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SOIL SCIENCE

Different Micronutrients in Soils and their Role in
Plants Growth
Dheeraj Panghaal* and Chetan Kumar Jangir
Ph.D. Scholars Department of Soil Science CCS Haryana Agricultural University, Hisar 125004

micronutrients are as follows:

Micronutrients are essential for plant growth
and play an important role in balanced crop
nutrition. They are as important to plant
nutrition
as
primary
and
secondary
macronutrients, though plants don’t require as
much of them. A lack of any one of the
micronutrients in the soil can limit growth, even
when all other nutrients are present in adequate
amounts. Micronutrients are present in plant
tissue in quantities measured in parts per
million, ranging from 0.1 to 200 ppm, or less
than 0.02% dry weight. The micronutrients are
boron, chlorine, copper, iron, manganese,
molybdenum, zinc and nickel. They work
“behind the scene” as activators of many plant
functions. Important roles of different
December, 2017

Boron
A primary function of boron is related to cell
wall formation, so boron-deficient plants may
be stunted. Sugar transport in plants, flower
retention and pollen formation and germination
are also affected by boron. Seed and grain
production are reduced with low boron supply.
Boron-deficiency symptoms first appear at the
growing points. This results in a stunted
appearance (rosetting), barren ears due to poor
pollination, hollow stems and fruit (hollow
heart) and brittle, discolored leaves and loss of
fruiting bodies.
Boron deficiencies are found mainly in acid,
4
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sandy soils in regions of high rainfall, and those
with low soil organic matter. Borate ions are
mobile in soil and can be leached from the root
zone. Boron deficiencies are more pronounced
during drought periods when root activity is
restricted.
Copper is necessary for carbohydrate and
nitrogen metabolism and, inadequate copper
results in stunting of plants. Copper also is
required for lignin synthesis which is needed for
cell wall strength and prevention of wilting.
Deficiency symptoms of copper are dieback of
stems and twigs, yellowing of leaves, stunted
growth and pale green leaves that wither easily.
Copper deficiencies are mainly reported on
sandy soils which are low in organic matter.
Copper uptake decreases as soil pH increases.
Increased phosphorus and iron availability in
soils decreases copper uptake by plants.

compounds required for plant metabolism.
Interveinal chlorosis is a characteristic
manganese-deficiency symptom. In very severe
manganese cases, brown necrotic spots appear
on leaves, resulting in premature leaf drop.
Delayed maturity is another deficiency symptom
in some species. White/gray spots on leaves of
some cereal crops is a sign of manganese
deficiency.
Manganese deficiencies mainly occur on
organic soils, high-pH soils, sandy soils low in
organic matter, and on over-limed soils. Soil
manganese may be less available in dry, wellaerated soils, but can become more available
under wet soil conditions when manganese is
reduced to the plant-available form. Conversely,
manganese toxicity can result in some acidic,
high-manganese soils. Uptake of manganese
decreases with increased soil pH and is
adversely affected by high levels of available
iron in soils.

Iron

Molybdenum

Iron is involved in the production of
chlorophyll, and iron chlorosis is easily
recognized on iron-sensitive crops growing on
calcareous soils. Iron also is a component of
many enzymes associated with energy transfer,
nitrogen reduction and fixation, and lignin
formation. Iron is associated with sulfur in
plants to form compounds that catalyze other
reactions. Iron deficiencies are mainly
manifested by yellow leaves due to low levels of
chlorophyll. Leaf yellowing first appears on the
younger upper leaves in interveinal tissues.
Severe iron deficiencies cause leaves to turn
completely yellow or almost white, and then
brown as leaves die.
Iron deficiencies are found mainly on high
pH soils, although some acid, sandy soils low in
organic matter also may be iron-deficient. Cool,
wet weather enhances iron deficiencies,
especially on soils with marginal levels of
available iron. Poorly aerated or compacted soils
also reduce iron uptake by plants. Uptake of
iron decreases with increased soil pH, and is
adversely affected by high levels of available
phosphorus, manganese and zinc in soils.

Molybdenum is involved in enzyme systems
relating to nitrogen fixation by bacteria growing
symbiotically
with
legumes.
Nitrogen
metabolism, protein synthesis and sulfur
metabolism are also affected by molybdenum.
Molybdenum has a significant effect on pollen
formation, so fruit and grain formation are
affected in molybdenum-deficient plants.
Because molybdenum requirements are so low,
most plant species do not exhibit molybdenumdeficiency
symptoms.
These
deficiency
symptoms in legumes are mainly exhibited as
nitrogen-deficiency symptoms because of the
primary role of molybdenum in nitrogen
fixation. Unlike the other micronutrients,
molybdenum-deficiency symptoms are not
confined mainly to the youngest leaves because
molybdenum is mobile in plants. The
characteristic molybdenum deficiency symptom
in some vegetable crops is irregular leaf blade
formation known as whiptail, but interveinal
mottling and marginal chlorosis of older leaves
also have been observed.
Molybdenum deficiencies are found mainly
on acid, sandy soils in humid regions.
Molybdenum uptake by plants increases with
increased soil pH, which is opposite that of the
other micronutrients. Molybdenum deficiencies
in legumes may be corrected by liming acid soils

Copper

Manganese
Manganese is necessary in photosynthesis,
nitrogen metabolism and to form other
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regulation of water loss. Wilting and restricted,
highly branched root systems are the main
chloride-deficiency symptoms, which are found
mainly in cereal crops.
Most soils contain sufficient levels of
chloride for adequate plant nutrition. However,
reported chloride deficiencies have been
reported on sandy soils in high rainfall areas or
those derived from low-chloride parent
materials. There are few areas of chloridedeficient so this micronutrient generally is not
considered in fertilizer programs. In addition,
chloride is applied to soils with KCl, the
dominant potassium fertilizer. The role of
chloride in decreasing the incidence of various
diseases in small grains is perhaps more
important than its nutritional role from a
practical viewpoint.

rather than by molybdenum applications.
However, seed treatment with molybdenum
sources may be more economical than liming in
some areas.

Zinc
Zinc is an essential component of various
enzyme systems for energy production, protein
synthesis, and growth regulation. Zinc deficient
plants also exhibit delayed maturity. Zinc is not
mobile in plants so zinc-deficiency symptoms
occur mainly in new growth. Poor mobility in
plants suggests the need for a constant supply of
available zinc for optimum growth. The most
visible zinc deficiency symptoms are short
internodes and a decrease in leaf size. Delayed
maturity also is a symptom of zinc-deficient
plants.
Zinc deficiencies are mainly found on sandy
soils low in organic matter and on organic soils.
Zinc deficiencies occur more often during cold,
wet spring weather and are related to reduced
root growth and activity as well as lower
microbial activity decreases zinc release from
soil organic matter. Zinc uptake by plants
decreases with increased soil pH. Uptake of zinc
also is adversely affected by high levels of
available phosphorus and iron in soils.

Nickel
Nickel is a component of some plant enzymes,
most notably urease, which metabolizes urea
nitrogen into useable ammonia within the plant.
Without nickel, toxic levels of urea can
accumulate within the tissue forming necrotic
legions on the leaf tips. In this case, nickel
deficiency causes urea toxicity. Nickel is also
used as a catalyst in enzymes used to help
legumes fix nitrogen. There is evidence that
nickel helps with disease tolerance in plants.

Chloride
Because chloride is a mobile anion in plants,
most of its functions relate to salt effects
(stomatal opening) and electrical charge balance
in physiological functions in plants. Chloride
also indirectly affects plant growth by stomatal

2.
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AGRONOMY

Role of Potassium Solubilising Bacteria for
Sustainable Agriculture
Gangadhar Nanda1* and D. C. Kala2
Ph.D. Scholar, 1Department of Agronomy, 2Department of Soil Science, GBPUAT, Pantnagar

materials and fertilizers are the sources of
potassium to the plants. Deficiency of potassium
in plants results in yellowing of leaves from
edges which gives it a burned appearance.
Large quantity of potassium is present in
soil of which only 1-2% is available to plant.
About 90-98% of the soil potassium remains as
silicate minerals such K-feldspar and mica

Potassium (K) is one of the most important
macronutrient
for
plant
growth
and
development. It has its role in osmotic
adjustment in the cell and transportation of
compounds in plants. It also plays a key role in
the utilization of nitrogen and synthesis of
proteins and sugar and confers resistance to
biotic and abiotic stresses. Soil mineral, organic
December, 2017
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Mechanisms of potassium solubilisation by
KSBs include production of organic acid (acetic,
citric, lactic, propionic, oxalic, lactic, tartaric
and gluconic acid) that reduces the pH of the
surrounding medium. This helps direct
dissolution of K minerals making them available
for plant uptake. Besides this, chelation of
cations (Si and Al) bound to the potassium in
potassium bearing mineral is also the other
proposed mechanism of solubilisation.
Use of KSB as bio-fertilizer will mitigate the
problem of K deficiency in Indian soils but
extensive research is needed to standardize its
rate, method and time of application of
particular strain which will not only reduce the
cost on costly potassium fertilizer but will also
enhance the efficiency of applied potassium
fertilizer. Also emphasis should be given to
isolation of native strains of KSB and their use
as bio-fertilizers.

which is associated with problem of slow
release. About 72% of the Indian soils are low to
medium in available potassium and 70-72% of
the K accumulated in above ground biomass
remains in leaves, straw and stover. So,
inadequate crop residues recycling further
aggravate the problem of potassium deficiency
in the soil.
Lacking the good quality of potassium
minerals, India imports potassium fertilizers
from other countries to meet its domestic
fertilizer demand. The consumption of
potassium fertilizers in India is increasing day
by day to meet the food demand. Excessive use
of fertilizers results in destruction of soil
structure, reduction of soil organic matter and
has
environmental
concerns.
Moreover,
application of excess amounts of fertilizers not
only increases the production cost but also
decreases the efficiency of applied potassium
fertilizer. Suitable alternative to supplement the
potassium fertilizer is required to meet the goals
of sustainable development of agriculture.
Certain group of bacteria which have the
potential to enhance the availability of
potassium in the rhizosphere by releasing this
nutrient from potassium bearing minerals are
known as potassium solubilising bacteria
(KSBs). These are reported to secrete organic
acids which dissolve and chelate the silicon ion
thus making the potassium available to plants,
which would be useful to mitigate the potassium
deficiency. Different species of KSBs include
Penicilium
frequentans,
Paenibacillus
mucilaginosus, Aspergillus niger, Bacillus
megaterium, Bacillus subtilis, Pseudomonas
aeroginosa and Arthrobacter spp. Besides
making available K in soils, KSBs also produce
growth promoting substances which influence
plant growth and development.

3.
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AGRICULTURE

Efficient Management of Resources in
Dryland Areas for Enhanced Productivity
Gaurav Mahajan1 and Ashish Kumar2
1ZARS,

JNKVV, Powarkheda, Hoshangabad, M.P.; 2College of Agriculture, JNKVV, Rewa, M.P.

Introduction
The

4th

India defines “dry farming areas as those which
receive annual rainfall ranging from 375 mm1125 mm and very limited irrigation facilities”.

five year plan (1967-74) document of
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pre-monsoon showers helps in increasing rain
water infiltration, soil moisture conservation
and efficient weed control. Land leveling in deep
alluvium soils help in increasing yield especially
in sub-normal seasons. In chronic drought
prone areas deep tillage (20-30 cm) has been
found specifically applicable to soil having
textural profile or hard pans. By preventing loss
of stored soil moisture, through seeding across
the slope and development of ridge and furrow
between the crop rows have been found to
increase yield by 30-40%. In post rainy seasons
cropped area of heavy black soil (mean annual
rainfall 550-600 mm), vertical mulches increase
water intake, reduce run off and improve grain
yield by 40-50% in normal years and by as
much as 400-500% over unmulched plots in
below normal rainfall years. In our country
about 160 mha meter precipitation flows freely
in the sea. The given situation offer good
opportunity for runoff water harvesting and its
recycling as protective irrigation to Kharif crops
during intervening drought spells and/or as presowing or life saving irrigation to Rabi crops.
Provision of supplementary irrigation stages of
crops growth is invariably made in all the
watershed
management
programmes
to
optimize crop productivity of rainfed areas.
Watershed management programme was
reckoned as a catalyst to bring green revolution
in the rainfed areas.
The soil of rainfed areas are generally low in
organic ‘C’, where around 77 & 47% are low in
available N & P respectively. The available ‘S’ is
sub optimal particularly in oil seed & pulses
growing areas. The deficiency of micro nutrients
namely Zn, Fe, B are also emerging in several
areas.
Split application prevents loss in nutrients
& ensures deep root penetration for reaching
sub surface stored moisture in aberrant
weather. The fertilizer response ratio of various
dry land crops varied between 4 to 17 kg
grain/kg nutrient. However it is possible to have
almost two to three fold increase in fertilizer
response ratio over traditional practice in dry
land areas through adoption of integrated
nutrient management. Rainfed areas are
generally poorly fertilized in respect of micro &
secondary nutrients. Continuous uptake of such
nutrient without periodic replenishment, leads
to hidden hunger of soil leading to the poor crop

In dryland agriculture emphasis is on water
conservation, sustainable crop yields, limited
inputs of fertilizer and both wind and water
erosion is major hurdles.
In the absence of adequacy of water
resource for irrigation, rainfed farming is
practiced in nearly two thirds of arable land (97
mha) in India. The gross cropped area of the
country is 182 mha. Out of an estimated 140
mha of net cultivated area about 67% is rainfed
and only 46 mha is irrigated. The National
Commission on Agriculture predicted that even
when full irrigation potential is harnessed by
2020 A.D, over 50% arable land would continue
to remain rainfed in the foresceable future. So
far, much of the agricultural growth achieved in
the past decades occurred in irrigated areas. The
potential for additional production gains in
these areas may lessen with time because of
inherent problems. It is in the rainfed belt
where cultivation of coarse cereals (91%), pulses
(91%), oil seed (80%) and cotton (65%)
predominates. About 44% of the total
production is contributed by rainfed areas and it
supports 40% of the country’s population. The
rainfed areas are increasingly being warranted
to help to meet the rising demand for food,
pulses, oilseed, fuel, feed, fruits and vegetables.

Strategies
The country’s economy depends on the
sustained increase in the productivity from
drylands which can be increased by efficient
management of available resources. Water
scarcity, poor input use and resource
degradation are the constraints of rainfed
agriculture.
Accordingly
three
strategic
interventions are needed to overcome these
limitations. The most important of these is the
risk management to avoid crop failure which
can be mitigated through efficient crop
planning, introduction of short duration
drought resistant HYV and provision of
protective or supplementary irrigation by means
of rain water harvesting.
Water harvesting, conservation and its
utilization is important to increase the risk
bearing capacity of rainfed farmers. Once this
barrier is broken the doors are opened wide for
a variety of productivity enhancing options like
use of high yielding varieties and fertilizers.
Off-season (summer) tillage coinciding with

December, 2017
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Conclusion

response to major nutrients (NPK). A
participatory rural appraisal conducted by
ICRISAT in 50 watershed revealed that crop
yields were declining year after year due to
deficiency of B, Zn & S on 81-98% farm. A small
investment of Rs 1750/ha towards micro &
secondary nutrients (5 kg. Borax, 200 kg.
Gypsum & 50 kg. Zinc Sulphate per ha.) made
remarkable difference in crop yields in these
areas.

4.

It can be concluded that rainfed agriculture has
a potential to meet the challenges of new
millennium in achieving food & livelihood
security.
The
required
agricultural
transformation is to be brought about through
efficient crop planning & integrated soil-waternutrient management.

AGRICULTURE

Weed Management Practices in Wheat
Harshal Avinashe1* and Nidhi Dubey2
1&2Asst.,

Department of Genetics & Plant Breeding, Lovely Professional University, Phagwara

woody in nature and are not likely to be killed
easily with the recommended dose of 2,4-D.
When 2,4-D is sprayed between 25-30 days, the
ears of wheat have been found to suffer from
malformation. Malformation adversely affects
the uniformly of seed size and thereby reduces
their value as grain and seed. While spraying
2,4-D avoid drift of spray in the adjoining crop
fields, because a slight drift of 2,4-D may spoil
the pulses crop like pea, gram, lentil and
mustard. It is desirable to spray 2,4-D when
wind velocity is minimum (Sardana 2001).
To control Phalaris minor spray Tribunil or
Isoproturon at the rate of 2kg per ha in 400-600
l of water 32-35 DAS. Spray of Isoproturon will
also control wild oat if it is present in wheat
field (Dixit and Bhan 1997).

Among biotic stresses, weeds play an important
role in deciding productivity of any crop.
Unfortunately, they are more resistant to abiotic
stresses and their nutrient absorption capacity
is also better than the crop. Weeds emerge with
the emerging crop seedlings and if not
controlled in the early stages of crop growth
these may cause reduction in yield varying from
10-40 % depending upon the intensity and kind
of weeds present in an area. Field is generally
infested from both dicot and monocot weeds.
The major dicot weeds are Chenopodium
album, Fumaria purviflora, Cirsium arvense
Anagalis arvensis, Melilotus alba, Melilotus
indica,Vicia sativa and lathyrus spp., etc.
Monocot weeds include: Phalaris minor, Avena
fatua,
Polypogon
monspllensis,
Cyperus
rotundus and Cynodon dactylon.
Generally weeds are eradicated with the
help of hoe, khurpi etc. However, now-a-days it
has become difficult due to labour cost and
unavailability of labour. Now a number of
chemical weedicides are available that control
the weeds in wheat rather effectively. Most
common and effective herbicide to kill all the
broad leaved weeds in wheat field is 2,4-D. It is
available in market under different trade names
and each formulation has different amount of
active ingredients.
2,4-D should be sprayed in wheat fields 3235 DAS. But after 40 days of sowing, spray of
2,4-D is not beneficial because by that time
weeds have already done the damage to the
crop, secondly, after 40 days weeds become

VOLUME NO. 14, ISSUE NO.03

Weed Management Practices in Wheat
Various practices of weed management can be
grouped into three broad categories namely
1. Cultural and preventive control
2. Physical or mechanical control
3. Chemical weed control

These practices are discussed below;
1.

9

Cultural and Preventive control:
Cultural practices such as time and method
of sowing, crop density and geometry, crop
varieties, dose, method and time of fertilizer
application, time and method of irrigation
have pronounced effect on crop-weed
interference. Some of these factors are
listed below: Use clean wheat seed that is
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2.

3.

Post-emergence

free from weed seeds. Go in for early sowing
of wheat (before 15 Nov.). Adopt closer row
spacing (18 cm), criss-cross sowing to
increase population density of the wheat
plants. Place basal dose of fertilizer 2-3 cm
below the seed. Pull out weeds before seed
setting. Keep irrigation channels free from
weeds. Introduce either berseem or oat for
fodder, as a crop rotation, sown once in
three years. Stimulate emergence of
Phalaris by giving light irrigation followed
by weed control with non-selective
herbicides like glyphosate or cultivation
followed by sowing of wheat. Zero tillage
offer a way to manage Phalaris but
continuously practising zero tillage invites
problem from other weeds.
Mechanical Control: It involves the
removal of weeds by various tools &
implements including hand weeding &
pulling. It is not feasible where weeds
resemble morphologically to crop ego P.
minor & Avena ludoviciana before flowering
in wheat. Also, mechanical weed control
becomes difficult in broadcast sown wheat.
However, mechanical control can be
practiced effectively when wheat is sown on
FIRBS as this system facilitates tractor
mounted implements usage.
Chemical Control: Chemical weed
control is preferred because of less labor
involvement and no mechanical damage to
the crop that happens during manual
weeding. Moreover, the control is more
effective as the weeds within the rows are
killed which invariably escape, because of
morphological similarity to wheat, during
mechanical
control.
The
following
weedicide schedule has been found effective
in
controlling
Isoproturon
resistant
population of Phalaris minor.

During the last 3-4 years a number of herbicides
were found effective against the resistant
biotypes of Phalaris minor. Out of the four new
herbicides found effective against Phalaris, two
namely Sulfosulfuran and Metribuzin were
effective against both grassy and non-grassy
weeds, whereas clodinafop and fenoxaprop were
specific to grassy weeds. Application of
Metribuzin should be done carefully as this
chemical is not safe at double the recommended
dose (Pandey 2002). Also its application is risky
if hot and windy weather prevails and rainfall
occurs immediately after its spray / application.
The herbicides that are to be applied as post
emergence after first irrigation at 30-35 days of
sowing or 2-3 leaf stage of Phalaris minor are;

Both Grassy and Broad Leaved




Only Grassy Weeds



Clodinafop @ 400 g/ha (60g a.i./ha) in
250-300 liters of water / ha.
Fenoxaprop-ethyl @ 80-120g a.i./ha in
250-300 liters of water / ha.

Only Broadleaf Weeds



2,4-0 @ 500 g a.i./ha in 250-300 liters of
water /ha.
Metsulfuron methyl @ 4 g a.i. / ha 250-300
liters of water /ha.

Some Useful Hints
Do’s

Pre-emergence
As
pre-emergence,
only
Stomp
30EC
(Pendimethalin) is available which can be
applied @ 3300 ml/ha (1000 g a.i/ha) at 0-3
days after sowing in 500 liters of water /ha.
Care must be taken to have fine tilth for better
performance of pendimethalin. It controls both
grasses and broadleaved weeds.
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Sulfosulfuran @ 25.0g a.i./ha in 250-300
liters of water /ha.
Metribuzin @ 175 g a.i./ha in at least 500
liters of water /ha.
A mixture of Sulfosulfuran at 25g/ha and
metsulfuron methyl @ 4 g/ha in 250-300
liters water /ha. Combination of 2,4-0 and
isoproturon can also be used for the control
of mixed weed population in resistance free
area (Malik et al., 1992).
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Spray the herbicides, both pre and post
emergence, when there is sufficient
moisture in the soil. Spray the postemergence herbicides when Phalaris minor
is at 2-3 leaf stage. Spraying is done on clear
and sunny days only when the leaves are
dry.
Use only flat fan nozzle especially for
VOLUME NO.14, ISSUE NO.03
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different types of cultural, mechanical and
chemical methods are used.

Fenoxaprop. Remove Phalaris minor before
seed setting and use as fodder. Ensure
complete coverage of the field.
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Do not use Sulfosulfuran in mixed cropping
system of wheat and mustard or other
crops. Never apply these post emergence
herbicides by mixing with sand, urea or soil.
Do not mix Clodinafop and Fenoxaprop
with 2,4-D



Conclusion
Wheat is an important cereal crop which is
adversely affected by weeds. They emerge with
the crop and may cause reduction in yield if not
controlled in early growth stages. The most
important weed is phalaris minor which is also
known as mimic weed as its plant look exactly
like wheat plant. For the control of these weeds
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Increasing population pressure and decreasing
resourcesaccomplished with decrease in the rate
of food productionare threat to the future food
security. To address theseinterlinked challenges,
there is a need to redefine the presentcropping
systems to develop economic-based cropping
systems for sustainable production to meet the
increasingdemand of food, feed and forage.
Among various options tosustain the yields in
various cropping systems; intercropping system
are found most important to increase the
cropping intensity, system efficiency, net
economic return, more effective usage of natural
resources. In intercropping system, care must
be taken to select the crops which are
complimentary to each other, otherwise
intercropping system found less remunerative
than sole cropping.

