kg ha-1 in sandy loam soils, while in clay soils
the same rate of hydrogel along with
recommended dose of fertilizer has increased
yield by 8.48%. Hence, the dose of hydrogel
varies from 2.5 to 5 kg ha-1 depending on the soil
texture. A higher dose is recommended for

Types of Polymers
Water soluble and Gel forming polymers have
been studied and marketed for agricultural use.
Water soluble Polymers
These were developed primarily to aggregate
and stabilise soils, combat erosion and improve
percolation. Water soluble polymers include
homopolymers and copolymers viz. poly
(ethylene glycol), poly (vinyl alcohol),
polyacrylates, polyacrylamide, poly (vinyl
acetate-alt-maleic anhydride). Polyacrylamide
(PAM) is one of the most extensively used soil
conditioner. In recent times, polyelectrolytes
viz. acrylamide/acrylate copolymers have
fascinated much attention as they have been
shown to be most effective in improving the
physico-chemical properties of soils.
Benefits of water soluble polymers
 PAM has proved to be effective against soil
erosion, the permeable layer of soil formed
by conditioner stabilizes the soil, thus
preventing runoff.
 In PAM treated soil, penetrability of water
increases by a factor of 2.5 while its mean
diffusivity increases four fold.
 Several studies have shown that polymeric
soil conditioners improved plant growth
and crop yield, requirements for irrigation
decreased in crops such as tomato, lettuce,
maize and sugar beet.
Gel forming polymers
Gel forming polymers or insoluble water
absorbing polymers was first introduced in the
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sandy soil with lower moisture holding capacity
while a lower dose is recommended for clayey
soil with higher moisture holding capacity.
Benefits of hydrogels


fertilizer with the polymer.
The NPK fertilizers along with cross-linked
polyacrylamide gels are now receiving more and
more attention at research level. Cross-linked
polyacrylamide is also being considered as a
potential carrier for insecticides, fungicides and
herbicides.
Conclusion
The beneficial effects of water-soluble polymers
and hydrogels on soil physical properties are
observed. Increase in crop productivity was
observed as a result of better soil conditions.
However, studies have not been extended to
large scale agriculture and application rates for
most economical yields..

Application of hydrogel decreases the
irrigation requirements of several crops by
improving water holding capacity.
Hydrogels help reduce water stress of plants
resulting in increased plant growth.
Use of hydrogels leads to increased water
use efficiency.
Cross-linked polyacrylamides hold up to
400 times their weight in water and release
95% of the water retained within the
granule to growing plants.
It reduces fertilizer (NPK) leaching which
seems to occur through interaction of the
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Agricultural Green House Gas Emissions
S. Thirumeninathan 1 and P. Ramamoorthy2
1 Ph.

D. Scholar, Department of Agronomy and 2 II Ph.D. Scholar, Department of Soil Science and
Agricultural Chemistry, TNAU, Tamilnadu

processes in animals. During digestion,
microbes in the animal’s digestive system
ferment feed. This process, called enteric
fermentation, produces methane as a byproduct which can be emitted by the exhaling
and belching of the animal. Because of their
unique digestive system, ruminant animals (e.g.
cattle) are the major emitters of methane. Beef
cattle account for about 70 percent and dairy
cattle for about 25 percent of these methane
emissions. If beef and dairy cattle numbers
increase, methane emissions will also increase.
Feed qualify and feed intake influence the level
of methane emissions. In general, lower feed
quality and higher feed intake lead to higher
methane emissions.
Manure management: Methane is
produced by the anaerobic (without oxygen)
decomposition of manure. When manure is
handled as a solid or deposited naturally on
grassland, it decomposes aerobically (with
oxygen) and creates little methane emissions.
However, manure stored as a liquid or slurry in
lagoons, ponds, tanks or pits, decomposes
anaerobically and creates methane emissions.

Sources for Green House gas Emission
Agricultural soil management: These are
nitrous oxide emissions and account for about
60 percent of the total emissions from the
agricultural sector. Nitrous oxide is produced
naturally in soils through the microbial
processes of nitrification and de-nitrification.
During
nitrification,
ammonium
(NH4)
produces
nitrates
(NO3,).
During
denitrification, nitrates (NO3,) are reduced to
nitrogen gas (N2). An intermediate step in both
of these processes is the creation of nitrous
oxide (N20).The large increase in the use of
nitrogen fertilizer for the production of high
nitrogen consuming crops like corn has
increased the emissions of nitrous oxide.
Although nitrogen fertilizer is essential for
profitable crop production, the development of
practices for more efficiently using nitrogen
fertilizer has the potential to significantly reduce
nitrous oxide emissions while also reducing
production costs and mitigating the nitrogen
contamination of surface and ground waters.
Enteric fermentation: Methane is
produced as part of the normal digestive
March, 2020
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Dairy cattle and swine produce about 85 percent
of the methane emissions. Methane emissions
will increase as the number of large scale
livestock confinement systems increases.
Methane emissions can be reduced through
the application of technologies designed to
capture the methane and use it as an energy
source. In addition to reducing methane
emissions, methane capture will improve the
profitability of the livestock operation by
offsetting the need for fossil fuel energy from
outside sources.
Carbon dioxide from fossil fuel
consumption: The use of fossil fuels in
agricultural production accounts for eight
percent of the emissions from agriculture. These
emissions are primarily from combustion of
gasoline and diesel fuel. Using renewable fuels
can reduce the carbon dioxide emissions from
agriculture production.
Others: A variety of other sources produce
greenhouse gas emissions. For example, most of
the world’s rice and our rice is grown on flooded
fields, which prevents atmospheric oxygen from
entering soil. When rice is grown with no
oxygen, the soil organic matter decomposes
under anaerobic conditions and produces
methane that escapes into the atmosphere.

otherwise destroyed, the carbon is maintained
in the wood and the wood continues to be a
carbon sink. Trees harvested for building
materials maintain the carbon in the new
structure (houses, etc.) for decades. Wood
disposed of in a solid waste disposal site
provides an almost permanent carbon sink. The
growth of new trees planted on harvested areas
sequesters additional carbon. The carbon sink
created by forests and forest products (9.6
percent) more than offsets the greenhouse gas
emissions from agriculture (8.2 percent).
Although most forested areas are not located in
the Midwest, sinks do occur in Midwest
agriculture. Agroforestry practices such as
managed shelterbelts and forested riparian
zones enhance carbon emission offsets and
provide other wildlife and aesthetic benefits.

Green House Gas Emission From
Various Sources
Emissions from Agricultural Soils (N2O)
Between 1990 and 2012, nitrous oxide (N2O)
emissions from agricultural soils increased by
30.9%, from 1,614 million tonnes of carbon
dioxide (CO2) equivalent to 2,114 million tonnes,
which corresponds to 39.3% of total agricultural
emissions. Underlying this trend are increases
in crop production and fertilizer use and other
nitrogen sources such as crop residues. From
2012 to 2030, N2O emissions from agricultural
soils are projected to increase by 3.8%, from
2,114 million tonnes of CO2 equivalent to 2,195
million tonnes, which corresponds to 38.1% of
total agricultural emissions (FAO 2015).
Emissions from Livestock and Animal
Products
The livestock sector contributes an estimated
7,100 million tonnes of CO2 equivalent per year,
representing
14.5%
of
human-induced
greenhouse gas emissions. Production of beef
and cattle milk accounts for the majority of
emissions, contributing 41% and 20%,
respectively, of the sector’s emissions.
Production of pig meat and poultry meat and
eggs contribute 9% and 8%, respectively, of the
sector’s emissions. Feed production and
processing, and enteric fermentation from
ruminants are the two main sources of
emissions, accounting for 45% and 39%,
respectively, of sector emissions. Manure

Agricultural greenhouse gas sinks
A sink is a reduction in atmospheric greenhouse
gases by storing (sequestering) carbon in
another form. A traditional carbon sink is
underground coal and oil deposits where
millions of year ago living plants (and other
organisms) used atmospheric carbon to build
the plant. When the plants died, instead of
decomposing and releasing carbon back into the
atmosphere, they were stored under high
pressure and became oil and coal. When oil and
coal are recovered and consumed, the
sequestered carbon is emitted into the
atmosphere as carbon dioxide.
Forest
management
practices:
Growing trees sequester large amounts of
carbon dioxide from the atmosphere through
photosynthesis. The carbon is used to build the
plant and the oxygen is released back into the
atmosphere. An increase in biomass from the
growth of forests (both above ground and below
ground) provides a carbon sink. As long as the
wood does not decompose or is not burned or
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storage and processing account for 10 % of
emissions. The consumption of fossil fuel along
livestock-sector supply chains accounts for
about 20% of sector emissions. About 44% of
the sector’s emissions are in the form of
methane (CH4). The rest is almost equally
shared between N2O (29%) and CO2 (27%).
Global CH4 emissions from enteric fermentation
increased by 11.2% from 1990 to 2012, from
1,869 million tonnes of CO2 equivalent to 2,080
million tonnes, a share that represents 38.7% of
total agricultural emissions in 2012. From 2012
to
2030,
CH4 emissions
from
enteric
fermentation are projected to increase by 13.7%,
from 2,080 million tonnes of CO2 equivalent to
2,365 million tones. From 1990 to 2012,
CH4 and N2O emissions from manure
management increased by 8.7%, from 335
million tonnes of CO2 equivalent to 364 million
tonnes, corresponding to 6.8% of total
agricultural emissions in 2010. From 2012 to
2030, global CH4 and N2O emissions from
manure management are projected to increase
by 13.4%, from 364 million tonnes of
CO2 equivalent to 413 million tones. Before the
beginning of the second bullet point (Production
of beef and cattle milk…) include: “Cattle
production accounts for 64 to 78% of livestock
emissions. Land use and land-use changes for
feed production and pastures are also one of the
most representative sources of emissions,
accounting for approximately 1.6 GtCO2eq per
year (Gerber et al. 2013).
Emissions from Rice Cultivation (CH4)
CH4 emissions from rice production have
increased 12% from 1990 to 2012, from 466
million tonnes of CO2 equivalent to 522 million

3.

tonnes, corresponding to approximately 9.7% of
total agricultural emissions in 2012. Underlying
this trend has been a similar increase in the land
area of harvested rice (FAO 2015). From 2012 to
2030, CH4 emissions from this source are
projected to decrease 3.8% from 522 million
tonnes of CO2 equivalent to 502 million tones.
Other Agriculture Sources of nonCO2 Emissions (CH4, N2O):
From 1990 to 2012, total emissions from other
agricultural sources (such as burning of crop
residues) increased from 277 million tonnes of
CO2 equivalent to 301 million tonnes,
corresponding to approximately 5.6% of total
agricultural emissions in 2010 (FAO 2015).
Type of
emission

Agricultural
soils (N2O)
Enteric
fermentation
(CH4)
Rice cultivation
(CH4)
Manure
management
(CH4, N2O)
Other emissions
(CH4, N2O)
Total nonCO2 emissions

Total
emissions
2030
(projection)
(MtCO2e)
(million tonnes of CO2 equivalent)
1,614
2,114
2,195
(35.4%)
(39.3%)
(38.1%)
1,869
2,080
2,365
(41%)
(38.7%)
(41.1%)

Total
emissions
1990
(MtCO2e)

Total
emissions
2012
(MtCO2e)

466
(10.2%)
335
(7.3%)

522
(9.7%)
364
(6.8%)

502 (8.7%)

277
(6.1%)
4,561
(100%)

301
(5.6%)
5,381
(100%)

281 (4.9%)

413 (7.2%)

5,756 (100%)
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Source and Sink Relationship for
Improving Crop Yield
Jeena Mary
Ph.D. Scholar, Dept. of Agronomy, College of Horticulture, Kerala Agricultural University,
Vellanikkara, Thrissur, Kerala

major determinant of productivity in crops.
Proper understanding of growth rate and factors
underpinning this rateare therefore essential for
improving the crop yield. This growth rate can

Introduction
Growth is an important ingredient of robustness
in plants especially for the competitive
interactions within plant communities. It’s a
March, 2020
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vary with both external and internal factors.
Biotic and abiotic components are coming under
external factors. While, molecular, physiological
and developmental mechanisms are the internal
constraints ie. rate of metabolic activities,
allocation of assimilates, cell division and
expansion etc. These internal processes can be
realized within the framework of source-sink
relationships. Eventhough, there are so many
studies have been undertaken to learn source
sink interactions, but complete perception of
these relationships is still far away from the
reality due to diverse nature of plant
community. In crops, the physiological basis of
dry matter production depends on the source
and sinks relationships. So, to achieve increase
in crop productivity, how the assimilates are
being produced and utilized within the plant
system can be thoroughly studied.

secondary, alternate, additional and metabolic
sinks. Fruits and grains can be primary sink
organs. But, vegetative propagules like rhizomes
and tubers are secondary sinks. After filling up
of main sinks, remaining assimilates can be
transported to alternate sinks like leaf sheath
and stems. Additional sinks are actually an extra
burden for plants if it is in the case of
parasitism. But, it is beneficial for symbiosis.
Metabolic sinks can produce secondary
compounds which are having a major role in
metabolism.

Sink and source capacity
For any crop to attain a targeted yield, it should
have an optimum capacity. Otherwise, the
assimilates produced will be underutilized. Sink
size can be well explained in terms of its
capacity and activity. Capacity is the space
available for the accumulation of assimilates
and activity is used to express the metabolic
activity of assimilate consumption or storage. In
short, it can be considered as the sink strength
which refers to net rate of uptake of particular
assimilate by a particular tissue within the
plant. It is mainly calculated using number of
fruits or grains and individual weight of fruit.
However, the capacity of source can be dealt in a
different way by measuring on leaf area basis. It
can be in terms of leaf area index, specific leaf
weight or leaf area ratio because of its sensitivity
to cultural, nutritional and climatic factors.

What is a source and sink?
In a plant, source is the organ which has the
potential ability to photosynthesise and sink is
the organ which can accumulate and store the
photosynthetic assimilates. The sink and source
can be compared with the demand – supply
system in economics. If the demand from the
sink is more, source can synthesize more
assimilates and export it to the developing sinks.
In brief, the source can be material producer
and sink can be material consumer. For
example, the green leaves can act as a source
and developing buds, fruits or grains can be
sink.

Export-import for maximising crop
yield
The plant should harvest maximum solar
radiation
in
order
to
photosynthesise
assimilates and the final yield mainly depend on
how these assimilates are partitioned and
utilized among different organs for growth and
development. For that, inter organ translocation
within the plant system is needed and can be
achieved through a well developed vascular
system. The acropetal and basipetal movements
of assimilates due to the hydrostatic pressure
gradient created,resulted in the partitioning.
Phloem loading (transfer of photosynthate from
the mesophyll cells of the leaf to the phloem
sieve tube elements) and phloem unloading
(transfer of photosynthate from phloem sieve
tube elements to the cells of a sink) are the two
main steps take place for partitioning. The

Types of sink and source
Source and sink can be classified based on their
demand for function and its location. Some
parts of the plants act as only source such as
green mature leaves and chlorophyll containing
organs. If the part of the plant can synthesise
chlorophyll, it can participate in photosynthesis
and
translocate
assimilates
towards
neighbouring tissues. In reverse, some organs
can act always as sinks such as tubers,
developing buds, flowers etc. but, there are
some organs which can act as both sink and
source. These arise as sink and later function as
source after attaining full size. Developing fruits
can act as sink at earlier stage and can
photosynthesize later. There is one other
classification of sink such as primary,
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translocation of assimilates can be move in
different ways such as it can be from leaf to root
to panicle or directly from leaf to panicle or
from leaf to alternate sink to primary sink. The
movement of assimilates from an area where
they once deposited to an area where they can
be reutilized is called remobilization. This can
be seen in the transportation of assimilate from
sheath (alternate sink) to grain (primary sink).
The translocation of photosynthates produced
depends on amount of assimilates available,
sink and source strength, vascular connections
and other crop management factors.
If the sink do not have enough strength to
utilize
the
increased
production
of
photosynthetic assimilates, a steady build up of
sugar within the plant system (source) takes
place. This results to a feed- back inhibition and
the photosynthetic rate reduced to a level in
which sink can accept assimilates.
In order to increase the productivity, the
assimilate partitioning during each stage of a
crop is important. Before entering into the
reproductive stage, plants need to attain a large

4.

photosynthetic surface as well as a supporting
structure. This result in a better partitioning of
assimilates towards fruiting and grain filling.
Finally, the migration of photosynthetic
products can be takes place from green matured
organs to efficient sinks. This leads to high
harvest index due to increased economic yield.
A plant may be regarded as a series of
sources and sinks with an overall photosynthetic
capacity and several sinks competing for the
available photo assimilates. An integrated
understanding of source sink relationships,
growth and yield is a vital step in ongoing efforts
to increase crop productivity.
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Trap Cropping (Push–Pull Strategy):
Concepts, Limitations and Future Strategy
G Srinivasan and Kancheti Mrunalini
Ph.D Scholar, Department of Agronomy, Agricultural College and Research Institute, Tamil Nadu
Agricultural University, Coimbatore-641 003

India in 1984 by Sarup et al. (1984), who tested
sorghum as a trap plant in a corn field to control
the maize shoot fly, Atherigona naqvii (Diptera:
Muscidae). This concept was well practiced in
the rain-fed maize growing areas of Tamil Nadu.
Trap crops are stands of plants cultivated to
attract specific pest populations away from
target crops and congregate them into a limited
area where they can be controlled with timely
insecticide applications or other control
measures (Hokkanen 1991). It is based on the
principle that nearly all insect pests exhibit a
distinct preference to specific plant species,
varieties or a particular crop growth stage and
will move to a preferred host if given a choice. In
this pest management technique, the plant
stands are manipulated in time and space so
that the attractive host plants are present at the

Introduction
Cultural methods are some of the most widely
adopted approaches in integrated pest
management. Trap cropping is based on the
principle push-pull strategy, using relatively
more preferred crop species to keep the pest
away from the main crop and reduce pest
damage. This technique has tremendous
potential to keep the pest below the economic
threshold damage, hence used for pest
management in organic farming. It can be
linked to habitat management and conservation
biological control to improve multiple
ecosystem services in an agro-ecosystem.
Concepts
The first research on trap cropping recorded in

March, 2020
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critical time in the phenology of pest or crop or
both (Tiwari et al. 2018). Trap crops can be
either of the same cultivars as the main crop but
established earlier or later than the main crop, a
different cultivar or a completely different plant
species. The use of trap crops is a traditional
pest management tool (Shelton and BadenesPerez 2006) that not only can help farmers save
on insecticide expenses but also protect
pollinators and promote and conserve natural
enemies in the agroecosystem (Gurr et al. 2017).
In the conventional method, trap crop is
preferred by the target pest for their food source
or reproduction location is planted adjacent to
the main crop. This trapping system eventually
minimizes the arrival of the pest to the main
crop and concentrates pest populations in the
trap crop where they can be economically
controlled. In a dead-end type, the trap crop is
one that is very attracted to the insect pest but
on which they or their progeny cannot survive.
Such dead-end trap crops serve as a sink for
pests, hindering pest movement from the trap
crop to the main crop later in the growing
season.
For example, trap crop collard, Barbarea
vulgaris R. Br. (Brassicales: Brassicaceae) may
serve as a dead-end trap crop in a cabbage field
and check the population growth of the
diamondback moth, Plutella xylostella L.
(Lepidoptera: Plutellidae) (Shelton and Nault
2004). Plants that are genetically engineered to
express insect pest control agents (e.g., proteins
from Bacillus thuringiensis) can be used as trap
crops to manage pest populations in the main
crop.

trap cropping compared to conventional
farming
 The general low awareness farmers have of
trap cropping as a technique.
However, trap cropping has been increasing
in the area of pest management, conservation
biological control (Gurr et al. 2016) and organic
farming (Burgio et al. 2016) in various parts of
the world’.

