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Automatic Depth Measurement and Control System
for Trailed Type Agricultural Machinery
Pankaj Malkani, 2Abhinav Dubey,3 Sawant Sanket Rand 4Atish Sagar
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managed in future by advancement in
electronics.

Summary
Optimal seed depth is required for enhancing
seed germination and emergence which
ultimately increase production. Conventional
traction type seed-drill and planter can’t
maintain seed depth while operation.
Automatic depth control system can maintain
pre-specified depth within a range. It consists
of contact or noncontact type sensors,
microprocessor, setting unit and hydraulic
unit connected in a sequence for maintaining
depth. The maximum deviations seen are
within 10mm range which can be further
December, 2019

INTRODUCTION
Tillage depth and seed depth placement from
equipment influence germination and
emergence of seeds (Ward and Holden,
2001). The desired depth of seeding is at the
bottom of a shallow loose soil layer and above
amore compacted tilled or no-tilled layer
(Chang et al., 2004). When preparing
seedbeds, the tillage operation is chosen
relative to the soil condition. Seedbed
structure should be homogeneous, supporting
4
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an adequate combination of moisture and
heat for optimal seed germination and
emergence (Hakansson et al., 2002). An
optimal seedbed minimizes evaporation,
erosion and reduces the risk of pesticide
leaching (Petersen et al., 2016). However, it
has been shown that the risk of poor
emergence depends more on the seeding
depth than on the aggregate size and
distribution in the seedbed (Hakansson et al.,
2002). A shallow sowing depth of soil doesn’t
have enough moisture for sprouting and for
higher sowing depth seed doesn’t have
enough energy and oxygen for survival.
Hence, proper sowing depth is required for
maximum seed germination and emergence.
Any delay in emergence will have
considerable negative effects on final crop
yield (Depenthal, 2009). Therefore uniformly
in depth with respect to seed is required.
There are various methods of placing the seed
in soil i.e. manual and through machinery.
Manual placing of seed to desired depth is a
tedious
and
labor
consuming
job.
Conventional hanging type machinery such as
seed drill and planter attached to three point
linkage can maintain seed depth. But trailed
or traction type seed drill and planter can’t
maintain the seed depth. In this article,
recent methods for measurement and
controlling the seed depth on trailed type
machinery were discussed.

Hanging device type:- Hanging type
devices are those which depends entirely on
tractors 3 point hitch for controlling depth.
Depth control in hanging device type is
achieved through position and draft control
(PC and DC) lever where implement is
attached to tractor through 3 point hitch. A
PC and DC lever in its quadrant had fixed
depth and draft respectively for every raised
or lowered position of 3pointlift linkage in it.
PC lever will maintain the depth preset by
operator on the quadrant irrespective of soil
resistance while DC lever would follow the
soil profile having similar soil resistance
irrespective of depth variation. Sometimes a
combination of automatic position and draft
control is used in recent tractors for a mixed
compromise in depth and draft.
Traction type:-Traction type devices are
those which are attach to tractors through
single point hitch and support its own weight
through wheels. In traction-tractor type
combination external fluid connection from
tractor is used and connected to the external
hydraulic cylinder of implement. Gauge
wheels were used for controlling the
implement depth but it doesn’t maintain the
desired
depth.
Tractor
implement
combination for traction type now used an
automatic metering and controlling system in
foreign countries which meters the depth
automatically, controls and reduces depth
fluctuation and enhance chances of
germination and emergence of seed by
controlling depth parameter.

Depth measurement
Traditionally method involves manual
measurement of depth with steel rulers,
which is labor intensive and time consuming.
Modern methods use technologies employed
to achieve automatic real-time measurements
of depth, and can be classified into two main
categories, Contact type(using physical
element)and non-contact type (Ultrasonic
sensor and electro-optical sensors).