Objectives of Intercropping Systems
1.
2.
3.

Principles of Intercropping
1.
2.
3.
4.
5.

Intercropping

6.

Intercropping means growing two or more crops
simultaneously on the same piece of land with a
definite row pattern.

VOLUME NO. 14, ISSUE NO.03

Insurance against total crop failure under
aberrant weather conditions or pest
epidemics
Increases in total productivity per unit land
area
Judicious utilization of resources such as
land, labour and inputs
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Should have complementary effects rather
competitive effects
Should be shorter duration and of faster
growing habits
Should have similar agronomic practices
Erect growing crops should be intercropped
with cover crops
The component crops should have different
root depth
Select crops as per characteristics and
constraints of soils
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Types of Intercropping

Disadvantages of Intercropping



1.









Yield decrease because of adverse
competition effect
2. Allelopathic effect
3. Creates obstruction in the free use of
machines for intercultural operations
4. Labour intensive
5. Differential maturity and problem of
harvesting
6. Problem for intercultural operation
In intercropping system, care must be taken
to select the crops which are complimentary to
each other, otherwise intercropping system
found less remunerative than sole cropping.
There is various indices are available to assess
theintercropping system in many means i.e.
yield, natural resources utilization, employment,
economic etc. Economic indices (gross
realization, net return and BCR) are the most
important to asses, whether the intercropping
system is economic/profitable or not in
comparison to sole crop. Here, an attempt has
been made to review the research work carried
out in regard to assess the economic feasibility
of various intercropping systems in different
crops.

Parallel Cropping: Under this cropping
two crops are selected which have different
growth habits and have a zero competition
between each other and both of them
express their full yield potential.
Companion Cropping: In companion
cropping the yield of one crop is not
affected by other, In other words, the yield
of both the crops is equal to their pure
crops. That the standard plant population of
both crops is maintained.
Strip Inter-cropping: Growing two or
more crops simultaneously in different
strips wide enough to permit independent
cultivation but narrow enough for the crops
to interact agronomical.
Relay inter-cropping: Growing two or
more crops simultaneously during part of
the life cycle of each. A second crop is
planted after the first crop has reached its
reproductive stage but before it is ready for
harvest.
Multistoried Cropping or Multi-tire
cropping: Growing plants of different
height in the same field at the same time is
termed as multistoried cropping. It is
mostly practiced in orchards and plantation
crops for maximum use of solar energy even
under high planting density. For examples,
Eucalyptus + Papaya + Berseem and
Coconut + Pineapple + Turmeric/Ginger.



Advantage of Intercropping
1.
2.
3.

Diversity and stability of fields
Reduction in chemicals
Complementary sharing of plant resources,
such as nitrogen from N fixing plants
4. Higher income per unit area
5. Insurance against failure of crop in
abnormal year
6. Maintain soil fertility as the nutrient uptake
is made from both layers
7. Better control of weeds, pests and diseases
8. One crop provides physical support and
shelter to the other crop
9. Erosion
control
through
providing
continuous leaf cover over the ground
surface
10. Small farmers with limited means is most
likely to benefit
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Intercropping
in
cereal
crop:
Intercropping of blackgram in maize found
more remunerative with significantly higher
maize equivalent yield than sole maize and
sole blackgram (Padhi and Panigrahi, 2006
and Dwivedi and shrivastava, 2011). While,
Chaudhari (2003) also found significant
increases in shorghum equivalent yield
(grain and fodder) with higher gross return,
net return and B:C ratio undersorghum +
blackgram(2:1) in paired row intercropping
system than sole sorghum.Maize + castor
(1:1 row ratio) intercropping system was
also
found
more
profitable
with
significantly higher maize equivalent yield
than other maize based intercropping
system under rainfed condition of
Banaskantha, Gujarat (Patel et al., 2013).
Intercropping in pulse crop: Chickpea
+ indian mustard intercropping system
found superior in form of chickpea
equivalent yield, net return and B:C ratio
than its sole cropping system (Kumar et
al.,2006, Yadav et al., 2013 and Kouret al.,
2014).Pigeonpea intercropped with other
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pulse crop i.e. blackgram, cowpea, gram
also found more profitable than its sole
cropping (Patel, 2009). Almost similar
results for pigeon pea - finger millet
intercropping system were found by Padhiet
al. (2010).When lentil intercropped with
brown sarson and oats at different row ratio
resulted in significantly higher lentil seed
equivalent yield and higher net return than
their sole cropping(Singh et al., 2009).
Intercropping in oilseed crop: Either
intercropping of groundnut + pigeonpea at
5:2 row ratio or groundnut + maize at 4:2
row ratio was found more profitable than
other treatment of intercropping and sole
cropping (Dutta and Bandyopadhyay,
2006). Similarly, Sunflower and french
bean were intercropped at 2:2 row ratio,
resulted in It recorded significantly higher
sunflower equivalent yield, net income and
B:C ratio than its sole cultivation (Singh,
2007).Vasava (2008) recorded the highest
castor equivalent yield with higher net
return and B:C ratio with castor +
greengram intercropping system (1:2 row
ratio) than other intercropping system and
sole cropping. Similarly, castor sown at
wider spacing (2.4 m x 1.2 m) and
intercropped withonion as green vegetable
also resulted in significantly higher castor
equivalent yield, net income and B:C ratio
than intercropping of garlic, fenugreek and
spinach as green vegetable in wider sown
castor and sole cropping of each crops
under study (Gangawane, 2014).Whereas,
Oyeogbe et al (2015) reported that
intercropping of greengram or groundnut
with sesame improve the economics and
system profitability of sesame base
cropping system as compared to sesame
base cropping system without intercropping
in sesame.
Intercropping in fiber crop: Cotton +
sunflower intercropping system was found
superior in term of cotton equivalent yield,
net income and B:C ratio than cotton +
castor and cotton + sesamum intercropping
system as well as sole cotton at Dharwad,
Karnataka.Aladakatti
et
al.
(2011).
Similarly, Khargkharate et al. (2014)
recorded
significantly
higher
cotton
equivalent yield and net return under
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intercropping of soybean in Bt cotton (1:1
row ratio) than intercropping of clusterbean
or blackgram in cotton and sole Bt cotton.
Intercropping
in
sugar
crop:
Intercropping in sugarcane was found more
profitable than its sole cropping at
Parbhani, Maharastra,Suryawanshiet al.
(2010).
While,
ratoon
sugarcane
intercropped with berseem gave higher cane
equivalent yield and net return than sole
cane and other cane + forages intercropping
system at Uttranchal (Rana et al., 2004).

Conclusion
As reviewed above, it can be concluded that
intercropping has substantial effect on the
farmers’ economy as well increase the
productivity
with
boosting
agriculture
contribution to the national economy.
Intercropping in any crop i.e. cereals, pulses,
oilseeds etc. has found profitable than its sole
cropping. Intercropping system increases profit
as well as yield per unit area and reduce the risk
of failure.
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Introduction

2.

Biological control or biocontrol is employment
of one or more organisms to eliminate or reduce
the disease or damage caused by another.
Otherwise it refers the use of natural or
modified organisms, genes or gene products to
reduce the effect of undesirable organisms and
to favour desirable organisms such as crops.
Biological control has been developed and
extensively used against soil-borne diseases in
the nursery and in the main fields. It has also
been used in the control of other diseases.
Management of plant disease by chemical
methods is uneconomical, less effective and
harmful to the beneficial microbes. In addition
they cause residual problem in the soil and farm
produce. Biocontrol agents when applied to the
seed, they reach the soil, multiply in the organic
matter in the soil and offer protection
throughout the crop growth. In addition, they
can be mixed safely with the biofertilizers and
sown immediately after the seed treatment.

3.

Mechanisms involved in Biological Control
The biocontrol agents control the plant diseases
by the following general mechanisms:
1. Parasitism or Predation of one
organism by another: The antagonistic
microorganisms, parasitize the pathogen by
coiling around the hyphae e.g. Trichoderma
viride parasite derives its nutrients from the
pathogen by puncturing the host hyphae
and kill the pathogen. T.harzianum and
Trichoderma virens on Sclerotium rolfsii.
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4.

5.
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Antibiosis: Antibiosis is defined as
inhibition of an organism or its death by the
action of toxic metabolites (antibiotics)
produced
by
another
organism.
Trichoderma sp. produces three antibiotics,
viz., Trichodermin, gliotoxin and viridin in
culture.
Competition:
The
antagonistic
microorganisms compete with the pathogen
for food and essential elements and space,
making them unavailable for the pathogen
and thereby suppress the growth of the
latter. Bacteria such as Pseudomonas,
Chromobacterium,
Enterobacter,
Acaligenes and Arthrobacter compete with
the plant pathogenic fungi and reduce the
disease.
Many bacteria produce siderophores which
are low molecular-weight ferric iontransport agent. Siderophores supply iron
to the bacterial cell and selectively complex
with iron with very high affinity and make it
unavailable to other microorganisms
including plant pathogens. P.fluorescens
and P.putida produce siderophore which
controls soft rot of potato caused by
Erwinia carotovora.
Lysis: Different fungi and bacteria secrete
hydrolytic enzymes and degrade the cell
wall of the pathogens. Trichoderma sp.
produces ß-1, 3 glucanase and chitinase
which degrade chitins and glucans in cell
wall and causes its lysis in R.solani.
Induced systemic resistance: It
involves inoculation of a plant with a nonVOLUME NO.14, ISSUE NO.03
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fluorescens is recommended for the control
of blast of rice at 0.2 per cent concentration
i.e. 1 kg / ha of crop. The product is sprayed
three times from 45 days after transplanting
at 10 days interval. One to three sprays are
recommended.

pathogenic strain of microorganism
becoming resistant to subsequent challenge
by a pathogen.

Methods of Application of Biocontrol
Agents
Fungi like Trichoderma viride and bacteria like
Bacillus subtilis and Pseudomonas fluorescens
are commercially used as biocontrol agents in
the management of plant diseases. They are
used through the following methods.
1. Seed
treatment:
The
fungus,
Trichoderma viride and the bacteria such
as Bacillus subtilis and P. fluorescens are
used to treat the seeds of various crops. The
talc based formulation (with 28 x 106 cfu/g
product) of T. viride is used as dry seed
treatment at 4 g per kilogram of seeds for
the control of root rot diseases of
blackgram, greengram, chickpea, gingelly
groundnut, sunflower and cotton caused by
Rhizoctonia
solani,
Pythium
spp,,
Macrophomina phaseolina and Sclerotium
rolfsii.
2. Seedling root dip: Seedling rot dip with
Pseudomonas fluorescens is adopted in rice
to control blast disease, Irrigation water is
stagnated in an area of 25 sq. m. in the rice
field. A quantity of 2.5 kg of P. fluorescens
formulation is applied and mixed with the
stagnated water. Rice seedlings required to
plant one hectare are pulled out from the
nursery. The root portion of these pulled
out seedlings is immersed in the stagnating
water containing antagonistic bacteria for a
minimum period of 30 min.
3. Soil application: Soil application of
biocontrol agent is recommended in the use
of Trichoderma viride and Pseudomonas
fluorescens. Soil application of T.viride is
recommended
for
the
control
of
Macrophomina root rot in pulses and
oilseeds and Fusarium wilts in pigeonpea
and chickpea. Talc based formulation of
T.viride is mixed with well decomposed
farm yard manure (FYM) or sand and then
applied to soil. For treating one hectare of
land 2.5 kg of the formulation is mixed with
50 kg of FYM or sand and then applied to
the soil. Soil application is done 30 days
after sowing.
4. Foliar spraying: Foliar spraying of P.
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Advantages of Biological Control
1.

Biological control is less costly and cheaper
than any other methods.
2. Biocontrol agents give protection to the
crop throughout the crop period.
3. They also enhance the growth of plant by
way of encouraging the beneficial soil
microflora. It increases the crop yield
4. It is safer to the environment and the
person applying them.
5. They are highly effective against specific
disease.
6. Biocontrol agents are very easy to handle
and apply to the targets.
7. Biocontrol agents can be combined with
biofertilizers.
8. They are easy to manufacture.
9. They do not cause toxicity to the plants.
10. They multiply easily in the soil and leave no
residual problem.

Disadvantages
1.
2.
3.
4.
5.
6.
7.

Biocontrol agents can be used only against
specific diseases.
They are less effective than the fungicides
Only few biocontrol are available for use
and are available in few places.
Their efficiency is decided by the climatic
conditions.
They have slow effect in the control of plant
disease
This method is only a preventive measure
and not curative.
Shelf life of biocontrol agents is short.
Trichoderma viride is viable for 4 months.

A good Biocontrol Agent should have the
following Features / Characteristics.
1.
2.
3.
4.
5.
6.
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It should not be pathogenic to plants.
It should have broad spectrum of its activity
in controlling many types of diseases.
It should have fast growth and sporulation
It should be compatible with bio-fertilizers.
It should have least susceptibility to the
action by the seed treating chemicals.
It should not be toxic to beneficial
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7.
8.

organisms, human beings and animals.
It should be easily formulated.
It should have more shelf life.

Product

Commercial Formulation of Biocontrol Agents Available in
India
Product
Fungal
Monitor SD,
Monitor WP
Yorker

Bioagent

Trichoderma spp. Agriland Biotech
pvt. Ltd. Vadodara
Paecilomyces
Agriland Biotech
lilacinus +
Pvt. Ltd. Vadodara
Trichoderma
viride
Trichoderma
Anand Agricultural
viride
University, Anand
Trichoderma
Junagadh
harzianum
Agricultural
University,
Junagadh
Trichoderma spp. Navsari Agricultural
University, Navsari
Aseprgillus niger Cadila
AN-27
Pharmaceuticals
Ltd. Ahmedabad
Trichoderma
Margo Biocontrol

Anubhav
Trichoderma
Sawaj
Trichoderma

Nauroji
Trichoderma
Kalisena SD,
Kalisen SL
Ecoderma

7.

Bacterial
Nauroji
Pseudomonas
Biocure – B

Developing agency

Bioshield

Bioagent
viride +
Trichoderma
harzianum

Developing agency
Ltd. Bangalore

Pseudomonas
fluorescens
Pseudomonas
fluorescens
Pseudomonas
fluorescens

Navsari Agricultural
University, Navsari
T.stanes company
Ltd., Coimbatore
Anu Biotech Int.
Ltd., Faridabad
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Most fertilizers that are commonly used in
agriculture contain the three basic plant
nutrients: nitrogen, phosphorus, and potassium.
Some
fertilizers
also
contain
certain
“micronutrients,” such as zinc and other metals
that are necessary for plant growth. Materials
that are applied to the land primarily to enhance
soil characteristics (rather than as plant food)
are commonly referred to as soil amendments.
The fertilizers are becoming costly input day by
day. Hence it is felt necessary to study the
efficient use of this input. So some important
points are given here to increase fertilizer use
efficiency and to get higher yield.
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Ammonia Volatilization
Volatilization is an economic loss to the farmer
in terms of both drained fertilizer prices and
decreased crop yields. Some important facts are
as follows:
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Surface application of fertilizers increases
ammonia volatilization.
The ammonia volatilizing capacities of the
fertilizers are graded as urea > ammonium
sulphate > ammonium chloride >
ammonium nitrate.
The ammonia volatilizing capacities of the
soils are graded as calcareous soil > alkaline
soil > neutral soil > acid soil.
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In neutral and acid soils, ammonia
volatilization occurs from urea only, not
from other ammonium fertilizer viz.
ammonium sulphate, ammonium chloride
and ammonium nitrate.
Ammonia volatilization from urea added to
the surface of warm and moist alkaline or
calcareous soils can be completed within a
week.
To reduce volatilization loss of nitrogen, few
recommendations are enlisted hereunder.
Immediately after application (within a few
hours), urea must be incorporated with soil
by tillage or washed into the soil. Urea
should never be left on the soil surface
without incorporation.
In coarse-textured soils (e.g., sandy or
sandy loam soils) urea may be applied on
the surface followed by irrigation so that
urea is washed into the soil with percolating
water. Care must be taken so that urea does
not wash away with runoff.
In case of acid or neutral soil, ammonium
fertilizer, e.g. ammonium sulphate or
ammonium nitrate may be applied on the
surface, but urea must be incorporated with
soil.
If the soil is highly alkaline or highly
calcareous, then deep incorporation of urea
should be made.
Slow release nitrogen fertilizers or sparingly
soluble nitrogen fertilizers, e.g., coated
urea, urea form, IBDU etc. may be applied.
Foliar applications of urea may be adopted.
Split applications of fertilizers should be
adopted.

3.
4.
5.
6.
7.

Leaching
Important facts are as follows:
1. Nitrate is leached.
2. Leaching occurs greatly in submerged rice
soil, coarse textured soils, soil under high
rainfall.
3. The unhydrolyzed urea may wash out in
submerged rice soil.
4. The leaching loss of nitrogen is as high as
70% of added nitrogen.
The following are some recommendations
to reduce leaching loss of nitrogen:
1. Nitrate fertilizer application should be
avoided.
2. Non nitrate fertilizers, e.g. ammonium
sulphate should be recommended.
3. The fertilizer should be placed in reduced
zone of submerged rice soils.
4. Slow release nitrogen fertilizers (i.e.,
sparingly soluble nitrogen fertilizers), e.g.,
coated urea, urea form, IBDU etc. or
nitrification inhibitors, e.g., N-serve, DCD,
A.M. etc. may be used. Also, urea mud balls
may be used.
5. Split applications of fertilizers should be
adopted.
6. Foliar application of fertilizer may be
adopted.
Management of Phosphorus fertilizers in
soil
1. Phosphatic fertilizers should be applied at
high rate (dose) to make the soil
supersaturated with phosphate (H2PO4–).
Once, the adsorption sites are saturated
with
phosphate
(H2PO4–),
further
adsorption will not occur. Thus, excess
phosphate (H2PO4–.) is left in the soil

Denitrification
Important facts are as follows:
1. The denitrification loss of nitrogen is as
high as 87% of added nitrogen.
2. Denitrification occurs mostly in submerged
rice soils.
3. Nitrate is denitrified.
To reduce denitrification loss of nitrogen,
some recommendations are as follows:
1. The fertilizer should be placed in reduced
zone of submerged rice soils.
2. Slow release nitrogen fertilizers (i.e.,
sparingly soluble nitrogen fertilizers), e.g.
coated urea, urea form, IBDU etc. or
VOLUME NO. 14, ISSUE NO.03

nitrification inhibitors, e.g., N-serve, DCD,
A.M. etc. may be used. Also urea mud balls
may be used.
Nitrate fertilizer application should be
avoided.
Anhydrous ammonia, NH3, or aqua
ammonia, NH4OH, may be applied before
submerging and paddling.
Non nitrate fertilizers, e.g. ammonium
sulphate, urea etc. should be applied.
Split applications of fertilizers should be
adopted.
Foliar application of urea may be adopted.
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2.

3.

4.

5.

8.

solution, which is readily available
(accessible) to crops.
In lieu of broadcast application, localized
application (e.g., band placement, drill
placement, plough-sole placement etc.) of
phosphatic fertilizers near the seed or
seedling roots should be followed.
For high phosphorus fixing soils, the
phosphatic fertilizers should be applied
frequently in a crop rotation, because
phosphate
is
rapidly
fixed
(adsorbed/precipitated/sorbed) in this soil
and thus, plants get a very short period to
assimilate (adsorb) phosphorus.
The acid soil may be limed to raise its pH
near neutrality (pH 6.5). Over liming should
be avoided. With rise of pH near (up to 6.5)
the activity of iron and aluminum decreases
and thus their reaction with phosphate
(H2PO4–) decrease which results in lower
phosphorus
fixation
(adsorption/precipitation)
and
higher
phosphate concentration in soil solution.
The Pelleted or aggregated phosphatic
fertilizers may be used. When applied to
soil, the contact between fertilizer and soil
decreases which results in less phosphorus
fixation.
(Adsorption/precipitation/sorption).

1.

2.

3.
4.

5.

Management of Potassium Fertilizers in soil
Plants’ need for potassium is high during
early growth. Hence, adequate potassic
fertilizer should be applied to seedlings.
Care must be taken so that the fertilizer salt
cannot damage the seedlings.
For crops which need high potassium such
as sugar producing crops (e.g., sugar cane,
potato, tobacco banana etc.) the dose of
potassic fertilizer should be high.
Among potassic fertilizers muriate of potash
is cheapest. Hence, its use is wide.
For potato and tobacco muriate of potash
(KCI) should be replaced at least partly if
not fully by non chloride potassic fertilizers
such as sulphate of potash (K2SO4).
Under prolonged submerged condition of
soil, high dose of sulphate of potash (K2SO4)
should not be applied. Otherwise it will
induce hydrogen sulphide (H2S) toxicity
and
unavailability
of
cationic
micronutrients such as iron, manganese,
zinc and copper (Fe, Mn, Zn and Cu).
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Microbial Amylases:
An Industrially Important Enzyme
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industrially in 1894 was an amylase from a
fungal source, which was used as a
pharmaceutical aid for the treatment of
digestive disorders. Around 12 to 15 % of global
industrial enzyme sales are contributed by
starch-hydrolyzing enzymes (2, 3). Amylases
produced
commercially
in
bulk
using
microorganisms represent about 25-33% of the
world enzyme market, in second place after
proteases. Amylases are among the most
important enzymes and are of great significance
in present day biotechnology. Amylolytic
enzymes of microbial origin are divided into
exo-acting, endo-acting, debranching and

Development of biotechnological processing in
many industries has led to the utilization of
microbial enzymes in various applications. One
of these important enzymes is amylase, which
hydrolyzes starch to glucose. The history of
amylases began in 1811 when the first starch
degrading enzyme was discovered by Kirchhoff.
This was followed by several reports of digestive
amylases and malt amylases. It was much later
in 1930, that Ohlsson suggested the
classification of starch digestive enzymes in malt
as α- and -amylases according to the anomeric
type of sugars produced by the enzyme reaction
(1). Interestingly, the first enzyme produced
December, 2017
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starch, likewise yields maltotriose, maltose and
a small amount of glucose; however, because of
the numerous enzyme-resistant branch points,
α-limit dextrins (α-1,6- glucosides with 3–6
glucose units) are also formed. Among various
extracellular enzymes, α-amylase ranks first in
terms of commercial exploitation. It is widely
distributed in various bacteria, fungi, plants and
animals and has a major role in the utilization of
polysaccharides. It is used for removal of starch
sizing from textiles, for the liquefaction of starch
and for the formation of dextrin in baking (5).
2. Isoamylases and pullulanases are
debranching enzymes that hydrolyze only α-1, 6
linkages whereas cyclodextrinases hydrolyze
starch to a series of non-reducing cyclic Dglucosyl polymers called cyclodextrins or
Schardinger dextrins.

cyclodextrin producing enzymes.