General Limitations and Challenges
The dominance of pesticide companies and their
easy access to the farmers has been one of the
primary factors limiting the adoption of trap
cropping. Farmers often prefer the easy-touse,
low-cost and broad-spectrum pesticides over
more species specific approaches. Some crops
can be attacked by several different pests, which
are much more easily managed with broadspectrum pesticides. Trap cropping is a
knowledge-intensive practice and the relative
attractiveness of the plant species may be
influenced by the various factors such as
 The type of trap plant species (BadenesPerez et al. 2004)
 The area covered by trap crops (Shelton and
Badenes-Perez 2006)
 The planting time of both the main crop
and trap crops (Hokkanen 1991)
 Pest/crop phenology (Smyth et al. 2003)
 The physical and chemical properties of the
trap plants (Fenemore 1988)
 Their proximity to the main crops
(Tscharntke and Brandl 2004)
 Trap crop location in the main field
(Boucher et al. 2003)
 Growing seasons (Hoy et al. 2000)
 The behavior of the target pest (Hokkanen
1991)
Farmers need an understanding of each of
these factors before using trap crops in
agricultural
fields.
Communicating
this
information can be a difficult task as many
farmers are illiterate and certain management
practices
particular
to
the
planting,
weeding/fertilizer management of trap crops
and the main crop may not be feasible. Current
government policy promoting conventional
farming over organic farming and sustainable
agriculture is the next most limiting factor to the
widespread adoption of trap cropping in South

Status of Trap Cropping
India is the leading country utilizing this
concept compared with the other South Asian
countries. Trap cropping practices in these
countries are common in brassica crops, cereals
and a number of other crops including tomato,
pea, cotton and cucumber. These practices are
very negligible in commercial scale and mostly
confined to a research level. There are many
reasons why trap cropping is not yet a popular
pest management strategy such as,
 Education barriers making it difficult to
communicate complicated information to
the farmer
 The generally lower economic return from
VOLUME NO. 16, ISSUE NO.6
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Asia (S. Sharma, Nepal Agricultural Research
Council, personal communication). Trap
cropping is the most common method of pest
management in organic farming (Shelton and
Badenes-Perez 2006).
Research and extension activities related to
pest management by using trap cropping should
be integrated to better promote sustainable
agriculture in farmers fields (Rayl et al. 2018).
Academicians, development workers, scientists,
and policymakers of these countries need to
develop better communication and a stronger
network, both of which are lacking.

Opportunities
In Asia, organic farming has been increasing,
led by Bangladesh (Zehnder et al. 2007) and the
organic market has been expanded to both local
and international markets. Organic products are
better in terms of production, quality and net
profit compared to conventional farming
(Shelton and Badenes-Perez 2006). Hence, this
method can be utilized as a common tool of pest
management in organic farms in developing
countries (Hokkanen 1991). Furthermore, plant
breeding programs can be integrated into trap
cropping to enhance the attractiveness of trap
crops for pests, arthropod predators and
parasitoids.
The efficiency of trap cropping can also be
enhanced by the application of insect
pheromones, plant kairomones, and insect food
supplements. Finally, all possible pest
management approaches including cultural,
biological and insecticidal techniques can be
integrated to increase the level of pest
management.

A Strategy to Improve the Current
Situation
Traditionally, farmers used trap crops to
intercept insect pests to keep them away from
the main crop. Such trap cropping was common
where other practices were not practicable or
accessible to the farmers. The aim of trap
cropping is not only to divert the pest away from
the crop but also to provide ecosystem services
including shelter, nectar, alternative hosts, and
pollen (SNAP) for the pest’s natural enemies
(Gurr et al. 2017), which can improve
conservation biological control.
Trap crop

Attracts

Benefits

Reference

Alyssum
Lobularia
maritime

Wheat
bug
(Nysius
huttoni
White)
Leaf
rollers

Pollen and
nectar

(Tiwari et al.
2018),

Buckwheat
Fagopyrum
esculentum

Conclusions
Agricultural herbivores are major limitation to
crop production; synthetic pesticides are
normally used to manage these herbivores, but
the use of pesticides is directly or indirectly
linked to harm to human health, the
environment, and biodiversity. Therefore, trap
cropping an alternate tool to reduce pest
damage, which minimizing the use of pesticides
and maintaining ecosystem services on- and offfarm. Trap crops attract the pest in a certain
area of land where pesticides or other methods
can be used to control them.

Increased
(Irvin et al.
natural enemies 2006).
on leaf rollers
(Tortricidae) in
apple orchards

Some common examples of trap cropping popular in India
Target pest
Cotton bollworm,
Helicoverpa
armigera

Main crop
Sweep pepper,
Capsicum annuum L.
(Solanaceae)

Large white
butterfly,
Pieris brassicae

Indian mustard,
Ethiopian mustard,
Brassica juncea (L.)
Brassica
Czern. (Brassicaceae) carinata A. Braun
(Brassicaceae)
Cotton,
Castor, Ricinus communis
Gossypium hirsutum L. (Euphorbiaceae)

Thrips,
Scirtothrips
March, 2020

Trap crop/s
Marigold, Tagetes erecta L.
(Asteraceae)

12

Effect on target crop
Increases productivity by
33.78% when integrated trap
crop and spraying neem
cake @ 2.5 q/ha at the time
of sowing
Reduces the larval population
of P. brassicae and
increases productivity

References
Kurbett et al.
(2018)

Reduces aphid population in
IPM plots when trap crop

Prasad and
Malathi

Kumar (2017)
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insects pests, mites, and disease pathogens that
infest leaves, flowers, bark, fruits, and branches.
The several species of insects pests such as
whitefly, Dialeurodes citri Ashmead, citrus
psylla, Diaphorina citri Kuwayama, leaf miner,
Phyllocnistis citrella Stainton, citrus caterpillar,

Insect pests of citrus
A plethora of 823 insect species (Ebeling, 1959;
Wadhi and Batra, 1964) were reported on citrus
and jeopardized to citurs cultivation all over the
world. Buker and Manner (2006) reported that
citrus trees are affected by numerous species of
VOLUME NO. 16, ISSUE NO.6
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Papilio demoleus Linnaeus, fruit piercing moth,
Ophideres spp and citrus red scale, Aonidiella
aurantii Maskell attacking citrus trees were
found by Qamar Zeb et al. (2011). Among these
pests, the most imperative pests is Asian citrus
psylla . Since the citrus greening disease is
vectored by Asian citrus psylla (Halbert and
Manjunath, 2004; Hall, 2005). Moreover,
Huanglongbing (HLB or citrus greening) is a
bacteria spread by a tiny insect called the Asian
Citrus Psyllid. Due to infestation, fruits become
bitter and ultimately kills the tree. The disease
was first detected in Florida during 2005; citrus
greening is major threat found in every
commercial citrus-producing county in the
state. It is the biggest threat in citrus industry
has ever faced, causing production to plummet
in recent years.

presence of both psyllids and the greening
pathogen and recommended production of
disease-free nursery plants, increased pesticide
usage to reduce psyllid populations and removal
of trees with visual symptoms of greening.
Psyllids are known to inject toxins while feeding
on the flushes which causes die back. Pluke et
al. (2008) reported that, other than direct
feeding damage, it was also an efficient vector of
the
bacterium,
Candidatus
liberibacter
asiaticus which causes greening disease of citrus
leading to slow death.

Life history of psyllid, D. citri
The life cycle includes an egg stage, five
nymphal
instars
and
adult
stage.
The average size of egg is 0.31 mm long, 0.14
mm wide elongated and oval in shape. Eggs are
light yellow when freshly deposited and bright
orange distinct red eye spots at maturity.
Nymphs are green or dull orange feed on young
leaves and stems. The first nymphal instar is
0.33 mm long, 0.17 wide, second nymphal instar
is 0.45 mm long, 0.25 wide, third nymphal
instar is 0.74 mm long, 0.43 wide, fourth
nymphal instar is 1.01 mm long, 0.7 wide and
fifth nymphal instar is 1.6 mm long, 1.02 mm
wide and maximum adult longevity as 117 days
at 15 °C to 51 days at 30 °C (Tsai and Liu, 2000).
Adults are small (2.7-3.3 mm long) with
mottled brown wings. Adults have three
relatively
distinct
abdominal
colors
(grey/brown, blue/green, and orange/yellow)
(Wenninger and Hall, 2008). Adults rest or feed
on citrus leaves or young shoots with their
bodies held at a 45° angle from the plant
surface.
Females can lay eggs throughout their lives
if young leaves are present. Adult females
typically lay 500–800 eggs over a period of two
months, with a maximum of 1900 and adult
males live an average of 21–25 days and females
live an average of 31–32 days at 24 °C. (Hussain
and Nath, 1927; Nava et al., 2007). Mating,
oviposition, and other movements are restricted
to, daylight hours (Wenninger and Hall, 2007).
Humidity also influences oviposition.
Females produce fewer eggs when relative
humidity drops below 40% (Skelley and Hoy,
2004). Developmental times of eggs and
nymphs vary with temperature: mean
development from egg to adult ranges from 14.1

Asian citrus psyllid, Diaphorina citri
Kuwayama (Homoptera: Psyllidae)
Dorge et al. (1968); Bindra (1967) observed that,
the psylla is a serious insect pest in
Maharashtra, Punjab, Haryana, Himachal
Pradesh, Coorg area of Karnataka and and
North eastern hilly region in India. During
winter, heavy mortality of pest i.e. about from
53 per cent in July to 98 per cent in December,
occurs; the eggs fail to hatch and 58 per cent of
the hatched nymphs fail to develop into adults
(Mangat, 1966). The favourable temperature
range is 22-29oC and is not found above 13001500 m MSL (Aubert et al., 1986). It is most
active on spring and after monsoon flushes but
winter and temperature nearing 40oC is
detrimental for their build up. Moderate
showers wash away the population. The psyllid
nymphs suck the sap from tender shoots and
buds. It also excretes honeydew and on which
sooty mould grows and causes adverse affect on
photosynthetic process of the plants (Sharma et
al., 2003). In India, citrus registered 25 per cent
yield losses by insect pests, out of which psyllids
contributed 83-95 per cent (Shivankar and
Singh, 2006). Additionally, Moss et al. (2014)
estimated more than a billion-dollar loss due to
HLB which is transmitted by psyllids. As well,
Kenya Agricultural Research Institute reported
that whole orchards had been lost due to
Huanglongbing (HLB) disease of citrus
(greening), while mild infestations caused up to
25 per cent yield loss. Bové (2006) reported the
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days at 28°C to 49.3 days at 15°C and optimal
temperature range for development is
24–28°C and the population generation time at
25 °C is 20–22 days (Fung and Chen, 2006).
The lower and upper temperature thresholds for
oviposition are 16.0 and 41.6°C, respectively,
and most eggs are oviposited at 29.6°C (Hall et
al., 2011). But virgin females lived up to 188
days (on average 90 days) at 27 °C on a
favorable host plant (Richardson and Hall,
2012). The pest completes 9-10 or even up to 16
overlapping generations in a year (Hussain and
Nath, 1927; Khan et al., 1989). Adult female
psyllids lay eggs on tender new leaf tissues that
have not yet expanded. In most environments
the psyllid is active throughout the year,
although populations may be decreased during
colder winter months. The lifecycle is closely
linked to the presence of young, tender leaf
tissues (flushes) needed for reproduction
(Catling, 1970; Rogers et al., 2011). (Fig. 1).
Thus, increases in psyllid populations are
associated with the flushing patterns of citrus
trees. (USDA, 2011).

heavy and prolonged flushing coupled with low
temperature and high humidity favours psylla
occurrence and outbreaks. Because of the
extended period of new flush growth on young
trees, additional managing tactics are needed to
retard psyllids populations on these tree
(Rogers and Shawer, 2007). One to two trees
infected with greening eventually die within 5–
10 years (Siddharth Tiwari et al., 2012 ). The
psyllid nymphs suck the sap from tender shoots
and buds. It also excretes honeydew and on
which sooty mould grows and causes adverse
affect on photosynthetic process of the plants
(Sharma et al., 2003). Moreover, its transmitted
disease known as “citrus greening” and the
symptoms of includes yellowing veins on leaves
as well, new root growth is often suppressed and
fruit are often small and may drop from the tree
prematurely (Fig 2). Inaddition, citrus greening
leads to end with the increases fruit bitterness
and distorted fruit shape causes economic
losses.

Fig 2. Citrus greening

Conclusion
Management of the vector borne disease is
tedious process since by the ubiquitous
existence of citrus trees across the region, not
only on commercial orchards, but also in
backyards as a household fruit crop is a critical
thing since it’s readily and frequently used in
small scale farmers as well as all sectors of
peoples in the world. So, eco-friendly approach
is the best way and effective option to manage
the disease. Hence, disease incidence should be
carefully observed and necessary measures
should be taken to overcome the spreading of
diseases as well as vector.

Fig 1. Lifecycle of Asian citrus psyllid, D. citri

Damage symptom
The late spring or early summer flushes favours
and
influence
the
psyllid
populations
development at higher rates. Mature citrus trees
naturally generate three to four major flushes
per season. Whereas, Young, non-bearing citrus
trees produce many more flushes throughout
the season than mature trees. Since young trees
are continually producing new flush, these trees
are much more attractive to psyllids and thus
could become infected with the greening
pathogen at a much higher rate than mature
trees. Shivankar and Rao (2005) found that,
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New Invasive Pest, Tomato Pin Worm
(Tuta Absoluta) in Tomato
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Tomato (Lycopersicon esculentum Mill. or
Solanum lycopersicum L) is one of the most
important edible vegetable crops and used as
source of income. Tomato produced by small
and medium scale farmers for home
consumption and as a source of income.
Recently, the production of tomato has been
decreasing due to various factors including pest
and disease. Tomato production faces many
problems from several causes such as seasonal
weather, temperature, humidity, diseases and
insect pests. There are several insect species
feed on tomato for examples: thrips, whitefly,
tomato fruit worm, leafminer, leafhopper,
aphid, mites and mealy bug. The tomato
pinworm,
Tuta
absoluta
(Meyrick)
(Lepidoptera: Gelechiidae) is one of the global
major destructive invasive pest found to be
occuring in India in the year 2014. The tomato
leafminer, Tuta absoluta (Meyrick), is becoming
one of the key pests of tomato; which account
for its production loss of up to 80 to 100% if left
unchecked. Introduction of non-indigenous
species like tomato leaf miner Tuta absoluta to
the new biotic community of the world has
brought several problems in different places in
the world. Due to lack of natural barriers,
porous borders and lack of quarantine
regulation implementation, the wild species can
move from one ecological community to the
other through human activities.
This invasive pest -Tuta absoluta
commonly known as the Tomato leaf miner is
considered a serious threat to tomato
production worldwide. Tuta absoluta can
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destroy an entire tomato farm, whether in the
open field or in a greenhouse, if effective control
measures are not employed. The leafminers, T.
absoluta, originate from South America, is a
significant pest of tomato, as well as other
solanaceous crops like eggplants, peppers,
potatoes, beans and datura[Bawin, 2014]. It
attacks all aerial parts of the host (leaves, stems
and fruits) and feeds within the tissues.
Tomato leaf miner Tuta absoluta (Meyrick)
(Lepidotera, Gelechiidae) is a serious invasive
tomato pest native to South America, which has
affected the production of tomato worldwide. T.
absoluta is a species of moth in family
Gelechiidae known by the common names
tomato leaf miner, South American tomato
moth, tomato borer or South American tomato
pinworm [Satti, 2011]. It predominantly found
in areas below 1000 m above sea level. Adult
moths have no problem but its Larvae can
destroy tomato plants during all growth stages.
The pest life cycle start with eggs, larvae, pupa
and adult moth. Larvae pass through four
growth stages or instars. The larvae feeds upon
tomato plants, producing large galleries in
leaves, burrowing in stalks, and consuming
apical buds and green and ripe fruits and can
thus cause up to 100% loss in tomato
production if control measures were not
observed. So, leafminers are such a well-known
and serious pest of tomato crops in Europe,
South America, North America, Asia and some
Africa countries. Their control using chemical
pesticides is extremely difficult and quite
challenging. Three reasons can be given to
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explain why their controls using the chemical
method is challenging.
1. Larvae mines within plant tissue (within
stem, leaves and fruits) and are thus
protected from contacting insecticides.
Chemical pesticides works well only when
they contact with pest; as they feed within
the plant tissues, they are protected from
contacting the chemicals, hence reduction
in pesticide’s field performance.
2. The large range of its host plants increasing
its persistence in the cultivated areas and
overwintering potential. Despite the tomato
being the primary host for T. absoluta, it
has other hosts (cultivated Solanaceae and
wild Solanaceae). Cultivated Solanaceae
that are host to leafminers are eggplants,
peppers, potatoes, beans and tobacco and
the wild Solanaceae are Datura species. This
will make the pest persistent in cultivated
and uncultivated areas for long time.
3. Their ability to develop resistance towards
insecticides is another factor, which makes
their control quite challenging. The pests
were reported to be resistant to dozens of
insecticides including diamide insecticide
chlorantraniliprole,
abamectin,
methamidophos, permethri cartap.
4. They have high reproduction potential,
capable of producing 10 to 12 generations
per year under the favorable conditions.
With such high reproduction potential, they
are likely to undergo genetic changes
(mutation) which in turn causes resistance
to pesticides.
Furthermore, the absence of co-evolved
natural enemies may explain why the pest
population dynamics in the newly invaded areas
are faster than in the native area, where natural
enemies are more frequent.

food (leaflet or ripe fruit, respectively). There
are usually four instars. Larval period lasts 10–
15 days. Tuta absoluta has a high reproductive
potential. Larvae do not go to diapause stage
while food is available.
Pre-pupa: The pre-pupae are lighter than
the feeding larvae (first to fourth instars) and
develop a distinguishing pink colouration on the
dorsal surface. They leave the mines and build
silk cocoons on the leaflets or in the soil,
according to habitat. When pupation occurs
inside mines or fruit the pre-pupae do not build
cocoons.
Pupa: Pupae are obtecta with greenish
coloration at first, turning chestnut brown and
dark brown near adult emergence. Pupation
takes place within 10 days on the leaf surface, in
mines or in soil.
Adult: Adult moths are 5-7 mm long and
with a wingspan of 8-10 mm, with silverish-grey
scales, filiform antennae, alternating light or
dark segments and recurved labial palps which
are well developed. Adults are nocturnal and
usually hide during the day between leaves. The
pest may overwinter as eggs, pupae or adults.
Adult female lays about a total of about 250 eggs
during her lifetime. The total life cycle is
completed in 30–40 days. There up to 12
generations per year.

Pest Description
Egg: Eggs are Small cylindrical, creamy white to
yellow 0.35 mm long. Tuta absoluta deposits
eggs on the underside of leaves or stems.
Hatching takes place after 4-6 days.The egg
colour varies from oyster-white to bright yellow,
darkening in the embryonic phase and
becoming almost black near eclosion.
Larva: The first-instar larvae are whitish
soon after eclosion, becoming greenish or light
pink in the second to fourth instars according to
March, 2020

a. larvae b. adult moth c. damage plant

Symptoms of damage: The larvae of T.
absoluta mine the leaves producing large
galleries and burrow into the fruit, causing a
substantial loss of tomato production in
18
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protected and open filed cultivations. The larvae
feed on mesophyll tissues and make irregular
mine on leaf surface. Damage can reach up to
100%. This pest damage occurs throughout the
entire growing cycle of tomatoes. Tuta absoluta
has a very high reproduction capability. There
are up to 10-12 generations in year in favourable
conditions. The larvae are very unlikely to enter
diapause as long as food source is available.
Tuta absoluta can overwinter as eggs, pupae
and adults. Adult female could lay hundreds of
eggs during her life time. Tomato plants can be
attacked from seedlings to mature plants. In
tomato infestation found on apical buds, leaves,
and stems, flowers and fruits, on which the
black frass is visible. On potato, mainly aerial
parts are attacked. However damage on tuber
also recently reported.
IPM strategies: IPM strategies are being
developed worldwide to control Tuta absoluta.
The integrated control method recommended

7.

employs, in order,
1. massive trapping before planting,
2. clearing the soil of crop residues,
3. the application of imidacloprid in the
irrigation water 8-10 days after planting,
4. the application of either spinosad or
Indoxacarb if occasional individuals of Tuta
absoluta are observed, and
5. elimination of the remnants of the crop
immediately after the last fruits have been
harvested.
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Introduction
Wildlife is native species of a region. Wildlife
includes any animal, insect, aquatic, or land
vegetation that forms a part of any habitat. This
includes all varieties of flora and fauna, what is
popularly known as biological diversity.
Generally survives without the support of
humans. Wildlife management is a general term
for the process of keeping wild species at
desirable levels which are determined by the
wildlife managers. Wildlife management is the
art and science of reaching goals by
manipulating and/or maintaining wildlife
habitats and populations. Wildlife management
must be followed with laws protecting wildlife.