Generalized components for Automatic Depth
Measurement and Control system for traction type
implements
It
consisted
of
Control
system
(microcontroller circuit and hydraulic unit),
detecting unit (ultrasonic sensor, optical
sensor, an inclination angle sensor or a lift

Depth control system
For tractor implement two types of
combination i.e. hanging device type and
traction type is used
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arm sensor), communication module,
memory card, and hardware (seed and
fertilizer drill, frame, supporting wheels,
Coulters and soil wheels).

model will be affected in the case of slope
changes.

Contact tillage depth measurements detecting unit
In this method a physical element is utilized
to make direct contact with ground. For
measuring the tillage depth, a mechanical
surface-fitting swing arm able to adapt terrain
curvature has been mounted onto the
implement. The mechanical measuring arm
consists of three main parts: a ground wheel,
a swing arm and a measuring module (Fig1).
The swing arm is connected to the beam of
the implement (seed drill or planter). Ground
wheel of the device is pulled by the
implement to roll on the untilled land. When
the tillage depth increases by say (d), the
distance between the joint and the ground
will be reduced by (d), thereby resulting in a
simultaneous change in the angle between the
swing arm and the vertical plane (the plane
perpendicular to the ground). The angle
change can be detected by the encoder and
converted into tillage depth through a
formula. When it comes to an irregular
surface, the applicability and accuracy of the

Fig 1Contact type depth measurement system
(Source: Guoet al., 2016)

Non -contact type depth measurement detecting
unit
Ultrasonic and optical sensors are commonly
used in non-contact measurements. The
ultrasonic sensor sends a high-frequency
sound pulse and measure times taken for the
echo of the sound to go and come back from
the target point. The ultrasonic sensor uses
this information along with the time
difference between sending and receiving the
sound pulse to determine the distance to an
object. Performance of this method is affected
by trashes and stubbles on ground.

Fig 2 Flow diagram of non –contact type automatic depth control system

microprocessor for seeding operation. The
detecting unit consists of sensors which will
sense the displacement and with the help of

Working of automatic depth control system
The setting unit of system set the required
depth
provided
by
operator
on

December, 2019
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control algorithm fitted on control unit it will
convert sensor data to the depth. The depth
control would be achieved with the help of
electronic control unit and hydraulic unit.
The electronic unit will provide the signal on
basis of varied displacement obtained. On the
basis of output signal obtained, solenoid valve
will actuate and fluid pressure will push
furrow opener via. hydraulic cylinder to the
preset depth.

field coverage with trashes while non-contact
types systems are suitable for relatively
cleaner field.
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Challenges
The maximum fluctuations in depth obtained
were10mm claimed by various researchers.
Further works in this field can enhance the
accuracy. Overall system cost is also higher
which need to be further reduced by
addressing new ways and for adapting these
technologies in Indian market.
Conclusion
The negative effect of depth fluctuation can
be compensated with automatic depth control
system. Seeding depth regulation through the
direct control of furrow opener actuated
through electronic and hydraulic unit on
traction type device can provide desired
depth. Contact type systems were suitable for
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Types of IP Protection and Patent for Microbes
P. Valarmathi 1 and D. Ladhalakshmi2
1. ICAR- Central Institute for Cotton Research (CICR), Coimbatore
2. ICAR-Indian Institute of Rice Research (IIRR), Hyderabad

Intellectual property rights (IPR) mechanisms to protect individual and
industrial “inventions” and are usually in
effect for a specified period. Intellectual
property rights - a bundle of exclusive rights
over creations of the mind, both artistic and
commercial. These legal rights prevent others
from copying, selling, or importing a product
without authorization. Intellectual property is
divided into two categories: Industrial
property, which includes inventions (patents),
trademarks,
industrial
designs,
and
geographic indications of source; and