Exo-Acting Enzymes
1. Glucoamylase Glucoamylases (GAs) (exo1,4- α-D-glucan glucanohydrolase, EC 3.2.1.3),
known
as
amyloglucosidases,
maltase,
saccharogenic amylases and γ-amylases, are an
important group of starch-degrading enzymes
that are now extensively used in the industrial
production of various glucose syrups (4).
Glucoamylase hydrolyzes single glucose units
from the non-reducing ends of amylose and
amylopectin
in
a
stepwise
manner.
Glucoamylases are widely distributed among
many species of animals, plants and
microorganisms. Among microbes bacteria,
yeast and fungi are capable of producing these
enzymes. Filamentous fungi however constitute
the major source among all microorganisms.
Microbial strains of genus Aspergillus and
Rhizopus are mainly used for the commercial
production of glucoamylase. The preferences for
glucoamylase from these sources in the starch
processing industries are due to their good
thermostability and high activity at neutral pH
(3). This enzyme is generally regarded as safe
(GRAS) by the food and drug administration
(FDA), USA.
2. -Amylase: -Amylases (α-1,4-glucan
maltohydrolase, EC 3.2.1.2) are of plant origin,
but a few microbial strains are also known to
produce it. Microbial -amylases have been
found in various Bacillus spp. such as Bacillus
cereus and Bacillus circulans. It is an exo-acting
enzyme that cleaves non-reducing chain ends of
amylose, amylopectin and glycogen molecules.
It hydrolyses alternate glycosidic linkages,
yielding maltose. Since -amylase is unable to
by-pass α-1,6-glycosidic linkages in amylopectin
it results in incomplete degradation of the
molecule, yielding 50-60% maltose and -limit
dextrin (3).

Application of Amylases
Enzymes from microbial sources generally meet
industrial demands. The spectrum of amylase
application has widened in many other fields,
such as clinical, medical and analytical
chemistry, along with their wide scale
applications in starch saccharification, paper
and textile industry, food, brewing, distilling,
detergent and pharmaceutical industries.
Glucoamylases have applications for dextrose
production, confectionery, baking and in
pharmaceuticals. The use of α-amylase has been
extensively studied, and they are now widely
used in bakery. Their hydrolytic activity on
starch produces short chains, further fermented
by yeast, resulting in an increase of the bread
volume, an improvement of crumb grain, crust
color and flavor development in the final
product. Only bacterial α-amylases of intermediate
thermal
stability
have
been
demonstrated to act as anti-staling additives by
retarding the retrogradation of starch.
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Introduction

prevalent in tropical regions; they occur as a
result of elevated pollutant emissions and a
lengthy dry season that prevents aerosols from
being removed from the atmosphere through
precipitation. The brown colour of the clouds
results due to more absorption than scattering
of solar radiation by black carbon, fly ash, soil
dust particles, and nitrogen dioxide.

Rapidly developing countries specially China,
India and those in southeastern Asia are some
of the world’s top pollutersreleasing a huge
chunk of finely divided carbon soot and other
dark
pollutants
into
the
atmosphere
(aerosols)resulting
in
formation
of
brownishclouds. The thick blanket of such
brown color was first observed during the
Indian Ocean Experiment (INODEX, led by C4
i.e., Centre for Clouds, Chemistry and Climate,
California) intensive field observation in 1999
over India, Pakistan, most of South Asia,
Southeast Asia, China and northern Indian
Ocean, and termed as Asian Brown Cloud(ABC)
in the reports of United Nations Environment
Programme (UNEP) in 2002 [1]. Due to longrange transport, ABCs can cross the continental
boundaries. Therefore, UNEP in a follow-up
international project renamed the subject of
study as Atmospheric Brown Cloudfocussing
mainlyAsia.

Impact of Asian Brown Clouds
Health Problems
A 2002 study indicated that nearly two million
people die each year, in India alone, from
conditions related to the brown cloud. It has
been found to cause respiratory illnesssuch as
chest pain, coughing, nausea, and pulmonary
congestion[2].

Regional Weather





Asian Brown Cloud
(Source:
http://www.nasa.gov/vision/
earth/environment/ brown_cloud.html (NASA)

Cyclone Intensity in Arabian Sea
As per thestudy published in Nature (2011) [4],
it was suggested that weakening wind patterns
over Arabian Ocean during the last 30 years

Conditions required for the Formation of
Asian/ Atmospheric Brown Clouds
Atmospheric brown clouds are particularly
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A second assessment report of UNEP on
ABCs was published in 2008 [3], which
highlighted the following observations:
Results in the delay of Asian monsoon by
several weeks and changes in rainfall
patterns. The observed weakening Indian
monsoon by 5-7 % since 1950s and
northern drought and southern flooding in
China is influenced by the clouds.
Increase in rainfall over the Australian Top
End and Kimberley regions.
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Shanghai and New Delhi. For India as a whole,
the dimming trend has been running at about
2% per decade between 1960 and 2000.

corresponds to dimming effect of ABCs at ocean
surface. Dimming mitigates the warming of the
ocean during summers in the region associated
with greenhouse gas-driven climate changes.
This lowering down of the temperature changed
the atmospheric circulation in such a way as to
actually reduce the climatological vertical wind
shear. These weakening winds have enabled the
formation of more intense cyclones.

Decrease of Crop Harvests
Elevated concentrations of surface ozone i.e.,
beyond a threshold concentration of 40 parts
per billionare likely to affect crop yields
negatively. The impact is crop specific. The crop
yield has also been found to reduce due to
deposition of various acidic and toxic particles
from brown clouds on plants and reduced
photosynthesis due to ‘dimming’.

Global Warming and Glacier’s Melting
ABCs are aggravating the greenhouse gas
(GHGs) induced global warming because they
lead to the formation of black carbon and soot
particles that absorb sunlight and heat the air as
well as ozone that enhances the greenhouse
effect of carbon dioxide. Paradoxically, brown
clouds also happen to mask warming impacts of
GHGs in some cases by 20%-80%, because they
contain sulphates and some organics which
reflect sunlight and cool the surface. Once
thought to be a local phenomenon, atmospheric
brown clouds that originate in urban centres are
now known to travel thousands of kilometres,
transported by air currents and high winds.
Brown clouds from the United States cover the
Atlantic, the European brown cloud goes over
central Asia, and China’s brown cloud crosses
the Pacific over to U.S. [5]. It has been found
that ABCs melts snow three times greater than
that of CO2 in Arctic regions as deposition of
black carbon from atmospheric brown clouds on
ice and snow significantly increases the amount
of sunlight that is absorbed and hence
temperature.

Conclusion
In India, there is little awareness in general
population about ABC and its adverse impact on
health. ABCs are the worst consequence of air
pollution in Asian countries. Like global
warming, ABCs are also of international concern
now as these can travel miles crossing
continental boundaries.Air pollution must be
mitigated by imposing strict laws on vehicular,
industrial and indoor pollution.
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Dimming
ABCs reduce sunlight hitting the Earth’s surface
in two ways. Sulphates and nitrates emitted
through burning of fossil fuels reflect and
scatter sunlight back into space. Others like
black carbon originate from either fossil fuel or
biomass burning absorbs sunlight before it
reaches the ground. The overall effect is to make
cities darker or dimmer. As per Atmospheric
Brown Clouds: Regional Assessment Report
with Focus on Asia (2008) ‘dimming’ between
10-25% was observed over Karachi, Beijing,
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Introduction

improving the photosynthesis, and producing
biologically active substances such as enzymes
and hormones that aid in controlling the soil
borne diseases and also induce the
decomposition of lignified matter present in the
soil. In particular, EM is a broad term used for
the specifically mixed culture of beneficial and
known microorganisms that are widely being
used as microbial inoculants (Muthaura et al.,
2010).

Apart from meeting the need of the people,
protection of the environment is also the duty of
the agrarians so as to promote sustainable
agriculture. The debate on the replacement of
organic fertilizers and chemical fertilizers with
bio inputs is never ending. There is beneficial
increase in the dry weight of crops with
biofertilizers over conventional package of
practices. In conventional farming, chemicals
such as fertilizers and pesticides are used to
increase the crop productivity. The predominant
and ever increasing usage of these chemicals has
resulted in the pollution of the environment.
Due to this, search for the alternative measures
in scientific way is gaining momentum. One of
the alternative methods is the isolation and use
of beneficial microorganisms from the soil,
namely, Effective Microorganisms.

How does EM Work?
EM on application to the soil, helps in inducing
the decomposition of the organic matter /
wastes and residues, which help in releasing the
nutrients from the organic wastes and residues
present in the soil, thus helping in the release of
inorganic nutrients which is readily available for
plant uptake.
Foliar application of EM helps in
overcoming the biotic and abiotic constraints of
soil environment; for instance, the yield in
various crops, fruits and vegetables was higher
on comparison with chemical fertilizer
application.

What is Effective Microorganisms?
The idea of Effective Microorganisms (EM) was
conceived by Professor Teruo Higa, University
of Ryuku, Okinawa, Japan. EM consist of mixed
cultures of naturally occurring and beneficial
microorganisms which can be employed as
inoculants in order to enhance the microbial
diversity of soil and plant. Studies on the usage
of EM have observed to improve the soil quality,
health and thus result in the higher growth,
yield and quality of the crops.

Theories of EM
There are mainly five theories which discuss the
effect of EM application and yield and quality of
crops.
1. Disease – Suppressive Soil: According
to the term, the disease – suppressive soil
refers to the biological route of suppression
of plant disease occurrence. Three instances
of disease-suppressive soils are: (i) the
pathogens fail to establish, (ii) the pathogen
may be present but could not cause disease,
and (iii) pathogen causes disease but
declines with monoculture.
2. The plant pathogens suppression and
disease incidence depends on soil
conditions, plant and EM culture and

Which Microorganisms Constitute EM?
EM culture contains the co-existence of
beneficial microorganisms, constituted mainly
by the species of photosynthetic bacteria, viz.,
Rhodopseudomonas plastris and Rhodobacter
sphacrodes; lactobacilli, viz., Lactobacillus
plantarum, L. casei, and Streptococcus lactis;
yeasts (Saccharomyces spp.) and Actinomycetes
(Streptomyces spp.) which enhance the crop
growth and thereby, yield of the crop by
December, 2017
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3.

4.

5.

combination cultures being applied. These
indicate that EM is able to induce soil to be
disease-suppressive in its nature.
Organic Energy Theory: In the
conventional theory, organic matter
undergoes decomposition by microbial
activity in the soil and thus, helps in the
release of the nutrients for their availability
for uptake by plants. According to this
theory, organic matter is fermented by
Lactobacillus sp. and by other lactic acid
producing microorganisms. These release
amino acids and polysaccharides as soluble
organic compounds that are readily
absorbed by the plants in their metabolic
pathways for benefit. According to Kinjo
(1990), the amount of amino acids
produced at the end of five days incubation
of organic matter with EM was observed to
be significantly higher than the control that
lacked EM. Similarly, the absorption of
organic compounds, amino acids and
sugars was demonstrated by the root
observations in tissue culture which support
the beneficial effect of energy-yielding
organic molecules by EM culture.
Inorganic
Nutrient
Solubilizing
Theory: Soil microbial population plays a
vital role in the decomposition of the soil
organic matter, thereby, recycling the
nutrients for the uptake of the plants. As the
soil organic matter decreases, soil
productivity decreases too, which is
attributed to the soil erosion and slower
process of return of the organic matter to
the soil. On the other hand, the soil
microbial population and its biodiversity
decrease too. These are evident from the
experiments conducted with the application
of molasses to soil and leaf surfaces in crops
such as turnip and green peppers, which
was used as a source of carbon and energy
source for the indigenous microorganisms.
There was substantial increase in the
population of nitrogen fixing bacteria on the
leaves, which caused the increase in the
yield of turnip and green pepper. Also,
insoluble organic phosphorus compounds
are largely unavailable to the plants, which
can be solubilized by the EM and be made
available for plant uptake.
Balanced
Population
of
Soil
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Microorganisms Theory: The severity
and incidence of plant diseases are often
dependent on the soil conditions, such as,
chemical, physical, and microbial properties
decided by the soil management practices,
i.e., tillage, fertilization and pesticide
application, apart from the crop rotation,
monoculture, and multiple cropping, etc.
These factors are governed by the total
microbial population along with its
complexity and diversity in the soil. The
equilibrium between the population of
harmful and beneficial microorganisms
decides whether the soil ecosystem remains
favorable or unfavorable for the growth of
the plants. Basically, the population of
actinomycetes such as Trichoderma,
Pencillium, Pseudomonas and other
antagonistic plant pathogens that suppress
diseases are higher in the soil.
If the soil microorganisms have large
population of Lactobacillus and other
fermentative microbes such as yeasts,
starch digesting bacteria and cellulose
digesting bacteria, the soil is considered to
be zymogenic soils. Those soils which have
large nitrogen fixing bacterial population
(Azotobacter, Beljerinckia, Derxia and
Spirillum), facultative anaerobic bacteria
(Bacillus, Enterobacter, Klesiella and
Clostridium) and photosynthetic bacteria
are classified into synthetic soils. On the
contrary, when the soil has high
populations of plant pathogenic fungi
(Fusarium, Phytophthora, Verticillium and
Pythium), the soil is classified to be diseaseinducing soil.
Photosynthetic and Nitrogen Fixing
Theory: Due to the application of EM,
both as soil and foliar application, the
photosynthetic and nitrogen fixing bacteria
have been observed to increase. This, in
turn, helps in the growth of plants, increase
the yield and thus, the crop quality (with
higher content of vitamin C and sugar
content in the fruits) as compared to the
control. It is understandable that higher
number of photosynthetic bacteria and
nitrogen fixing bacteria in soil and on leaf
surfaces enhance the photosynthetic rate of
plant and its efficiency and nitrogen fixing
capacity of the plant.
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Conclusion
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Introduction

Eco-Tilling in Plants









Tilling (Target Induced Local Lesions in
Genomes), is a reverse genetic high
throughput approach, aims to identify SNPs
(single nucleotide polymorphisms) and / or
INDELS (insertions / deletions) in a gene /
genes of interest from a mutagenized
population.
TILLING first began in the late 1990’s from
the effort of a graduate student, Claire
McCallum (and collaborators from Fred
Hutchinson Cancer Research Center and
Howard Hughes Medical Institute), who
worked on characterizing the function of
two chromomethylase genes in Arabidopsis.
It’s a non transgenic technology




Eco-TILLING is a molecular technique that
is similar to TILLING, except that its
objective is to uncover natural genetic
variation as opposed to induced mutations.
EcoTILLING can be used to determine
heterozygosity levels within a gene
fragment.
EcoTILLIING reduces the time and effort
for SNP discovery generally required by
weeding out identical haplotypes.

Tilling in Plants





It is widely used for the study of functional
genomics in plants, especially for the model
plant Arabidopsis thaliana.
TILLING was used to investigate induced
mutations occurring in the protein kinase
domain of the SYMRK gene, which is
necessary for root symbiosis in Lotus
japonicus.
Even though TILLING was originally
designed for and applied mainly in
Arabidopsis, but it shows great response in
recent years for other crops like maize,
wheat, rice, soyabean, barley, Pea, Tomato.
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Isolation of gDNA samples from the
mutagenic populations
Amplification of individual genes by PCR.
Pooling of PCR products in equimolar ratio.
Preparation of barcode indexed Illumina
libraries
Sequencing on HiSeq 2000/2500/MiSeq
and filtration of high quality data
Demultiplexing of the sequence reads based
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on barcode.
Alignment of reads by gene wise and library
wise using reference sequence.
Variation calling (gene wise library wise).
Variation intersection of row pools and
column pools.




high quality population.
Working with species that are highly
heterozygous may limit mutation detection.
The last challenge to consider is assigning a
particular phenotype to a genotype and
inferring the putative function of a gene.

Advantage of Tilling
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TILLING is a non-transgenic, high
throughput reverse genetic approach.
Provides the approximate location within a
few base pairs of the induced mutation.
EcoTILLING, can also be a valuable tool for
mining for SNPs in germplasm, assessing
heterozygosity, uncovering variants for
disease resistance, or ascertaining the
function of a gene or regulatory element by
detecting natural variants.

Drawbacks of Tilling


Creation of a mutant population can be a
difficult task and recquires time to develop
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20 the total agriculture work force reduced to 41
per cent.This indicates reduction in the
percentage of youth in agriculture. If this kind of
situation continued, in future we have to depend
on foreign countries for food and our economy
will be worsening.

Indian agriculture is suffering from various
problems like uneven rainfall, low productivity,
low income, inadequate quality inputs, unstable
market prices and another important threat is,
in recent day’s youth losing hope towards
agriculture. India has world largest youth
population according to UN report around 356
million youth constitute 28 per cent of country’s
population.NSSO reported that given a chance
around 60 per cent of farmers are wish to leave
agriculture, Losing more than 2,000 farmers
every single day since 1991, the overall number
of farmers has dropped by 15 million and
coupled with increasing in farmer suicide
percentage over the years. As of 2016, every 15
minutes a farmer commit suicide due to
unforeseen situations. There has been a drastic
decline in the agriculture work force over the
years, around 30.57 per cent reduction in
agriculture work force in 2011-12 and by 2019-
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Fig 1: Shift towards non-farm sectors in rural areas.

for sustainable income and gainful employment
in selected districts, (ii) To enable the Farm
Youth to establish network groups to take up
resource and capital intensive activities like
processing, value addition and marketing, and
(iii) To demonstrate functional linkage with
different institutions and stakeholders for
convergence of opportunities available under
various schemes/program for sustainable
development of youth.
This scheme will be implemented in 25
States through KVKs, one district from each
State. In one district, 200 to 300 rural youths
will be identified for their skill development in
entrepreneurial activities and establishment of
related micro-enterprise units in the area of
Apiary, Mushroom, Seed Processing, Soil
testing, Poultry, Dairy, Goatry, Carp-hatchery,
Vermi-compost etc.,
Youth should utilize the benefits from
various programmes and grouping themselves
to identify their problem and solving their
problems in a group. This will help them to
realize better income and increases bargaining
power for the purchase of bulk inputs and
selling of agricultural produce in a bulk at fair
price. This will helps to control migration from
rural to urban areas in search of jobs, reduces
the problem of labour scarcity in agriculture and
provide a platform for entrepreneurship
development etc.,

Primary: Agriculture, fishery and forestry,
Secondary:
Mining,
Manufacturing,
Construction, Electricity- gas -steam and air
conditioning supply, Water supply – sewerage waste management and remediation activities
and Tertiary: Wholesale and retail trade,
Repair of motor vehicles and motorcycles,
Transportation and storage, Financial and
insurance activities etc.,
Above figure revealed that the agriculture
workforce shifting from primary to secondary
and tertiary sectors. That means over the years
the agriculture workforce shifting from farm to
non-farm sector (Fig 1). The reduction in
agriculture youth may be due higher income
from other activities, risk involved in
agriculture, attractive salary or wages from
other
non-farm
sectors/industries
and
urbanization. To retain youth especially
uneducated
youth
in
agriculture
the
Government, agriculture and line departments
should combined together and facilitate in
terms of finance, since capital is a crucial input
for labour abundant countries like India,
conduct need based skill development trainings,
marketing and rental infrastructure facilities in
the initial stages until individual or institution
able to face the competition.
Recently ICAR initiated a programme on
“Attracting and Retaining Youth in Agriculture
(ARYA)” by realizing the importance of youth in
agriculture especially to maintain the food
security of the country. The objectives of this
programme are (i) To attract and empower the
Youth in Rural Areas to take up various
Agriculture, allied and service sector enterprises
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Introduction

fourth most important cereal crop in the world
after rice, wheat and maize. Barley is the oldest
crop of the world being cultivated since
Neolithic period. It has been known as a major
sustaining food than has played vital role in the
evolution of humankind and development of

Barley (Hordeum vulgare L.) (Hindi name:
Jau), a cereal grain domesticated from its wild
derived from an annual grass Hordeum
spontaneum C.Koch (Badr et al., 2000) is the
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Therefore, to look into symptoms caused by
plant parasitic nematodes need special expertise
and adequate long –term experience associated
with the symptoms development in agricultural
fields. Different growth stages of root knot
nematode in associated hypertrophied root
tissues/galls/knots are metabolic sinks which
receive photosynthates translocated from other
parts of the plant via the root system for its
growth and development. In the process, the
nematode deprives the plant of nutrients
causing reduced root and shoot growth.
Meloidogyne infection also affects absorption of
nutrient and water and their upward
translocation by root system. This disease is
characterized by presence of galls/knots varying
in size and shape, yellowing, stunting and
wilting of plants. Further, extent of damage
depends on the initial inoculum level of the
nematode,
susceptibility
of
cultivars,
environmental conditions. A high initial
inoculum level of M. graminicola caused wilting
of plants along with severe reduction in growth
parameters while low inoculum density caused
only reduction in growth parameters.

many civilizations.
The plant parasitic nematodes Meloidogyne
graminicola has emerged as a major pest of
rice-wheat cropping system (Sharma and
Rahaman, 1998; Singh and Singh, 2009). It may
be due to change in climate as delayed onset of
winter and early onset of summer might be
helpful in the development of this nematode
species. Meloidogyne naasi and M. artiellia
have been shown to cause significant damage to
wheat and barley in the winter growing season
(Sikora, 1988). This disease is characterized by
abnormal swelling of roots (known as root knots
or galls), yellowing, stunting and wilting of
plants depending on the initial population
density (Pi) of the nematode in soil. The losses
caused by M. graminicola may vary from
negligible to heavy depending on the severity of
disease. Biswas and Rao (1971) reported a loss
of 15 to 17% in rice yields by M. graminicola in
pot condition. However, Rao and Biswas (1973)
further reported 21 to 64% loss in yield due to
this nematode. Netscher and Erlan (1993)
reported that M. graminicola caused 28 to 87%
yield loss in upland rice in Indonesia. Since rice
and wheat both are good hosts of M.
graminicola, there is need to grow a non-host/
poor host crop in this crop rotation. Where ever
barley is grown after rice would also help in
build up inoculum of this nematode. In general
plants infected with plant parasitic nematode do
not produce dramatic symptoms as produced by
fungal, bacterial and viral pathogens.
The main symptoms of root knot disease
caused by Meloidogyne spp. is presence of
galls/knots on the root system of the infected
plants. However, such plants also show the
symptoms of yellowing, stunting and wilting.
The degree of symptom manifestation differs
with time of infection, age of the plants and
inoculum levels. Root knot disease of barley was
characterized by presence of galls/knots on root
system of the infected plants. These plants
exhibited yellowing, dwarfing and wilting.
However, the galls varied in their shapes and
noticed from small to big in size. The examined
galls
were
horsehoe
or
a
complete
spiral/curling, pyriform, round, oblong and
capitate /hooked in shape and varied in size and
colour. The most pronounced type of galls in
early infection was curling type, which was seen
in infected plants.
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Insect Pest Management in Mustard Ecosystem
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The list of major insect pest of rapeseed and
mustard are given below—
1. Mustard
aphid,
Lipaphis
erysimi
(Kaltenbach)
2. Mustard saw fly, Athalia promixa (Klug)
3. Painted
bug,
Bragrada
cruciferum
Burmiester
4. Bihar hairy caterpillar, Diacrisia obliqua
Walker
5. Leaf miner, Chromatomyia horticola
Goureat
6. Cabbage butterfly, Pieris brassicae
7. Flea beetle, Phyllotreta cruciferae Goeze
8. Diamond back moth, Plutella xylostella
9. Green peach aphid, Myzus persicae Sulzer
10. Cabbage head webber, Crocidolomia
binotalis Zeller
11. Cabbage top borer, Hellula undalis Fab
12. Cabbage semi looper, Plusia prichaleia Fab
13. Turnip moth, Agrotis segetum Demis and
Schiff
14. White fly, Bemisia tabaci (Gen.)
15. Gram caterpillar, Helicoverpa armigera
(Hubner)