Enacted by
Date enacted
Status

Chapter – III of the act deals with
activities related to management of wild
animals. The main powers of the law under the
chapter are,

Hunting of Wild Animals
1. Prohibition of Hunting
2. Maintenance of records of wild animals
killed or captured
3. Hunting of wild animals to be permitted in
certain cases
4. Grant of permit for special purposes
5. Suspension or cancellation of licence
6. Appeals
7. Hunting of young and female of wild
animals
8. Declaration of closed time
9. Restrictions on hunting

The Wild Life (Protection) Act, 1972
An Act to provide for the protection of Wild
animals, birds and plants and for matters
connected there with or ancillary or incidental
thereto.
Citation

: Act No.53 of 1972
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: Parliament of India
: September 1972
: In force
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Convention on International Trade in
Endangered Species of Wild Fauna And
Flora (Cites)
CITES was signed on 3 March 1973, and entered
into force on 1 July 1975
The purpose of CITES is to ensure that wild
fauna and flora in international trade are not
exploited unsustainably.
CITES is an international convention that
combines wildlife and trade themes with a
legally binding instrument for achieving
conservation and sustainable use objectives. The
Convention establishes an international legal
framework together with common procedural
mechanisms for the strictest control of
international commercial trade in species
threatened with extinction, and for an effective
regulation of international trade in others. This
framework and common procedural mechanism
are now used by 180 countries to regulate and
monitor international trade in listed species.
The text of the Convention outlines the
basic provisions for trade and obligations of
each party, including, Trade procedures and
requirements

World Wide Fund for Nature (Wwf)
Formerly World Wide Fund
Set up in 1961 as a non- governmental
organization






Raises funds for conservation
Lobbies parliaments for conservation
Runs education programmes
Provides advice to government conservation
agencies
 Raises awareness on conservation issues
Bihar, one of five states that applied for
permission after the environment ministry
invited culling proposals in December 2015,
reported four times more crop damage from
wildlife incursions into farms over two years to
2012. There were no data available for the other
four states that applied to cull animals (Daily
excelsior, Apr 4, 2013).

Enforcement measures
Trade facilitation
Exemptions and special procedures
Marking
Trade with non-Parties
Amendment of the Appendices
Confiscations
Reporting

8.
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is vital to understand that plants perceive the
light or colors of the light from the spectrum
with the help of light sensors found in plants
known as photoreceptors, by the protein
molecule pigments. Within various pigments
that promote photomorphogenic reaction in
plants, the most promising are those that absorb
red and blue light i.e., Phytochrome and

Introduction
Light is utilized by the plants both as primary
energy source and an indication for
morphogenesis.
Plant
growth
and
morphogenesis are strictly influenced by light
intensity, photoperiod, and quality. Slowmoving plants which move towards or away
from stimulus like light, referred as tropisms. It
March, 2020
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chryptochrome. These pigments control many
physiological aspects in the plants.

of artificial light in addition to sunlight,
the greenhouse given under higher light
intensities. Supplemental light is
beneficial to provide when, a) higher
light intensities, b) when ambient light
intensity may limit plant growth, c)
shorter day length, winter, cloudy days,
d) Most economical when plant
densities are high, and e) greater the
number of plants per unit area and the
fewer number of lamps.

Latest innovative and vital techniques
for light management in horticultural
crops
 Reflective ground films: In fruit crop
orchards, the spectral dispersion of solar
radiation varies widely as the lights enters
and disperse inside the tree canopy, causing
filtered and unfiltered light to form under
the canopy with less light reaching the
portion under canopy. To cope up this
problem reflective ground films can be used
in orchards. Reflective ground film is a
shiny bright/ silver plastic cover to improve
canopy light relations which enhance fruit
quality traits such as colour and sugar
content of fruits, thereby improving yield
and quality of produce.
 Photo-selective nets: This refers to
covering of crops with nets which are
capable of selective filtering of penetrated
solar radiation coupled with protective
function. The nets are designed to screen
different spectral waves of solar radiation,
and/or changes direct light into dispersed
light. This technique based on pure plastic
products
containing
different
chromophores and light scattering and
reflective component were introduced
during manufacturing.

Figure: 1 Light
Horticulture

Effect of different colored nets in
horticultural crops
 Fruit crops: Nets have multiple uses in
fruit crops such as persimmon, apples,
pears, and table-grapes.
 Vegetable crops: Red, yellow and pearl
colored shade nets increases productivity
when compared to other covering practices
in cases of tomato and capsicum.
 Ornamental crops: These plants are
being cultivated traditionally in shade-net
houses, shown distinct impacts to red, blue,
grey, yellow and pearl coloured nets with
black colored net having same shading
factor.
 Artificial lighting: Artificial lighting may
be provided to plant as
– Supplemental
lighting:
Supplemental lighting is the provision
VOLUME NO. 16, ISSUE NO.6

–
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for

Profitable

Photoperiod lighting: Photoperiodic
lighting is provided to fulfill the need of
light duration i. e., either by giving of
length or by reduction of light duration
known as photoperiod lighting. It is
given in Lower light intensities. Under
natural
conditions
the
daylight
duration differs hence the plant has
developed several mechanisms to
evaluate whether it is Day/ night and is
it the right season for flowering or not.
That’s why plants are of long day &
short day type. Photoperiod has key
role in different aspects of plant’s
growth and development such as
flowering, dormancy, storage organ
formation and sex expression etc.
artificial short day and long days can be
created using the photoperiod lighting.
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By understanding how day length
influences plant growth and development in
photoperiodic species, we can control the
natural photoperiod to encourage vegetative
growth or flowering, whichever is needed.
Therefore, successful production of many crops
requires knowledge of:
1. How plants react to photoperiod?
2. How photoperiod differs across the year?
3. How to modify the photoperiod for
regulation of growth and development?
LED lighting Technique: Light emitting diode (LEDs) is potentially one of the
biggest progresses in horticultural lighting in
recent decades. LEDs has ability to play various
roles in horticultural lighting, such as its use in
controlled environment research, lighting for
tissue
culture,
and
supplemental
and
photoperiod lighting in the greenhouses. LED
lighting systems have several unique advantages
over existing horticultural lighting. Lightemitting diode technology permits higher light
quantity,
quality,
photoperiod,
and
combinations thereof can be controlled with
great precision.
Specific light combinations may be adjusted
throughout the life of a plant to potentially
optimize
traits
of
interest
such
as
synchronization of flowering, maintenance of
vegetative growth programs, control of plant
stature, or acceleration of juvenility. Blue and
red LEDs can provide just the light a plant

9.

needs, making the process more efficient and
growing a stronger, healthier plant.
Merits of using LED lights over traditional
kind of horticultural lighting
1. LEDs emit cooler temperature, having
longer life and smaller in size.
2. Safer nature of LEDs.
3. LEDs consume extremely lesser power.
4. LEDs releases lesser radiant heat
5. The danger of broken glass, high
temperature and mercury in decreased with
LEDs use.

Conclusion
Light is the vital environmental factors and can
be manipulated with techniques such as photo
selective nets, ground cover film and artificial
light source being followed in developed
countries for enhancing productivity. To fulfill
the demand of increasing population,
horticulturist will have to vital role in light
management in protected cultivation in
changing climatic scenario.
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In July, 2018, framers in Karnataka saw an
unknown caterpillar in their maize fields.
Scientists from National Bureau of Agricultural
Insect Resources (NBAIR) identified this new
invasive pest as Fall Armyworm (FAW).
Fall Armyworm (FAW) (Spodoptera
frugiperda Smith) is a polyphagous pest that
feeds on leaves, stems and reproductive parts of
more than 350 plant species, but causing
considerable damage to cereals such as maize,
rice, sorghum, and also to legumes as well as
March, 2020

vegetable crops and cotton. It is native to
tropical and subtropical regions of the Americas
and spread to Africa (2016), Indian
subcontinent (2018), and Bangladesh, Thailand,
Myanmar, China and Sri Lanka (2019). The
adult female lays 100-300 white eggs on leaves.
They hatch in 3-5 days. The larvae are brown in
color and later turn into dark green and have
four characteristic spots on the last second
segment forming a square. The head has an
inverted “Y” mark. They feed on leaves causing a
22
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characteristic skeletonizing or 'windowing'
effect. The rate of larval development through
the six instars usually takes 14-21 days.
Pupation takes place inside a loose cocoon in an
earthen cell and takes 9-13 days. The forewings
of adults are mottled with grey and brown.
Hindwings are straw colour with a dark-brown
margin.
In 2018, production of maize fell by 3.2% to
27.8 million tons which was 28.70 MT in 2017.
It is expected that the net production will
decline further in 2019 due to the pest attack. If
the control of this pest is delayed, it can cause
huge loss to crop yield.
ICAR scientists recommended the farmers
to set up five pheromone traps in the infested
field. Deep ploughing is recommended that will
help in exposing pupae to predators. Timely
sowing is advised. Certain flowering plants like
coriander, marigold, fennel etc. attract natural
enemies. Hand picking and destruction of egg
masses and neonate larvae reduce the pest
population. Application of dry sand in to the

whorl, balanced use of fertilizers, cultivation of
maize hybrids with tight husk cover, various
plant extracts such as chilli, neem, Tephrosia,
Tithonia, Lantana and garlic are other methods
of control. Emamectin Benzoate (0.4 grams per
litre of water) is recommended to spray.
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Antibiotics
An antibiotic is a naturally occurring, semi
synthetic or synthetic type of agent that destroys
or inhibits growth of microorganisms.
It is a type of antimicrobial substance active
against bacteria and is the most important type
of antibacterial agent for fighting bacterial
infections.
Antibiotic medications are widely used in
the treatment and prevention of several
infections. Antibiotics cannot fight viral
infections

Streptomyces nodosus
Streptomyces griseus
Fungi
Cephalosporium spp
Penicillum notatum
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Cephalothin
Penicillin

Classes of antibiotics
1. Penicillins
such
as
penicillin
and
amoxicillin
2. Cephalosporins such as cephalexin
3. Macrolides
such
as
erythromycin,
clarithromycin
4. Fluoroquinolones such as ciprofloxacin,
levofloxacin,
5. Sulfonamides such as co-trimoxazole

Microbial Sources of Antibiotics
MMMMicroorganism
Gram-positive Rods
Bacillus subtilis
Bacillus polymyxa
Actinomycetes

Amphotericin B
Streptomycin

Antibiotic

Classification of antibiotic
1. Based on antimicrobial spectrum
a) Antibacterial: eg: Penicillin
Steptomycin

Bacitracin
Polymyxin
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2.

3.

4.

5.

b) Antifungal
eg: Cycloheximide and
Nystatin
c) Broad spectrum eg: Tetracycline and
Chloromphenicol
Based on producer strain
a) Bacteria origin eg: Bacitracin and
polymyxin
b) Fungal origin eg: Penicillin and
Cephalosporin
c) Actinomycets origin eg: Tetracycline
and Steptomycin
On the basis of spectrum activity
a) Broad spectrum antibiotic
eg:
Tetracycline and Cephalosporin
b) Short spectrum antibiotic eg:
Penicillin and Bacitracin
On the basis of mechanism of action
a) Cell wall synthesis inhibitors eg:
Penicillin and Bacitracin
b) Protein synthesis inhibitors
i) Inhibit
30s
subunit:
eg:
Tetracycline
ii) Inhibit
50s
subunit:
eg:
Chloromphenicol
c) DNA synthesis inhibitors eg:
Ciprofloxacillin
Based on the manner of biosynthesis
a) Natural
antibiotics:
Normal
fermentation yield natural antibiotics
b) Biosynthetic
antibiotics:
Production of particular form of
antibiotics by supplying the organism
with specified chain

c)

6.
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Semi
synthetic
antibiotics:
Produced chemically by adding a
specified chain to the antibiotics
d) Synthetic antibiotics: Produced fully
by the chemical process
Based on chemical structure
a) Carbhohydrates containing antibiotics
b) Macrocyclic lactones antibiotics
c) Quinones and related antibiotics
d) Aminoacid and peptide antibiotics
e) Heterocyclic antibiotics
f) Alicyclic antibiotics
g) Aromatic antibiotics
h) Aliphatic antibiotics
On the basis of mode of action
a) Bacteriostatic – Which inhibit the
growth
of
micro-organism.
eg.
Sulfonamides Tetracycline
b) Bacteriocidal – Which destroys or kills
the micro-organism eg. Penicillin
cephalosporin
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With the seed the independence of the next
generation of plants begins. The seed containing
the embryo as the new plant in miniature is
structurally and physiologically equipped for its
role as a dispersal unit and is well provided with
food reserves to sustain the growing seedling
until it establishes itself as a self-sufficient,
autotrophic organism. Germination is the
growth of a plant contained within a seed it
results in the formation of the seedling, it is also

March, 2020

the process of reactivation of metabolic
machinery of the seed resulting in the
emergence of radicle and plumule. Seed
germination depends on both internal and
external conditions. The most important
external factors include right temperature,
water, oxygen or air and light or darkness.
Various plants require different variables for
successful seed germination.
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transported to the growing embryo.
Exponential growth phase
All the biochemical reaction get activated and
plant growth hormones then guide the process
of germination. After the translocation of food
and its subsequent assimilation, the cells of the
embryo in the growing regions become
metabolically very active. The cells grow in size
and begin divisions to form the seedling. Seed
coat ruptures, elongation and protrusion of
radicle and plumule takes place.
Till the level of formation of leaves, the
growth of plant is sustained by reserve food
material, water and oxygen from air. Once
leaves form, food is synthesized from light using
carbon-dioxide and water. Thus the seed
germination process ends with formation of
seedling which grows into normal plant. Phases
of germination is indicated by sigmoid curve

Seed germination
Germination incorporates those events that
commence with the uptake of water by the
quiescent dry seed and terminate with the
elongation of the embryonic axis (Bewley and
Black, 1994).
According to ISTA, germination is defined
as "the emergence and development of the
seedling to a stage where the aspect of its
essential structures indicates whether or not it is
able to develop further into a satisfactory plant
under favourable conditions in the soil".
Phases of seed germination
 Imbibition phase
 Lag phase / Latent / activation phase
 Exponential growth phase
Imbibition phase
The uptake of water by seeds is an essential
initial step towards germination. Imbibition is
the absorption / uptake of water by the dry seed
from the soil. The total amount of water taken
up during imbibitions is generally quiet small
and may not exceed 2-3 times the dry weight of
the seed. The early stages of imbibition or water
uptake into a dry seed represent a crucial period
for seed germination.
This is a phase where seeds imbibe water
from surroundings. When a seed falls onto soil,
it receives sufficient water and moisture. Then
the actual process of germination starts. The
water permeates through the seed coat and the
seed material inside is drenched. Imbibition
results in swelling of the seed as the cellular
constituents get rehydrated. All the parts of a
germinating seed become soft and smooth in
this phase.
The extent to which water imbibitions
occurs is dependent on composition of the seed,
seed coat permeability, water availability and
water relation of the seed and soil.
Lag phase / Latent / activation phase
No more water uptake and increase in water
content by the seeds. The food materials inside
the seed, now in presence of water provide
sufficient energy. This helps the embryo to
sprout out of the seed as a seedling. There is an
internal active metabolism for the seed. This is a
bit long time consuming process so it remains
latent. Synthesis of hydrolytic enzymes and
metabolic events takes place. Energy is
VOLUME NO. 16, ISSUE NO.6

Fig. Process involved in seed germination

Types of germination
 Hypogeal germination
 Epigeal germination
 Viviparous germination
Hypogeal germination
Hypogeal germination implies that the
cotyledons stay below the ground. The epicotyl
(part of the stem above the cotyledon) grows,
while the hypocotyl (part of the stem below the
cotyledon) stays the same length. In this way,
the epicotyl pushes the plumule above the
ground. Eg., Most of the monocots.
Epigeal germination
Epigeal germination implies that the cotyledons
are pushed above ground. The hypocotyl (part of
the stem below the cotyledon) elongates while
the epicotyl (part of the stem above the
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cotyledon) stays the same length. In this way,
the hypocotyl pushes the cotyledon upward. e.g.
most of the dicots.
Viviparous / insitu germination
Here, the seed germinates while still attached to
the parent plant. This occurs due to heavy
rainfall and higher relative humidity during the
harvesting stage of the crop. Eg., cumbu, wheat,
groundnut, ragi, daincha, etc.
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Introduction
The Electronic National Agriculture Market (eNAM) is a pan-India electronic trading portal
which networks the existing APMC mandis to
create a unified national market for agricultural
commodities. Small Farmers Agribusiness
Consortium (SFAC) is the lead agency for
implementing e-NAM under the aegis of
Ministry of Agriculture and Farmers’ Welfare,
Government of India. As on 2018 March, 517
mandis all over India were under this scheme.
The key stakeholders are Farmers, Traders,
Commission Agents, APMC’s, State Marketing
Boards, Logistics Operators, Assaying Bodies,
Banks, and Warehouses etc.
Gate entry
(farmers
registration and
Lot generation)

Assaying
(Sampling
and
Assaying)

Online trading
(Bid creation,
Auction, Bid
declaration)

Objectives
To promote uniformity in agriculture marketing
by streamlining of procedures across the
integrated markets, removing information
asymmetry between buyers and sellers and
promoting real time price discovery based on
actual demand and supply. Integration of
APMCs across the country through a common
online market platform to facilitate pan-India
trade in agriculture commodities, providing
better price discovery through transparent
auction process based on quality of produce
along with timely online payment.
e-NAM Process

Weighment
(Weigh bridge,
Weigh scale)






Category of commodities traded
Commodity Category
Food grains
Oilseeds
Fruits
Vegetables
Spices
Misc

No. of Commodities
25
13
29
40
14
29

Online payment
(Challan /
RTGS/NEFT)
Internet Banking

Gate
Exit

Better price discovery
Access to more market
Real time price information by all mandies
Quick & Online payment

Benefits to Traders
 Extended access to other mandis
 Information on the quality of the produces
 Ease of doing business through mobile apps
 Access online banking and payments

Benefits to Farmers
 Transparency in trade
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Invoicing (Sale
agreement,
Sale bill)
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the farmers are not aware of this scheme. eNAM is implementation phase in many of the
states and it will be a good reform in Indian
Agricultural Marketing system.