VOLUME NO. 16, ISSUE NO.3

Copyright, which includes literary and artistic
works such as novels, poems and plays, films,
musical works, artistic works such as
drawings, paintings, photographs and
sculptures, and architectural designs.
Forms of IPR :
1. Patent : A patent is a set of exclusive
rights granted by a state to an inventor or
his assignee for a fixed period of time in
exchange for a disclosure of an invention.
2. Industrial designs : An industrial design
right protects the form of appearance,
style or design of an industrial object
7
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from infringement.
Trademark and Service Marks :
Trademark is a distinctive sign which is
used to prevent confusion among
products in the marketplace.
4. Geographical indications: Aspect of
industrial property which refer to the
geographical indication referring to a
country or to a place situated therein as
being the country or place of origin of
that product. Name conveys an assurance
of quality and distinctiveness which is
essentially attributable to the fact of its
origin in that defined geographical
locality, region or country
Eg : USA Rice Federation and RiceTec a
Texas-based company, in 1997, patented
some types of rice they developed as
“American basmati”. US patent (No.
5,663,484 )
The Indian government, after putting
together the evidence, officially challenged
the patent in June 2000. U.S. patent on
turmeric was awarded to the University of
Mississippi Medical Center in 1995
specifically for the "use of turmeric in wound
healing." Two years later, a complaint was
filed by India's Council of Scientific and
Industrial Research, which challenged the
novelty of the University's "discovery.” In
1997, the patent was revoked.

the idea that it is not enough that the claimed
invention is new but it must be inventive that
is, it must be the result of a creative idea,
which is non-obvious.

3.

Usefulness
An invention in order to be patentable must
possess the characteristic of utility i.e. it must
be a kind which can be applied for practical
purposes. No valid patent can be granted for
an invention devoid of utility.
Types of Patents
1. Utility Patent: Invention or discovery in
any new and useful process, machine,
manufacture, or composition of matter,
or any new and useful improvement.
Utility is required by the patent law.
There are three types of utility:
•

2.

Essential requirements of a patentable invention:
Novelty
Novelty is a fundamental requirement and an
undisputed condition of patentability. An
invention will not be novel if it has been
disclosed in the public through any type of
publication anywhere in the world. Prior use
of invention before filing an application for
patent can also destroy novelty. Oral
description of the invention in some
seminar/conference can spoil novelty if the
patent application is not filed within a
stipulated time period, which is six months in
India.

3.

Patent Licensing
A contract between the owner of a patent
and an independent party who wishes to
make, use or sell the invention claimed in the
patent.
Life & Duration

Inventiveness (Non-obviousness):
A patent application involves an inventive
step. The expression "inventive step" conveys
December, 2019

General utility is the requirement of
functionality.
• Specific utility is the requirement that
the invention actually perform the
function.
• Moral, or beneficial, utility requires
that the invention not poison,
promote
debauchery,
facilitate
private assassination.
Plant Patents: Invention or discovery in
asexually reproducing any distinct and
new variety of plant, including cultivated
spores, mutants, hybrids, and newly
found seedlings, other than a tuber
propagated plant or a plant found in an
uncultivated state.
Design Patents: Invention of any new,
original, and ornamental design for an
article of manufacture may obtain a
patent.

Utility patent –
•

8

17 years from date of issue of Patent if
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•

application filed before June 95
20 years from date of filing application
after June 95

bacterium, were patentable. Chakrabarty
received a patent in 1981 (U.S. Pat. No.
4,259,444). In the Chakrabarty decision, the
Supreme Court stated that anything under the
sun that is made by the hand of man is
patentable subject matter. Therefore, if a
product of nature is new, useful and
nonobvious, it can be patented if it has been
fashioned by humans.
4 yeasts and 3 bacteria in wheat patented by the USDA as biological control
against Fusarium head blight caused by
Fusarium graminearum
Pseudomonas fluroscens strain 1 Bacillus
subtilis strain 1 are patented by Dept of Plant
Pathology, TNAU.