Rapeseed and mustard comprises raya, Brassica
juncea, Brassica campestris var yellow sarson,
brown sarson, taramira, Eruca sativa and gobhi
sarson Brassica napus which are important
oilseed crops in India ranking second only to
groundnut in both seeded area and total
production. These crops covered about 25% of
the 26.3 million ha devoted to oilseed and
accounted for 27% of the total 24.4 million
tonns of oilseed production. The major rapeseed
and mustard producing states in India are
Rajasthan, Uttar Pradesh, Madhya Pradesh,
Haryana, West Bengal, Gujarat, Assam and
Bihar and Punjab. These state accounts for
97.32% of the total area and 98.37% of the total
rapeseed and mustard production. The yield of
rapeseed in India is rather low, the average seed
yield was 1017 kg/ha compared to the highest
record yield of 3528 kg/ha in France and a
world average of 1451 kg/ha. Possible reasons
for the low yield of rapeseed and mustard in
India are
1. These crops are essentially grown in
rainfed/un irrigated areas.
2. Cultivation mostly in marginal and sub
marginal lands.
3. The crops are grown by the small farmer
with low level of inputs.
4. The varieties available are of low yield and
long duration.
5. A crop growing is risky and the crops are
susceptible to insect pest and disease.
6. In adequate availability of quality seed of
improved varieties.
Among these biotic and abiotic factors
insect pest are major constraints in achieving
higher productivity. About 38 insect pest species
are found to be associated with rapeseed and
mustard crop right from seedling to harvest.
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Pest Management
Injudicious application of insecticides pose pest
resurgance, develoment of pest resistance to
insecticide, environmental pollution as well as
harm to useful biotic agents such as predators,
parasites and pollinators. To overcome these
problems, integrated pest management is the
only novel approach to suppress the pest
population below economic injury level. This
includes mechanical, cultural, biological and
chemical control.
Mechanical control: Solarization of
fields by summer ploughing helps eliminate the
soil pest. Collection and destruction of different
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mass release owing to their non-availability in
plenty at approciate time is not possible. On the
other hand in outbreak of certain insect pest.
Mechanical and cultural control methods do not
serve the purpose to quickly suppress the insect
pest population, under these circumstances
farmer always like insecticidal application for
immediate relief.
Chemical control: Dusting of the crop
with methyl parathian 2% dust @ 25kg/ha or
spraying with malathion 50 EC (0.05%) will
minimize the infestation of pest like sawfly,
painted bug and bihar hairy caterpillar at
seeding stage of the crop. Apply 1-3 fortnightly
spray either of – Methyl oxydemeton 25 EC
(0.025%) or dimethoate 30 EC (0.03%) or
quinalphos 25 EC (0.025%) or phosphamidon
85 EC (0.03%) or chlorpyriphos 20 EC (0.05%).
For the aphid management, depending on its
severity of incidence, the amount of fluid may be
600-100 liters/ha according to age of crop for
better results. The insecticide should be applied
at economic threshold of 15-12 aphids/10cm top
central shoot length of 35% plants.

pest stages (egg/larva/pupa) and infested plant
parts from the field reduce the serious pest’s
incidence. Removal of early infested twigs by
aphid having stem mothers, by the end of
December is very useful. Light trap can also be
used, especially for bihar hairy caterpillar.
Yellow sticky traps attract the aphid and
monitoring can be done by using these traps in
the field for effective control of aphids.
Cultural control: Early sowing of the
crop during first fortnight of October escapes
the mustard aphid infestation. Use of pestresistant varieties and quality seed can be
effective tool to boost up the production, which
can be obtained from the Natioal Research
Centre for rapeseed and mustard Bharatpur
(Rajasthan), state Agricultural Universities and
state agricultural department of the region.
Crop should be grown with recommended
production technology especially fertilizer
application as excessive use of nitrogenous
fertilizer make the crop vulnerable to insect
pest.
Biological control: Last instar nymphs of
Perilissus cingulator attack the grubs of the saw
fly. Coccinellids, syrphids and Chrysoperla spp.
with some other predate/parasitize the aphid
population. However these biotic agents are
more active towards the end of season, i.e. end
of February onwards. At this stage, the aphid
population starts declining due to rise in
temperature and maturity of the crop. Hence,
these biotic agents do not play significant role in
natural suppression of aphid population and

Precautions




The crop is to be utilized for saag (leafy
vegetables)/fodder purpose, the crop may
be applied with malathion 50 EC (0.05%)
do not pluck the leaves within 7 days after
spraying.
Insecticidal application should be done in
the afternoon to avoid the adverse effects of
the pollinators.

15. AGRICULTURE
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Introduction

region because rainfall is not sufficient to wash
out the salts below root zone but salt affected
also found in the humid and sub humid region
in coastal belt due to the inundation of salty sea
water. At present in India total 6.74 million
hectare comes under salt affected soil out of this
3.79 million hectare (56 %) fall under alkali soil
and remaining 2.95 million hectare (44%) come
under the saline soil. Highest area under

Accumulation of the salts in the crop root zone
which hamper the normal crop production
because plant are unable to extract water due to
high osmotic pressure outside (Richards, 1954).
Other than this soil Ph goes high that’s why
imbalance in the availability of the nutrient like
as nitrogen, zinc, iron and copper. Salt affected
soil mainly developed in the arid and semi arid
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Sources of Salts

osmotic pressure also plant unable extract water
and show sporadic wilting. Seed germination
and initial stage of crop are more sensitive to
salt affected soil



Sodic Soil

Gujarat 2.22 million ha followed by Uttar
Pradesh (1.37 million ha) and Mharastra (0.61
million ha) (CSSRI, n. d.).









Parent material: At the process of soil
formation with weathering of parent rock
they contribute in salt accumulation in high
rainfall area they leached out with rain
water and disposed in the sea but in arid
and semi arid region not sufficient rain that
salts leach out.
Surface and groundwater: All the
surface and ground water contain some
amount of soluble salt which gradually
added in the soil year after year and raise
the soil Ph.
Ocean: In the coastal area like as the
Gujarat low laying soils get inundated with
sea water which make them salty other than
this sea wind also bring salt with it and
deposit in coastal belt this phenomena also
called as cyclic salt
Shallow groundwater table: Shallow
ground water table in directly contribute in
development of salty soil. Due to shallow
water table water unable to reach out the
salts below the root in place ground water
salts comes up through capillary action and
accumulate in the root zone
Use of salty groundwater for
irrigation: In the arid and semi arid area
water quality is very poor and not suitable
to use for crop production but in the
absence of any other alternative farmers
forced to use salty water to save their crop
from wilting which gradually add salts in
soil with each irrigation.

Soils in which plant growth is impaired due to
excessive exchangeable sodium in root zone
termed as the sodic soil. They also called
“solonetz” and in this soil black crust developed
on the soil surface and plant growth hamper
because soil structure get dispersed by the
excessive sodium water cant penetrate in soil
and anaerobic condition developed in the root
zone.

Saline-Sodic Soil
By the combined effect of the excessive salt and
exchangeable sodium in root zone gave birth to
saline-sodic soil. In these if salts are leached by
applying excess water they converted to sodic
soils. Such soils are difficult to reclaim.
TABLE 1 Classification of salt affected soils
Characteristics
Ph
ECe
ESP

Sodic
soil
<8.5

Saline-Sodic
soil
>8.5

>4.0
ds/m
<15.0

>4.0
ds/m
>15.0

<4.0 ds/m
>15.0

Reclamation of Salt Affected Soil

Saline Soil
For the reclamation of saline soil application of
the fresh water required in field, so the excess
salt wash out from the root zone. How much
water depth required it’s depending on initial
salinity level and the permissible salinity level
for the crop grown. Selection of variety and crop
cultivar also decide the water required for
reclamation.

Classification of Salt Affected Soils
On the basis if the type of the salt in soils it is
classified in the category saline, saline sodic and
alkali soil for this there are parameter used are
soil Ph, ECe (Electric conductivity)ESP
(Exchangeable sodium percentage) as shown in
Table 1.

Factor which Hinder the Reclamation
Process
1.

Saline Soil

2.

Soils in which plant growth is impaired due to
excessive soluble salt in root zone termed as the
saline soil. They also called “solonchaks” and in
this soil white crust developed on the soil
surface and plant growth hamper because high

3.
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Saline
soil
<8.5

4.
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Hardpan below soil profile not allow to
leach out the water
Sallow water table not allows downward
movement and contributes in secondary
salinization
Bowl shape topography support to poor
drainage mechanism
Non availability of good quality surface
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5.

formally unviable become available to plant.
Commonly used organic amendments are rice
straw, groundnuts and sunflower hulls, farm
yard manure, compost, poultry manure, green
manure and tree leave. All above organic
amendments farmers should give preference to
those, who easily available and decompose in
soil in a time limit.

water
Poor quality ground water

Sodic Soil
For the reclamation of sodic soil it is desired to
lower down the sodium in the soil solution and
exchangeable cites. Replacement of the sodium
with calcium followed for this and its achived by
application of amendments. Following practices
are followed

Industrial Byproducts
Industrial byproduct like as press mud,
phosphogypsum, molasses and effluent of milk
plants all of this provide calcium directly soil
but be careful that these material free from toxic
elements like fluoride. Otherwise secondary
problem get start by adding these material.

Chemical Amendments
The most commonly used soluble salts and acids
or acid forming materials are gypsum, calcium
chloride, sulphur, sulphuric acid, lime sulphur,
pyrite and iron sulphate. Chemical amendments
either directly provides the soluble calcium to
replace the exchangeable sodium or they
produce acid which help in dissolving the native
calcite and release calcium for replacement
In above chemical amendments most
commonly used amendments is gypsum due to
following reason





Conclusion
Salt affected soils are poor in productivity but it
is not indicate that they are poor in fertility but
due to excessive salt and sodium content they
can’t support higher crop production. But by
adopting the reclamation strategy we can
convert them from barren to productive land for
all these farmers need to put four to five years
effort in these directions.

It’s freely available in many arid and
semiarid as natural deposit
Its handling and application are very easy
It’s the cheapest among all other chemical
amendments so reduce the reclamation cost
Gypsum can be stored in open without
much loss by rain due to low solubility
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Organic Amendments
Any organic source adding in the soil improve
salt affected soil health in two way first
supplying organic matter and second generate
acid which help to dissolve native calcite and
lower down the soil Ph and many nutrient which
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plant parts or their extracts like neem, karanj
etc. nematode, protozoa, rickkettssia etc. or
their toxins. As of April 2016, there are 299
biopesticide active ingredients registered. It kills
the agricultural pests on application without
affecting the natural enemies and the
environment.

Biopesticides are certain types of pesticides
derived from such natural materials as animals,
plants, bacteria and certain minerals. For
example, canola oil and baking soda have
pesticidal applications and are considered as
biopesticides. These include fungi such as
Beauveria sp., bacteria such as Bacillus sp.,
VOLUME NO. 14, ISSUE NO.03
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Advantages of Biopesticides

different kinds of pests, although each separate
active ingredient is relatively specific for its
target pest[s].
Bacteria:Many spore forming and nonspore forming bacteria are known to be effective
against a wide spectrum of insects and diseases.
Among them the crystalliferous spore forming
bacteria have proved as potential candidate in
integrated pest management programmes.
Bacillus thuringiensis (Bt) is one such
bacterium which has gained popularity on a
global basis in insect control. Bt is gram
positive, rod shaped aerobic, endospore forming
soil bacteria. It was first isolated in 1902 from
diseased larvae of silkworm, Bombyx mori in
Japan by Ishiwata. The spore of this bacterium
is marketed in solid or liquid form.On being
ingested by the susceptible host, the endospore
germinates in the gut (alkaline pH more than 9),
producing the bacterial cell. The cell migrates
into the haemocoel where they multiply rapidly
and destroy certain tissues and soon fill much of
the haemocoel causes septicemia and finally
death of the insect.
Bioasp prepared by Biotech International
Ltd, New Delhi has been proved to be effective
against H armigera, Spodoptera litura,
Pectiniphora gossypiella. Other Bt based
products marketed in India are Halt, Biolep,
Dipel, Delfin, Bioasp, Biobit, Spicturin etc.
Besides Bt, other potential bacteria like
Serratia sp, Streptomyces sp, Pseudomonas sp,
Saccharopolyspora spinosa etc are important in
insect pest control.
Fungi: The members of the fungus genera
Entomophthora, Beauveria, Metarrhizium,
Verticillium, Hirsutella, Erynia, Nomuraea,
Aspergillus, Paecilomyces and Coelomomyces
are important in insect pest control.
For fungus, the most common root of host
invasion through the external integuments. The
infective stage in fungi is a spore, usually a
conidium. When the fungal spores are sprayed
on the foliage, they produce the infection pegs
which penetrate the insect cuticle at inter
segmental membrane or through the spiracles
or other natural openings. After penetrating into
the haemolymph, the infection pegs germinate
and produce the hyphal bodies in the
haemocoel. Host death is often due to a
combination of the action of a fungal toxin,
chocking of tissues, physical obstruction of



Biopesticides are best alternatives to
conventional pesticides and those are
usually less toxic than conventional
pesticides
 It generally affects only the target pest and
closely related organisms, in contrast to
broad spectrum conventional pesticides
that may affect other different non-target
organisms.
 It often are effective in very small quantities
and often decompose quickly, resulting in
lower exposures and largely avoiding the
pollution problems caused by conventional
pesticides. In addition, biopesticides are
manufactured from naturally occurring raw
materials in an environmentally responsible
and sustainable manner.
 When used as a component of Integrated
Pest
Management
(IPM)
programs,
biopesticides can greatly reduce the use of
conventional pesticides, while crop yields
remain high.
 It also help in resistance management
programme. Long-term continuous use of a
single class of pesticides may result in
resistance to that class by the targeted pest.
Biopesticides
have
been
used
in
combination with traditional insecticides to
effectively
manage resistance,
while
maintaining high pest control standards
and also extend the life of valuable
traditional pesticides
 Biopesticides improve crop quality and
yield by preventing pest damage and
promoting physiological benefits in plants,
including increased fruit size and enhanced
color.
According to the EPA Bio pesticides are
classified into three major classes and those are
microbial pesticides, biochemical pesticides,
and plant incorporated pesticides:

1. Microbial Pesticides
Microbial pesticides are products derived from
various microorganisms (e.g., bacterium,
fungus, virus or protozoan) that are used as an
active ingredient to control pests. Microbial
products may consist of the organisms
themselves and/or the metabolites they
produce. Microbial pesticides can control many
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( Nuclear Polyhedrosis Virus, Cytiplasmic
Polyhedrosis Virus and Granulosis Virus ) that
are used in insect control. Viruses are ecofriendly and selective in nature.
The nuclear polyhedrosis virus (NPV) is
available in liquid formulations which are
sprayed on crop canopy. Upon ingestion by a
larvae, the protective polyhedron coat of the
virus is dissolved in the midgut (alkaline gut
juice ). The virions cause primary infection in
the midgut cells, which in turn produce the
budded virus responsible for spreading the
infection to other tissues like fat bodies,
epidermis, tracheal cells, muscles, gonads etc.
The entire body content disintegrates and foul
smelling liquid formation takes place. The cell
wall becomes thin and fragile. The larva shows
sluggishness, lose appetite and climb to the
highest point in the tree and die by keeping its
head down hanging from the shoot by its last
pair pro-legs. The cytoplasmic polyhedrosis
virus (CPV) multiplies in the cytoplasm of the
mid gut cells where as the granulosis virus (GV)
multiplies in fat bodies, blood cells and tracheal
matrix. It is recommended @ 250 -500 LE per
hacter.
Nematodes: There are many entomo
pathogenic nematodes ( EPN) in nature i.e. they
can associate themselves with the insect and due
to such association the insect only dies. The
insect pathogenic nematodes like Hexamermis
sp., Mermis sp., Steinernema carpocapsae, etc
are very potential in nature. These nematodes
have a symbiotic relationship with the bacteria
which are released into the haemolymph of the
host causing septicemia. The best known
complex is DD-136 in which the nematode
involved is Steinernema carpocapsae and the
bacterium is Xenorhabdus nematophilus. The
nematodes serve as a vector for the bacterium
which causes septicemia in the insect body. The
nematodes enter in to the insect body through
natural openings and reach the haemocoel. The
juveniles devour the contents of various
organelles of the insect and thus, the insect dies.
S. carpocapsae has effectively checked
yellow stem borer, Ear cutting caterpillar in rice.
This is commercially available in the trade name
of Bio vector, Eco mask

blood circulation and nutrition depletion. Death
generally occurs about 1-2 days later depending
on dose, temperature and larval age.
Different types of toxin are produced by
different types of fungi.

For Example


Beauveria bassinae produces Beauvericin,
Beauverolides, Bassianolides
 Metarrhizium
anisopliae
produces
Destruxins A,B,C,D,E and F
 Aspergillus sp. produces Aflatoxin.
 Beauveria bassinae (White muscardine
fungus ) having wide host range and is
effective @ 1-2kg/ha against colarado
potato beetle (Sikura, 1974; Poprawski,
1997), Helicoverpa armigera, cotton white
fly, rice BPH,GLH, Sugarcane internode
borer (Varma,1993) etc.
 Metarrhizium
anisopliae
(Green
muscardine fungus ) is effective against
chrysomelid,
curculionid,
scarabaeid
beetle,sugarcane pyrilla (Kulashrestha and
Gursahani, 1961), DBM etc.
 Verticillium lecanii is effective against scale
insects like aphids, thrips, white fly, red
spider mite ( Soper, 1982).etc.
 Neozygites fresenii is effective against
cotton aphids.
 Hirsutella thompsonii was found effective
against Coconut mite (Anon, 2000).
 Nomuraea rileyi was effective in controlling
Indigo caterpillar (Phadke, 1989), Gram
pod borer (Gopalkrishnan and Narayan,
1989) Tobacco caterpillar (Vimla Devi,
1994, 1995, 2001).
 All the above fungus are available in
different commercial formulations and
those are  Beauveria bassinae - Naturalis - L,
Mycotrol, Conidia, Ostrinol
 Metarrhizium anisopliae - Bio-1020, Biopath, Bio-blast
 Verticillium lecanii - Verticillin, Mycotal
Viruses: Viruses are sub-microscopic
entities capable of self-duplication. It derives
their nutrition from host ribosome and are
capable of causing disease in host and results in
death of the host.
Mainly there are three categories of viruses
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compounds that are structurally similar (and
functionally identical) to their naturally
occurring counterparts. In general, biochemical
biopesticides are characterized by a non-toxic
mode of action that may affect the growth and
development of a pest, its ability to reproduce,
or pest ecology. They also may have an impact
on the growth and development of treated
plants including their post-harvest physiology.
These includes Plant Growth Regulators
(PGRs), Insect Growth Regulators (IGRs): these
products prevent insects from reaching a
reproductive stage, thereby reducing the
expansion of pest populations, Pheromones:
Synthetic female pheromone are used as lures to
attract males into traps and are also used for
mating disruption, Plant Extracts: Thujic acid
from Thuja plants, Pipercide from Piper
nigrum, oleoresin amide from Chrysanthemum
cinerarifolium, Eugenol from Pogostemon
heynearus plants, I-lipophenyl thio urea from
Allium sepa plants have strong insecticidal
property.

are pesticidal substances that plants produce
from genetic material that has been added to the
plant. For example, scientists can take the gene
for the Bt pesticidal protein and introduce the
gene into the plant’s own genetic material. Then
the plant, instead of the Bt bacterium,
manufactures the substance that destroys the
pest. Transgenic plants like Bt corn and cotton
are also developed against some Lepidopteran
pest.
The use of bio pesticides offer a good
alternative to manage the insect pests and
diseases in an eco friendly way. Because, mostly
they are naturally occurring, they have high
specificity to target pests, no or little adverse
effect on beneficial insects, resistance
development to them is slow or less common,
they have no unknown environmental hazards,
have less residual activity and are effective
against insecticide resistance species of insects.
Due to the above reasons the role of bio
pesticides is considered as a potent and reliable
tool in IPM to manage insect pests.

3. Plant Incorporated Protectants (PIPs)
PIPs also known as genetically modified crops,
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Use of Self-Incompatibility for Crop Improvement
Rukhsar*, Sushil Kumar and Maisuria Hemanshu Kumar J.
Centre of Excellence in Agricultural Biotechnology, Anand Agricultural University, Anand -388 110,

The term self-incompatibility (SI) was originally
coined by Stout in 1917. Koelreuter, in the
middle of 18th century, first reported selfincompatibility in purple mullein or temptress
purple (Verbascum phoeniceum L.).Later on
numerous cases of self-incompatibility in
flowering plants were reported which were
reviewed by East (1940). If a plant does not set
seed when pollinated with its own functional
pollen, but exhibits normal seed setting when
cross pollinated, it indicates presence of selfincompatibility”.Self-incompatibility
is
a
widespread genetic system inmany flowering
plants which serves to prevent selffertilizationand maintain genetic diversity. It is
based on self/non-selfpollen–pistil recognition
interactions followed by inhibitionof self-pollen
hydration, germination, or pollen tube growth.

December, 2017

Molecular Mechanism of SI(Schopfer et al. 1999 )
Protein - protein interactions, (single
locus) termed S,which has many different
alleles in the species population. The S-locus
contains two basic protein coding regions - one
expressed
in
the
pistil
(female
determinants), other in the anther and/or
pollen (male determinants).Because of their
physical proximity, these are genetically linked,
and are inherited as a unit. The units are called
S- haplotypes.