Benefits to Mandi
 System Integration / Automation of
recording transaction
 Analyze price trends, arrivals and trading
activities
 Automatic record of financial transaction
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Conclusion
The e-NAM is one of the newest technologies in
the field of Agricultural marketing which
integrate markets across the country through a
common online market platform. This will
facilitate not only farmers and also the traders.
It will increase the livelihood of the farmers by
getting better prices. The problem is many of

13. HORTICULTURE

Potential Obscure Vegetable to Be Brought to
Limelight – Momordica cymbalaria
Sridevi Krishnaveni. T. R*1, M. Chandrakumar2 and G. Parthasarathy3
1Teaching

Assistant (Agrl. Extension), Institute of Agriculture, TNAU, Kumulur, Trichy, Email:
Professor (ARM), Institute of Agriculture, TNAU, Kumulur, Trichy
3Teaching Assistant (Agrl. Economics), Institute of Agriculture, TNAU, Kumulur, Trichy
2Assistant

for several health hazards in man especially
towards diabetes, ulcer, cardiac problems and
cancer. Apart from these this plant is
hypoglycaemic, nephro-protective, hepactoprotective and posses wound healing and antioxidant properties. While the conservation
status of this plant being declared to be
endangered sound alarming. The tubers were
reported as antiovulatory activity

Introduction
Momordica cymbalaria or Luffa tuberose
which is vernacularly called to be ‘Athalakaai /
Adhalakaai’ in Tamil, ‘Karchikaai’ in Kannada,
‘Kasarakaai’ in Telugu and ‘Kakrol’ in Hindi is a
plant more or less similar to bitter gourd. This is
a tropical perennial crop of vines and climbers
type found to have India to be the place of
origin. In spite being a crop with high medicinal
value it remains to be an underutilized,
unknown and unstudied plant species. Hence
this paper attempts to excavate the botany,
nature, scope and importance of an obscure
crop.
It is found to be spread across India but
more endogenous to South Indian states like
Andhra,
Karnataka,
Madhya
Pradesh,
Maharashtra and Tamil Nadu. This therapeutic
plant has been extensively used in Asian
traditional medicines over a long period of time.
This crop is rich with tannins, alkaloids,
aminoacids, macro and micro nutrients,
phenolic
acids,
flavonoids,
carotenoids,
cucurbitane triterpenoid and phytosterol. The
diverse bioactive components serve to be a cure
VOLUME NO. 16, ISSUE NO.6

Nature Origin and Existence
Generally there are about 80 species of climbers
of both annual and perennial type found to be
spread throughout India from Pakistan to
Bangladesh and Himalayas to Srilanka. Many
researches states that this is found to be
predominant in the indigenous knowledge and
the cultural systems of tribal people. Being more
specific to the topic, Momordica cymbalaria is
an edible plant with economic part to be the
bitter flavored pods. It is a perennial herbaceous
climber either allowed to trail on the ground or
to climb on supports with the aid of tendrils
with slender, scandent, branched, striate and
monocious stem. The leaves are orbicular-
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reniform in outline, deeply cordate at the base,
obtusely lobed with 3-5 lobes. Flowers are
unisexual, lacks foliaceous bract. The male
flower peduncle is 5-30 mm long, filiform,
puberulaus, ebracteate with 2-5 flowers in
racemes with a pale yellow to milky white
corolla, Stigma pale green and two stamens for
each flower. The female flower is solitary on a
peduncle of 28 mm length. The fruits are 20 - 25
mm long, pyriform with 8 sharp ridges, 24 mm
x 15 mm attenuated at the apex and with the
base narrowed into the curved peduncle, which
is fleshy, dark green and ribbed.
The seeds are 4.6 mm long, ovoid shaped,
smooth and shiny. Seeds, lack orange red arils,
seed surface and margins smooth. The roots are
woody, and even in the fields for the sake of
fruits. However, no regular cultivation is
practiced. A limited number of perennial tubers
survive in soil and produce single plant in the
next season.

c. Fully opened female flower

d. Full plant and the fruits or pods

a. Tubers of cymbalaria

b. Male flower

e. Line drawing of M. Cymbalaria or Luffa tuberose
plant
Fig 1. Botany of Momordica cymbalaria
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Propagation and Cultivation Practices
The mode of propagation is through asexual
method as it is generally propagated through
tuberous roots. The tuber sprouts after the onset
of monsoon and undergoes dormancy during
summer dry periods. Seeds are black in color,
shiny and are hard, so generally seeds are not
used for propagation, because the rate of
germination is very less or negligible.
Tissue culture techniques can be useful for mass
propagation by using different explants. Studies
have also been conducted for this purpose and
they have achieved a success. Generally the
tuberous roots of M. cymbalaria were sown in
pots containing mixture of soil, sand and FYM
(2 : 1 : 1). Leaf tip, Stem, nodal segments, is used
as explants for the in-vitro propagation. Success
was achieved using nodal explants.
Being similar to bitter gourd in addition to
20-25 t/ha of farmyard manure, a fertilizer dose
of 70 kg N, 25 kg P2O5 and 25 kg K2O / ha could
be the recommended fertilizer dosage. Even
though they are trailers the plants could also be
trailed to bower by erecting small twigs in pits.
Erect bower when plant starts vining. Excess
lateral branches, if any, may be pinched off for
allowing plants to reach bower height at the
earliest. The harvesting would start 55-60 days
after sowing. Picking is done when fruits are
fully grown but still young and tender. Seeds
should not be hard at the time of harvest. From
a good crop, 15-20 harvests are possible and
harvesting is done twice a week.
Season: Flowering occurs during October;
fruits are harvested from November to January.
Yield: The yield of each plant is 1.25 to
1.5kg.

Composition
Moisture %
Fibre %
Beta Carotene %
Protein %
Carbohydrate %
Energy k cal/100 g
Calcium mg/100 g
Sodium mg/100 g
Potassium mg/100 g
Iron mg/100 g
Zinc mg/100 g
Manganese mg/100 g
Copper mg/100 g
Phosphorus mg/100 g
Vitamin C mg/100 g

M. charantia
83.20
01.70
126.00
02.10
10.60
60.00
23.00
02.40
171.00
02.00
0.46
0.08
0.19
38.00
96.00

Thus it helps in the growth of bones and
teeth as well as for maintaining normal heart
rhythm, blood coagulation, and muscle
contraction and also nerve responses. They
exhibit a broad range of potent biological
activities namely hepatoprotective, cytotoxic,
anti-inflammatory, cardiovascular, antidiabetic
and antiparasitic effects. The plant is also
known for high antidiabetic, antitumor and
antioxidant properties. M. cymbalaria, tubers
contain bitter glycosides, beta-sitosterol,
steroidal saponin and starch. The seeds contain
conjugated fatty acids which was found to be
punicic acid.
M. cymbalaria fruits were considered as
tonic, stomachic, stimulant, laxative and
alterative. The fruits are useful in treating gout,
rheumatism and sub-acute cases of the spleen
and liver disease. It has also been shown to have
hypoglycaemic properties. The fruits juice and
leaf tea of M. cymbalaria is employed for
diabetes, malaria, colic, sores and wounds,
infections, worms and parasites, as an
emmenagogue, and for measles, hepatitis, and
fevers. Fruit pulp, leaf juice and seeds possess
antihelimetic (having the power to destroy or
expel intestinal worms) activity. Root is
astringent, abortifacient, aphrodisiac and also
used to treat constipation, indigestion, diabetes,
diarrhoea and rheumatism.
The tuber extract has antiovulatory
(inhibition or prevention of ovulation) and
abortifacient (an agent that induces abortion)

Health Benefits
Compared to the regular bitter gourd (M.
charantia), Cymbalaria is endowed with high
amount of micronutrients and relatively lower
calories. It has three times of calcium, four
times of fibre and potassium, twenty times of
sodium and five times of zinc. It also has more
or less similar amount of moisture, protein,
carbohydrate, iron, manganese and copper
compared to the bitter gourd. Most importantly
100 grams of cymbalaria could add 290 milli
grams of Vitamin C to our body.
Table 1: Nutritional Values Behera et al., and R. Jeyadevi
A et al., (2012).
VOLUME NO. 16, ISSUE NO.6

M. cymbalaria
84.30
6.42
0.01
2.15
12.60
3.00
72.00
40.00
500.00
1.70
2.82
0.32
0.18
0.46
290.00
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potential as its intake causes decrease in the
duration of estrous cycle and metaestrous phase
and increase in proestrous phase was seen, but
diestrous phase was unchanged. Ethanolic
extract showed a abortifacient effect during
organogenesis period @ 500mg intake. Strong
activity of the methanolic extract of the fruits of
plant against the bacteria and fungi was also
reported. Methanolic extract of the tuber was
found to have better and faster wound healing
effect than standard drug Nitrofurazone
ointment.

obscure vegetable that has to be brought to the
lime light.
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Utilization Behaviour and Marketing
This vegetable is highly endogenous and mostly
used by the local residents. Hence the market
size of this vegetable is comparatively small and
it is mainly being used as a as sautéed vegetable
for the purpose of side dish. If the monsoon
onset was earlier the surplus yield would be
marketed at the major markets at Madurai and
Chennai. It fetches about Rs. 40 to 60 per kg.
However, the benefits of this vegetable still
remain unreached with the urban community.
Hence, the main buyers at the major markets
are the people with rural background who made
settlement at urban areas.
Conclusion
Momordica cymbalaria is a crop of high
potential to sustain drought, flood and
enourmous health benefits. It is a crop highly
suitable for tropical conditions with less
intensive care and practices. Despite the
benefits, it is found to be underutilized. Based
on this study it could be understood that the
health benefits of cymbalaria has to be shared
and spread across the globe. Proper awareness
has to be created about the health benefits
among the people. Appropriate research has to
be taken up related to simplification of mass
production and propagation techniques. Proper
research has to be taken up in the field of crop
improvisation and new improved varieties
overcoming the shortcomings in cultivation
practices could be brought to use. Systematic
cultivation package of practices has to be
evolved and disseminated among the farmers.
The supply chain has to be strengthened and
studies related to marketing potential and
channels have to be carried out. Thus
Momordica cymbalaria is a highly potential
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temperature. Hosts may pass though susceptible
life stages more quickly at higher temperatures,
reducing the window of opportunity for
parasitism. Temperature may change gender
ratios of some pest species such as
thripspotentially affecting reproduction rates.

Introduction
Insects are cold-blooded (poikilothermic)
organisms - the temperature of the insect bodies
is approximately the same as their surrounding
environment. Thetemperature is the most
important environmental factor influencing
insect distribution,behaviour, development,
survival, and reproduction.Predict the impact of
climate change on insects is a very complex
effect and one that involves a great deal of
modelling. There have been some rather
amazing documented cases of how climate can
influence insect populations.

Increased Temperature Could
Decrease Pest Insect Populations
Some insects are closely attached to a specific
set of host crops. Increasing temperature that
farmers not to grow the host crop for longer
period would decrease the populations of insect
pests specific to those crops. The same
environmental factors that impact oninsect pest
can impact their natural enemies and parasites
as well as the insect pathogens that attack on
insect populations., Aphids have been shown to
be less responsive to the aphid alarm
pheromoneat higher temperatures, they release
when it is attack by insect predators and
parasitoids – resulting in the potential for
greater predation.

Increased temperature could increase
insect pest populations
Temperature can impact on insect physiology
and development directly or indirectly through
the existence of hosts. Increasing temperature
can potentially affect thegeographic range,
insect survival, development, and population
size. It has been estimated that 2oC temperature
increase the one to five additional life cycles per
season. Some of the insects take several years to
complete one life cycle – these insects (cicadas,
arctic moths) have a tendency to moderate
temperature variability over the entire of their
life history.
We often use degree-day based models to
predict the emergence of these insects and their
ability to damage the crops (cabbage maggot,
onion maggot, European corn borer, Colorado
potato beetle).
Natural enemy and host insect populations
may respond in a different way to changes in

VOLUME NO. 16, ISSUE NO.6

How Changes in Precipitation Will
Affect Insects
Some of the insects are sensitive to precipitation
and are removedor killed from crops by heavy
rains - in some north eastern US states, this
consideration is important when choosing
management options for onion thrips. Other
insects such as pea aphids are not tolerant to
drought2.
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position to make decisions about climate
change, it remains economical to continue to
grow a particular crop or use a certain pest
management technique. If more insecticide
applications are required in order to
successfully grow a particular crop, farmers will
need to carefully evaluate whether growing that
crop remains economical.

How Changes in Humidity Will Affect
Insects
Distinct temperature, there are no definite
ranges of favourable relative humidity to
allinsects. Different species and their immature
stages have their own range.Humidity affects
the speed of development, fecundity, colour etc.
If water content is high in insect body, dry air
accelerates the development. Locusts sexually
mature quickerand the numbers of eggs laid are
more at 70% R.H. Rhinoceros beetle develops
light chitin in dry airand darkchitin in moist air.
Survival is indirectly affected duehigh humidity
conditions thatfavour the spread of diseases in
insects.

Conclusion
The effects of climate change on insect pest
communities result in increased herbivores and
decrease the abundance of decomposers and
predators, which may have negative impacton
entire ecosystems. The indiscriminate use of
insecticides resulting from an increase in pest
outbreaks
will
likely
have
negative
environmental and economic impacts for
agriculture. The best economic strategy for
farmers to follow integrated pest management
(IPM) practices such as field monitoring, pest
forecasting, recordkeeping, and choosing
economically and environmentally safe control
measures will be most likely to be successful in
dealing with the effects of climate change.

How Rising CO2 Levels Affect Insects
Global warming, mainly due to elevated CO2 this
can increase levels of simple sugars and
decrease the nitrogen contentin leaves, also
increase the damage caused by many insects,
which consume more leaves for their metabolic
requirements of nitrogen. Depending on the
pest, elevated CO2 may act in a synergic or
conflicting manner with higher temperatures.
Results of such interactions are difficult to be
estimate. Therefore, one is important to wait for
visual appearance of a pest for initiating
action.Elevated CO2 levels and higher
temperatures
will
keep
changing
the
composition and duration of infective stages of
pests.
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How This Will Affect Farmers
It is likely that farmers know very well extensive
impacts on insect management strategies with
changes in climate. Insecticides applications
have significant economic costs for growers and
environmental costs for society. Additionally,at
higher temperatures some classes of pesticides
(pyrethroids and spinosad) have been shown to
be less effective in controlling the insect pest.
What Farmers Can Do To Adapt?
Farmers who continuously monitor the
occurrence of pests in their fields and keep the
records of severity, frequency, and cost of
managing pests over time will be in a better
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15. GENETICS AND PLANT BREEDING

Nutria Cereals
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national food basket. Millets grains are
nutritionally equivalent or superior to other
cereals.
Millets
are
most
recognized
nutritionally for being a good source of minerals
magnesium, manganese and phosphorus.
Millets also contains B vitamins, especially
niacin, B6 and folic acid calcium, iron,
potassium, magnesium and zinc. Millets are also
rich in phytochemicals, including phytic acid
which is believed to lower cholesterol, and
phytate, which is associated with reduced cancer
risk. In addition to these, millets contain few
other micro-nutrient compounds such as lignin
and niacin etc. which are also important for
human diet.

Introduction
Micronutrient malnutrition or ‘hidden hunger’
resulting from the consumption of diets
deficient in minerals (iron, zinc, iodine, etc),
vitamins and essential amino acids, affects more
than one-half of the world’s population
especially women and children in developing
countries. Malnutrition due to protein
deficiency is also alarming in the Indian
subcontinent. Intake of diet poor in iron (Fe),
zinc (Zn) and protein is the major cause for
micronutrient and protein malnutrition.
Impact of Malnutrition
Malnutrition causes several diseases (anemia,
endemic goiter, child blindness, etc.) the
affected people are more prone to infection to
other diseases resulting in further deterioration
in quality of life. Of these, iron deficiency is the
most common nutritional disorder in the world
affecting over 4 billion people, with more than 2
billion people, mainly in developing countries,
actually
being
anemic
(WHO;
http://www.who.int/nut/ida.htm).
Fe
deficiency leads to anaemia; about 79% of the
pre-school children between 6 and 35 months of
age and 56% of women between 15 and 49 years
of age are anaemic in India. Protein deficiency
causes retarded physical and mental growth,
while Zn deficiency leads to diarrhoea,
pneumonia and reduced immunity to diseases,
and in pregnant women it leads to infant
mortality also in humans reduces growth, sexual
maturity and the immune defence system. The
widespread deficiencies of Fe and Zn in
developing countries are mostly due to
monotonous consumption of cereal-based foods
with
low
concentration
and
reduced
bioavailability of Fe and Zn.

Effect of Small Millets on Health
Millets is an important mineral for energy
production and is an essential component of
Adenosine Triphosphate (ATP) – the energy
store of the body. It also forms an essential part
of nervous system and cell membranes. A
cooked cup of millet provides 26.4% daily value
for magnesium and 24% daily value for
phosphorus. Phosphorus is important for the
development of body tissue and energy
metabolism. Magnesium from millets also helps
to relax blood vessels, enhances nutrient
delivery by improving the blood flow and
maintains the blood pressure and thus further
protects the cardiovascular system. Lignin
present in millets is converted to mammalian
lignans by the healthy gut micro flora in our
body which is thought to protect against breast
cancer as well as heart diseases.
The insoluble fiber from millets helps in
gallstones prevention. Insoluble fiber in diet
lowers the risk of getting gallstones by 17%
compared to women whose diet lack in fiber.
This gallstones protection from fiber is dose
related, with every 5g increase in insoluble fiber
the risk drops by 10%. The high proportion of
carbohydrates in form of non-starchy
polysccharides and dietry fibres in grains helps
in reducing cholesterol and slow release of

Small Millets Are Store Houses of
Nutrition
India is the leading producer of small millets
and it contributes significantly to the regional
food and nutritional security and diversity in the
VOLUME NO. 16, ISSUE NO.6
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glucose to the blood stream during digestion
and hence suitable for the diabetic patients.
Millets helps to lower blood glucose levels
and improves insulin response. Whole grains
like millet may have health promoting effects
equal to or even in higher amount than fruits
and vegetables and have a protective effect
against insulin resistance, heart diseases,
diabetes, ischemic stroke, obesity, breast cancer,
childhood asthma and premature death.

millets have been reported. Kodo millet among
all millets has the highest free radical quenching
potential, thus possessing good antioxidant
property. Antioxidants are micronutrients that
have gained interest in recent years due to their
ability to neutralize the actions of free radicals.
Free radicals are potentially harmful products
generated during a number of natural processes
in the body and associated with ageing of cells
and tissues. Failure to remove active oxygen
compounds, over a long term, can lead to
cardiovascular disease, cancer, diabetes,
arthritis
and
various
neurodegenerative
disorders.
Small millets can be stored for long period
without insect damage and provide secure
during famine. Among the small millets
barnyard millet, kodo millet, and little millet
have abundant within-species racial diversity.

Small Millets Renamed As Nutria
Cereals
Ragi millet contains fibre, more mineral and
more vitamins, which are normally deficient in
Indian diet and has eight times more calcium
than other cereals. It is comparable to rice with
regard to protein (6-8%) and fat (1-2%) and is
superior to rice and wheat with respect to
mineral and micronutrient contents. Finger
millet is a humble grain with low glycemic index
which makes it more suitable for diabetic
patients. They maintain the sugar level of
diabetic patient. Additionally, it is a rich source
of calcium (344 mg/100g) and helps in
supplementing the calcium in human body.
Postmenopausal women with signs of
cardiovascular disease like high blood pressure,
increased cholesterol and obesity can benefit
from eating whole grains especially millets by
eating them 6 times a week. The finger millet
contains important amino acids viz., isoleucine
(4.4 g), leucine (9.5 g), methionine (3.1 g) and
phenyl alanine (5.2 g) which are deficient in
other starchy meals.
The beneficial effects of barnyard millet
protein on plasma levels of adiponectin, highdensity lipoprotein (HDL) cholesterol, glucose,
and triglycerides have been documented in
obese diabetic mice (Nishizawa et al., 2009). To
date, no antinutrients from barnyard and kodo

Conclusion
In conclusion it can be stated that small millets
are staple food in different parts of India and
abroad. This will also contribute to the food
basket of the nation in addressing the food
security. Apart from, meeting the food
requirements of the population of the
cultivation catchment, they have sound
nutritional and medicinal values. All the four
millets tested contain large quantities of
phenolics and other compounds which prevent
deterioration of human health. The small millets
are cheap sources nutrients for poor and the
working class people and hence their health
depends on the quality of food consumed. The
millets are with higher fibre content, and their
protein quality and mineral composition
contribute significantly to nutritional security of
a large section of population residing in the
millet growing areas, considered to be the most
disadvantaged groups.
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zinc deficiencies is a serious public health
problem in low-and middle-economy countries

Introduction
Micronutrient malnutrition because of iron and
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worldwide. Iron deficiency causes varying
degrees
of
impairment
in
cognitive
performance, and learning ability, lowered work
capacity, and pregnancy complications (e.g.,
maternal mortality, and babies with low birth
weight). Zinc deficiency in children causes
stunting, makes them vulnerable to diarrhoea,
pneumonia, and can lead to death from these
infections. Fortunately, pearl millet is not just a
resilient and dependable source of energy, but
also a good source for other dietary needs,
especially micronutrients.

biofortified cultivar of any crop officially
released and already adopted by farmers in the
country reaching 65,000 farmers by 2015. It has
71 mg/kg iron and 40 mg/kg zinc. ICRISAT has
also developed a high-iron pearl millet hybrid
(ICMH 1201). This hybrid has 75 mg/kg iron
and 40 mg/kg zinc (similar to Dhanashakti),
but it has more than 30% higher grain yield
than Dhanashakti.