Patents on Microbes
As long ago as 1873, Louis Pasteur received a
U.S. patent for yeast "free from organic germs
or disease." With the growth of genetic
engineering in the late 1970s, the
patentability of living organisms was reexamined, and confirmed. A landmark case
involved Ananda Chakrabarty's invention of a
new bacterium genetically engineered to
degrade crude oil. In 1980, the Supreme
Court clearly stated that new microorganisms
not found in nature, such as Chakrabarty's

3.
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Conservation Agriculture for Soil health
Improvement
Vijayaprabhakar Arumugam
Institute of Agriculture, Tamil Nadu Agricultural University, Kumulur, Trichy - 621712

of these properties can help to improve the
soil health.

Soil Health

Importance of soil Health
Because of green revolution, continuous use
of chemical inputs degraded the environment
harmfully. In relation to soil health, intensive
application of fertilizers enhanced the soil
productivity in short time period, but in the
last decade it lost its productivity due to the
reduced humus content by lack of organic
matter amendment and poor microbial
population. It might cause severe yield
reduction in future and subsequently may
reduce the world food grain production and
affect the human lives. Hence, there is a
compulsion to retain the soil as live by
improving soil health.

Soil health is “the capacity of the soil to
function, within ecosystem and land use
boundaries, to sustain productivity, maintain
the environmental quality, and promote plant
and animal health.” generally healthy soil
must need the fallowing features as (i) Tilth,
(ii) Sufficient depth, (iii) Optimum fertility,
(iv) Reduced population of pathogens and
insect pest, (v) Large population of beneficial
organisms, (vi) Low weed pressure, (vii) Free
of chemicals and toxins, (viii) Resistance to
degradation, (ix) Tolerance to unfavorable
condition, (x) Optimum drainage capacity.
These characters are results of combined
action of physical, chemical and biological
properties of the soil. Integrated management

VOLUME NO. 16, ISSUE NO.3

Soil health management strategies
Managing soil health (improved soil function)
is mostly a matter of maintaining suitable
habitat for the countless of creatures that
comprise the soil food web. This can be
accomplished by fallowing three principles
9
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Disturbing the soil as little as possible
Growing as many different species of
plants as practical
3. Keeping living plants in the soil as often
as possible, and keeping the soil covered
all the time.
These three principles can be achieved by
several ways. But, it is easy to implement by
following single concept in crop management.
That is “conservation Agriculture”, because its
principles are same as such in soil health
management strategies. Hence, practicing
conservation Agriculture is the simple and
effective method to improve the soil health.
1.
2.

•

Conservation agriculture
Conservation agriculture practices are
designed to attain agricultural sustainability
by
implementation
of
sustainable
management
practices
that
limits
environmental degradation and conserve
resources with maintaining high-yielding
profitable systems and also enhance the
biological functions of the agro-ecosystem
with limited mechanical practices and
judicious use of external inputs. It is
characterized by three linked principles, viz.
(i) continuous minimum mechanical soil
disturbance, (ii) permanent organic soil cover
and (iii) diversification of crop species grown
in sequences and/or associations.
•

•

Less disturbance of soil: Soil
disturbance can be the result of primarily
physical activity and secondarily chemical
or biological activities. Tillage, results in
bare and/or compacted soil that is
disruptive to soil microbes, and it creates
a hostile environment for them to live.
Excess or reduced application of farm
inputs can affect the mutual relationships
between microorganisms and plant roots.
This type of soil disturbance destroys the
habitat for soil living organisms and
result in a diminished soil food web.
Hence, adopting zero tillage, minimum
tillage and zero tillage concepts are
recommended to overcome these types of
problems by decreasing the intensity of
the tillage practices helps to less