Molecular Mechanism of SI Based on
Protein-Protein Interaction in a SHaplotype-Specific Manner
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Solanaceae, Rosaceae, Scrophulariaceae- SRNAse enters all pollen tube but somehow
degrades RNA only in the incompatible
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pollen tubes.
Papaveraceae- Rapid increase in Ca 2+the
pollen tube shank region, which initiates Ca
2+ mediated signalling cascade.
Brassicaceae – SP11/SCR protein bind
SRK(S-locus receptor kinase) in a haplotype
species
manner,
and
initiates
a
phosphorylation cascade.

6.

Measures to Overcome Self-Incompatibility
1.

2.

3.

4.

5.

Bud Pollination - Pollination of
immature buds with mature pollen has been
successful in the production of large
quantity of selfed seed both in gametophytic
and sporophytic systems in Brassica,
Nicotiana and Petunia. This method is now
used for the development of inbred lines for
hybrid seed production in Brassica species.
The bud pollination should be done 2 to 4
days before flower opening.
Delayed
Pollination
Delayed
pollination also leads to self-fertilization in
self-incompatible species. Pollination of
aged pistils several days after maturity with
normal incompatible pollen resulted in
some degree of self-fertilization in Brassica
and Linum. However, such results could not
be achieved with other plant species. This
indicates that in Brassica and Linum aging
leads to break down of self-incompatibility.
Irradiation - Irradiation of style with Xrays immediately before selfing resulted in
breakdown of self-incompatibility in
Petunia.Gamma irradiation significantly
increased seed setting upon selfing in
Lycopersicon peruvianum and Nicotiana
alata.However, these effects were observed
in one generation and were lost in the next
generation. Mutation plays an important
role in overcoming self-incompatibility.If S1
is mutated to S’, it will be compatible with
both S1 and S2.
High Temperature - Treatment of style
at temperatures ranging from 30°C to 60°C
leads to breakdown of self-incompatibility
in many plant species like Malus, Trifolium,
Lycopersicon and rye which are having
gametophytic single locus system of selfincompatibility. Heat treatment inactivates
the substance or enzyme which causes selfincompatibility.
Removal of stigma - Removal of stigma
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7.

8.

in species having stigmatic incompatibility
results in certain amount of seed
production in some crops. This method was
found to be successful in Brassica oleracea.
Increased CO2 concentration - It is
reported to overcome self-incompatibility in
the sporophytic system.This approach may
be useful for large scale multiplication of
inbred lines. Plants of B. napus and B.
oleracea (kale and Brussels sprout) were
grown in polythene tunnels with CO2
pellets; a small fan was used for air
circulation. Pollination was by either hand
or blowflies, and a good seed set was
obtained.
High humidity - High humidity can be
created by enclosing the inflorescences
within suitable bags like polythene
bags.High seed set in Brussels sprouts was
obtained by covering inflorescence with
cellophane bags and introducing within
them blowflies as pollinators.This could
have resulted from increased CO2 levels due
to blowfly activity or, possibly, from
increased humidity Combination of high
CO2 and humidity is very effective in
promoting seed set inB. napusand
cauliflower (Hinata et al., 1994).
In vitro fertilization (Maheshwari and
Kanta, 1964) - Placing of pollen grains in
direct contact with ovules resulted in
breakdown of self-incompatibility in many
crop species. This indicates that restriction
of interference from the stigma, the style or
the ovary leads to breakdown of selfincompatibility. Self-seed were obtained in
Petunia auxiliaris by in vitro fertilization.

Elimination of Self-Incompatibility


Doubling the chromosome number is
effective in case of single locus
gametophytic system.
 Isolation of self-fertile mutant. For this
flower bud are irradiated and pollen from
this bud is used to pollinate flowers having
known S alleles. It is more successful in
gametophytic system.
 Transfer of self-incompatibility alleles from
related species.
Utilization of self-incompatibility in
crop improvement- Self-incompatibility
effectively prevents self-pollination; as a result,
35
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ornamental flower life.

it has a profound effect on plant breeding
approaches and objectives.In plant breeding, it
is useful in two main ways:
1. In the production of hybrids - Selfincompatibility provides a way for hybrid
seed production without emasculation and
without resorting to genetic or cytoplasmic
male sterility. It has been utilized for
production of commercial hybrids in
Brassica (cabbage and Brussels sprouts)
and sunflower. Two self-incompatible lines
(strains) are planted in the alternate row for
hybrid seed production. The harvest from
both the lines would be hybrid seed.
a) Gametophytic self incompatibility
– In Leguminosae limited hybrid seed
production. e.g., clover, Trifolium
(leguminosae). In SolanaceaeSI have
been reported in wild spp. from where
genes can be incorporated into the
cultivated spp. for hybrid seed
production.
b) Sporophytic self incompatibility InBrassica (Cruciferae)-Hybrid seed
production in primarily by the
Japanese
seed
companies.
In
Compositae -The cultivated varieties
are generally self-fertile.
2. Combining Desirable Genes - Selfincompatibility system permits combining
of desirable genes in a single genotype from
two or more different sources through
natural cross pollination which is not
possible in self-compatible species.In selfincompatible fruit trees, it is necessary to
plant two cross-compatible varieties to
ensure fruitfulness. In case of pineapple,
commercial clones are self-incompatible. As
a result, fruits develop parthenocarpically
and are seedless.Prevention of seed set in
biomass crop and prolongation of

Achievements


Cauliflower-Pusa Hybrid-2, Snow Queen,
Snow King, White Contessa.
 Cabbage - BRH-5, H-44, H-43, Pusa
Synthetic, Meenakshi, Nagaoka No.1 (Japan
1 SI variety).
 Chinese Cabbage -Hamburg-3.
Future thrust- There isneed to develop
method to produce and maintain SI inbred lines
for low cost of hybrid seed production, to
identify method for easy transfer of S-allele,
engineer SI transgenic plants for hybrid seed
production, transfer self-incompatible alleles
from wild species to cultivated species and
produce hybrid variety in those crops where
male sterility system has not been developed.
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Crop Production by using Saline and Alkali Water
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Introduction

country and now our farmers are using the
ground water for fulfills the crops need.

Day by day demand for the water increasing in
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Groundwater is not always suitable for
irrigation purpose and it’s develop the salinity
and alkalinity in the soil. Irrigation is the single
largest sector using the water and it contribute
90% of total withdrawal where domestic and
industrial sector only contributes 10 percent.
About 60% irrigation demand fulfilled by
ground water (Amarasinghe et al., n. d.).
Continuously using of poor quality water is not
good for the soil health and crop productivity
point of view in long term. Our farmers are
using poor quality water to save their crop. In
this article we are give how can farmers take
crop if no alternate is available except using of
saline and alkali water.

Water Quality

SARiw
(mmol/L)
<2.5
<2.5

Good
Marginally
saline
Saline
>4.0
<2.5
High-SAR
>4.0
<2.5
saline
Marginally
<2.0
2.5-4.0
alkali
Alkali
<2.0
>4.0
High alkali
Variable
>4.0
Source: Minhas and Tyagi (1998)

RSC
(me/L)
<10
<10
<10
>10
<10
<10
>10

Management of Saline Water

Parameters for Water Quality Assessment
Salinity Hazard



For the most important parameter for
measuring the salinity level is the electric
conductivity (EC) which is expressed as
mmhos/cm or ds/m in SI unit. Electric
conductivity directly related with total dissolved
salt in the soil
TDS (mg/l) = 640 EC
TSC (meq/l) = ECx10

Water are classified in different category on
the basis on total dissolved salt as below


Fresh water = <500 mg/l
Marginal water = 500-1,500 mg/l
Brackish water = 1,500-5,000 mg/l
Saline water = >5,000 mg/l
Brine water = 35,000 mg/l
Britten water = 350,000 mg/l

Sodicity Hazard
Some time poor quality water have tendency to
develop the alkalinity in the soil and the sodicity
hazard generating potential of water are
measured on the basis of Sodium Adsorption
Ratio (SAR), Residual Sodium Carbonate (RSC)
and Adjusted SAR (adj.SAR).
On the basis of different parameters water
are grouped in the different category like as
good, saline, marginal saline, marginally alkali,
alkali and high alkali are given in the Table 1.
Table 1. Grouping of poor quality ground
waters for irrigation
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ECiw
(dS/m)
<2.0
2-4

Selection of crops: Selection of crops
very important different crops have
different level of salt tolerance farmers
should be select salt tolerant crops as per
other environmental factors. In general
wheat, barley, pearl millet and rice are
easily tolerating the higher salinity level
where soybean, groundnut, pigeon pea,
tomato, brinjal and bottle guard are
sensitive in nature. Farmer should avoid
high water demanding crop like as rice and
sugarcane even though they tolerant in
nature.
Selection of crop cultivars: By the effort
of breeders now salt tolerant crop verities
are available in market which can easily
tolerate salinity level Central Soil Salinity
Research Institute (CSSRI), Karnal done a
lot of work in this direction and developed
different salt tolerant variety other than this
state university also developed variety few
important variety developed are given in
Table 2.

TABLE 2. Salt tolerant varieties developed by different
institute in country
Rice

Wheat
Mustard
Channa
Barley

37

CSR-49, CSR 36, CSR 30 (basmati type),
CSR 27, CSR 23, CSR 13 and CSR 10
(CSSRI, Karnal)
KRL-210, KRL-213 (CSSRI, Karnal)
CS 56, CS 54 and CS 52 (CSSRI, Karnal)
Karnal Chana 1(CSSRI, Karnal)
Rajkiran, RD 2035, RD 2552, RD 2786 (IRTS) and RD 2794(RARI Durgapura, Jaipur)
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Soil texture: Soil texture are also decide
the salt accumulation in the root zone in
general in coarse texture soil can easily used
the saline water there is less chances of salt
accumulation than fine textured soil.
Conjunctive use of good and saline
water: If farmer have no alternate other
than to use the salty water he should apply
alternately or my mixing of ground water
with fresh canal water. At the sensitive
stage like as the seedling stage farmer
should use the fresh water once crop get
established he can use the salty water in
combination with saline water.
Fertilizers application: In the salt
affected soil farmers should by apply the
split dose of nitrogen fertilizers for better
result and the deep incorporation of
nitrogen fertilizers, slow release Nfertilizers and application of unease
inhibitors further improve nitrogen use
efficiency. Application of phosphorus and
sulfur fertilizers gives higher yield in the
chlorine dominated water but sulfur
dominated water not show much response.
Cultural practices: Use of the higher
seed rate recommended compensating the
loss due to the poor germination so ideal
plant population can be maintained. Dry
seeding with post sowing irrigation also
advised to push salt deeper in the soil other
than this modification in the seed bed
advised so less salt accumulate in the root
zone. In general double row flat bed
technique and slant planting with alternate
row irrigation advised for better result.

ESR Range*

Crops
pea, urd bean
15-20
Bengal gram, soyabean
20-25
Ground nut, cowpea, onion, Pearl-miliet
25-30
Linseed, garlic, guar
30-50
Raya, wheat, su nflower
50-60
Barley,sesbania
60-70
Rice
Source: Minhas and Tyagi (1998)









Management of Sodic Water
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Table 3. Relative tolerance to alkalinity in soils.
ESR Range*
10-15

Use
of
amendments:
Use
of
amendments like as the gypsum with
irrigation water is always advised to reduce
the ill effect of high RSC water. It is advised
that put a gypsum bag in the tube wall
water so it dissolved and reached to all field
irrigated
Use of organic and green manure: Use
of organic matter and green manure help to
improve the soil carbon level and also
nuterlize the sodium accumulation effect by
producing acid by decomposition so use of
these carbon source always delay the
development of alkalinity in soil.
Fertilizers application: In general
application of nitrogenous fertilizers along
with micro nutrient give positive response
but the application of phosphorus and
potassium not so remunerative.
Crop rotation: Crop rotation helps in
change physio-chemical properties of soil
fallow wheat, fallow mustard, pear milletwheat and desi cotton- mustard with
application of gypsum are recommended
with high RSC water.

Crops
Safflower, mash, peas, lentil, pigeon

Subscribe
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Holistic Development of
Agro Forestry: Potential and Policy Issues
Vishakha B. Pohare
Ph.D. Scholar

population

Agro forestry is a collective name for land-use
systems and technologies in which woody
perennials including trees, shrubs, bamboos etc.
are deliberately combined on the same landmanagement unit with herbaceous crops or
animals either in some form of spatial
arrangement or temporal sequence.
Area distribution under forest and trees in
India
Sr.No.
1
2

Area under
Forest
Tree cover
Total

M. ha
67.83
9.99
77.82

Benefits from Agro-Forestry
1.

% area
20.68
3.04
23.68

2.

Traditional Agroforestry Systems in India
1.
2.
3.
4.
5.
6.
7.
8.
9.

Shifting cultivation (slash and burn system)
Taungya system
Home-gardens/homesteads Cultivation
Plantation based Agro forestry systems
Scattered trees on farm lands
Trees on farm-boundaries
Wood lots
Systems
for
soil
conservation
or
amelioration
Shelter belt

3.

Scope of Agro-Forestry
1.
2.
3.
4.
5.
6.
7.
8.

large area is available in the form of farm
boundaries, bunds, waste lands
This system permits the growing suitable
tree species in the field where most annual
crops are growing well
By growing trees and crops on Agricultural
or forest land, Resources are utilized
efficiently
System has potential generate employment
Provides raw material for the cottage
industries
Helps in maintaining ecological balance
Soil
and
water
conservation,
soil
improvement
Helps in meeting various needs of growing
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Environmental benefits
a) Reduction of pressure on Forrest
b) More efficient recycling of nutrients by
deep rooted trees on the site
c) Better protection of ecological systems
d) Reduction of surface run-off, nutrient
leaching and soil erosion
e) Improvement of microclimate
f) Increment in soil fertility through
addition and decomposition of litter fall
Economical Benefits
a) Increment in outputs of food, fodder,
fuel wood, timber and organic matter
b) Reduction in incidence of total crop
failure
c) Increase in levels of farm incomes due
to improved and sustained productivity
Social Benefits
a) Improvement in rural living standards
from sustained employment and higher
income
b) Improvement in nutrition and health
due to increased quality and diversity of
food
c) Provides stability to rural peoples
d) Ecological balance
e) Pollution reduction

Limitations of Agro-Forestry
1.
2.
3.
4.

39

Possible competition of trees with food
crops for space, sunlight, moisture and
nutrient which may reduce crop yield
Damage to food crops during harvesting of
trees
Potential of trees is serving as hosts to
insects and birds
Rapid regeneration of profile trees may
displace food crops and take over entire
fields
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restrictive regulations
Insufficient research, extension and
capacity building
7. Dearth of quality planting material
8. Institutional
finance
and
insurance
coverage
9. Weak market access for agroforestry
produce
10. Industry operations at a sub-optimal level

Potential of Agroforestry
1.
2.
3.
4.
5.
6.
7.
8.

6.

Agro forestry for Soil Conservation and
Environment Protection
Agroforestry for Carbon Sequestration
Trading Carbon Credits
Agroforestry for Food Security
Agroforestry for Fodder Production
Agroforestry for Energy Plantation
Agroforestry for Biofuel Production
Agroforestry for Socioeconomic Upliftment
and Employment opportunities
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Policy and Development Interventions Needed for
Maximizing the Potential of Agroforestry
1.
2.
3.
4.
5.

Need for Agroforestry Policy in India
Absence of a dedicated and focused national
policy and a suitable Institutional
mechanism
Lack of an integrated farming systems
approach
Restrictive regulatory regime
Inadequate attempts at liberalization of
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Hormonal Control of Sclerotization
Purti1, Rinku1and K. Sankara Rao1
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expand. To grow bigger, insects must
periodically shed the old cuticle and replace the
old one with a new bigger one. The shedding of
the old cuticle and replacement of a new one is
called molting. Molting in insects begins with
the separation of the cuticle from the underlying
epidermal cells (apolysis) and ends with the
shedding of the old cuticle (ecdysis). During
apolysis, the old cuticle (including the
endocuticle, exocuticle and epicuticle) is
detached
from
the
underneath
newly
synthesized endocuticle and the epidermis.
Then after apolysis molting fluid is secreted into
the space between the old cuticle and the
epidermis (the exuvial space). The fluid contains
inactive enzymes that are activated when the
new epicuticle is secreted. This prevents the
enzymes from digesting the new procuticle as it
is laid down. After the synthesis of the new
epicuticle, the lower region of the old cuticle the endocuticle - is then digested by the
enzymes and subsequently absorbed. The
exocuticle and epicuticle resist digestion and are

The final step of insect development and
maturation is a process called metamorphosis.
Insect metamorphosis is composed of two steps:
molting and sclerotization. Insect’s success on
the earth is partly due to the hard exoskeleton or
cuticle. The hard cuticle provides insects muscle
attachment for movement and protects insects
from water loss, external physical injury and
pathogens. However, the cuticle also prevents
insects from growth due to lack of the ability to
December, 2017
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hormone
(PTTH),
ecdysteroid
20hydroxyecdysone (20-E), eclosion hormone
(EH), ecdysis triggering hormone (ETH),
crustacean cardioactive peptide (CCAP), and
bursicon (Ewer et al 2002). Once the 20E peak
that initiates apolysis and the synthesis of the
new cuticle declines, declining levels of 20E and
the release of corazonin from the brain triggers
the release of ecdysis-triggering hormone (ETH)
from Inka cells located in the peritracheal
glands. Both the release of ETH and the
sensitivity of the nervous system to the hormone
depend upon the declining titers of ecdysone
after the molting peak. ETH acts on the cells of
the ventral nerve cord, causing the initial
expression of pre-ecdysis behavior and the
release of another hormone, eclosion hormone
(EH), from the brain. The release of EH is often
gated so that it occurs only during a circadian
window, which accounts for the circadian
molting activity of many insects. Its release
forms a feedback loop with ETH and as levels of
both increase, the expression of pre-ecdysis
behavior continues. Eclosion hormone also
initiates the release of the crustacean
cardioactive peptide (CCAP) from the cells of
the ventral ganglion which inactivates preecdysis behavior and together with EH activates
ecdysis behavior. CCAP is responsible for
triggering the motor patterns for the completion
of ecdysis behavior and also for the termination
of pre-ecdysis behavior. The hormone is also
involved in the plasticization of the cuticle that
must occur in order for it to stretch immediately
following ecdysis, and for the release of bursicon
which triggers the post-eclosion phase and
cuticular tanning. The ability to engage in the
stereotyped ecdysial behaviors is acquired and
lost at every instar, assembled by ecdysone
signaling towards the end of each instar by the
initiation of gene expression. Once ecdysis takes
place, the central nervous system loses its
sensitivity to ETH until the next ecdysone peak.
After adult eclosion in holometabola, neurons in
the ventral nerve cord that express bursicon are
no longer required and undergo apoptosis, or
programmed cell death, but in hemimetabolous
adults they remain. Bursicon may play a role in
melanin-based
immunity
in
those
hemimetabola where it persists in the adult
stage. Sclerotization is hormonally regulated by
both 20E and JH. JH must be absent during a

hence shed at ecdysis.

Sclerotization
Sclerotization of the cuticle is primarily a
consequence of the formation of crosslinks
between cuticle proteins so that they form a
rigid matrix in which chitin microfibrils can be
embedded. The process of cross linking is also
called hardening or tanning. The sclerotization
process is frequently but not necessarily
accompanied by a typical change in color to tan,
brown or black. This color change may be due to
the sclerotization process itself or to the
formation of eumelanins, pheomelanins,
pteridines or pigments that derive from
carotenoids or from tryptophan (kynurenines,
ommochromes). Some hardening takes place
before ecdysis, but the bulk occurs soon
afterwards when the new cuticle is completely
expanded. The proteins are laid down as the
procuticle is formed, but the cross linker
molecules, the catechols dopa and dopamine are
not formed until immediately prior to
sclerotization. Insects cannot synthesize the ring
forming the skeleton of the catecholamines, and
it is usually derived from the aromatic amino
acids, tyrosine and phenylalanine. Most insects
store tyrosine over the intermolt period.
Sometimes it is stored in the fat body, but often
the bulk is in the hemolymph. As tyrosine is
relatively insoluble it may be common for it to
be conjugated with another compound so that
its solubility is increased. In Manduca it is
stored as a glucoside which, in addition to
increasing its solubility, may also protect it from
being metabolized in competing pathways.
Tyrosine is stored largely as a glucoside,
which is hydrolyzed before ecdysis. As it is
rapidly converted into catechols, free tyrosine
never reaches high levels (Ahmed et al 1983).
Catechol are only present in the hemolymph at
the time of molting. N-acetyldopamine is most
abundant at the molt to the final larval stage. At
the larval–pupal molt only N-alanyldopamine is
produced (Hopkins et al 1984).

Control of Sclerotization Process Hormones
At the end of the insect molting process, insects
shed their old cuticle by performing the ecdysis
sequence, an innate behavior consisting of three
steps: pre-ecdysis, ecdysis and postecdysis. The
coordination of these processes is regulated by
at least six hormones, prothoracicotropic
VOLUME NO. 14, ISSUE NO.03
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critical period in order to trigger the epidermal
cells to deposit melanin into the newly formed
cuticle. A cascade of transcription factors,
including MHR4 and βFTZ-F1 are linked to the
declining titers of 20E to induce the epidermal
cells to synthesize the enzyme dopa
decarboxylase which is involved in the pathway
towards the synthesis of NADA. The declining
ecdysteroid titers that follow ecdysis also initiate
an endocrine cascade that ultimately triggers
eclosion behavior and the release of the
neurohormone bursicon, which increases the
permeability of epidermal cells to tyrosine and
catecholamines, allowing for the production of
the tanning agents. It is also responsible for the
behaviors that lead to wing expansion in the
newly emerged adult and the plasticization of
the new cuticle. Bursicon is synthesized in brain
neurosecretory cells and in ganglia of the
ventral nerve cord as a heterodimeric protein
comprised of two cystine knot polypeptide
subunits of approximately 30 kDa.

emerged, decapitated blowflies, Calliphora
erythrocephala, with unsclerotized cuticle and
hemolymph from blowflies shortly after
emergence. The bioassay established that some
hormonal control factor was involved in tanning
because the decapitated flies would not undergo
cuticle sclerotization until they were injected
with hemolymph from newly emerged flies.
Based on this finding, researchers determined
that the sclerotization results from a factor
released into the hemolymph from the fly head,
and named the factor ‘bursicon’. Bursicon’s
presence has since been established in several
other orders besides Diptera, including
Orthoptera, Lepidoptera, Hemiptera and
Coleoptera. It is secreted by NSC of brain and
ventral ganglia.
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Bursicon: The Insect Sclerotization
Hormone
The initial discoveries in the physiology of
cuticle sclerotization, or ‘tanning’ involved the
development of a bioassay utilizing newly-
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incremental benefits in present circumstances.
There is now an urgent need to convert
agriculture into agri-businesses, which are
economically viable and sustainable in future. In
this situation, IT offers new hopes.