Biofortification
Biofortification – the process of increasing the
concentration of nutrients such as vitamins and
minerals in food crops by way of conventional
plant breeding, agronomic practices or
recombinant
DNA
technology.
Crop
biofortification, is recognized as a cost-effective
and sustainable approach to overcome these
deficiencies in the food chain. Farmers who
grow biofortified crops will have easy access to
nutritious foods with minimal investments. In
2018, the Indian Council of Agricultural
Research’s All India Coordinated Research
Project on pearl millet made iron and zinc levels
of 42 mg/kg and 32 mg/kg, respectively, as
standard requirement for approval of cultivar
release in India.

Dhanashakti and Shakti 1201 would provide
much more iron than the daily requirement of
0.84 mg in men, and meet 70% of the daily
requirement of 1.65 mg in non-pregnant and
non-lactating women, and 42% of the daily
requirement of 2.8 mg in pregnant women.
Above grain consumption rate will also provide
80% of the recommended daily allowance of 12
mg of zinc.
Africa’s first biofortified pearl millet variety
Chakti released in 2018 in Niger. This is early
maturing, high yielding and resistant to downy
mildew, as well as being rich in iron (65 mg/kg)
and zinc (47 mg/kg).

Cumbu
It is the world’s hardiest warm-season cereal
crop. Pearl millet accounts for about 50% of the
total global production of millets. India is the
largest single producer of the crop in terms of
area and production. Pearl millet-based foods
have higher fiber content than those based on
processed wheat or rice, giving them a low
glycemic index that makes them particularly
suitable for diabetics.
Under the biofortification program, the
International Crops Research Institute for the
Semi-Arid Tropics (ICRISAT) and Mahatma
Phule Krishi Vidyapeeth jointly developed a
high-iron variety of pearl millet, called
Dhanashakti, which was released in 2012 in
Maharashtra. Pearl millet variety Dhanashakti,
bred for high iron content, is an early maturing
open-pollinated variety that has the highest
level of iron content in any pearl millet cultivar
produced so far. It also marks the first high-iron
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Role of ICRISAT in Cumbu
 Harvest Plus supports the emerging
Biofortification Breeding Excellence in
ICRISAT mandate crops (especially in
Sorghum and Pearl Millet) as part of the
CGIAR efforts to address the core mission
of sustainably improving human nutrition.
 Research will focus on exploiting the high
levels of mineral micronutrients (iron and
zinc) found in pearl millet grain, the crop’s
high optimum temperature for growth, and
its increased use for alternative food
products, feed, and fodder.
 Work will also continue to develop new
genetic and genomic tools for identifying
and deploying favorable genes that can
significantly improve grain and stover yield
35
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potential, biotic stress resistances and
abiotic stress tolerances, as well as the
nutritional value of pearl millet grain, green
fodder and stover.

protein and phyto-chemicals. The food uses of
biofortified pearl millet varieties will go a long
way to reduce iron and zinc deficiencies.

Conclusion
Pearl millet has recently been gaining
increasing attention as a climate changeresilient and Smart Food crop on account of its
high levels of tolerance to drought, heat and soil
salinity; and several nutritional traits such as
high protein content with more balanced amino
acid profile, high dietary fiber, gluten-free

Rai, K. N., H.T. Patil, O.P. Yadav, M. Govindaraj,
I.S. Khairwal, B. Cherian, B.S. Rajpurohit, A.S.
Rao, H. Shivade and M.P. Kulkarni. 2014.
Dhanashakti: A high-iron pearl millet variety.
Indian Farming, 64 (7): 32-34. ISSN 0019-4786.
www.icrisat.org.
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Use of plastics is widespread worldwide because
of their versatility and their excellent process
ability, thermal and mechanical properties.
Most prominent cause of plastic pollution is the
single-use plastic/disposable plastic (plastic
carry bags, straws, cups, cutlery, water packets,
cling wraps, bottles). About 380 million tonnes
of plastic is produced and discarded every year
throughout the world. Major part of this discard
is accumulated in the environment with only
10–13% recycled. Despite their ubiquitous
usage, they are non-biodegradable because of
stable carbon–hydrogen bond and very large
complex polymeric structure, thus remaining for
longer periods of time in the environment
causing ocean and land pollution. They usually
disintegrate into tiny fragments over long
periods of time, which are ingested by smaller
eukaryotes, which in turn by higher eukaryotes,
affecting the entire food chain, and many
species are in endangered situation because of
this. Each year, an estimated 8 million tonnes of
discarded plastic enters through coastal region
into world’s ocean. These plastics cause serious
threat to coral reefs that are suffocated in plastic
bags; turtles, whales and sea birds with plastic
stuffed in their bellies and nostrils clogged with
straws leading to painful deaths.
Burning of plastics leads to emission of
massive amount of carbon dioxide into the
environment causing air pollution. They also
release toxic chemicals causing hazards to life
March, 2020

and environment as a whole. Production of
biodegradable alternatives with greater safety
and compatibility with the environment is
necessary. Bio-based plastics are made from
renewable sources like corn, potatoes, wheat
and vegetable oil through chemical or biological
process which include hydrolysis, acidification,
microbial fermentation, etc.

Starch Based Plastics
In general, starch-based plastics are more cost
competitive than alternative bioplastics. They
can accommodate a wide range of physical
properties that alternative bioplastics lack, such
as tensile strength and heat tolerance. Starch
composites can also incorporate recycled
plastics. Starch can be used to reduce the carbon
footprint of traditional resins because they can
replace petroleum-based polymers with natural
ones. It is also highly degradable, meaning it can
be used alongside a compostable polymer
without interfering with the degradation
process. Starch-based plastics have increased in
relevance with the introduction of improved
resin grades, their ability to blend with other
biopolymers and an increasing number of
suppliers. In fact, starch-based bioplastics are
widely
rising-application-in-medical-field-toburgeon-the-growth-of-starch-basedbioplastics-market
because
of
their
biocompatibility, low toxicity, degradation
properties and mechanical properties.
36
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gluten is among the proteins that forms the
most cohesive material. Therefore, it has been
used to improve the cohesion of other protein
materials. Wheat gluten plastics can be made
into many different types of products, including
flexible films, foams and rigid solid 3D items. It
can be coloured in all kinds of colours and made
opaque or translucent. Proteins plastics are stiff
and to obtain flexible products, these have to be
plasticised with e.g. a natural sugar (keeping the
whole product bio based). There are many
possible applications for protein-based plastics
and even though they are moisture sensitive, for
more demanding environments (high moist
conditions), they can be prepared with
antimicrobial agents (in the same way as wood
is for certain applications).

Cellulose Based Plastics
Cellulose plastics are bioplastics manufactured
using cellulose or derivatives of cellulose.
Cellulose plastics are manufactured using
softwood trees as the basic raw material. Barks
of the tree are separated and can be used as an
energy source in the production. The properties
and chemical composition of cellulose esters is
dependent on the acids and anhydrides used in
the production process. Major applications for
cellulose plastics include thermoplastics,
extruded films, eyeglass frames, electronics,
sheets, rods, etc. Molding materials is the most
dominant application segment for cellulose
plastics and the trend is expected to continue for
a foreseeable future. Plastic is produced mainly
using non renewable sources such as crude oil
and its several derivatives owing to which, the
carbon footprint is high during the production
of plastics. Moreover, other issues such as
biodegradability and other environmental
hazards associated with traditional plastics have
led to surge in number of regulations to control
the use of plastics. The regulations imposed on
plastics have led to surge demand for bio based
plastics and thus has been driving demand for
cellulose plastics. Furthermore, increasing
demand for electronics products such as
transparent dialers, screen shields, etc. has been
among foremost growth drivers for cellulose
plastics market. Softwood is the dominant raw
material used in the production of cellulose
plastics and increasing number of deforestation
regulations is a major restraint for the market.
Easy availability and low cost of conventional
plastics is also among major restraint for
cellulose plastics market growth. Moreover,
high efficiency and comparative cost benefit of
conventional plastics over cellulose plastics has
restrained market growth for cellulose plastics.

Biodegradation of Bioplastics
Bioplastics are able to biodegrade in different
environments hence they are more acceptable
than conventional plastics. Biodegradability of
bioplastics occurs under various environmental
conditions including soil, aquatic environments
and compost. Both the structure and
composition of biopolymer or bio-composite
have an effect on the biodegradation process,
hence changing the composition and structure
might increase biodegradability. Soil and
compost as environment conditions are more
efficient in biodegradation due to their high
microbial diversity. Composting not only
biodegrades bioplastics efficiently but it also
significantly reduces the emission of greenhouse
gases. Biodegradability of bioplastics in compost
environments can be upgraded by adding more
soluble sugar and increasing temperature. Soil
environments on the other hand have high
diversity of microorganisms making it easier for
biodegradation of bioplastics to occur. However,
bioplastics in soil environments need higher
temperatures and a longer time to biodegrade.
Some bioplastics biodegrade more efficiently in
water bodies and marine systems; however, this
causes danger to marine ecosystems and
freshwater. Hence it is accurate to conclude that
biodegradation of bioplastics in water bodies
which leads to the death of aquatic organisms
and unhealthy water can be noted as one of the
negative environmental impacts of bioplastics.
Bioplastics, currently accounting for less
than half of one per cent of all plastics

Protein-Based Plastics
Corn and soy-based protein plastics are being
developed as an alternative to petroleum-based
plastics. They are biorenewable, biodegradable,
and naturally release fertilizers during
degradation. These plastics can be molded into
any shape and used with existing equipment.
Mechanical properties are similar to petroleumbased plastics. Possible applications include
home and garden supplies, toys, building
materials, and industrial packaging. Wheat
VOLUME NO. 16, ISSUE NO.6
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manufacture, are growing rapidly because of the
clear advantages they have in many
applications. As oil supply tightens, these
advantages will grow. Their carbon footprint can
be much lower than oil-based equivalents.
Bioplastics
can
provide
excellent
biodegradability, helping the world deal with
the increasing problems of litter, particularly in
the world’s rivers and seas. Durable plant-based
bioplastics can also be recycled as well as their
conventional equivalents, assisting the growth
of a more sustainable world economy.
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Introduction
Scientific irrigation scheduling is a technique
providing knowledge on correct time and
optimum quantity of water application at each
irrigation to optimize crop yields with maximum
water use efficiency and at the same time
ensuring
minimum
damage
to
the
soilproperties.
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Criteria for scheduling irrigation
With the advancement of knowledge in the field
of soil-plant-atmospheric systemseveral criteria
for scheduling irrigations are now available and
are being used byinvestigators and farmers. All
the available criteria can be broadly classified
into thefollowing three categories:
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soil samples drawn fromthe crop root zone
depth and based on depletion of available soil
moisture (DASM) irrigations are scheduled.
Though it is a crude method it can be used
satisfactorily for some purpose if experience is
backed by other local information. Further this
method is subjective. Thus, different people who
examine the same soil condition may obtain
different answers.

Soil water regime approach
In this approach the available soil water held
between field capacity and permanentwilting
point in the effective crop root zone depth
described in several ways is taken as anindex or
guide for determining practical irrigation
schedules. Alternatively soil moisturetension,
the force with which the water is held around
the soil particles is also sometimesused as a
guide for timing irrigations. Different methods
of scheduling irrigation followingsoil moisture
regime approach are as follows

Depletion of The Available Soil
Moisture (DASM)
In this method the permissible depletion level of
available soil moisture in theeffective crop root
zone depth is commonly taken as an index or
guide for schedulingirrigations to field crops. In
general, for many crops scheduling irrigation’s
at 20 – 25%DASM in the soil profile was found
to be optimum at moisture sensitive stages.
While atother stages irrigations scheduled at
50% DASM were found optimum.

Feel and Appearance of Soil
This is one of the oldest and simple methods of
determining the soil moisture content. It is done
by visual observation and feel of the soil by
hand. The accuracy of judgement improves with
experience. Based on several years of experience
guidelines have been developed which help the
farmers to judge the soil moisture present in the

Guidelines for judging soil moisture by feel & appearance of soil
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Optimum DASM Levels for Various
Crops

Threshold Soil Moisture Tension
Values for Scheduling Irrigation

Electrical Resistance Method
The principle involved in electrical resistance
method is that a change in moisture content of
the soil gives change in electrical conductivity in
a porus block placed in a soil.Gypsum, nylon,
nylon and fibre, fibre glass blocks are generally
used to measure a tension of different levels.Use
of tensiometers and electrical resistance
(gypsum blocks) methods are not popular,
because, tensiometer have working range of 0 to
0.8 bars, whereas, gypsum blocks don’t work at
low level tensions.

Soil Moisture Tension
Soil moisture tension a physical property of film
water in soil, as monitored by tensiometers at a
specified depth in the crop root zone could also
be used as an index for scheduling irrigations to
field crops. Pertinent water storage properties of
soil and water use rated as affected by climatic
conditions and plant vigour are intrinsically
accounted for in such an irrigation schedule
programme
without
measuring
them.
Tensiometers are installed in pairs, one in the
maximum rooting depth and the other below
this zone. Whenever critical soil moisture
tension is reached say for example 0.4 or 0.6 or
0.75 bars etc in the upper tensiometer the
irrigation is commenced. While the lower one
(tensiometer) is used to terminate theirrigations
based on the suction readings in the below soil
profile zone. It is generally usedfor irrigating
orchards and vegetables in coarse textured soils
because most of the availablesoil moisture is
held at lower tensions. Further the
determination of critical soil moisturetension at
which irrigation should be given has been the
subject of much research.

Water Budget Technique
It is computed by posting everyday ET, effective
precipitation,
soil
water
content
etc.Determining the balance of moisture in the
soil. This method is cumbersome and lot of data
is required.
Soil Water Balance – Why We Need It?
 To assess the root zone soil water
depletion/soil water content under different
water regimes and soil, climatic and crop
conditions
 To design irrigation scheduling
 To evaluate irrigation strategies
 To estimate yield response to water and
crop growth
 To study the building of salt in the root zone
under averse irrigation conditions
Root Depth Concept in Irrigation
Scheduling
Root depth is affected by:
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in the upper 60-75% of the root zone.

Soil texture, soil water management, and
plant nutrient and oxygen availability
Effective root depth
Used in irrigation scheduling for estimates
of Total Available Water and RAvailable
Water
Assumed to be less than maximum since
80-90% of plant’s feed roots are contained
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metabolic demand diminishes and it will
gradually switch over to a net exporter. The
mature leaf then serves as source of
photoassimilates for sinks elsewhere in the
plant. The conversion of a leaf from sink to
source is a gradual process, paralleling the
progressive maturation of the leaf tissues. In
simple leaves, for example, the export of
photoassimilate frommature region of the leaf
to may begin while the other regions are still
developing and functioning as sinks. In
compound leaves, the early maturing basal
leaflets may export photoassimilates to the stilldeveloping distal leaflets as well as out of the
leaf.

Source Sink Concept
The direction of long-distance translocation in
the phloem is determined by relationship
between sources and sinks. Identification of an
organ or tissue as a source or sink depends on
the direction of its net assimilation transport.
An organ or tissue that produces more
assimilates than it requires for its own
metabolism and growth is a source. A source is
thus a net exporter or producer of the
photoassimilates, i.e., it exports more
assimilates than it imports. Matured leaves and
other
photosynthesizing
tissues,
nonphotosynthesizing tissues such as germinating
seeds, tubers, tap roots etc., are the
predominant sources in most plants.
A sink, on the other hand, is a net importer
or consumer of photoassimilates. Roots stem
tissues, developing fruits and even developing
leaves are examples of sink organs.
Photoassimilates are translocated from a source
to a sink. Sink organs may respire the
photoassimilates, use it to build cytoplasm and
cellular structure or place it into storage as
starch or other carbohydrates.
Any organ, at one time or otherin its
development, will function as a sink and may
undergo a conversion from the sink to source.
Leaves are the excellent examples of such
transition. In its early phase of development, a
leaf will function as a sink, drawing
photoassimilates from the older leaves to
support its active metabolism and rapid
enlargement. However, as a leaf approaches
maximum size and its growth rate slows, its own
VOLUME NO. 16, ISSUE NO.6

Assimilate Distribution
Some of the newly fixed carbon and
photoassimilate in a source leaf is retained
within the leaf and the rest is distributed to
various non-photosynthetic tissues and organs.
The pattern of distribution is highly significant
with respect to productivity and yield. The
knowledge about the factors of regulating
carbon distribution and utilization enables one
to manipulate harvest index through the use of
the modern genetic method. The distribution of
photoassimilates occurs at two levels:
partitioning and allocation.
Partitioning of Assimilates
The distribution of assimilates between the
competing sinks is referred as partitioning of
assimilates. In vegetative stage of plants, the
principal sinks are the meristem and developing
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leaves at the shoot apex, roots and nonphotosynthetic stem tissues.With the onset of
reproductive growth, the development of
flowers, fruits and seeds creates additional
sinks. In general, sinks are competitive, and the
photoassimilates are partitioned among all the
active sinks.
Partitioning of assimilates among the
competing sinks depends primarily on three
factors:

Allocation: Allocation refers to the
metabolic fate of the newly assimilated carbon
in the source or exported to a sink.
Three principal uses of photoassimilate in
the source are:




Nature of vascular connection between
source and sink: Each leaf is connected
with the primary vascular system of the
stem
by
vascular
trace.
The
photoassimilates
move
preferentially
towards sink leaves above in line with the
source leaf. Photoassimilate from source
leaves is translocated vertically upward and
vertically downward.
 The proximity of source and sink: If two
sinks exist in same rank or line with the
source leaf, proximity of the sink enjoys the
favour of the source leaf.
 Sink strength: The most significant factor
in
determining
the
direction
of
translocation is sink strength. Sink strength
is the measure of the capacity of a sink to
accumulate metabolites and given as the
product of sink size and sink activity.
Sink strength = sink size x sink activity
Sink size is the potential capacity in terms
of dry weight the sink organ. Sink activity is the
potential volume of assimilate uptake that the
sink organ can metabolize with per unit time.
Following factors appear to determine the
sink strength:





Regulation of Allocation
Regulation of photoassimilate allocation is a
complex process. Allocation within a source leaf
is almost genetically programmed, but there are
strong developmental components. Young
leaves, for example, act as net sink, butgradually
as leaves mature the proportion of export
increases. In the young bean leaves the activities
of acid invertase and sucrose synthase that
degrade are highest





Rate of phloem unloading
Rate of assimilate uptake by the sink
Allocation of metabolite and storage within
the sink
 Temperature: Temperature influences the
growth and differentiation of sink tissues
 Hormones: Hormonal status also influences
the growth and differentiation of sink
tissues
 Cell turgor
Low sink demand can lead to assimilate
accumulation in source leaves, lowers
photosynthetic capacity. The capacity of the sink
can regulate the acitivity of source.
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Leaf metabolism and maintenance of leaf
biomass: Some of the carbon will be
allocated to meet immediate metabolic
needs of the leaf such as i) maintenance of
cell structure, ii) synthesis of additional leaf
biomass
iii)
maintenance
of
the
photosynthetic system itself.
Storage: A portion of the newly assimilated
carbon is allocated for temporary storage in
the leaf to meet its need during the dark
period. The temporary storage form of fixed
carbon may be as sucrose in the vacuoles of
cells or as starch in the chloroplast. Carbon
stored in the leaves serves primarily as a
buffer against fluctuations in metabolic
levels and is available for reallocation to
metabolism when required.
Export from leaves: Normally about half of
the newly fixed carbon is allocated for
immediate export from the leaf via., the
phloem. In many plants, a portion of this
exported carbon may be stored along the
translocation
path.
This
stored
carbohydrate helps to buffer the carbon
supply when the translocation rate might
otherwise be reduced.