December, 2019
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disturbance and increased soil microbes
activity subsequently improved soil
health.
Crop and soil biota diversification:
Biological diversification by crop rotation
and intercropping is ultimately the key to
the success of any agricultural system.
Lack of diversification severely limits the
potential of any cropping system and
increases all pest problems. A diverse and
fully functioning soil food web provides
nutrient, energy, and water cycling that
allows the soil to express its full potential.
Crop diversification and cover crops
increases the soil health and soil function
by
feeding
diversified
microbial
population of soil biota with root
exudates of different carbohydrates. It
reduces input costs by fixing atmospheric
nitrogen and mineralizing the unavailable
nutrients, and increases profitability.
Continuous
vegetative
cover
maintenance: Plant roots exudates
attract and feed microbes that provide
nutrients (and other compounds) to the
plant at the root-soil environment where
the plants can obtain it. Since, living roots
provide the food for soil microbes, crop
rotation with long-season crops following
a short-season crop, providing more food
to soil microbes, it can helps them cycle
nutrients that plants need to grow. Sugars
from plant roots, dead plant roots, crop
residues, and other soil organic matter all
feed the many of the soil food web. Also,
act as soil cover to conserves moisture,
reduces
temperature,
intercepts
raindrops, suppresses weed growth, and
provides habitat for members of the soil
food web that spend at least some of their
time above the ground. Keeping the soil
covered while allowing crop residues to
decompose (so their nutrients can be
cycled back into the soil) can be a bit of a
balancing act. Producers must give
careful consideration to their crop
rotation (including any cover crops) and
residue management if they are to keep
the soil covered and fed at the same time.
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Mealybugs
Mealybugs are well-known sap-sucking
insects which transmit plant viruses.
Polyphagous, can cause more damage as pests
and are less uncommon as virus vectors.The
transmission of the plant virus species
belonging
to
Caulimoviridae
and
Closteroviridae

Main symptoms include:
Reddening of primary veins or ‘banding’ in
young leaves, yellow banding along the main
veins of leaves, vein clearing in leaves,
sometimes producing a ‘fernlike’ pattern,
Chlorosis or flecking and mottling of mature
leaves, stem and root swellings (some mild
strains of the virus do not cause swellings in
infected plants) and abnormal shaped pods,
usually smaller and spherical.

Cacao swollen-shoot virus (CSSV)
•

•

It was first discovered in Ghana in 1936.
Cacao swollen-shoot virus (CSSV) is
a plant pathogenic virus -family
Caulimoviridae, Badna virus that
primarily infects cacao trees.
The virus is transmitted from tree to tree
by mealybug vectors. It decreases cacao
yield within the first year of infection, and
usually kills the tree within a few years.
CSSV is responsible for 15% of total cocoa
crop loss in the world.

Pineapple mealybug wilt associated virus-2
(PMWaV-2)
•

•

Hosts and symptoms
•

•

Cacao swollen-shoot virus (CSSV) infects
Theobroma cacao (cacao tree), within
one year of infection yields decreased by
25% and within two years by 50%. The
trees are usually killed within 3 to 4 years.
Symptoms vary depending on the strain
of virus.
Alternative hosts Cola chlamydanta,
Ceibapentandra,
Adansoniadigitata,
Cola
gigantean
and
Sterculiatragacantha

VOLUME NO. 16, ISSUE NO.3
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Pineapple mealybug wilt associated
virus-2 is a mealybug transmitted
ampelovirus associated with mealybug
wilt disease of pineapple. PMWaV-2
acquisition and persistence of grey
pineapple
mealybugs
(GPM),
Dysmicoccusneobrevipes
GPM were able to acquire the virus within
36 hours. Transmission efficiency of GPM
in groups of 25 was 100% following a 72hour acquisition access period (AAP).
GPM remained viruliferous for up to
three days after a 3-day AAP when
serially
transferred
to
virus-free
pineapple plants at 24-hour intervals over
a 7-day period.
Kabocha squash, a non-host of the virus,
reduced the transmission efficiency and
persistence of the virus. PMWaV-2 is
transmitted by the grey pineapple
mealybug in a semi-persistent manner.
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vectors. Little cherry virus-2 is spread by
scale insects of the family Pseudococcidae,
primarily
the
apple
mealybug
[Phenacoccusaceris]

Symptoms

Reddening of the leaves, downward
curling of the leaf margins, loss of turgidity,
leaves reflex downwards, leaf tip dieback and
plants either recover or endure further leaf tip
dieback resulting in death.