In India, agriculture has been the livelihood for
very large majority of population. From being
an occupation for very long, today agriculture is
turning into a struggling pre-occupation.
Alternates for development and growth of
agriculture, that can also benefit the cultivators
are limited. Many solutions, mostly related to
technology,
inputs
and
infrastructure
implemented earlier, are losing to deliver
December, 2017

Role of Information Technology inAgriculture
IT offers the ability to increase the amount of
information provided to all participants in the
42
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agricultural sector and to decrease the cost of
disseminating the information. Agriculture is
one of the prospective areas in which IT can
effectively be applied particularly for the social
and economic development of the Indian
agrarian community. In the context of
agriculture, the potential of IT can be assessed
broadly under two heads: (a) as a tool for direct
contribution to agricultural productivity and (b)
as an indirect tool for empowering farmers to
take informed and quality decisions which will
have positive impact on the way agriculture and
allied activities are conducted. IT supports new
methods for precision agriculture like
computerized farm machinery that applies for
fertilizers and pesticides.

5.

6.

Elements of IT that helps in Agriculture
1.

2.

3.

4.

Data Warehouse: A Data Warehouse is
one or several databases which contain the
information that is needed for tactical or
strategic decisions. In the Data Warehouse
you extract the data from the old
production system or industries that
depends on agriculture or software and
collect it in the Data Warehouse. In the
Data Warehouse it is possible to rearrange
the data, to formulate new questions to get
a better knowledge about your operation or
system.
Data
mining
and
knowledge
discovery: Data mining is the process of
extracting patterns from database. It is
commonly used in a wide range of profiling
practices, such as marketing, fraud
detection and scientific discovery
Decision Support System: Decision
Support Systems (DSS) are a specific class
of computerized information system that
supports business and organizational
decision-making activities. A properlydesigned DSS is an interactive softwarebased system intended to help decision
makers compile useful information from
raw data, documents, personal knowledge,
and/or business models to identify and
solve problems and make decisions.
Information retrieval: Information
retrieval (IR) is the science of searching for
documents,
for
information
within
documents and for metadata about
documents. An information retrieval
process begins when a user enters a query
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into the system. Queries are formal
statements of information needs.
World Wide Web: The recent explosion
in World Wide Web use has prompted
thousands of organizations to create web
sites, taking advantage of the large number
of “surfers” who traverse the information
daily. Also Intranet use too, is growing,
providing organizations with new ways of
communicating and sharing information.
ANN: An artificial neural network (ANN),
often just called a “neural network” (NN), is
a mathematical model or computational
model based on biological neural networks.
The NN’s exhibits mapping capabilities,
that is, they can map input patterns to their
associated output patterns. The NN’s posses
capability to generalize. Thus they can
predict new outcomes, from past trends.
The NN’s can process information in
parallel, at high speed, and in distributed
manner.
GIS: GIS is collection of computer
hardware, software, data, people, and
methods that enable you to better
understand and evaluate your data to
display the information stored in your
database.

IT for Agricultural Production and
Marketing
IT is playing an important and vital role in
agricultural production and marketing. IT
allows farmers to save time on order and
delivery and getting feedback. In order to take
the real status of agricultural production and
marketing, there is an urgent need to develop
the following items:
1. Farmers’ crop database must be managed.
The database includes the kinds of crops,
the size of cultivated area, time of harvest
and yield. Farmers or the extension
personnel transmit those data via the
Internet to database server.
2. Crops information service system should be
created. This system analyzes the crop data
to create some statistical tables. Farmers
can access these statistical data by browsing
the homepage and make their production
plan.
3. Production techniques and information
inquiry system should be created. This
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adoption and increase the effectiveness and
efficiency of information used in agriculture. It
is a fact that access to information holds the key
for successful development.

system
integrates
the
production
techniques and information, which are
developed by experimental agricultural
institutes and agricultural improvement
stations. Farmers can find out relevant
production information through this
inquiry service system.
There are a lot of areas where IT can be
useful & one of the great examples is Remote
Sensing.
It is readily accepted that increased
information flow has a positive effect on the
agricultural sector and individual firms.
However,
collecting
and
disseminating
information is often difficult and costly. An
understanding of the factors associated with IT
adoption and use in agriculture will enable the
development of strategies to promote IT

References
MalobikaGhatak, 2002. Use of Information
Technology in Agriculure, PGPABM-2002
MANAGE.
BallaAruna
Kumar,
Rajesh
Paul,
ShalabhBharadwaj, Sudhakar Manda and
DrK.S.Siva Subramanian. 2004. Information
Technology in Agriculture. New Delhi, India.
RMSI Pvt Ltd., Noida, India.
“Information and communication technologies for
sustainable agriculture (2013)”. FAO. 20 May
2015. Retrieved 12 March, 2016.

22. AGRICULTURE

Importance of Fodder Cultivation in Dairying
Umamageswari, M.1 and K.V.S.Bhakthavatsalam2
1Teaching
2Ph.D

Assistant, Regional Agricultural Research Station, Kerala Agrl. Univ., Ambalavayal,
Scholar (Agril.Economics), Southern Regional Station, ICAR-NDRI, Bengaluru – 560 030

yield obtained is 160-170 t/ha/year in five
harvests

Any green matter that is available freely for
animal eating is called as forages whereas any
crop that is cultivated for feeding animals is
called as fodder. Fodder has been classified into
cereals, grasses, legumes and trees. Cholam,
cumbu, maize are grouped under cereal fodder,
Co4, guinea grass, kollukattai grass are called as
grasses. Example for legumes are lucerne, hedge
lucerne, cowpea etc whereas subabul, agathi,
gliceridia are tree fodders. When cereal crop
harvested as immature for either hay, silage
green feed or as pasturage called as cereal
fodder. The cultivated plant species which are
utilized as livestock feed in the form of fodder,
silage, haylage and hay are called as grass
fodder. Legume fodder can take nitrogen from
the air and fix it in the soil. Any green lop pings
from the tree that is consumed by the animals
are called tree fodder. Cultivation method of
fodder is described as follows:

Fodder Cumbu CO 8
Seed rate - 10 kg/ha; spacing - 25 x 10 cm;
fertilizers - 25:20:12 N, P and K kg/ha; Harvest
has been performed on 40 - 45 days after
sowing and the yield is 25-30 t/ha

Bajra Napier Hybrid Grass CO (CN) 4
Seed rate - 40000 stem cuttings/ha; spacing- 50
x 50 cm; fertilizers- 150: 50: 40 NPK kg/ha;
harvest - First cut at 80 days after planting and
subsequent cuts at 45 days interval and the yield
is 382 t/ha/year

Guinea Grass CO 3
Seed rate - 40000 rooted slips/ha; spacing - 50
x 50 cm; fertilizers - 100: 50: 40 NPK kg/ha;
First cut harvest at 75 days after planting and
subsequent cuts at 45 days interval. The yield
obtained is 424 t/ha/year

Multicut Fodder Sorghum CO (FS) 29

Special features of Guinea Grass CO 3

Seed rate - 5 kg/ha; spacing - 30 x 10 cm;
fertilizers - 30: 20: 20 kg N, P and K / ha;
harvest at 50% flowering for fodder and the
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It is a clonal selection from Mumbasa, a
collection from Africa and high green fodder
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yield is 423.57 t/ha/year. The fodder is free
from pest and disease and has superior
ratooning ability rendering at eight cuts per
year. The first cut on 70-75 days after planting
and subsequent cuttings once in 40 - 45 days

NPK/ha; Harvest - 6 months after planting. Cut
at 90 to 100 cm height from ground level. Green
Fodder Yield - 80 to 100 t/ha

Importance of Fodder
Fodder is having high digestibility ranged from
55 to 65 per cent of intake. Fodder contains
higher level of fibre, soluble carbohydrate (4 to
30 per cent) and crude protein 3 to 30 %. It has
high source of vitamins and minerals and water
content (80-90 %).

Cenchrus CO 1
Seed rate is 6 - 8 kg/ha or 40,000 rooted
slips/ha at the spacing of 50 x 30 cm; fertilizers25: 40: 20 N, P and K kg/ha; Harvesting at first
cut on 70th or 75th day after sowing and
subsequent 4 - 6 cuts depending on growth and
the yield is 40 t/ha/year in 4 - 6 cuts.

Importance of Green Fodder
Green fodder is the primary only source of vit- A
for lactation. It helps in vision, improve
reproduction, increase conception rate, prevent
early embryonic mortality, maintenance of
pregnancy, during lactation 2000 I.U. of
Vitamin ‘A’ is eliminated in every litre of milk-It
is to replenished. It reduces feed intake by about
3.3% for every 2.2 rise in temperature over 240
C.

Deenanath Grass CO 1
Seed rate - 2.5 kg/ha; spacing - 35 x 10 cm;
fertilizers - 20: 25: 20 NPK kg/ha; Harvest - 5560th day after sowing and the yield obtained is
25-30 t/ha

Lucerne CO 1
Seed rate - 20 kg/ha; spacing - 25 cm apart;
fertilizers - 25:120:40 kg NPK/ha; First harvest
75 - 80 days after sowing and subsequent
harvests at 25 - 30 days interval and the green
fodder yield is obtained 80-100 t/ha in 12-13
cuttings/year

Basics Concepts for Feeding Animals
Green fodder must be feed 8 to 10 %, dry fodder
should is 1% and concentrate must be 1% of the
animals’ body weight.

Present Scenario in Feeding

Cowpea CO (FC) 8

Farmers are having less awareness in
feeding green fodder and lack of knowledge on
balanced ration which has resulted in either
under feeding or excess feeding.

Seed rate- 25 kg/ha; spacing- 30 x 15 cm;
fertilizers - 25:40:20 kg NPK/ha; Harvest 50 55 days after sowing (50% flowering stage). The
yield obtained in irrigated condition is 20-30
t/ha whereas it is 10-15 t/ha of rainfed
cultivation.

Constrains Faced by the Dairy Farmers
Major studies revealed that 84 % of the farmers
preferred to grow cash crops, 73 % of farmers
lacking in green fodder availability and demand
of other feed like concentrates increases and the
price of it also increases. There is non
availability of feed and fodder during stress
condition.

Hedge Lucerne
Seed Rate - 20 kg/ha; Spacing - 60 x 20 cm;
Fertilizers - 25:40:20 NPK kg/ ha; Harvest First cut on 90th day after sowing and
subsequent cuts at 40 days intervals. Green
Fodder Yield - 125t/ha/year

Impact of under Feeding
When animals are feeding less than required
level, their milk potential is not fully tapped and
there is frequent occurrence of reproduction.
The inter calving period is extend to more than
18 months. It makes delay in calf maturity
which yields less income from milk. The health
of animal becomes poor and easy outbreak of
diseases.

Stylo
Seed Rate - 6 kg/ha and for broadcasting 10
kg/ha; Spacing - 30 x 15 cm; Fertilizers20:60:15 kg NPK/ha; Harvest - First harvest at
75 days after sowing and subsequent harvests
depending upon the growth. Green Fodder Yield
-30 to 35 t/ha/year.

Pudia Soundal
Seed Rate - 10 kg/ha; Fertilizers - 10:60:30 kg
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Impact of Over Feeding
Animals are faced the problems when they are
fed more also, the problems occur. The
problems of excess feeding led to increase in
cost of feeding, fattening of animals, delay in
pregnancy and reduction in milk yield which led
to low returns from milk production.
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Introduction

species differ from other (major) crops, due to
the fact that, their economic potentials have not
been realized and are confined to mostly
traditional/
local
usage
only.
These
underutilized species have never commanded
great attention from the National and
International agencies/centers dealing with
improvement, use and conservation. Indigenous
communities use these underutilized species as
a source of food, feed, shelter and medicine.
Thus, these underutilized fruits needs to be
acknowledged, employed and explored for
present and future generations.

India is a country blessed with varied agroclimatic conditions ranging from tropical,
subtropical, temperate, upto arid and semi-arid
zones, which greatly extends the choice for
cultivation of different types of crops. India
holds a prominent position in pomological
production of the whole world. It has great
diversification with respect to germplasm of
fruit crops, but it is unfortunate to know that the
research work is mainly focused on the major
fruit crops and many of the fruit species remain
unseen in the lap of nature and remain underutilized. As said by Stephen Fry, “Taste every
fruit of every tree in the garden at least once. It
is an insult to creation not to experience fully.”
Therefore, these indigenous minor fruit species
need timely attention and adequate efforts to be
exploited in various medicinal and processing
industries. A diverse array of multi-coloured
fruits rich in anti-oxidants, vitamins and
minerals not only add colour and flavour to our
food basket, but also acts as protecting tools
against several deadly chronic diseases. These
indigenous fruits are also very unique in a way
being able to survive under adversities of
nature.

Special Attributes of Indigenous Minor Fruit
Species
1.

2.

Underutilized Indigenous Fruits
“Under-utilized species” are the one, which are
poorly addressed by the researchers and are
given least conservation efforts. Underutilized
December, 2017
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Adaptability
to
Un-Friendly
Environment- The most important
indigenous fruit Aonla has the capacity to
grow upto 9.5 pH and in EC range of 69ds/m. Jamun can grow in extremely
alkaline soil having pH of 10.5. Ker can be
cultivated in high temperature zone (45480C) of hot arid regions. Indian ber can
tolerate temperature extremes of 480C & 20C. Bael is the tree, which can grow upto
20-30 ESP and EC in range of 6-9ds/m.
High Medicinal Value- Most of the
indigenous fruits are rich in several
secondary metabolite products, which can
be utilized for manufacture of valuable
medicinal preparations. Aonla is a natural
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3.

4.

cure for various diseases like scurvy,
diabetes, cold, cough etc. Kokum is a fruit
mainly cultivated in Konkan region of
Maharashtra; possess a natural slimming
agent alpha HCA, which prevents fat
accumulation in body. Seabuck thorn is the
fruit species surviving in cold zones of Leh
& Ladakh, which is having 5-HT, which has
anti-ulcer activity.
Wasteland Management & Extension
of Area Under Cultivation- These
indigenous fruits have great potential for
cultivation in marginal land condition,
which remain unutilized and unsuitable for
other important fruit crops. These fruits
bear
hope
for
effective
resource
management and higher profitability with
supply of relative lower input. ‘Cashewnut’,
which was initially introduced by Portugese
for wasteland management purpose, later
became the ‘Gold mine of waste land’ by
generating huge foreign exchange.
Increased Trend of Demand in
National and International MarketVarious products made from these fruits
like aonla murraba, candy and juice, Leh
berry, tamarind kernel powder (TKP), wood
apple jelly, jamun juice, pickles have
elevated preferences among the consumers
at domestic and international level. Now-adays, people are more concerned to take
healthy diets regularly, which cause for
popularity of such products.

Processed products
Jam

Jelly
Candy
Squash / beverage
Juice / syrup
Wine
Chutney
Sauce
Pickle

Processed products
Frozen puree
Dehydration
Glazed fruit
Canning
Confectionary

Constraints in Marketing of Minor Fruit
Crops










Fruits source
Jamun, karonda, aonla,
mulberry, soursop, tamarind,
woodapple
Tamarind, jamun, karonda
Aonla, karonda, tamarind
Pomegranate, wood apple,
tamarind, soursop
Aonla, ber, bael, jamun,
karonda, phalsa, mulberry
Mahua, jujube, fig, karonda, ber
Karonda, woodapple, aonla
Karonda, tamarind, wood
apple, pomegranate
Ber, tamarind, ker, lasoda,
gonda
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Fruits source
Bael, karonda, ker, phalsa,
tamarind, custard apple
Aonla, karonda, ker, bael, ber,
custard apple
Tamarind, pineapple, aonla
Ber, aonla, jamun, ker
Amra, aonla, tamarind



Limited period of availability exists for most
of the minor fruit crops, which creates noninterest for its industrialization
Most of the minor fruit resources are
located in rural, tribal area, which is unable
to reach the urban zone due to lack of
proper transporting network
Lack of suitable large scale processing
technology
adopted
in
India
for
popularizing various value added products,
the processing mainly carried out in small
scale
Absence of productive plants due to lack of
quality planting material
Lack of awareness among both buyers and
sellers about its nutritive and economic
value
Negligible existence of marketing network
and infrastructure facility
Govt. as well as private sectors are yet to
take major role in promotion of its
marketing
Risky business due to perishable in nature
and unpredictable demand in the market

Strategies to Strengthen Minor Fruit
Resources
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First of all proper identification, collection,
and documentation of our germplasm
should be carried out.
The relevance of importance of such underutilized fruits to human life should be made
realized.
Multi-purpose processing should be
encouraged
by
PPP
(Public-Private
Partnership) approach and easy credit
facility.
A linkage between small and marginal
farmers on one side and the retail sector on
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created to realize its worth by the common
people and farmer’s community.

the other side needs to be developed and
linked with other crops.
Identification
of
minor
fruits
for
commercial purpose may be done.
Institutional efforts are necessary for
providing
technical,
financial
and
marketing support by the Govt., NGOs,
financial institutions, private traders etc.

Conclusion
These underutilized plants can help to make
diets more balanced and hence can play an
important role in combating silent hunger.
These can be called as biological assets of the
poor people, which need to be protected from
human interventions. As a citizen of India, it is
our prime duty to conserve our native
germplasm from erosion. Also IPR should be
strictly followed in support of such crops;
otherwise, there seems possibility of losing the
valuable native germplasm and may go into the
hands of others in near future. So, there is
immediate need for intensive discussion and
implementation of new programme by the Govt.
and scientists for preserving the assets of our
country –which is a ray of hope to uplift the
socio-economic condition of our country and
health status of our society.

Need to Over-Ride the Threatens Caused to
Underutilized Germplasm
First of all, we need to synthesize information
on the extent of distribution of genetic diversity
of minor fruit crops. Characterization,
evaluation,
documentation,
maintenance,
conservation, and utilization of such likely to be
extinct germplasm need to be carried out.
Proper respect should be given to such
resources and necessary research work to be
undertaken by the scientists. Both public and
private sector should work in a co-coordinative
manner to promote the marketing and export of
such minor fruit crops. Awareness should be
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Membrane Trafficking in Plants
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that the right cargo is delivered to the correct
location. It utilizes small compartments of
membrane known as transport vesicle to enclose
their cargo. These transport vesicles bud off
from one membrane and can dynamically fuse
with other membranes, or split up into smaller
vesicles by fission. Transport vesicles differ from
one another in the type of cargo they ferry from
one site to another, the route they take and the
presence or absence of proteins on the cytosolic
surface, which can form a coat. These coat
proteins self-assemble on the membrane
helping to collect and concentrate the vesicle
cargo.
There are three well-characterized coat
proteins which are involved in the process of
endocytosis and exocytosis. Clathrin-coated
vesicles mediate endocytosis from the plasma
membrane to endosomal compartments and the
Golgi. Retrograde transport within the Golgi
and towards the ER, occurs via vesicles

Membrane trafficking is the process by which
proteins and other macromolecules are
distributed throughout the cell and released to
or internalize from extracellular space.
Membrane trafficking are divided into two
basic pathways based on the direction of travel,
exocytosis and endocytosis. Exocytosis refers to
the movement of cargo to the plasma membrane
or out of the cell. As part of this biosyntheticsecretory pathway, newly synthesized proteins,
lipids or carbohydrates move from the
endoplasmic reticulum (ER) via the Golgi to the
cell membrane or extracellular space.
Conversely, endocytosis is the movement of
cargo into the cell from the plasma membrane.
This can be often used for the uptake of
nutrients which cannot be synthesized by the
cell.
The process of membrane trafficking is just
like a parcel sorting office, the cell uses a
complex, highly regulated system to make sure
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when bound to GTP, Sar1 activates by exposing
an amphipathic N-terminal α-helix, which
embeds into the ER membrane. This activity is
restricted to the ER membrane, because Sec12,
the guanine nucleotide exchange factor (GEF)
that activates Sar1, is only found at the ER. By
embedding this α-helix, Sar1 anchors the
forming coat complex on the membrane, but it
also initiates membrane budding. In fact,
activated Sar1 can, by itself, stimulate
tubulation and membrane fission on synthetic
liposomes. Acting as a membrane-bound anchor
for the other COPII components, activated Sar1
directly binds and recruits the next COPII subcomplex, the Sec23–Sec24 heterodimer.
The Sec23–Sec24 sub-complex arrives at
the scene by virtue of the direct interaction
between Sar1 and Sec23.This interaction serves
not only a structural role in assembling the
inner coat complex on the membrane, but also a
catalytic role. Sec23 is a GTPase-activating
protein (GAP) for Sar1, accelerating the meager
intrinsic GTPase activity of Sar1; full GTPase
activity, however, is not realized until the
complete COPII coat is assembled following the
arrival of the Sec13–Sec31 outer coat. This
additive GTPase catalytic activity is thought to
provide a built-in timing mechanism for the
ordered assembly of the coat components, the
cycle of vesicle formation and the eventual
disassembly of the coat from the membrane of a
completed COPII vesicle.

surrounded with coat protein I (COPI). While
COPII vesicles bud off from the ER in the
secretory or exocytic pathway towards the Golgi.

Clathrin Protein Mediated Endocytosis
Clathrin proteins play major role in the
formation of coated vesicles. It is a large
heterohexameric protein composed of three
clathrin heavy chains and three light chains and
forms a triskelion shape. Although it serves as a
mechanical scaffold but cannot bind directly to
membrane components. It uses another protein
complex known as adaptor proteins to do this.
AP (adaptor protein) complexes are found in
coated vesicles and clathrin-coated pits. AP
complexes connect cargo proteins and lipids to
clathrin at vesicle budding sites, as well as
binding accessory proteins that regulate coat
assembly and disassembly (such as AP180,
epsins and auxilin).
Another protein known as dynamin helps to
cleave the coated vesicle. Dynamin has a
Pi(4,5)P2 binding domain that tether protein to
the membrane while a GTPase binding domain
where hydrolysis of GTP occurs. GTP hydrolysis
drives a conformational change in dynamin
which help in the pinching off the vesicle.
Further uncoating of vesicles occurs by another
protein known as clathrin uncoating ATP ase,
protein of HSp 70 family and further naked
vesicle binds to specific target membrane with
the help of some another proteins known as
SNARES.