Sink to Source Transistion
The term source sink relationship refers to the
integration of sugar and amino acids production
in photosynthesis with sugar and amino acids
utilization in growth, storage, maintainance,
and production (Foyer and Paul, 2001).The
quality and quantity of light and the avialibility
of water are particularly important influences
on leaf development and expansion. Transistion
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from sink to source, that accompanies this
development
dertermines
whole
plant
partitioning of assimilates which influences the
relative shoot: root ratio and controls the onset
of reproduction.The transisition from a sink to a
source leaf requires the acquisition of functional
photosynthetic machinery. Changes in the
enzymes of carbohydrate metabolism and
associated changes in import/export behavior.
The expression of genes in leaves induced
by exposure to light generally repressed by high
sugar concentrations but young leaves apart
from the first developing leaves are not strong

sinks. Sugars import into developing leaves
starts to decline early in development, generally
falling to zero long before maximal
photosynthetic
is
attained.
Maximal
photosynthetic capacity occurs either before or
at the time of full leaf expansion.The
developning green leaf undergoes massive
metabolic reorientation in order to switch from
import to sucrose export.
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(Rekha, 2015).In India, C. serratuswas first
reported to be infesting groundnut around the
yearin Tamil Nadu and Andhra Pradesh in 1914.
Subsequently, several persons reported its
distribution fromMaharashtra, Andhra Pradesh,
Punjab, Gujarat, Jammu and Kashmir,
Rajasthan,
Haryana,
Madhya
Pradesh,
HimachalPradesh,
Tamil
Nadu,
Orissa,
UttarPradesh and Kerala.
The larvae of C. serratusbore into the seeds
and feeds on the embryo and endosperm. Final
instar comes out for pupation through exit
holes. Insect infestation causes considerable
quantitative and qualitative losses to groundnut
either in stored seeds (milling purpose) or pods
(seed purpose). Beetle damage not only reduces
the weight and nutritive value also affects the
quality of seed and oil. C. serratusinfestation
causes loss in dry mass of the kernels, increased
levels of free fatty acids in the oil (there by
lowering the quality) and reduction in
germination
potential
(Sakhareet
al.
2018).Extent of damage up to 90 per cent,
weight loss in shelled and unshelled groundnut
is 70 and 80 per cent, respectively and the
extent of damage in tamarind is up to 79 per
cent was observed.

Introduction
Groundnut (ArachishypogaeaL.) belonging to
the family Leguminaceae is one of the dominant
oilseed crop of many sub-tropical and tropical
countries of the world covering half of the area
under oilseeds. It is important source of edible
oil (fourth most) and vegetable protein (third
most).Groundnut containing 48 to 50 per cent
oil and 26 to 28 per cent protein is an important
oilseed crop grown in India.
India and China are the largest producers of
groundnut. Overall world production, China
shares about 41.5 per cent followed by India
(18.2%) and USA (6.8%). The world average
production of groundnut is 44.92 million metric
tonnes. Approximately 80 per cent of the world
groundnut crop is produced in developing
countries including India, where the yields are
usually low because of many biotic and abiotic
factors lead to low productivity of groundnut.
Pest Importance
In India, groundnut is stored as both pods and
kernels. Both the forms are infested by
groundnut bruchid, Caryedonserratus Olivier
(Bruchidae: Coleopetera) which acts as major
pest of stored groundnut causing both
quantitative and qualitative losses. Kernels are
more susceptible than pods during storage
VOLUME NO. 16, ISSUE NO.6

Identification Markings On Each Stage
Egg: Small translucent milky-white eggs.
43

March, 2020

ISSN No.:2321-7405

Grub : Larvae are white but turn to pink
just before pupation (Bhargava et al. 2010).
Pupa : Pupation takes place in the cocoons
(white in a colour).
Adult : Reddish brown to reddish yellow in
colour with small black markings on the elytra,
and it incompletely covers the abdomen.
Antennae 11 segmented serrate type, meta
thoracic femur is well developed with two rows
of spines. Large prominent eyes and readily
distinguished from the other storage pests by its
very broad hind femur.

41-42 days. Infestation of groundnut by the
beetle is revealed by larval exit holes and
presence of cocoons outside the pods and
damage to the seeds seen when pods are split
open.

Management of Groundnut Bruchid
 Drying pods to less than 10% moisture
before storing.
 No live insect pests are present in the
produce or in the storage areas.
 Chemical insecticides should only be
applied if the insect population crosses the
economic threshold level (ETL).
 Pods for seed purpose can be treated with
thiram (3g/kg pods) and kept free from
infestation for one year.
 Spraying the bags with pods with DDVP
(Nuvan) at 2 ml/liter of water or dusting
with 5% Malathion.
 Pods mixed with ABC (Attapulgite based
clay) dust (5 g/kg pods) remain free from
bruchid infestation for one year.
 Fumigation of pods with Aluminum
phosphide (Celphos) at 3 g tablets per bag
of groundnut (40 kg) and covering the sacks
with polythene sheet for 5 days can
effectively control bruchid without affecting
the seed viability. Fumigation should be
done only in well aerated place outside the
residential area or in seed godowns only.

Table 1: Sex determination: characters of C. serratus.
Sr.
No
1.
2.

3.
4.

Male

Female

Length -7.16 to 7.24 mm Length -7.16 to 7.75
mm
Pygidium project
downwards and hidden
by elytra

The pygidium can be
seen in dorsal view
projecting beyond the
elytra
The fifth visible sternite is The fifth sternite is fully
deeply incurved anteriorly extended
Pygidium or sixth visible Vertical and as long as
tergite black in colour
width pygidium subwith the apex dark brown vertical and longer than
width

Biology of Groundnut Bruchid
The biology of C. serratusfrom egg to adult
stage was mean number of eggs laid by a female
as 45 eggs. The ovipositional, incubation, larval,
pupal and total developmental period to be with
an average viz;14 days, 6.5 days, 19 days, 17.50
days and 44 days,respectively. The longevity of
female and male adults were 22.5 days and 19.5
days, respectively.
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Nature and Symptoms of Damage
Eggs are glued on to groundnut kernels orpods,
and infestation can take placeas soon as the
groundnut is harvested and left to dry. The
larvae bore into the groundnut shell and feed on
the seed. They usually leave the pod to pupate,
each larva spins a paper-like pupal cocoon
which it usually attaches to the outside of a pod.
Severe infestations are usually restricted to the
outer layer of groundnuts. The optimum
conditions for development are 30-33oC and 7090% R.H., under which development period is
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21. AGRICULTURAL ENTOMOLOGY

Biotypes and How to Combat Them
Yogapriya A and R Muthu
Department of Agricultural Entomology, Agricultural College and Research Institute, TNAU,
Madurai.

Biotypes
Organisms sharing a specified genotype; also
the genotype shared or its distinguishing
peculiarity is called biotype. Biotypes are also
called host races, genotypes or variants.
Biotypes
are
genetic
variation
among
individuals within a population, a group of
organisms having an identical genetic
constitution (phenotypically same genotypically
different).
Biotypes can be defined as “populations
within an arthropod species that differ in their
ability to utilize a particular trait in a particular
plant genotype” (Smith, 2005).
 The first study of biotypes in connection
with insect resistance was made by
R H Painter in 1930, when he worked on
differences in Hessian fly, Mayetiola
destructor infestation of the same wheat
varieties in two different parts of USA.
Sixteen biotypes of the fly were identified
later.
 Aphids constitute 50% of insect species with
known biotypes. This is because most of
aphid species are parthenogenetic and one
single mutant capable of feeding on a
resistant variety can result into a new
biotype (Pathak, 1970).
 Polyphagous
pests
like
Helicoverpa
armigera and Maruca vitrata have
developed resistance to insecticides like
Pyrethroids some Organophosphates and a
few Carbamates.

low level in natural populations and increase in
frequency as a result of continuous cultivation
of resistant varieties (Gallun, 1976).

How Biotypes Evolve?
Mutations, migration from population on other
crops (alternative hosts of the pest), natural
ecological factors, planting of new varieties of
host
plants
with
different
resistant
characteristics, widespread use of particular
insecticides. Most biotypes are present at a very

Helicoverpa Armigera on Pulses
Within population genetic diversity of
Helicoverpa armigera of two provinces of Iran
viz.,
Gorgan-Mughan
and
KermanshahShahindej ranged from 0.188 to 0.250.
Molecular variance analysis showed significant
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Features of Biotypes
The populations are very variable and show
great individual variation for virulence to a host
crop or resistance to an insecticide or virus
transmissibility. Characteristics of biotypes are
inherited by their offspring. Biotypes are usually
observed in host plants which have vertical
resistance to insects.
LIST OF BIOTYPES EVOLVED IN LEGUME CROPS
S.No

Insect
species

1.

Acyrthosiphon
Pea aphid
pisum

Cowpea
aphid
Cowpea
3.
aphid
Bean
Aphis fabae
4.
aphid
Phaedonia
Soybean
5.
inclusa
weevil
Spotted
Therioaphis
alfalfa
6.
trifolii
aphid
Aphis
Soybean
7.
glycines
aphid
Saxena and Barrion (1987)
2.

45

Aphis
craccivora
Aphis
craccivora

Common
name

No. of
Biotypes

Host(s)
Alfalfa,
Broadbean
Lucerne,
pea

9

Groundnut

2

Vigna sp.

5

Pepper

2

Soybean

1

Alfalfa

8

Buckthorn
(weed)

4
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within and between population variance.
Between and within geographical variance
accounted for 13.88 and 86.12 percent of total
molecular variance, respectively (Khiaban et al.,
2010).

Development of New-Biotype Of The
Brown Planthopper (Nilaparvata
Lugens Stal)
 The
rapid
development
of
brown
planthoppers which could survive on
resistant rice varieties may be due to the
high selection pressure of the monogenic
resistant varieties to the insects.
 On IR34 and IR32, the new biotype of the
brown plant hopper appears to have
developed after 10 generations reared in
laboratory conditions.
 By means of the seedling method of rearing
it was found that in the 8th generation the
survival rate of the nymphal stage was more
than 45% at 24-28 degrees Centigrade.
 The average period for egg and nymphal
stage of the normal insect (reared on IR5)
was 3-4 days and 12-14 days, and on IR34
7-15 days and 13-30 days (Wahid, R. A.
1979).
To date, more than 24 major BPHresistance genes have been reported in several
Oryza sativa ssp. indica cultivars and wild
relatives (Myint, KK., 2011).

Spotted Pod Borer - Maruca Vitrata on
Pulses
Insect samples were collected at five sites from
Burkina Faso, Niger and Nigeria. Three of the
loci in samples from Nigeria and Burkina Faso
deviated significantly from Niger samples.
Analysis of molecular variance (AMOVA)
indicated that genetic variation was 67.3%
within individuals compared to 17.3% among
populations(Agunbiade et al., 2012).
Aphis Craccivora on Cowpea
Aphid samples collected from different part of
Nigeria were tested against the known cowpea
aphid resistant varieties. One sample during the
dry season had a different reaction to cowpea
varieties identified as resistant. They were
designated as biotype “B” Ansari et al., (2010).
Aphis Glycines on Soybean
Hill et al., 2010 characterized a new isolate of
Soybean
aphid,
Aphis
glycines
from
overwintering population and it readily
colonized plants with the Rag2 resistance gene
and indicated that it represented a new biotype
named biotype 3.
The identification of soybean aphid
biotypes that can overcome Rag1 and Rag2
(loci) resistance, even before soybean cultivars
with the resistance genes have been deployed in
production, suggests that there is high
variability in virulence within soybean aphid
populations present in North America.

Effects of Four Commercial
Ornamentals on The Development,
Survivorship And Reproduction of The
Whitefly (Bemisia Tabaci) B Biotype
The total survivorship from egg to adult on
hibiscus (Hibiscus rosa‐sinensis L.), poinsettia
(Euphorbia pulcherrima Will), cottonrose
hibiscus (Hibiscus mutabilis L.) and variegated
leafcroton
(Codiaeum
variegatum‘Aucubaefolium')
were
33.69%,
40.55%, 79.11%, and 29.39% respectively.
The developmental periods from egg to
adult varied from 23.12 days on cottonrose to
32.13 days on hibiscus. The average longevity of
adult females ranged from 6.87 days on
variegated leafcroton to 21.07 days on
poinsettia. The average numbers of eggs laid per
female were 9.20, 25.13, 54.45, and 26.79 on the
above respective hosts.
The intrinsic rates of natural increase (r) for
B biotype B. tabaci on cottonrose hibiscus was
the highest. Based on life table analyses of
whitefly populations, cottonrose hibiscus was
the most suitable host for B biotype B. tabaci
(Lin, 2005).

Acyrthosiphon Pisum on Pea
Two pea aphid Acyrthosiphon pisum biotypes
were isolated which differed greatly in efficiency
of bean yellow mosaic virus transmission. The
two biotypes ranked differently in efficiency of
bean yellow mosaic virus transmission among
eight other aphid species, including three
species not previously reported as vectors of
bean yellow mosaic virus. These biotypes also
differed consistently in body size and in
fecundity on pea cultivars (Sohi and Swenson,
2011).
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Control of Biotypes Development
against an Insecticidal Compound Or
Resistant Variety
Biotypes represent evolutionary transients in
the process of speciation and develop through
natural selection acting upon genetic variations
within the pest populations. To slow down the
process of biotype selection, crop cultivars with
broad genetic bases are needed.
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Methods to Slow Down Evolution of
Variants
 Re-orientation of breeding programs:
Sequential release of varieties with major
genes, pyramiding of major genes in new
varieties, development of horizontal
resistance by recurrent selection methods,
combining major and minor genes in new
varieties, rotating major genes, breeding
tolerant varieties that do not exert extreme
selection pressure on pests and systematic
surveillance
program
to
monitor
development of biotypes.
 Reduce selection pressure from
Insecticides: Reducing the extent of
treatment i.e. avoid blanket applications
and employ spot treatments like stem
applications, directed spraying etc., Reduce
frequency of insecticidal treatments (treat
only when needed and use non-chemical
methods as far as possible), use appropriate
insecticides against the recommended stage
of pest, avoid insecticide mixtures, use high
grade technical insecticides to avoid
contamination by analogues, solvents,
emulsifiers and impurities and use
insecticides with different modes of actions.

22. ENTOMOLOGY

Invasive Alien Species In India and Their
Management
M. Sreedhar*1, A. Vasudha2 and Sushil Kumar1
1Department

of Entomology, College of Agriculture, G. B. Pant University of Agriculture and
Technology, Pant nagar-263145(Uttarakhand).
2Department of Entomology, Agrl. College & Res. Instt, Tamil Nadu Agriculture University,
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Alien species are non-native or exotic organisms
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and dispersal potential. Many alien species
support our farming and forestry systems in a
big way. However, some of the alien species
become invasive when they are introduced
deliberately or unintentionally outside their
natural habitats into new areas where they
express the capability to establish, invade and
out-compete native species. These invasive are
widely distributed in all kinds of ecosystems
throughout the world, and include all categories
of living organisms. Some recently introduced
invasive alien species enlisted in following text,
1. South American Tomato Pinworm,
(Tuta absoluta): Its native pest of South
America, in India first report from Pune on
tomato plants grown in polyhouse and
fields during October 2014. It causes 50 to
100 percent reductions in yield. This pest is
an
oligophagous,
associated
with
solanaceous crops.
2. Urbicola
Soft
Scale,
(Pulvinari
aurbicola): Its native pest of Christmas
Island (Indian Ocean), in India first report
from Bangalore during 2015. It attacks a
wide variety of crops, greenhouse plants
and ornamental.

3.

4.

5.

6.

Root Knot Nematode, (Meloidogyn
eenterolobi): Its native pest of China, in
India first report from Telangana and
Andhra Pradesh during 2015. It has a
variety of hosts, such as sweet potato, bell
pepper, tobacco, watermelon, tomato, egg
plant, and soya bean.
Rugose
Spiralling
Whitefly,
(Aleurodicus rugioperculatus): Its
native pest of Central America, in India first
report from Kerala and Tamil Nadu in crop
coconut during 2016. Hosts range like
banana, coconut and guava.
Fall
Army
Worm,
(Spodoptera
frugiperda): Its native pest of America, in
India first report from Maharashtra on corn
crop during 2015. It is major a pest of maize
also attacks sugarcane, rice, wheat, ragi and
fodder grasses etc.
Nesting
Whitefly,
(Paraleyrodes
minei): Its native pest of Central America,
in India first report from Kasorgod, Kerala
on Coconut during 2018. Its polyphagous
pest having been collected from plants in
over 15 families.

Table 1: List of Some Important Invasive Insect Species
Sl.
No.
1
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.

Invasive Insect Species

Origin and Pathway

Woolly Apple Aphid
Eriosoma lanigerum
Potato Tuber Moth
Pthorimea operculella
Diamond Back Moth
Plutella xylostella
San Jose scale
Quadraspidiotus perniciousus
Cottony cushion scale,
Icerya purchasi

North America
Apple Rootstock
Italy
Imported potato tuber
Europe
Import of crucifers
Nothern China
Infested nursery stocks
Australia,
Imported orchard stock or flowering
plants
Woolly pine aphid,
Western and Central Europe,
Pineus pini
Infested plant stock
Litter beetle,
Malaysia,
Luprop stristis
Nursery/seedlings
Subabul psyllid,
Central America,
Heteropsylla cubana
Imported planting material
Rice water weevil,
Eastern USA + Cuba,
Lissorhoptrus oryzophilus
Rice products
Serpentine leaf miner, Liriomyza
America ,
trifolii
Plant material
Coffee berry borer, Hypothenemus Africa,
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First Reported

Date

Tamil Nadu

1889

East Bengal

1906

South India

1914

Kashmir

1922

Nilgiris

1928

Nilgiris

1970

Kerala

1970-80

Tamil Nadu

1988

South India

1990

Karnataka

1990

Kerala

1990
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Sl.
No.

Invasive Insect Species

Origin and Pathway

12.

hampei
Spiraling whitefly,
Aleurodicus disperses

Imported coffee seeds
Caribbean islands + Central
America,
Plant products
South America,
Cocunut products
Greece,
Plant products
Egypt , Plant trade

16.

Coconut eriophid mite,
Aceria guerreronis
Silver leaf whitefly,
Bemisia tabaci
Mango soft scale
Kilifia acuminata
Trijuba oculata

17.

Protopulvinaria longivalvata

18.

South american tomato pinworm,
Tuta absoluta

19.

Urbicola soft scale
Pulvinari aurbicola
Root knot nematode
Meloidogyn eenterolobi
Rugose spiralling whitefly,
Aleurodicus rugioperculatus
Fall Army Worm
Spodoptera frugiperda
Nesting Whitefly
Paraleyrodes minei
Bondars nesting whitefly
Paraleyrodes peracchi

13.
14.
15.

20.
21.
22.
23.
24.

Date

Kerala

1993

Kerala

1995

Karnataka

1999

Bengaluru

Maharashtra

20122015
20122015
20122015
2014

Bengaluru

2015

Andhra Pradesh and
Telangana
Tamil Nadu and Kerala

2015

Asia,
Plant trade
Southern Asia,
Plant trade
South America,
Infested fruits and packaging
material
Christmas island (Indian ocean),
Plant trade
China ,
Saplings
Central America
Infested plant parts
America , Plant trade

MandyaPradesh &
Bengaluru
Karnataka

Maharashtra on corn

2018

Central America, Unknown

Kasorgod, Kerala on
Coconut
Kerala on Coconut

2018

Unknown

2016

2018

introduction of foreign pests 2. Prevent the
spread of already established pests 3.
Prevent damage by established pest
(effective control measures).