Symptoms
•

Banana streak virus (BSV)
•

•

Banana streak virus is a mealybugtransmitted member of the pararetro
virus
genus
Badnavirus.
Family
Caulimoviridae. BSV is a plant pararetro
virus with circular dsDNA which is
approximately 7.2 to 7.8 kbp long and
encodes reverse transcriptase (RT) for
replication. It is encapsidated into
bacilliform particles which are not only
transmitted
horizontally
but
also
vertically.
Mealybug species Planoccocusmusa,
Dysmicoccusbrevipes, Planococcuscitri,
Planococcusficus
Pseudoccocuslongispinus.

•

Grapevine leafrollassociated virus 3
•

•

Hosts and Symptoms
Banana and plantain varieties.
Yellow to white, broken or continuous
chlorotic streaks, spindle-shaped lesions,
chlorotic lesions progressively turn necrotic
on the leaves and may produce black streak
appearance in older leaves, the symptoms are
erratically distributed on the plant and are
not shown on all leaves, pseudostemsplitting, reduction of plant height, fruit
malformation and size reduction and delay in
bunch emergence and maturation and plant
collapse were observed

Grapevine leafroll-associated viruses in
the Closteroviridae family, are spread
primarily through infected propagating
material. Grapevine leafroll-associated
virus-1 and -3 (GLRaV-1 and -3) are the
most widespread grape Ampelovirus
species.
The vineyards were inspected for
presence of mealybug and scale insects
and grapes infected by GLRaV-1 and -3.
Mealybugs,
Heliococcusbohemicus,
Phenacoccusaceris(Pseudococcidae) and
the
soft
scale
insect
Parthenolecaniumcorni(Coccidae), were
capable of a transmission efficiency of
14%, 23% and 29% respectively.

Symptoms
•

Little cherry disease
Little cherry disease is associated with two
filamentous plant viruses of the family
Closteroviridae, little cherry virus-1 (LChV-1)
and little cherry virus-2 (LChV-2).
Little cherry virus-2 belongs to the genus
Ampelovirus and little cherry virus-1 has
been assigned to the genus Velarivirus. Both
viruses are found in the phloem companion
and parenchyma cells of infected plants,
short-distance spread of the disease occurs
through transmission of the viruses by insect
December, 2019

Dull in color, with an angular pointed
shape. The sugar and acid levels of the
cherries are severely impacted, resulting
in tasteless fruits, lacking both sweetness
and flavor.
Typically, dark-fruited cultivars show
more severe fruit symptoms than
cultivars with red or yellow fruit

•

On red-skinned varieties of Vitisvinifera,
leaf tissue between the veins turns deep
red to purple, with downward curling or
cupping of the leaf margins. On white
varieties, the leaf tissue will turn yellow
with curling or cupping of the leaf
margins.
Leafroll affected vines can have yield
losses of 30-50%, delayed and uneven
ripening of fruit, a reduction in brix and
berry color, and an increase in titratable
acids.

Management
•

12

To control mealy bugs, use virus-free
planting material by dipping the planting
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materials in a fungicide before planting
and use planting material that is certified
to be free of leafroll virus.
Previously infested fields should be
turned over and all crop residue removed
and burned, Tobacco stems as a mulch on
the soil
Field borders should be kept clean of
weeds and debris that may support
mealybugs between plantings and
Eradication of infected trees or removal
of alternative host species that could also
serve as inoculum
White oil: 3 tablespoons (1/3 cup),
cooking oil in 4 litres water. ½ teaspoon
detergent soap. Shake well and use.
Soap: Use soap (pure soap, not
detergent). 5 tablespoons of soap in 4
litres water, or 2 tablespoons of dish
washing liquid in 4 litres of water and
commercial horticultural oil can also be
used.
White oil, soap and horticultural oil
sprays work by blocking the breathing
holes of insects causing suffocation and
death. Spray the undersides of leaves; the
oils must contact the insects. A second
application of soap or oils may be

•

•

•
•

•

5.

necessary after 3-4 weeks.
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Sea Weed Extracts: New Approach for Sustainable
Farming and Industries.
M. Surya Prakash Reddy
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many organic compounds and growth
regulators such as auxins, gibberellins and
precursor of ethylene and betaine which
affect plant growth. Seaweed extracts have
been reported to increase plant resistance to
pests and diseases, plant growth, yield and
quality. Management of soil-borne plant
pathogens, including parasitic nematodes, is
one of the single greatest challenges facing
modern agriculture worldwide.