Retrograde Transport

Anterograde Transport

Retrograde transport involves movement of
proteins from cis end of the Golgi complex back
to ER where they were originally synthesized
and between Golgi compartments. It involves
COPI protein. The COPI subunits exist as a
multimeric complex in the cytosol known as
coatomer which includes various subunits of
coat protein, ADP-ribosylation factor and p23
transmembrane protein. The core machinery of
COPI recruitment to membranes, coat
polymerization,
vesicular
budding
and
uncoating. Recruitment of coat proteins is
initiated by ARF-GDP binding to p23. Upon
nucleotide exchange, ARF-GTP dissociates from
p23 resulting in its stable association with the
membrane. Multiple cycles of GTP hydrolysis
and GDP to GTP exchange are likely to occur
possibly causing rearrangements of p23/p24
oligomer. The products of these processes are

COPII-coated vesicles mediates anterograde
transport from the endoplasmic reticulum to the
Golgi apparatus. The COPII coat is assembled
from another set of three components: the small
GTP-binding protein (Sar1), the Sec23/24p
complex and the Sec13/31p complex. Sec23 and
Sec24 are found in tight heterodimers which
form the inner COPII coat and Sec13 and Sec31
are found in stable heterotetramers which form
the outer COPII coat.
For COP II coat assembly, Sar1 is the first
COPII component recruited to the ER
membrane and it begins the process of vesicle
formation. Sar1 is a small GTPase, whose
activity, similarly to that of other small G
proteins, is controlled by the state of the
nucleotide to which it is bound in its GDPbound state, Sar1 is cytosolic and dormant, but
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ARF-GTP and presumably a p23/p24
heterooligomer, which triggers coatomer
binding and coat polymerization. Following
budding, the catalytic domain of ARF-GAP is
sufficient to trigger uncoating.

proteins to the ER where KDEL receptor is
dissociated at high or neutral PH. While
membrane proteins of ER contains KKXX
sequence. This interact with subunits of Cop1
protein and further retrieve to the ER.

Retrograde Transport of ER Resident
Protein
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ER resident proteins which move to Golgi by
mistake are transported back to the lumen of
the ER by COPI coated vesicle. ER resident
lumen proteins contain KDEL sequence which is
recognized by a membrane-bound KDEL
receptor. KDEL receptor is located mainly in the
ER and cis-Golgi. The binding affinity of KDEL
receptor is enhanced at low PH. The difference in
the pH of the ER and Golgi favors binding of
KDEL- bearing proteins to the receptor in Golgiderived vesicles and further movement of
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Introduction

during the following night. Thisstarch is called
transitory starch. In contrast, the starch in
storage organs(e.g., seeds or tubers) is deposited
for longer time periods, and therefore iscalled
reserve starch. Transitory and reserve starch
can be distinguished from one another on the
basis of physical characteristics: size, shape and
composition. X-ray diffraction study reveals
three type of starch on the basis of amylopectin
chain length eg. type-A, type-B and type-C.
Starch can be classified based on the action of
enzymes as rapidly digestible starch, slowly
digestible starch and resistance starch. The
impact of digestion-resistant starches on the
prevention and control of chronic human
diseases including diabetes, colon cancer and
obesity.

Starch is the main storage carbohydrate in
vascular plants. Its abundance as a naturally
occurring compound and represents the
primary source of calories in the human diet.
Because starch is the principal constituent of the
harvestable organ of many agronomic plants, its
synthesis and accumulation also influences crop
yields. Synthesized in the plastids of both
photosynthetic and nonphotosynthetic cells,
starch is an insoluble polyglucan produced by
starch synthase (SS) using ADP-glucose (ADPG)
as the sugar donor molecule. Starch has two
major components, amylopectin and amylose,
both of which are polymers of α-D-glucose
units. Amylose is a linear polymer of up to
several thousand glucose residues, whereas
amylopectin is a larger polymer regularly
branched with α-1, 6-branch points. Amylose is
less soluble in water and having a much higher
gelatinization/melting
temperature
than
amylopectin.These two molecules are assembled
together to form a semi-crystalline starch.The
starch granules in a leaf are very large at the end
ofthe day and are usually degraded extensively
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Genetic Manipulation of Starch Biosynthetic
Enzymes in Plants
During
starch
biosynthesis
Adenosine
diphosphate
glucose
pyrophosphorylase
(AGPase) synthesizes ADP glucose that serves as
the glucose donor while starch synthases and
starch branching enzymes lengthens the glucose
polymer by forming α-1, 4 bonds and α-1, 6
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snacks. An added bonus of high amylose
starches is that they hamper the penetration of
cooking oils, which leads to a decrease in fat
intake by the consumer. High amylose starches
are widely used as thickeners, are strong gelling
agents used in the production of jellies and,
owing to their rapid setting properties, are used
in
the
production
of
gum
candies
(confectionery). Many types of photographic
film also have a starch component because of
the many features of high amylose starch,
including transparency, flexibility, tensile
strength and water resistance. High levels of
amylose do present the problem of
retrogradation, which occurs when gelatinized
starch recrystallizes. Debranching enzymes
(DBE)are important in amylopectinsynthesis
and thus abolition or enhancement of
debranching enzymes activities influences the
structure and properties of the starch granule.
Altering DBE levels can be accomplished using
antisense
RNA
technology,
transgenic
expression of an isoform behind a strong
promoter or by other means. One could
selectively decrease or increase levels of
debranching
activity
by
targeting
the
pullulanase or isoamylase types of DBEs.

bonds respectively.In addition to altering starch
quality, it is possible to alter starchquantity.
This can be achieved by targeting a key enzyme
of
starch
biosynthesis,
ADP-glucose
pyrophosphorylase (AGPase), which generates
the glycosyl precursor used to produce starch.
Quality can be altered by modifying the enzymes
that are found downstream of AGPase thereby
altering starch structure and thus generating
new starches. Because antisense inhibition of
AGPase in transgenic potatoes abates starch
formation in tubers, it seems reasonable that
increasing AGPase activity might correlate with
increased starch production.When AGPase
levels were decreased in potato, there was a
severe reduction in the amylose content of
starch, and higher levels of short-chain
amylopectin were observed. Amylose has been
shown to be the product of the GBSS (Granule
bound starch synthase). The waxy mutants,
which lack the GBSS, only have amylopectin.
Starches with high levels of amylopectin are
broadly used by food industry to improve
uniformity, stability and texture, paper industry
to improve paper strength or printing
propertiesand livestock feed industry. Maize
SBEI (Starch branching enzyme I) generally
possess the highest rate of branching using
amylose as a substrate whereas SBEII
constituents have a low level of branching
activity with amylose. Understanding the
molecular mechanisms controlling starch
structure as it relates to digestibility has allowed
genetic engineering approaches to production of
starch
with
increased
resistance
to
digestion.Starch
branching-enzyme
genes
suppressed using RNA interference results in
increased amylose content in many species. In
barley all three starch branching enzymes were
suppressed, resulting in starch with 100%
amylose that was highly resistant to
digestion.Amylose-content has a direct positive
correlation with resistant starch content.High
amylose starches have numerous industrial
applications. These starches are used in fried
snack products to create crisp, evenly browned
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26. CROP PHYSIOLOGY

Vernalization and it’s Role in Crop Improvement
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Department of Crop Physiology, University of Agricultural Sciences, Raichur-584104

temperature.
There are many environmental factors
which affects the successful growth and
development of the crop. One among many is
temperature as it plays significant role in
metabolic activities of plants and it has
capability of determining the distribution of
plants and has significant role in germination
and subsequent flowering of plants. Some plants
in nature do not come to flower before they
experience a low temperature. These plants
remain vegetative during warm season,
experience low temperature during winter, grow
further and then bear flowers and fruits. It was
found by Lysenko (1928), a Russian scientists,
that the cold requiring biennial plants can be
made to flower in one growing season by
providing low temperature treatment to young
plants or moistened seeds. He called the effect
of this chilling treatment as Vernalization. So,
ultimately vernalization is a process of
shortening of juvenile or vegetative phase and
hastening flowering by a cold treatment or it can
also defined as the low temperature treatment
given to the seed or plant for stimulating
flowering in them is called Vernalization or
the acquisition of a plant’s ability to flower in
the spring by exposure to the long period of
winter or by artificial cooling is also called as
Vernalization. As it has a significant effect on
plant growth, dormancy and flowering. Most of
the metabolic processes are regulated by the
temperature that is prevailing in the
environment. But the effect of temperature in
inducing the development of reproductive
organs is fascinating.

Vernalization is the process whereby
flowering is promoted by a cold treatment given
to a fully hydrated seed (i.e., a seed that has
imbibed water) or to a growing plant. Dry seeds
do not respond to the cold treatment. Without
the cold treatment, plants that require
vernalization show delayed flowering or remain
vegetative. In many cases these plants grow as
rosettes with no elongation of the stem. Plants
differ considerably in the age at which they
become sensitive to vernalization. Many plants
do not come to flower before they experience a
low temperature. These plants remain
vegetative during the warm season, receive low
temperature during winter, grow further and
then bear flowers and fruits. Requirement of
low
temperature
prevents
precocious
reproductive development in autumn. It allows
the plant to reach vegetative maturity before
reproduction can occur. The condition occurs in
winter varieties of some annual food plants
(e.g., Wheat, Barley, and Rye), some biennial
(e.g., Cabbage, Sugar beet, Carrot) and
perennial plants (e.g., Chrysanthemum).
Winter annuals, such as the winterforms of
cereals (which are sown in the fall and flower in
the following summer), respond to low
temperature every early in their life cycle. They
can be vernalized before germination if the
seeds have imbibed water and become
metabolically active. Other plants, including
most biennials(which grow as rosettes during
the first season after sowing and flower in the
following summer), must reach a minimal size
before they become sensitive to low temperature
for vernalization.Vernalization appears to take
place primarily in the shoot apical meristem.
Localized cooling causes flowering when only
the stem apex is chilled, and this effect appears
to be largely independent of the temperature
experienced by the rest of the plant. Excised
shoot tips have been successfully vernalized,
and
where
seed
vernalization
is
possible,fragments of embryos consisting
essentially of the shoot tip are sensitive to low
December, 2017

Site for Vernalization
The stimulus of vernalization is perceived only
by the meristamatic cells e.g., stem tip, embryo
tips, root apex, developing leaves, etc.

Essentiality for Successful Vernalization
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Oxygen: Vernalization is an aerobic
process. In absence of oxygen cold
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2.
3.

treatment becomes completely ineffective.
Water: Proper protoplasmic hydration is
must for perceiving the stimulus of
vernalization. So, Vernalization of dry seeds
is not possible.
Appropriate low temperature: Most
suitable temperature for vernalization of
plants ranges between 1-6°C. The
effectiveness of low temperature decrease
from 0 to -4°C. Low temperature of about 6°C completely ineffective. Similarly, higher
temperature
from
7°C
onwards
vernalization becomes less effective and
temperature of about 12-14°C is almost
ineffective.
Duration of exposure: Depending upon
degree of temperature and species the
duration of exposure may vary. Usually, the
duration of the chilling treatment is about
one and half months or more.
Food Substances: As it require metabolic
energy an isolated embryos cannot be
vernalized.

4.
5.
6.

It helps in increasing the yield of the plants.
It helps in inducing the resistance to cold
and number of diseases.
‘Kernel wrinkles’ of Triticale can be
removed by vernalization.
It enables the biennials to behave as
annuals.
Plants can be grown in such regions where
normally they do not grow.

Conclusion
Vernalization is the promotion of flowering in
response to a prolonged period of growth at low
temperatures and is an important adaptation of
plants growing at high latitudes or altitudes to
ensure that flowering occurs in the warmer days
of spring or summer, allowing sufficient time for
seed development before the onset of winter.
Vernalization is important in agriculture as
various crop plants, including the winter cereals
and canola, must experience a prolonged period
of low temperature to initiate flowering in the
spring.

Importance of Vernalization
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Vernalization can help in shortening the
juvenile or vegetative period of plant and induce
early flowering. It is applicable to not only
temperate plants but also to tropical plants, e.g.,
wheat, rice, millets, cotton.
1. The winter variety crops can be converted to
spring variety.
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Introduction

to mankind. It is a member of the Pea family
Fabaceae and it is often used for feeding
animals as it has the highest nutritional value of
all the hay/forage crops.
The word alfalfa is derived from Arabic,
specifically the phrase al-fac-facah, which
literally means “Father of all foods” because it is
so rich in essential nutrients. Alfalfa, having the
highest feeding value of all commonly grown
hay crops, producing more protein per ha than
any other crop for livestock. Clearly, ancient
ancestors considered alfalfa to be vital to their

Alfalfa is also called as lucerne, it is a perennial
flowering plant cultivated as important forage
crop in many countries around the world. This
legume grows throughout the world under
widely varying conditions. A perennial herb, it
has trifoliate dentate leaves with an
underground stem that is often woody. Alfalfa
grows to approximately 0.9 m, and its blueviolet flowers bloom from July to September.
The alfalfa plant is primarily native to Asia, and
is considered to be one of the first known herbs
VOLUME NO. 14, ISSUE NO.03
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everyday lives. They used it not just for their
own consumption, but to feed their livestock
and to better fertilize their agricultural lands
due to its abundance of vitamins and minerals.
Although it originated in Asia, it is now
extremely common in the USA, Europe and
Canada.
Lucerne is also termed `Queen of forages’.
It is a deep rooted perennial forage legume
adapted to a wide range of conditions ranging
from tropical to alpine. It is very palatable and
nutritious forage legume containing 15 - 20%
crude protein on dry matter basis. Lucerne adds
nitrogen to soil and improves soil fertility. It is
grown for green fodder, hay, silage but does not
tolerate close grazing. Important varieties
include Anand 2, Sirsa - 9, IGFRI S - 244, Co 1
and Co 2. Variety Co1 is suitable for growing
during July - December. Not suitable for very
hot and very cold climates.







Benefits of Alfalfa Cultivation








Alfalfa is widely grown throughout the
world as forage for cattle, and is most often
harvested as hay, but can also be made into
silage, grazed, or fed as green chop. Alfalfa
usually has the highest feeding value of all
common hay crops. It is used less
frequently as pasture. When grown on soils
where it is well-adapted, alfalfa is often the
highest-yielding forage plant, but its
primary benefit is the combination of high
yield per hectare and high nutritional
quality.
Its primary use is as feed for highproducing dairy cows, because of its high
protein content and highly digestible fiber,
and secondarily for beef cattle, horses,
sheep, and goats.
Alfalfa hay is the most widely used fibre
source in rabbit diets. In poultry diets,
dehydrated alfalfa and alfalfa leaf
concentrates are used for pigmenting eggs
and meat, due to their high content in
carotenoids, which are efficient for
colouring egg yolk and body lipids.
Humans also eat alfalfa sprouts in salads
and sandwiches. Dehydrated alfalfa leaf is
commercially available as a dietary
supplement in several forms, such as
tablets, powders and tea. Alfalfa can cause
bloating in livestock, so care must be taken
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with livestock grazing on alfalfa because of
this hazard.
Root
nodules
contain
bacteria,
Sinorhizobium meliloti, with the ability to
fix nitrogen, producing a high-protein feed
regardless of available nitrogen in the soil.
Its nitrogen-fixing ability and its use as an
animal feed greatly improve agricultural
efficiency.
The alfalfa plant is naturally high in many
essential vitamins, including A, D, E, K, and
even the full family of B vitamins. Each
individual vitamin has an abundance of
health benefits in itself, making them
crucial to overall human health. It is
surprising for so many different types of
vitamins to be present in just one plant,
which makes the lure of consuming this
plant all the greater.
It is also loaded with extremely important
minerals such as biotin, calcium, folic acid,
iron, magnesium, potassium, and many
others. The alfalfa plant is also super high in
protein, especially when dried. The alfalfa
plant has an unusual, extensive root system
that can reach as far as 60 feet into the soil.
This is what allows the plant to absorb more
vitamins and minerals than the average
plant, further giving credentials to its title
as, “The king of all foods.”
The alfalfa herb is believed to have a direct
connection to lowering cholesterol, which is
once again in direct connection with all of
the positive vitamins and minerals it
contains. The alfalfa herb is very good at
detoxifying and better purifying the blood.
As a result, regular consumption of alfalfa
can lower blood pressure and balance
hormones.

References
Anonymous, 2005, Alfalfa. Review of Natural
Products. Facts and comparisons 4.0
(online). Available from Wolters Kluwer
Health, Inc. Accessed April 16, 2007.
http://www.herbwisdom.com/herb-alfalfa
http://www.plantguide.org/alfalfa-plant.

54

VOLUME NO.14, ISSUE NO.03

ISSN No.:2321-7405

28. AGRICULTURE

Vertical Farming a Farming Technology
for Better Food Supply
Akash Nikoshe1 and Richa Kumari2
1

Division of Entomology, IARI, New Delhi-110012; 2Ph. D. Scholar, Department of Entomology and
Agricultural Zoology, Institute of Agricultural Sciences, BHU, Varanasi-221005

and can make use of the existing structures and
uses advanced greenhouse technologies like
hydroponics and aeroponics and environment
controls to regulate the temperature, humidity
and light. This can provide the food round the
year and nearly all sorts of crops can be grown
in vertical farms. Major limitation with this
technology is the energy consumption to
maintain such an advance system more energy
is required but the newer concepts like LED
light technology that can make it possible to
build an integrated vertical farm. This idea has
already taken its root in large cities of the world
including New York, Chicago, Singapore and
Tokyo. Singapore is leading the way with
world’s first commercial vertical farm ‘Sky
greens’ to provide sustainable source of fresh
vegetables. The concept of vertical farming is
still in its infancy in India but it is now being
taken up by Indian Council of Agricultural
Research (ICAR) as the potential measure to
ensure the food security in the country and the
research has began to evaluate the concept to
see the potential and possible ways to adopt the
vertical farming specially in urban area. ICAR
has joined hands with Munich based company
involve in commercial vertical farming and the
work has begun in Bangalore involving the
cultivation of various horticultural crops like
fruits and vegetables and rare flowers such as
orchids in multiple layers to test the concept in
Indian conditions and its adoptability. The
experts are now trying to encourage the urban
residents to use their rooftops to adopt the
vertical farming concept which will not only
supply the readymade food at their doorsteps
but also add the aesthetic value. Even with
energy as its major limitation for its adoption it
provides the realistic and convenient mean to
supply the food for rapidly growing global
population, as the horizontal farming is failing
day by day, it would be seemingly impossible to

In next few decades world will face the never
before seen demand for the food and with the
ever reducing land resources it is essential to
find some alternate solutions to deal with this
problems. The increasing world population and
their increasing demand for food could lead to
catastrophic scenarios and food crises, natural
calamities will add up to this problem with
global climate change and reduced soil and
water qualities along with depletion of ground
water reserves and these are sever in case of
countries like India. It is not far future site but it
is an inevitable scenario which we have to
prepare ourselves which will may very well
become a reality even before we have thought
earlier. Questions are many so are the option to
tackle them but among them we have to choose
the best possible and practicable option which
can solve all these problems. One of the
solutions lies in the relatively newer urban
agriculture technology called ‘Vertical Farming’,
gaining the rapid attention of the people. It has
the potential of feeding the large population
from very small space and the adoption of such
zero waste and low energy technologies are
obligatory in near future. In these vertical farms
one can produce 200 times more food within
the same space. These technologies require
higher initial cost for their establishment and
later on stabilize with higher productivity and
lower input requirement and a properly
designed and well planned vertical farm could
sustainably improve the food supply we need.
This type of farms can meet conceivably the
requirement for the food of a big city within its
limits. They can be adopted alongside or within
the existing buildings, on rooftops or
greenhouses with no competition and self
contained form. The concept is promising as it
requires no soil and can save space and energy
with improved yield benefits. Commercially
Vertical farming does not need large size field
VOLUME NO. 14, ISSUE NO.03

55

December, 2017

ISSN No.:2321-7405

commercial enterprise. To make the farms of
the future a reality development of the concept
according to the need is imperative for
sustainable food supply to avoid mass
malnutrition.

meet the demand of food if such concepts are
not utilized. Altogether it is the need of the
future in to adopt the vertical farming and the
awareness about the concept is the most
important tool to make the possible future of the
vertical farming in India and to make it a
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Introduction

help prevent blood clots in humans, such as
those being treated for stroke. What is the
intrinsic worth bats which makes them so
important ecologically and economically is
discussed hereunder?

The name of the bats creates an image of an ugly
and horrific creature in common people’s mind
about these beautiful creatures. This fear was
further enhanced by the tales of the mythical
creatures like Vampires which are well known to
general public through movies and novels which
further add to their negativity against bats.
Although consider to be harmful by many
people, bats are crucial members of ecological
communities and provide numerous benefits to
humans. Many species of insectivorous bats
prey heavily on insects that transmit diseases or
are crop pests. In addition, bat guano (faeces) is
often used to fertilize crops. Several tons of
guano are used as a fertilizer each year mined
from bats aggregating caves. In other words,
some species eat crop pests and excrete crop
fertilizer! Evidence continues to accumulate in
support of the immense economic benefit of
insectivorous bats for the agricultural industries
worldwide. Frugivorous bats are seed
dispersers, promoting the diversity of fruiting
trees in the tropical areas. Bats that eat pollen
and nectar are important pollinators, and some
plants they pollinate are economically
important to humans, such as Agave and
bananas (Musa). Larger bats, such as
pteropodids are sometimes eaten by humans.
Recently, common vampire bats have become
an important focus of medical research.
Vampire bats are generally considered a
significant threat to human interests because
they regularly transmit rabies to cattle (and
sometimes
to
people).
However,
the
anticoagulant
protein
in
their
saliva
(“Desmoteplase”) is being studied in an effort to
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As a Major Insect Predators
Probably the most significant functional role
played by bats in western coniferous forests is as
predators of insects. Bats are often purported to
play an important role in controlling insect
populations (especially in agricultural systems).
It has been estimated that a colony of just 150
Big Brown bats (Eptesicus fuscus) in Belleville,
Ontario, Canada can eat enough cucumber
beetles each summer to protect from 33 million
root worms. They consume: moths, gnats,
crickets, locusts, mosquitoes, fruit flies, and
other crop pests but not exclusively. However
they do not predate on endangered insects such
as Bees as bats are nocturnal. With the growing
agricultural emphasis on biological control and
integrated pest management, more and more
farmers are using bats as a weapon in the war
against insect pests. Now a days farmers are
exploring ways of attracting bats to their fields
to use them as an alternative means of
controlling the pests. Many farmers are living
with their bat allies and even encouraging their
colonization by constructing artificial habitats.
Not only they reduce the insect pests by
consuming them, but they are known to protect
crops from pests by chasing away insects with
the help of echolocation calls which helps them
to navigate. Researchers saw a 50 percent
reduction in damage to corn plots by corn
borers when they broadcast bat-like ultrasound
over test plots. All of the bats associated with
56
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control services’ are most needed.

western coniferous forests are insectivorous.
Most are aerial insectivores that feed on
nocturnal flying insects, although some species
also regularly glean insects and other
invertebrates from the ground or vegetation.
Amounts and types of prey consumed vary with
prey availability, time of night, and with the
species, sex, reproductive status, and age of
bats. A variety of approaches have been used to
estimate the amount of prey consumed,
including direct observation, comparison of preand post-flight body mass and faecal sample
analysis. However, each of these approaches has
inherent limitations and assumptions that affect
estimates. For example, hypothesized that
overestimation of digestive efficiency in some
studies
has
resulted
in
substantial
underestimation of the biomass of prey
consumed by bats.