Basis aspects for Management of Alien
Invasive Insects
 Prevention: 1. It is first line of defence 2.
Main step is to identify type of risk by
invasive spp. and put it as, black list or
white list or grey list 3. Pre shipment
disinfection treatments like chemical
fumigation, heat treatments, irradiation
and controlled atmosphere etc.
 Early detection: 1. Regular monitoring
and survey in risky areas 2. Eradicate the
pest before spread.
 Eradication: 1. Complete elimination
before permanently established in new
region 2. Success of eradication depends on
early detection 3. It is very difficult in early
detection of invasive species in new
ecosystem until they cause major damage.
 Legislative measures: 1. Prevent the
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First Reported

Conclusion
Invasive species are thus a serious obstacle to
conservation and sustainable use of biodiversity,
with significant undesirable impacts on the
goods and services provided by ecosystems. So
effective management of invasive species,
knowledge about their morphology, phenology,
reproductive biology, ecology, phyto-chemistry
and physiology is essential.
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23. SOIL SCIENCE

Biological Nitrogen Fixation
S. K. YADAV
Department of Soil Science, College of Agriculture, GBPUA&T, Pantnagar-263 153

Biological N2-fixation (BNF) is a fascinating
biological phenomenon, which involves some
legumes, whether grown as pulses for seed as
pasture, in agro-forestry or in natural
ecosystems (Hardarson and Atkins, 2003).
Biological nitrogen fixation is very efficient in
satisfying the high nitrogen requirements of
legumes because of the conversion of gaseous
nitrogen (N2) to ammonia (NH3) making it
available to plant use. The process of BNF is
facilitated by the enzyme nitrogenase, present
only in prokaryotes. Many N2-fixing prokaryotes
are diazotrophic, i.e. they can grow using
dinitrogen gas as their sole source of N while
other organisms can fix N2only in symbiosis
with another eukaryotic organism. The equation
for the reaction is
N ≡ N + 8H+ + 8e- +16ATP → 2NH3 + H2 +
16 ADP +16 Pi
At least two protons are reduced by
hydrogen for each molecule of dinitrogen fixed,
and because dinitrogen is very stable, the
reaction has a high energy requirement which is
greater than for nitrate assimilation (Mellor and
Werner, 1990). However, in practice the energy
cost for N2-fixation can be borne by most field
grown legumes with little loss in production
(Herridge and Bergerson, 1988). Dupontet al.
(2012) explained that soon after legume seeds
germinate, rhizobia present in the soil or added
as seed inoculum invade the root hairs (Figure
1) and move through an infection thread toward
the root (apical region). The bacteria multiply
rapidly in the root, causing the swelling of root
cells to form nodules. Nitrogen in the air of soil
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pores around the nodules is fixed by binding it
to other elements and thus changing it into a
plant available form. Some of the carbohydrates
manufactured
by
the
plant
through
photosynthesis are transported to the nodules
where they are used as a source of energy by the
rhizobia. The rhizobia also use some of the
carbohydrates as a source of hydrogen in the
conversion of atmospheric nitrogen to
ammonia. Despite BNF being a naturally
occurring process, many soils do not harbor
sufficient numbers of appropriate rhizobia for
effective symbioses. Inoculation of leguminous
crops with appropriate and compatible rhizobia
ensures maximum BNF. Inoculation is generally
needed when certain new leguminous crops are
introduced to new areas or regions.
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24. SOIL SCIENCE

Ecological Benefits of Termites in Soil formation and
its Interaction Effect with Ecosystem
Prashant H. Rathod,
Ph.D Scholar, Department of Soil Science and Agricultural Chemistry, Dr. Panjabrao
DeshmukhKrishi Vidyapeeth, Akola 444104 (M.S.), India

Introduction
Generally, termite thrives by consuming detritus
material and building mounds in which they
control their environment. Depending on the
species of termites and the surrounding
environment, the mounds take on a variety of
shapes and sizes. These mounds illustrate how
termites are well suited for the environment.
Construction of mounds from soil or mixture of
soil and other material or within soil horizons
must affect the physical and chemical
characteristics of both the soil used for
construction and the soil of the surrounding
areas from which the materials are derived (Lee
and Wood, 1971). During the period of
occupation of the mound, organic debris or
living plant tissue is collected, often over
extensive foraging areas, transported to mounds
and subjected to intense degradation when it is
digested by termite. Plant nutrients and organic
matter that they contain are withheld from
circulation in the plant-soil system until they
finally decay. Termite activities in the soil
therefore affect the nutrient and organic matter
dynamics and structure of soil. Such changes in
soil properties have profound influence on the
productivity of the ecosystem via carbon
sequestration, nutrient cycling and soil texture.

Breakdown and Recycling of Organic
Matter
Termites play a huge role in organic
decomposition, consuming all dying wood
materials and plant remains (Mugerwa2015;
Qasim et al.2015). According to Verma et al.
(2009),
in
tropical
and
subtropical
environments, they help in breaking down and
recycling one‐third of the annual production of
dead wood. According to other data, this value
may be most significant. For instance, in the
Guinea
Savanna
of
southern
Nigeria,
hydrophilic termites removed an estimated
835.5 kg/ha of wood litter (60% of annual
wood‐fall) and 68.4 kg/ha of leaf litter (3% of
annual leaf‐fall), or 24% of the total annual litter
production (Schowalter 2013).
Termites are able mechanically to chop up
plant material with their mandibles and grind it
with their gizzard, thereby increasing the
surface area accessible to soil microorganisms.
Organic matter recycled by termites is not
confined to wood and leaves; it also includes
bark, straw and even such animal products as
mammalian hooves and dung (Jouquet et
al.2011; Harit et al. 2017a).
Removal of Dung
Many kinds of insects utilize animal manure.
Such insects include dung beetles, water
scavenger beetles, termites and larvae of dung
flies, houseflies, some syrphid flies, soldier flies,
and tachinid flies. Each geographic zone has its
own characteristic set of dung‐removing insects.
In the tropical savanna, termites are of great
importance. At least 126 species of termites feed
on the dung of 18 species of mammals. On
average, termites in the tropics remove 33% of
dung in a particular habitat within 1 month
(Freymann et al. 2008). Termites process the
manure fully within 3 months, whereas in their
absence it would take 20–30 years for the

Ecosystem Services Provided By
Termites
Along with ants and earthworms, termites are
one of the three main groups of soil ecosystem
engineers (Lavelle et al.2006). In many areas,
especially in the tropics, termites are often the
dominant macrobiota, with a major role in
ecological processes (Bonachela et al.2015). The
main ecosystem services are the breakdown and
recycling of organic matter, removal of dung,
soil loosening, soil formation, soil fertility,
greenhouse gas emission and pollination.
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manure to disappear (Whitford et al. 1982).
Soil Loosening
One of the important results of termite activity
is loosening of the soil. Whether termites live in
the earth or on its surface, they all mix soil.
Their activity leads to the following
consequences: (i) breaking up surface crusts; (ii)
reducing soil compaction; (iii) increasing soil
porosity; (iv) improving water infiltration into
the soil; and (v) enhancing water‐holding
capacity in the soil. Their activity greatly
improves water infiltration where termite
tunnels in the soil allow rainwater to soak in
deeply and helps reduce run‐off and consequent
soil erosion, through bioturbation, or biological
mixing (Lofjle&Kubiniok 1996).
Soil Formation
Termite activity often results in the formation
and regulation of soil, maintaining the physical
and chemical conditions necessary to support
stability and fertility. Termites’ nutrient‐rich
salivary secretions and fecal material act as
cement during mound construction, and in
some regions where termite activity is high they
are able to significantly modify soil chemical
properties. Because of its higher exchangeable
cation concentration and clay content, the soil
translocation from deeper in the profile up to
the surface during termite activity could also
enrich the surface soil with nutrients useful to
plants (Jouquet et al.2015).
Soil Fertility
Soil‐dwelling termites dig nests in the ground
that have a significant impact on the soil
environment. Activities of termites can result in
accumulation of organic matter and enrichment
of nutrients and minerals in the soil (Li et
al.2017). Termites, along with ants, can increase
productivity in regions with a dry, hot climate
(in experimental conditions in Australia, they
increase the wheat yield by 36%), where there
are no earthworms (Evans et al. 2011). In some
cases, the activities of termites led to the
increase in soil pH, which was noted in Zhejiang
Province, China (Li et al. 2017).

of termites is extremely large. It manifests itself
in large positive impacts on ecosystems, and a
significant negative impact on various human
activities. The most significant environmental
impacts can be attributed to the activities of
termites as soil ecosystem engineers.
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Conclding Remarks
Thus, the ecological and economic importance
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25. AGRICULTURE EXTENSION

Constraints Faced by Farmers in the Production and
Marketing of Gloriosa Superba
Dharanipriya. A1 and Padma Lakshmi .G2
2Department

1Training Division, Directorate of Extension Education,
of Agricultural Economics, Tamil Nadu Agricultural University, Coimbatore-03

Introduction
In the pre-liberalization era, achieving self
sufficiency in food grain production to feed the
vast population was the major focus of
agricultural policies. However with the advent
of economic liberalization, Indian agricultural
sector face the challenge of improving farmers’
income. In this way, the policy focus has now
been shifted towards doubling farmers’ income.
Diversification towards high value commercial
crops like medicinal plants is considered as one
such important strategy to enhance farmers’
income. Government of Tamil Nadu has taken
enormous steps to promote the cultivation of
medicinal plants in the state. In Tamil Nadu,
Medicinal and Aromatic plants are cultivated in
an area of 8505 hectares during 2016-17
(data.gov.in). Glory lily (Gloriosasuperba) is
one of the important medicinal plants of Tamil
Nadu and is grown on an area of 2503 hectares
with the production of 751 tonnes during 201617 (https://tn.data.gov.in). Gloriosasuperbais
widely cultivated in Dindugal, Tiruppur, Trichy,
Nagapattinum, Ariyalur and Coimbatore
districts to Tamil Nadu. However, differential
yield and incomesare witnessed among the
farmers which are not only due to low level of
adoption of production technologies but also the
marketing factors. Hence, the knowledge of
production and marketing constraints of
Gloriosasuperba growers is important in
designing strategies to improve the incomes of
the farmers cultivating glory lily. Against this
background, the present study was undertaken
with the objective of identifying the production
and marketing constraints faced by the farmers
cultivating Gloriosasuperba.

selected purposively for the study, since these
two districts had the highest area under
Gloriosasuperba in Tamil Nadu during 2016-17.
Out of the area of 2503 ha under
Gloriosacultivation, Tiruppur and Dindugal
districts has 1560 ha and 860 ha respectively
under Gloriosa (tn.data.gov.in). With regard to
the selection of blocks, Dharapuram block of
Tirupurdistrict and Ottanchattram block of
Dindugaldistrict were randomly chosen for the
study. For the study, 60 farmers were contacted
personally. As Gloriosa cultivation was spreaded
over two districts and as two blocks were chosen
for the study, 30 respondents were selected at
random in each block.
Garrett ranking technique was used to
analyse the constraints encountered by the
farmers in production and marketing of
Gloriosasuperba. The farmers were asked to
rank the constraints in production and
marketing of the crop. The order of merits given
by the farmers for different reasons were
converted into ranks by using the formula,
Per cent position= 100 (Rij – 0.5)/ Nj
where,
Rij = rank given for ith factor by jth
individual
Nj = Number of factors ranked by jth
individual
By referring to Garrett’s table, the per cent
position estimated was converted into scores.
Then for each factor, the score of each
individual were added and then mean value was
calculated. The means were arranged in
descending order. The problem having the
highest mean value was considered to be most
important.

Materials and Methods
The study was confined to the state of Tamil
Nadu. Tiruppur and Dindugal districts were

Results and Discussion
The constraints in the production and
marketing of Gloriosasuperba were identified
and the respondents were asked to rank them
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accordingly. The constraints were ranked using
the Garrett’s Ranking Technique and the results
are presented and discussed here under:

Table. 3.Mean score and Ranks Assigned for the marketing
constraints in Gloriosacultivation

Constraints Faced by Farmers in
Production of Gloriosasuperba
The mean score and ranking of the
constraints in production is presented below:
Table.2.Mean score and Ranks Assigned for the production
constraints in Gloriosa cultivation
S.
No

Particulars

Mean Score Rank
60.88

I

2.

Prevalence of pest and
diseases
High labour cost

58.23

II

3.

Low yield

55.73

III

4.

Non availability of labour

46.65

IV

5.

High cost of production

39.28

V

6.

Non availability of planting
material

35.41

VI

1.

Particulars

1.

Price fluctuations

Mean
score
64.90

2.

Lack of transparency

62.93

II

3.

Non existence of local
markets
Lack of information on
market price
Delayed payment for the
sale of produce
Lack of institutional credit
for marketing

56.23

III

53.41

IV

39.52

V

23

VI

4.
5.
6.

Rank
I

The major constraint faced by the farmers
in marketing of Gloriosais the price fluctuation.
Farmers reported a wider price range year to
year. This indicates the non availability of
institutional marketing support for the
farmers.Lack of transparency was the next
major constraint faced by the farmers followed
bythe non existence of local markets for the sale
of the produce. There is no local market for the
crop because the seeds are processed for
extraction of alkaloids of rich medicinal value
which in turn is exported. So the farmers have
to completely depend on the commission agents
to market their produce with no possibility of
transparency in the marketing system. As a
result, commission agents receive high
monetary benefits than farmers. The next major
constraint faced by the farmers is lack of
information on market price which may be due
to the non existence of local markets from where
farmers could know the information on market
prices. Delayed payment for the sale of produce
is also one of major constraint faced by the
growers followed by lack of institutional credit
for marketing.

The most important constraint identified by
the Gloriosa growers is the prevalence of pest
and diseases which occurs due to the leaf eating
caterpillar and tuber rot which was the major
disease affecting the crop. This indicates that
farmers might not possess adequate knowledge
on the proper plant protection measures.The
second major constraint ranked by the sample
farmers was high labour cost followed by low
yield which was due to water scarcity. The next
major constraint was the non availability of
labour followed by high cost of production
which is due to high initial establishment cost of
installing the support system .The study
reported that non availability of planting
materialwas the least faced constraint by the
farmers.

Conclusion
The study concluded that prevalence of pest and
diseases as the major production constraint and
price fluctuation as the major marketing
constraint faced by the farmers. Since, Gloriosa
is a medicinal plant, standardized plant
protection measures might not be known
tomuch of the farmers. This signifies the need to
educate farmers about the standardized package
of practices for profitable Gloriosa cultivation.

Constraints Faced by Farmers in
Marketing of Gloriosasuperba
The mean score and ranking of the constraints
in marketing is presented below:
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Further, there was no contract farming system
in the study area. Since the farmers produce
reaches the processors through several
marketing channels, it is proposed that contract
farming through processing units can solve
most of the prevailing production and
marketing constraints i.e. farmers can get access
to technical guidance, market information

leading to reduction in theexploitation of
farmers by middlemen.

References
https://data.gov.in/resources/area-productionand-productivity-total-medicinal-plantsmedicinal-crops-district-wise-1
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pathogens in the host (Sudisha et al., 2012). In
higher plants SA (salicylic acid) has been
synthesized from trans-cinnamic acid to SA, via
the intermediates orthocoumaric acid or BA. As
discussed by Ward et al. (1991), such a pathway
provides a link between pathogen induction of
phenyl propanoid biosynthesis and SAR signal
production.

Introduction
The Systemic Acquired Resistance is one of
initial stimulation process in which plant
defends itself to biotic cause and boost
resistance process of adjoining cells. The term
systemic acquired resistance (SAR) was first
coined by Ross to describe induced resistance in
the upper leaves of tobacco plants which had
developed necrotic lesions on the lower leaves
after inoculation with tobacco mosaic virus
(TMV) (Ross, 1966).

Mode of Action
Farmer et al., (1998) reported the binding site
and mode of action of SA. The SA bind with
such phenolic enzymes which involved in lipid
per oxidation formation. The products of lipid
per oxidation induce defense gene expression
and PR Proteins in adjoining cells.

Definition
The Systemic acquired resistance (SAR) is a
mechanism of induced resistance in plant for
long period after reorganization of biotic and
abiotic stress. SAR induces in plant through
chemical molecules such as chitosan or salicylic
acid (SA). The signal molecule salicylic acid is
associated with defense related genes in plant
such as PR-Proteins.

SAR Activators and Mode of Action
The 2,6-dichloro-isonicotinic acid was the first
synthetic compound that helped in activation of
SAR. The 2,6- dichloro-isonicotinic acid induce
the primary signal expression in plant and
Probenazole, (PBZ) Acts through upstream of
SA accumulation.

Signaling and SAR Biosynthesis
Development of SAR depends on recognition of
pathogenic infection by a plant. The SAR
triggered in adjacent as well as distant tissues
through signaling process after infection. SA is
not a mobile signal agent, but is proposed to be
the first chemical in the induction of
pathogenesis-related (PR) genes, especially PR1 (Sticher et al., 1997; Fu and Dong, 2013). PR
genes code for proteins such as chitinases and
β-1,3-glucanases among others, and play a role
in either preventing or slowing colonization of
VOLUME NO. 16, ISSUE NO.6
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and convenience are becoming increasingly
important in meeting consumer requirements.
Packaging materials must also be designed to
minimize environmental impacts.

Introduction
Packaging fresh fruits and vegetables is one of
the most important steps in the long and
complicated journey from grower to consumer.
Packaging is defined as a term for material used
for
containment,
protection,
handling,
delivering and presenting goods from the
producer to the consumer or user.
Fresh horticultural produce has limited
shelf-life ranging from a few hours to few weeks
at ambient temperature. Packaging is required
not only for food preservation and protection
but also has assumed a multi functional role by
serving as a symbol of value addition, an
assurance of quality, reduces damage and loss
and protects produce against contamination
risks throughout the supply chain.

Packaging Requirements for Fresh
Produce
Packaging must be appropriately designed to
maintain the quality and prolong the shelf-life
of fresh produce. Fresh produce packaging
must:
 Resistant to low temperature storage
 Resistant to water damage resulting from
produce cooling
 Protection against microbial contamination
and deterioration
 Protect against moisture / weight loss
 Be strong enough to protect produce from
mechanical damage during distribution
 Able to hold produce in place to prevent
abrasion or impact of adjacent produce
within the package
 Slow down respiration rate, delay ripening
and increase storage life
 Permit ventilation to dissipate heat
resulting from produce respiration

Importance of Packaging
Growing consumer demand for fresh produce
has led to increased competitiveness in the fresh
produce business, with quality and safety as
major concerns. Consumers are increasingly
searching for fresh produce with improved
characteristics
in
terms
of
freshness,
appearance, taste and flavour. Moreover, in
today’s fast-paced society, consumers are
looking for additional benefits and convenience.
Packaging is used in moving fresh produce
from farm to fork. It is the key solution in
delivering produce of good quality to
consumers. Packaging also adds value to fresh
produce. Basic functions of packaging for any
product
including
fresh
produce
are
containment, protection and preservation.
Additional functions such as communication
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Good gas permeability to avoid the risk of
metabolic processes which may occur in the
absence of oxygen (anaerobiosis), except in
the case of modified atmosphere packaging,
of which a degree of gas barrier may be
essential
Biologically and chemically safe as food
contact materials
Control ethylene concentrations in the
package
Compatible with handling and transport
equipment – facilitating the use of new
modes
of
transportation,
e.g.
air
transportation of light fibreboard boxes
designed in rectangular shapes for efficient
area utilization
Provide convenience to consumers during
marketing and consumption
Easily disposable, reusable or recycled







Benefits of Fresh Produce Packaging to
Consumers
Fresh produce packaging offers a number of
benefits to the consumer:




It reduces waste due to rotting or bruising;
Extends the shelf-life of fresh produce –
this is enhanced by low temperature storage
and controlled atmosphere or modified
atmosphere packaging;
Enhances produce appeal – appearance and
freshness to consumers;
Increases convenience to consumers and
decreases time required for shopping;
Through branding and proper labelling, it
provides consumer confidence in produce
quality;
Increases the availability of produce to
consumers, owing to the ability to ship
produce from remote production areas to
consumers worldwide.