Introduction
Global utilization of seaweed is a multi-billion
dollar industry. Research and utilization of
marine algae have increased markedly from
last several decades. A number of products
based on algae have been developed and
applied in many fields like foods,
pharmaceuticals, cosmetics and nutritional
supplements. It is the longest established,
most widespread and most proven effective
use of seaweed is as a fertilizer. They also
contain bio-control properties and contain
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Seaweed resources areas in India.
Central Salt and Marine Chemical Reseach
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Institute (CSMCRI) Marine Algal Research
Station (MARS), Mandapam, Tamil Nadu a
CSIR Institute developed viable and
commercially sustainable methods for
cultivating Gracilaria edulis and Gelidiella
acerosa the two seaweed species, widely used
in food and pharmaceutical industries and
commanded good demand in the market. The
first large scale commercial cultivation of
seaweeds in India has been embarked upon
by Pepsi Foods Ltd. (PFL) along a 10 km
stretch of the Palk Bay side towards
Mandapam (Ramanathapuram Dist.) in
Tamil Nadu, with technical support from
Marine Algal Research Center, CSMCRI,
Mandapam. They have started cultivating
Kappaphycus alvarezii – exotic species in an
area of 100 hectares through a contract
farming system in which seaweeds are grown
in individual plots of 0.25 ha (40 m x 60 m).
Each harvest cycle from planting to
harvesting takes 45 days with an annual yield
of 100 tons (wet weight) per hectare, which
translates into 10 tons of dry seaweed or 2.5-3
tons of carrageenan. The company has plans
to expand culture operations to over 5,000 to
10,000 ha in the near future. Furthermore,
many agar and algin extracting industries
have been established in different places in
maritime states of Tamil Nadu, Andhra
Pradesh, Kerala, Karnataka and Gujarat the
seaweed industry is certainly on its way
towards establishing itself well in India.
Large-scale Seaweed Mariculture is carried
out only in Asia, where there is a high
demand
for
seaweed
products
and
burgeoning populations to create market
growth. Cultivation of seaweeds in Asia is a
relatively low-technology business in that the
whole, attached plants are placed in the sea
and there is a high labor content in the
operation.

Types Sea Weeds Extracts and their Constituents.
Chlorophyceae
(Green):
Amylose,
amylopectin Cellulose Complex hemicellulose
Glucomannans Mannans Inulin Laminaran
Pectin
Sulfated
mucilages
(glucurono
xylorhamnans) Xylans. Rhodophyceae
(Red): Agars, agaroids, Carrageenans,
Cellulose Complex mucilages. Furcellaran
Glycogen (floridean starch) Mannans, Xylans,
rhodymenan. Phaeophyceae (Brown):
Alginates, Cellulose, Complex sulfated
heteroglucans, Fucose containing glycans,
Fucoidans,
Glucuronoxylofucans,
Laminarans, Lichenan-like glucan.
Growth Hormones contains in sea weed extracts.
Cytokinins: Cytokinins present in fresh
seaweeds and seaweed extracts. The
cytokinins present in seaweed formulations
include trans-zeatin, trans-zeatin riboside,
and dihydro derivatives of these two forms.
Liquid chromatography/mass spectroscopy
(LC/MS) analysis of 31 seaweed species
representing various groups revealed that
zeatin (Z) and isopentenyl (IP) conjugates of
cytokinins are the predominant cytokinins.
Betaines: Ascophyllum nodosum extracts
contain various betaines and betaine-like
compounds. In plants, betaines serve as a
compatible solute that alleviates osmotic
stress induced by salinity and drought stress.
It has been indicated that betaine may work
as a nitrogen source when provided in low
concentration and serve as an osmolyte at
higher concentrations (Naidu and others
1987). Betaines have been shown to play a
part in successful formation of somatic
embryos from cotyledonary tissues and
mature seeds of tea.
Effect Sea Weed Extracts on Yield of Various
Crops.
Seaweed extract increased fruit yield when
sprayed on tomato plants during the
vegetative stage, producing large sized fruits
(30% increases in fresh fruit weight over the
controls) with superior quality. Foliar
application of seaweed liquid extract (Kelpak
66) enhanced bean yield by 24%. A. nodosum