As Biological Indicators
As insectivorous bats reside in high trophic
levels, which makes them highly sensitive to
accumulations of pesticides and other toxins,
and their abundance might reflect changes in
populations of their arthropod prey species. Bat
populations are affected by a wide range of
stressors that affect many other taxa. Changes in
bat numbers or activity can be correlated to
climate change (including extremes of drought,
heat, cold and precipitation, cyclones and sea
level rise), water quality deterioration, intensive
agricultural and reduction of forests areas, wind
turbines fatalities, disease, pesticide toxicity and
overhunting.

Socio-Economic Roles
Bats and humans have a long and complicated
relationship. Many of the negative perceptions
people associate with bats is based on myths,
fears and misinformation. There are some valid
cases where bats pose problems to humans, but
humans also value bats in a number of ways.
People benefit from bats both directly, for food
and for support of their agricultural crops, and
indirectly, for the ecological roles bats play in
maintaining ecosystems and thus securing the
beneficial
services
rendered
by
those
ecosystems.
Most of the studies which have been done
on the bats and their role in pest management
are concentrated in western countries and
estimation of their potential role as biological
control agents specially in Indian context is still
to be fully realized. Keeping their importance in
mind as a pest control agents, more
concentrated efforts are needed in this regard.

As a Tool in IPM
Using bats as a control measure in agriculture is
no new science. Certain parts of the Southern
USA and in particular, areas in Texas are home
to colonies of over 1 million bats. Studies have
been conducted in several of these areas to
calculate the eco-agricultural contribution by
bats. A conservative estimate has put this figure
at US$3.7 billion dollars whilst other estimates
have predicted a potential impact in excess of
US$50 billion. These figures take into account a
number of different factors including the
reduced costs of pesticide applications that are
not needed to suppress pests consumed by bats
but do not include ‘downstream’ factors of
reduced pesticide exposure to ecosystems which
could be substantial. Through habitat
enhancement and the provision of roosting sites
it is possible to encourage greater habitation of
bats in and around areas where their ‘pest
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(Choudhary, 2017).
During the last twenty years, two crores
have been lifted out of hunger and the
prevalence of chronic malnutrition in children
has decreased from 40 to 26 percent. A robust

Climate change has added to the enormity of
India’s food security challenges. While the
relationship between climate change and food
security is complex, most studies focus on one
dimension of food security, i.e., food availability
VOLUME NO. 14, ISSUE NO.03
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and coherent global pattern is discernible of the
impacts of climate change on crop productivity
that could have consequences for food
availability. The stability of whole food systems
may be at risk under climate change because of
short-term variability in supply. However, the
potential impact is less clear at regional scales,
but it is likely that climate variability and
change will exacerbate food insecurity in areas
currently vulnerable to hunger and under
nutrition. Likewise, it can be anticipated that
food access and utilization will be affected
indirectly via collateral effects on household and
individual incomes and food utilization could be
impaired by loss of access to drinking water and
damage to health.






Effect of Climate Change on Food Security
Food security is one of the leading concerns
associated with climate change. Climate change
affects food security in complex ways. It impacts
crops, livestock, forestry, fisheries and
aquaculture and can cause grave social and
economic consequences in the form of reduced
incomes, eroded livelihoods, trade disruption
and adverse health impacts. However, it is
important to note that the net impact of climate
change depends not only on the extent of the
climatic shock but also on the underlying
vulnerabilities. According to the Food and
Agriculture
Organization
(2016),
both
biophysical and social vulnerabilities determine
the net impact of climate change on food
security.





Increasing the Risk of Hunger

will also affect the quantity and reliability of
water available and change patterns of
flooding and drought.
Factors
Limiting
Agricultural
Production
Energy:
Agricultural
production
operations include preparation of land, use
of the appropriate crop and its cultivars,
application of fertilizers and pesticides and
water management. All these operations
require energy.
Decreasing
Fertilizer
Response:
Fertilizers and chemical control agents form
an important component of farm inputs.
FAO attributed fertilizer consumption in
developing countries in Africa, Asia and
South America would have to rise
substantially in the future.
Limitations
on
the
Genetic
Improvement of Crops: A breakthrough
in the improvement of rice and wheat was
responsible for the world-wide increase in
agricultural production, and for the green
revolution
in
developing
countries.
Therefore,
scientists,
administrators,
planners, politicians and the public have
great faith in the possibility of developing
new cultivars with greater yield potentials.
Degradation of the Resource Base:
The urgent need to meet the food demands
of the growing population and of industries
has led to the degradation of the
agricultural resource base on almost every
continent. Often the poor are held
responsible for environmental degradation,
including the agricultural resources.

Climate change exacerbates the risks of hunger
and under nutrition through:

Measures to Ensure National Food Security







Extreme weather events: Climate
change increases the frequency and
intensity of some disasters such as
droughts, floods and storms. This has an
adverse impact on livelihoods and food
security. Climate-related disasters have the
potential to destroy crops, critical
infrastructure, and key community assets,
therefore deteriorating livelihoods and
exacerbating poverty.
Long-term and gradual climate risks:
Sea-level will rise as a result of climate
change, affecting livelihoods in coastal areas
and river deltas. Accelerated glacial melt
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Education and literacy: Role of
education in improving farm efficiency and
technology adoption has been well
established. As agriculture transformed
from subsistence to commercial level,
farmers seek information on a wide range of
issues to acquire knowledge or upgrade
their skills and entrepreneurial ability.
Crop diversification: Food availability is
a necessary condition for food security.
India is more or less self sufficient in cereals
but has deficit in pulses and oilseeds. Due to
changes in consumption patterns, demand
for fruits, vegetables, dairy, meat, poultry,
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and fishery products has been increasing.
Tackling climate change: Food security
in India can be achieved by paying higher
attention to issues such as climate change,
limiting global warming, including the
promotion of climate-smart agricultural
production systems and land use policies at
a scale to help adapt and mitigate ill effects
of climate change.
Integrated water management: India
needs to produce more crop per unit of land
and
water
resources.
Improved
management of irrigation water is essential
in enhancing production and productivity,
food security and poverty alleviation.
Integrated nutrient management:
Attention needs to be given to balanced use
of nutrients. Phosphorus deficiency is the
most wide spread soil fertility problem in
both irrigated and non-irrigated rainfed
areas.
Improved varieties: In several regions,
farmers are not able to get information
about the availability of new and improved
varieties and some are not having access to
quality seeds of these varieties, resulting in
lesser yields. This situation has to be
corrected by developing a national-level
network to monitor and coordinate the
activities with the various State government







functionaries working in the area of crop
production.
Improved
technology
adoption:
Adoption of technologies like integrated
nutrient management, integrated pest
management
and
integrated
weed
management need to be made available for
adoption to ensure higher production and
sustainability of production base.
Awareness on population growth: The
awareness of the pressures of increasing
population growth and consumption
patterns on ecosystem functioning should
be created to sensitize farmers on adoption
of sustainable crop cultivation and
management practices.
Agricultural research education: The
agricultural education in India is facing one
of the biggest challenges. It has to identify
its role in equipping the human resources
for enhanced agricultural productivity and
sustainable use of natural resources.
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and the perennial nature of the crop has turned
to annual. So the farmer observed that farming
in traditional way of cultivating mango and
papaya may not fetch him enough income and
no more they are profitable. They suggested him
to go for cultivation of hybrids of muskmelon
and watermelon with drip irrigation and
mulching and also advised him for IPM
practices in management of insect pests. The
close association of scientists with G. V. Raju
helped him to know and effectively implement
various IPM practices viz., maize as border crop

G. Venkateswara Raju, a young man of village
Surupurajapalli, Kadapa district of Andhra
Pradesh started farming after his matriculation.
The horticulture crops viz., mango, banana,
papaya were prominently grown in this region
and he was proficient in cultivating mango and
papaya but these crops in recent years never
satisfied him to his expected returns due to
unforeseen weather, the mango flowering and in
turn yield is not consistent for the past three
years, and in papaya due to PRSV virus
incidence, the yield has drastically come down
VOLUME NO. 14, ISSUE NO.03
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to attract sucking insects and in-turn to avoid
spread of viral diseases, sticky traps (yellow for
leaf miner and whiteflies and blue for thrips
monitoring), sex pheromone traps (H. armigera
and
Spodoptera
litura),
poison
bait
(Spodoptera litura) and use of Trichoderma
harzianum to control wilt which minimized his
maximum expenditure on pesticide inputs
which seems to be major share in cost of
production of melons. This is the first such
experiment of implementing IPM practice in an
extent of 5.2 hectares in farmer’s field in
Rayalaseema region of Andhra Pradesh.
The scientists regularly visited the plot and
produced the information of this important
crop, which gave him a great support to sell the
melons in different markets of the country
(Delhi, Mumbai and Ahmedabad) and earned
maximum rates (Average price of Rs. 6/Kg for
watermelon and Rs. 13/Kg for muskmelon)
(Table 1), there by fetched him fabulous profit
in a duration of three months. Such success in
melons cultivation fascinated the many farmers
nearby of his village and district and looking to
the keen interest shown, the other farmers,
started melons cultivation in place of papaya.

Year
2013
2014
2015

Total
Cost of
Area
production Cultivation
(ha)
(tonnes) (In lakhs)
1
2.4
5.2

40
80
150

1.0
3.0
5.2

Gross
return
(in
lakhs)
2.5
11.00
18.00

Net
return
( In
lakhs)
1.50
8.00
13.0

Table 1: Monetary benefit from IPM practices in melons
cultivation
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Introduction

HPP provides a means for retaining food quality
while avoiding the need for excessive thermal
treatments or chemical preservatives (Penna et
al., 2006).
Milk is an important food across the globe.
Its pasteurisation is common practice in the
dairy industry. Given the unassailable position
of heat treatment and the diverse response of
microorganisms to pressure, particularly that
milk may have a baroprotective effect for certain
microorganisms, it seems unlikely that pressure
will ever replace heat for the safe production of
large volumes of liquid milk. There might be

High-pressure
processing
(HPP)
is
a
“nonthermal” food preservation technique that
inactivates harmful pathogens and vegetative
spoilage microorganisms by using pressure
rather than heat to effect pasteurization. HPP
utilizes intense pressure (about 400–600 MPa
or 58,000–87,000 psi) at chilled or mild
process temperatures (<45°C), allowing most
foods to be preserved with minimal effects on
taste, texture, appearance, or nutritional value.
Pressure treatment can be used to process both
liquid and high-moisture-content solid foods.
December, 2017
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holding, decompression, loading & unloading.
After pressure treatment, the processed product
is removed from the vessel & stored in
conventional way.

some niche products for which heat treatment
could be inappropriate, and for which
microbiological quality could be improved by
high pressure treatment. Pressure brings about
modifications to milk components (especially
proteins), that can lead to altered functionality
and the possibility of novel or improved dairy
products. As a result of this it is not surprising
that the dairy and food industry shows
increasing interest in high pressure milk
processing.

High Pressure Processing and Microbial
Inactivation
Most processed foods today are heat treated to
kill bacteria, which often deteriorate product
quality. High pressure processing provides as
ultimate means of killing bacteria that can cause
spoilage or food borne disease without a loss of
sensory quality or nutrients. Microbial
inactivation is one of the main goals for the
application HP technology. Hite et al (1914) first
reported the application of pressure processing
for pasteurization of milk. He reported a 5-6 log
reduction in microbial numbers when milk
treated at a pressure of 680 MPa for 10
min(Ramaswamy, 2004).

High Pressure Equipment
Generally, the equipment for industrial pressure
processing consist of a high pressure vessel and
its closure, a pressure generation system, a
temperature control device and a material
handling system with scope for automation. If a
food product contains sufficient moisture,
pressure will not damage the product at the
macroscopic level as long as the pressure is
applied uniformly in all direction.

Application of High Pressure Technology
Inactivation of Microorganism in Milk

Process Operation Technology

Liquid milk is a dairy product, which is heattreated using a range of conditions to provide
acceptable safety and shelf life. The resistance of
microorganisms to pressure in food is very
variable depending on HP processing
conditions. At least 7-logs of both germination
and inactivation of B. cereus LMG 6910spores
were observed in milk treated at 600 MPa for
30 min at 60oC.

During HPP, the pressure medium and the
packed contents are compressed to about 8090% of their original volume during
pressurizing in 400-800MPa pressure range,
but return to their original volume when the
pressure is released. Hence food product should
be packed in a flexible packaging usually pouch
or plastic bottles (Gupta, 2008). The packed
products are loaded into the high pressure
chamber. The vessel is sealed & then filled with
pressure transmitting medium. Water is usually
used as a fluid medium to facilitate the
operation and compatibility with food material
(Sahu, 2008).
The basis for applying high pressure to
foods is to compress the water surrounding the
fluid.Once the desired pressure is reached the
pump or piston is stopped, the valves are closed
and the pressure can be maintained without
further energy input. After holding the product
for the desired time at the target pressure, the
pressure is decompressed by releasing the
pressure transmitting fluid (Sahu, 2008). For
most foods the pressure treatments in the range
of 250-300 MPa called as cold pasteurization. In
addition, for consistent product sterilization,
pressure higher than 400MPa are normally
required. Approximately 5-6 cycles per hour are
possible, allowing time for compression,
VOLUME NO. 14, ISSUE NO.03

Cheese
There are numerous areas of interest regarding
the HP processing of cheese,the more important
including cheese making from HP-treated milk,
acceleration of cheese ripening and inactivation
or reduction of pathogenic or spoilage
microorganisms in cheese to increase cheese
safety and shelf life.

Fermented Milks
Application of hydrostatic pressure to
fermented milks could be an alternative to the
use of additives, which can adversely affect their
true taste, flavor, aroma and mouthfeel
(Maryam, 2008).Two strategies have been used
to improve yoghurt quality and preservation by
means of HP: yoghurt making from HP treated
milk and pressurisation of yoghurt to inactivate
microbiota (Okapla, 2009).The application of
high pressure to full-fat yoghurts to prevent rise
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rising consumer demand for foods that are safe
and nutritious, free from additives, good tasting
and have a long self life. It increased product
self life even for food which is sensitive to heat,
low-temperature preservation method, no loss
in product quality compared to heat
pasteurization and enhanced food safety due to
inactivation of spoilage organisms and relevant
food borne pathogens.

of acidity after packaging has also been
achieved. The treatment of stirred type low-fat
yoghurts at 200 MPa could be an alternative to
the use of additives in yoghurt processing to
prolong their shelf life, with the added
advantages of improving flavor and texture of
products (Maryam, 2008).

Ice Cream and Dairy Creams
HPP treatment induces fat crystallization,
shortens the time required to achieve a
desirable solid fat content, & thereby thus
reduces the ageing time of Ice Cream and also
enhances the physical ripening of cream for
making butter.
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Channa preparation
Sahu, 2008 suggests the application of HPP
technology in the preparation of channa. An
attempt is required to produce channa by
denaturing milk by applying high hydrostatic
pressure to replace the thermal treatment of
milk which degrades the quality of the channa
and channa based products. The effect of high
pressure on milk on qualities viz., sensory,
physical, and storage of channa should be
evaluated and cost of channa preparation using
HPP technology should be evaluated in order to
understand
its
commercial
availability
(Ramaswamy, 2004).

Advantages of HPP
High pressure processing brings several safety,
innovation export possibilities and functional
product development opportunities to the dairy
sector. With HPP, food producers can meet the

33. PLANT BREEDING AND GENETICS

Genomics of Flowering
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Introduction

of flowering in response to internal cues and
external environmental fluctuations. Flowering
gene networks are well studied in model species,
however, not in important crop species.
Therefore, there is much to be known on the
molecular basis of flowering for crop species.

In agricultural development, flowering is an
important target of domestication. By
manipulating flowering genes, it is possible to
diversify cultivation strategies to optimize yield
in specific locations. For example, winter and
spring cultivars have allowed for double
cropping of certain land. Highly sensitive and
complex regulatory networks control the timing
December, 2017

Flowering Pathways of Long Day Plant
Long day flowering plant Arabidopsis thaliana
is a model for understanding a complex genetic
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(Blazquez, 2000; Lee et al., 2000). Leafy (LFY)
gene also plays a critical role in the convergence
of all these flowering pathways (Borner et al.,
2000).

network by forward and reverse genetic
approaches (Srikanth and Schmid, 2011). In
Arabidopsis thaliana, there are six major
genetic pathways that control flowering;
photoperiod,
vernalization,
autonomous,
gibberellin (GA), ambient temperature, and age
pathway. These pathways control a shift from
vegetative
development
to
reproductive
development by regulating floral meristem
identity genes in the shoot apical meristem
(SAM), which results in flower organ
development.
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Internal Signals of Floral Initiation
Plants require many internal, or developmental,
factors to promote flowering in conjunction with
external, or environmental, cues. Gibbereilic
acid (GA) is capable of inducing flowering
during non-inductive photoperiods and without
vernalization (Langridge et al., 1957; Chandler
et al., 1994). In long day growth conditions, GAs
have little influence on flowering time, but the
GA pathway in short day growth conditions
becomes the major player in initiating
flowering, where the plant is deprived of
photoperiod induced flowering (Gottgens and
Hedden, 2009).

The Photoperiod Pathway
Central genes involved in the downstream of the
photoperiod pathway in Arabidopsis thaliana
are gigantea (G1), constans (CO), and flowering
locus t (FT) (Redei, 1962; Koorneef et al., 1991,
1998). These genes are well conserved across
many species of flowering plants (Hecht et al.,
2005). CO encodes a putative zinc finger
transcription factor, and plays a central role in
photoperiodic flowering control in Arabidopsis
(Putterill et al., 1995). The quantity of CO
expression has a rate-limiting effect upon
flowering time, with greater CO accumulation
resulting in earlier flowering (Samach et al.,
2000).

Floral Integrators and Floral Meristem
Identity genes

All of the flowering pathways converge to
floral integrators including flowering locus t (ft)
and suppressor of overexpression of constans1
(SOC1), and induce the expression of Floral
Meristem Identity (FMI) genes, including
apetala 1 (API), apetala 3 (AP3), and agamous
(AC), that control floral organ development
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Bumble Bee: An Amazing Pollinator
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Introduction

also have long seasons. They are among the first
of the bee species to emerge in the year, and
some species may forage until November. They
are therefore very important pollinators of early
and winter crops.
Bumble bees are among the most
charismatic of insects. Their robust frame and
fuzziness combined with their charming habit of
buzzing dutifully from flower to flower have
brought joy to many of their onlookers. These
bees are excellent pollinators of red clover and
many other seed crops and play an important
role in the pollination of apples. Apparently the
long tongued species of bumble bees and red
clover are “made for each other”.
Bumble bees are also super fast pollinators
capable of buzz pollination, in which they
dislodge pollen from the anthers by creating a
resonant vibration with their flight muscles,
(Leonard, et. al., 2011). Here, the bumblebee
places its thorax (upper body) closes to the
anthers of a flower, and vibrates its flight
muscles. This vibration shakes the pollen from
the anthers, and enables efficient pollination of
tomatoes, kiwi fruit and cranberries. These
super pollinators are guardians of the food
chain and maintain the biodiversity

Insects are important pollinators of wild flowers
and agricultural crops. Among the insects,
bumble bees (social insects) are essential
components of both natural habitats and
managed food production systems. These
charismatic insects are occurring throughout
the world. They are increasingly being used as a
model organism for studying a wide range of
ecological and behavioural concepts, such as
social organization, optimal foraging theories,
host-parasite interactions, and pollination. The
bees need the flowers for food, while the flower
needs the bee to reproduce. As the poet Kahlil
Gibran beautifully put it: “To the bee, a flower is
the fountain of life, and to the flower, the bee is
a messenger of love.” Bumble bees are
enchanting creatures, their gentle buzzing
sound is synonymous with summer. However,
they are not only beautiful, they are vitally
important pollinators. They tend to visit the
same patches of flowers every day, as long as
they continue to find nectar and pollen there, a
habit known as flower fidelity. Many crops are
well suited to natural pollination with bumble
bees, including cucumbers, peppers, red cloves,
tomatoes, vegetables, seed crops, strawberries,
blueberries, cane berries, melons, and squash.
These bees can increase crop production
through more efficient pollination in an effective
way of increasing profits and reducing labour
costs.

Conclusion
Bumble bees are industrious pollinators because
they have co-evolved with flowering plants over
millions of years. For many of us, these
beautiful little creatures hold a special place in
our hearts, as they help in increasing monetary
value for maintaining our fragile food supply as
well as make an invaluable contribution to
ecosystems around the world.

Fascinating Characters Make Them
Successful
All pollinators need floral resources to support
them throughout the season. Bumble bees body
cover with dense plumose hairs, so easily pick
up pollen, and transfer it to other plants. These
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Introduction

2.

Strain improvement is basically the process of
subjecting microbial population to mutation
treatment and then screening a proportion of
the survivors for improved productivity. If final
product (P) is required in higher concentration
than it is useless to produce auxotroph. In that
case we have to isolate the mutants altered in
their control characteristics. It means that the
final product should not be inhibited by the
feedback inhibition. Hence the final product (P)
needs to be converted into its analogue.
Analogue resists the feedback inhibition and
continuous synthesis of the desired end product
can be obtained.

3.

There are Basically Four Strategies to
Produce the Analogue Resistant Mutant.
1.

Mutants resistant to the feedback effects of
secondary metabolite.

Here substrate A is converted into final
product P When final product P is
synthesized, it feedbackly regulate the
activity of enzyme a. So instead of P, we
tend to product P* in this case. P* do not
inhibit the activity of a, this leads to
continuous production of P*. Example,
overcoming the repression of arylamine
synthase
during
chloramphanicol
production.
Isolation of mutants resistant to the toxic
effects of the secondary metabolite in the
trophophase.

Mutants resistant to the analogues of
primary metabolic precursors for the
synthesis of secondary metabolites.

Here substrate A is converted into final
product P. Precursor x is required for
conversion of A into B. When P is
synthesized in excess, it inhibit the
availability of x. As x is not supplied, end
product P is not synthesized. In this
strategy, we supply x* instead of x. So end
product do not recognize x*. So P do not
inhibit the availability of x*. So x* is
continuously supplied in the pathway that
results in continuous synthesis of final
product
P.
Example,
Mutants
of
Pseudomonas aureofaciens overproducing
the antibiotic pyrrolnitrin by providing the
analogue of tryptophan in intermediate
reaction.
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Here substrate A is converted into final
product P. If antibiotic x is present, it
inhibits the synthesis of A. As A is not
synthesized, final product P is not
synthesized. So we tend to gradually adapt
the micro organisms to grow in the
presence of antibiotic x. So gradually micro
organisms adapted to grow even in the
presence of x. So A is continuously
synthesized and that is how P is
continuously
synthesized.
Example,
Improvement
in
the
synthesis
of
Daunorubicin antibiotic production in the
presence of cerulenin by Streptomyces
peuceticus.
Isolstion of matant in which secondary
metabolite synthesis gives resistant to toxic
compounds.
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Cephalosporin-C by mutant strain which is
resistant to mercury chloride.
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