28. AGRONOMY

Black Turmeric (Kali Haldi) and Its Incredible
Medical Properties
K.Sharmili1 and M.Yasodha2
Assistant Professors (Agronomy), Vanavarayar Institute of Agriculture, Pollachi

plant is claimed to be useful in treating several
disease like piles, leprosy, bronchitis, asthma,
cancer, epilepsy, fever, wounds, impotency,
fertility, tooth ache and vomiting etc .The
rhizome of black turmeric has a high economic
importance owing to its medicinal properties.
Black turmeric has been regarded as
endangered by the central forest department of
India due to bio piracy.

Black turmeric (Curcuma caesiaRoxb.) is an
important medicinal plant belonging to
zingiberaceae family. Curcuma caesia, black
turmeric is a perennial herb with bluish-black
rhizome. The rhizomes of Curcuma caesiahave
a high economical importance owing to its
reputed medicinal properties. Rhizome of this
VOLUME NO. 16, ISSUE NO.6

Constituents
It contains: alkaloids, terpenes, amino acids,
carbohydrates, tannins, flavones, flavonoids,
steroids,
reducing
sugars,
proteins,
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anthraquinones, glycosides, cardiac glycosides.
The volatile rhizomes oil of Curcuma
caesiacontains of 30 components, representing
97.48% of the oil, with camphor (28.3%), arturmerone
(12.3%),(Z)
ocimene
(8.2%),
1,8cineole
(5.3%),
elemene
(4.8%),
borneol(4.4%), bornylacetate (3.3%) and
curcumene (2.82%), ar-curcumene (6.8%) as
the major constituents.






Medicinal Uses
 The rhizomes of the herb are often used for
pneumonia, cough, and also for cold in
children.
 The rhizomes of herb are used as a
rubeficient to rub the body after taking a
Turkish bath.
 The rhizome of C.caesiais used for fever and
asthma in adults.
 In northeast India, the powder of rhizomes
is used as a face-pack.
 Fresh rhizomes are crushed and applied as
a paste on forehead for relief from migraine
or applied on the body for sprains and
bruises.
 The rhizomes act against leukoderma,
epilepsy, cancer and HIV / AIDS.
 Intake of small amount of rhizome paste is
claimed to expel gases from the stomach
and cure menstrual disorders.
 The rhizome of the plant is aromatic,
contains essential oil and used for a variety
of purposes.
 The characteristic pungent smell of the
rhizome is mainly due to the presence of
essential oil rich in camphor and starch.
 The rhizome of the herb is traditionally
used for the treatment of hemorrhoids,
leprosy, asthma, fever, wounds, vomiting,
anthelmintic,
aphrodisiac,
gonorrhealdischarges and inflammation.
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Curcuma caesiarhizome extract had been
used as smooth muscle relaxant, antitumour and anti-oxidant.
Fresh rhizome of black turmeric is used in
wounds and nagging sores for relief and
quick healing.
Curcuma caesiaprovides relief from
stomach problems including indigestion.
Chewing a small piece of rhizome will
provide relief from indigestion or stomach
pain.
It helps in easy digestion and the proper
functioning of the liver and kidneys.
Rhizomes are often used for treatment of
leucoderma, piles, bronchitis, asthma,
Tumors, tuberculous glands of the neck,
enlargement of the spleen, epileptic.
Rhizome of Curcuma caesiais grounded in
the form of a paste in rheumatic arthritis.
Fresh rhizome decoction is used as
antdiarrhoeiaric and to get relief from
stomach ache.
The fresh rhizome paste of Curcuma
caesiais applied during the snake bite and
scorpion bite.
In Assam fresh rhizome juice mixed with
mustard oil and is given to cattles in
dysentery.
In Asia Rhizome of Curcuma caecia used
for wound, pox & tumour.
Powdered tuber is orally administered with
water in stomach ache and bloating.
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29. CONSUMER PROTECTION

RERA: Understand Your Powers
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the Central Government deliberated on various
issues and RERA came as the solution. There
are so many other reasons for the enforcement
of RERA which are as under:
1. Diversion of funds: The builders started
diversion of funds from the main project to
other projects or for their personal purpose;
2. Quality of House/Flat: The quality of house
used to be very inferior as compared to the
quality promised.
3. Transparency in project: No transparency
in the project execution. The home buyers
who used to pay the advance money as per
schedule of the builders had no access to
the planning of the builders. The builders
had the system of not sharing any
information with the buyers regarding
commencement and completion of the
project.
4. Security of the home buyers: Till the
enforcement of RERA the home buyers did
not have any security since there was no
separate regulatory authority. The builders
and colonizers started taking benefit of it
and deceived the customers. The cheated
people lodged the cases under different Acts
and the courts started receiving numerous
cases related to such corrupt practices.
Since builder lobby was very influential so
the home buyers had no option except to
wait for the justice.
The list is exhaustive but some of the
reasons only enumerated above. Due to the
above reasons the Central Government
enforced the RERA and was first enacted in
2016 as mentioned.

Introduction
Real Estate (Regulation and Development) Act
2016 was enacted by Government of India on
26thMarch 2016 and the same with its
conclusive provisions came into effect, from
May 1, 2017.
The full form of RERA is Real Estate
(Regulation and Development) Act. This is
central Act and various states are required to
make Rules and to set up authority to give effect
to the provisions laid down under this Act. The
Act regulates the business of Real estate which
has always enjoyed public interest though not
for good reasons.
We all know that every one has a dream of
owning owning house or flat. This has raised
demand of residential accommodation in
various parts of the country to a great extent. In
consequence of such increased demand the
builders got the opportunity of cheating people.
They started taking money and not giving the
possession to the aspirants. Not only the
possession but also they had started diverting
the funds to some other projects or using the
funds for their personal purpose. This acitivty
delayed the projects in so many cases and in
some cases even the projects were not even
commenced. Only land was shown to the buyers
and booking money taken from them. There are
n number of cases of such cheating in our
country which are in courts and people have,
without their fault, been forced to fight the legal
battle. Such situations have increased the
financial burden of the innocent home buyers.
Reasons to enforce RERA
As has been stated the builders, due to heavy
demands of the residential accommodation, got
the opportunity of cheating people and diverting
the money from main projects. So many cases
have come to various courts like criminal courts,
civil courts; consumer forums etc. and people
are waiting for the justice. In order to bring the
cases, or real estate, under purvies of one law
VOLUME NO. 16, ISSUE NO.6

Salient Features
1. Registration of the Project: Every builder or
promoter who is planning to develop land
exceeding the specified land or number of
apartments has to get himself registered
under the RERA in the respective states.
Further all the projects which are on- going
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2.

3.

4.

5.

6.

or which have been completed but the
completion or occupancy certificates were
not taken then in such cases too the projects
are required mandatorily to get registration
under the RERA.
Providing of Various Details: The builders
or promoters, while getting registration,
have to provide details as to status of the
project, its futuristic completion dates,
details of company, firm etc.
No Marketing: The promoters/ builders
were not allowed to do marketing of the
projects if they have not got the projects
registered under RERA and got the
approval.
On Going Check of the Progress of the
Project: In order to bring the transparency
the home buyers have been given the facility
of checking the on-going progress of the
project in which they have invested money.
This could become possible in view of the
fact that the promoters have to disclose
information, periodically, on the official
website of RERA. The buyers, therefore, by
accessing the official website of RERA of
their respective state can get complete
information of the progress of the project.
Establishment of Authority: Under the
provisions of this Act a separate Redressal
authority has been established in every state
and union territory. The authority has been
given powers and obligations to protect the
interest of innocent home buyers. The Act
has given a time limit for the disposal of
application/complaint. A separate appellate
authority has also been established if the
complainant is not satisfied with the
disposal of RERA authority and wants to
challenge the same.
Account of the Project: This has been a very
important factor considered under RERA.
The promoters have to deposit the amount
in a separate bank account of the project,
for which the money has been taken from
the innocent buyers. This account remains
exclusively for that particular project and
the promoters are not allowed to divert the
fund for any other purpose. Further, a
certain percentage of the amount has to be
kept as reserve in that account to be spent
for that project only.

March, 2020

Benefits to the Home Buyers
The RERA has come with n number of benefits
to the home buyers. Some of the benefits are
being listed hereunder:
 The agreement is compulsory under RERA
and therefore the buyer should enter into
agreement
while
purchasing
house/flat/apartment. Since all the terms
and conditions etc. remain there in the
agreement so the buyer should read out the
same properly and keep a copy of the same
so that in case of any dispute the same
could be used.
 Since the progress report has to be
uploaded periodically, with various other
details, by the promoters so the buyers can
get the status of progrees and stages of
completion of the project. Any delay in the
progress etc. can be brought to the notice of
the builder or the buyer may approach the
RERA authority. This will enable the buyers
to get the possession of the accommodation
in time.
 The builders, at the time of booking, used to
give false and attractive promises to the
buyers. This type of activity cannot be done
by the builders now. Every thing remains in
black and white so the buyers may lodge
complaint if any term or condition is broken
by the builder. It is to be noted that in such
situation the buyers can get their whole
money, which they have paid to the builder,
from the promoters/builders. Any delay in
repayment shall attract interest at a certain
rate.
 In case the buyer has taken possession and
there is any wear and tear in the
flat/apartment or accommodation then the
same has to be repaired by the builder
without charging cost from the buyer.
How to Lodge Grievance
The home buyers have the facility of lodging
complaint before the RERA authority. This
complaint can be lodged online. For the purpose
the litigant has to log in to the website of RERA,
of respective state, and should select the
complaint option. He should fill in complete
details of buyer, project, builder and other
particulars as required by the format and then
get the complaint registered on the website. The
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required documents should be uploaded after
proper scanning of the papers. There is certain
fee to be paid for the complaint which is
required to be paid and then the complainant
will get the complaint number. The complainant
should send the complaint copy along with the
documents to the authority and to the builders
too. He can check the status of complaint on the
same website.

also will enable them to get the possession of the
property within the time limit promised by the
promoters. The home buyers will not have to
compromise with the quality of the property as
the promoters are under legal obligation to
provide them the quality promised. There will
be safeguard from the false promises and
diversion of funds too as the RERA does not
allow the builders for the same. Further,
without clear title of the land the registration of
project under RERA will not be possible and
therefore the buyers need not worry about the
title. Any violation of the rules attracts stringent
consequences and therefore the same puts
pressure on the promoters not to divert the fund
or not to give any false promise which cannot be
fulfilled.

Conclusion
With the introduction and enforcement of
RERA the innocent home buyers have got
certain rights and powers to fight with the
promoters who have the intention of cheating
them. The proper implementation of the rules
and regulation will not only save the buyers
from unethical activities of the promoters but

30. HORTICULTURE – PRODUCTION TECHNOLOGY
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Urban Population has out-numbered rural
population with share 54.29 per cent (3.9
billion) globally (2016). In India as well, urban
population escalated to 33 per cent in 2016 from
a miniscule 18 per cent in 1960 (Batty, 20151
World Bank, 20172). Besides, the population of
the urban areas is expected to grow to nearly 60
to 40 per cent in the world and India
respectively by 2030 (First Post, 20143).
Keeping in view of above background,
hence there is need for future generation. So
urban farming is seen as the savior of urban
future. On the whole, urban farming is a novel
initiative which has been encouraged the urban
areas so as to re-create clean, green and
sustainable urban areas in the near future.
Urban farming paves a way to nutritional
security of the population and assures to daily
sustenance.

homestead medicinal plants, flower plants and
ornamental plants i.e.








Terrace gardening
Kitchen gardening
Micro greens
Hydrophonics
Vertical gardening
Mushrooms farming
Balcony gardening/Bottele farming etc.,
In the following paras we shall discuss
Terrace, Kitchen and Vertical gardening.
Terrace gardening
Definition: The fine art of creating and
maintaining the greenery at the roof top is
known as “Roof Gardening”. This is also known
as Terrace gardening (Velmurugan et al.,). Due
to migration of peoples, most of the agriculture
lands are converted into residential areas
resulted with decreased peri-urban production
of fruits and vegetables. This can be
circumvented by roof gardening.
Advantages: The main Advantages of
terrace gardening is the year round supply of
toxic free fruits and vegetables, effective

Different innovative Technologies in
urban farming
Based on the space availability in urban areas
different innovative technologies are used for
growing fruit plants, vegetables, spices,
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utilization of space available at the roof top,
working in the roof garden will relieve stress
and strains and increase the work efficiency and
maintaining the greenery throughout garden
roof garden reduces the pollution.
Site selection: Open areas with plenty of
sunlight (at least for 6 to 8 hours) and water
(medium quality) supply is the prime
requirement for establishing the roof gardening.
Plants Suited for Growing in Terrace
Gardening: In order to avoid the roof damage,
perennial fruits tress and vegetables should not
be selected for growing at the roof

Transplanting: Mix 1 part of red / loamy soil,
2 parts of vermi compost and 2 parts of coco
peat with the help of spade /shovel. Fill the
containers with the soil mixture loosely with a
gentle tap. The soil should settle, bearing one
inch head space at the top to facilitate
irrigation.- For the transplanted vegetables viz.,
tomato, brinjal, chilli and onion where the
nursery has to be raised in protrays method.The seeds of certain vegetables crops viz.,
bhendi, radish, beet root, Dolichos bean, cluster
beans and cucurbitaceous vegetables can be
sown directly in the selected pots/polythene
bags etc., the depth of the seed sowing should be
about two and a half times of the seed size.After sowing, watering can be done regularly.Care must be taken to prevent the scavenging of
seeds by ants.
Watering: Do not water too much. Let
little amount of water come out of the drainage
hole. Overwatering blocks aeration to the roots.
Even it may lead to damping off disease. Better
method of watering is with bucket and mug. It
enables individual care to each plant. Adapting
sprinkler or drip irrigation system defeats the
very purpose of terrace gardening.
Manuring Terrace Plants: Feed the
plants with well decomposed compost, vermicompost, cow dung manure, neem, castor or
Pongamia cakes, Panchagavya, cow urine and
coconut water if the temple is in the vicinity. We
may use special organic manures which are
available in the market along with the regular
compost. Application of growth promoters such
as humic acid, micro-nutrient mixtures etc. are
also useful. It is advised to use bio-fertilizers
such as Rhizobium for di-cot plants like beans,
green peas, Azotobacter, Azospirillum, PSB,
Mycorrhiza etc.
Kitchen Gardening:
Definition: Kitchen garden is the growing of
fruits and vegetables at the backyard of house by
using kitchen waste water. Otherwise called as
Home garden or Nutrition garden or Kitchen
gardening or Vegetable gardening.
Site Selection: Backyard of house and
preferably open areas with plenty of sunlight
near the water source. Size and shape of
vegetable garden depends on Availability of
land, Number of persons in family and Spare
time available for its care. Nearly five cents of
land (200 m2) is sufficient to provide vegetables



Fruits Crops: Banana, Papaya (needs
proper staking)
 Vegetable Crops: Tomato, Brinjal, Chilli,
Snake gourd, Ribbedgourd, Bitter gourd,
Pumpkin, Water melon,Cluster beans,
Vegetable Cow Pea, Annual Moringa,
Radish, Small Onion, Chekurmanis,Curry
leaf, Amaranthus
 Spice
Crops:
Tumeric,
Coriander,
FenugreekHome-stead
 Medicinal Plants: Aloe vera, Coleus
ambonicus,
Cissusquar
drangularis,
Phyllanthus amarus, Ecliptaalba, Solanum
nigrum,
Ocimumsanctus,
Ocimum
basilicum, Andrographis paniculta, Acorus
calamus,
Acalypha
indica,
Euphorbiahirita, Solanum trilobatum
 Flower
crops:
Rose,
Jasmine,
Chrysanthemum, Tube rose, Marigold
Method of cultivation in roof top:
Following are the different types of containers
used for roof gardening. Empty Oil Tins, Plastic
Crates of Vegetable & Milk Square & Rectangle
wooden boxes of packaging material, High
density HDPE bags, Empty Colour Buckets,
Plastic Drums, PVC drainage pipes, Used Bags
of Cement, fertilizers, Grains etc Different types
and sizes earthen, plastic , cement pots, Water –
cold drinks bottles, Thermo boxes, Bamboo
Baskets and Used Kitchen trolly basket.
Selection of Media: Growing media
should not be hard &compact, Proper
proportion of moisture & aeration, Free from
harmful salts & chemicals, Should not too heavy
or light, Will be available easily and nearby,
available as required and affordable cost and
compatible in other media proper mixing
Growing
Media
Sowing
and
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throughout year for a family consisting of five
members.
Vertical gardening
Vertical Gardening is a special kind of urban
gardening suitable to small spaces, particularly
for decorating the walls and roofs in various
styles. This is an alternative method for
gardening by expanding the scope of growing
plants in a vertical space. Intensive urbanization
has left hardly any horizontal space for outdoor
gardens. Green walls are not only spectacularly
beautiful, but also helpful in enlivening the
ambiance. Green walls can absorb heated gas in
the air, lower both indoor and outdoor
temperature, providing a healthier indoor air
quality as well as a more beautiful space.

effectively for the control of fruit flies. Sticky
yellow traps are used for whiteflies and other
insects. These sheets are put here and there in
the garden. Insects sitting on this sticky sheet
are trapped by the glue and die. Ants are not the
pests of plants. But they spread aphids to the
whole garden. You can avoid ants by putting a
line of turmeric powder. Normally termites are
not seen on the terrace. But the wooden boxes
may have termites. Application of spent engine
oil from the garage can avoid termite attack. It is
advised to grow trap crops i.e. marigold,
mustard, castor etc. in the terrace gardening
and kitchen gardening. Insects get attracted to
these flowers and lay eggs. It reduces insect
population to some extent. Keep observing the
plants daily while watering them. Pick the
insects, egg masses, larvae and adults by hand
and destroy.
Management of Diseases:
Powdery mildew and rot disease are common in
the rainy season. Spraying 3 to 5% sweet flag
extract controls these diseases. Drenching 5%
Shikakai extract controls root rot disease. Biofungicides such as Trichoderma, Bacillus,
Pseudomonas etc. can prevent soil borne
disease like wilt and rot. These are available
with agri. labs. Mix these bio agents to the
potting mixture itself. It is better to uproot and
destroy plants affected with yellowing and wilt
diseases. (Venkatramana Hedge and Midde
Thotala Pempakam, 2019)

Plant Protection Measures in
Gardening:
Management of Insect Pests
Sucking pests are the permanent guests of the
terrace garden. These insects spread few viral
diseases also. Major insect pests of the terrace
garden are mealy bug, aphid, thrips, red mite,
whitefly, scale etc. The minor pests are leaf
eating caterpillar, leaf miner, stem and fruit
borer, few types of beetles, leaf webber, weevil
etc.
Mealy bug infestation results in stunted
growth of the plant and no yield. Spraying 5%
Shikakai solution will takeout mealy cover
exposing the insect to direct sun leading to the
death. Aphids attack cowpea and beans first.
Leaf curl disease is very common in hot summer
in chili, brinjal and tomato plants. This is a
complex problem due to thrips and virus.
Spraying Asafoetida extract controls thrips
population. Whiteflies, red mites and scales are
also seen always on these plants. Spraying 5%
neem seed kernal extract (NSKE) and neem oil
controls most of these insects. Spraying of
fermented buttermilk is effective on mites. 5%
chili-garlic-ginger extracts controls aphids and
mites. (Venkatramana Hedge and Midde
Thotala Pempakam, 2019)
Pheromone traps are also useful to attract
and kill male insects. In this garden it is used
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