Methods of Seaweed Farming.
1. Single Rope Floating Raft method (Coir
Rope & Nylon Rope).
2. Fixed Bottom long line method (Coir
Rope & Nylon Rope).
3. Integrated Multi Trophic Aquaculture
(IMTA) method.
December, 2019
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extracts showed positive effects on the yield
of ‘Thompson seedless’ grape (Vitis vinifera
L.) consistently over a 3-year period.

cucumerinium,
Alternaria
radicina,
Didymella applanata and Botrytis cinerea in
carrot and cucumber. Extracts obtained from
seaweeds sprayed on plants reduced the
incidence of Botrytis cinerea (graymould) on
straw berries, Erysiphe polygoni (powdery
mildew) on turnips and damping off of
tomato seedlings.

Examples of Commercial seaweed products used
in the agriculture and horticulture industries.
Acadian: Ascophyllum nodosum, Acid Buf:
Lithothamnium calcareum, Agri-Gro Ultra:
Ascophyllum
nodosum,
Maxicrop:
Ascophyllum nodosum, Profert: Durvillea
Antarctica, Kelpak: Ecklonia maxima.
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Sea weed extracts used to Manage Plant
Pathogens.
Suppressive effect of a seaweed extract on
infection of broccoli by Plasmodiophora
brassicae
Clubroot
caused
by
Plasmodiophora brassicae is considered the
most important soil-borne disease of brassica
crop. Liquid seaweed extracts of A. nodosum
have been reported to reduce disease severity
caused by foliar pathogens Alternaria
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Diseases of Okra and their Management
K. Manikandan, A. Maharani, G. Vijayalakshmi and S. Varshini
Tamilnadu

Okra (Abelmoschus esculantes) is a
commercial vegetable crop belongs to family
Malvaceae. It originates from Ethiopia and is
widely spread all over tropical, subtropical
and warm temperate regions of the world. It
plays an important role in the human diet and
is a good source of Protein, Carbohydrates,
Vitamins, Calcium, Potassium, Enzymes and
total Minerals which are after lacking in the
diet of developing country. Its medicinal
value has also been reported is curing ulcers
and relief from hemorrhoids. The average
yield of the crop in our country is low due to
several biotic and abiotic factors. Among the
biotic factors, the major diseases like
Cercospora leaf spot (Cercospora sp.),
Fusarium wilt (Fusarium oxysporum f. sp.
vasinfectum), Powdery mildew (Erysiphe
cichoracearum) and Bhendi Yellow Vein
Mosaic Virus is a serious diseases which are
responsible for yield loss.
VOLUME NO. 16, ISSUE NO.3

1. Cercospora malayensis 2.Cercospora abelmoschi

Cercospora leaf spot: In India, two
species of Cercospora produce leaf spots in
bhendi. C. malayensis causes brown,
irregular spots and C. abelmoschi causes
sooty black, angular spots. Both the leaf spots
cause severe defoliation and are common
during humid seasons. The pathogen
produces Conidiophores are pale to medium
olivaceous brown, multiseptate, sometimes

15
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branched, geniculate and irregular. Conidia
are obclavate to cylindric, olivaceous brown
and straight to curved. The fungus survives in
the diseased plant materials.
Management
Foliar spray with Mancozeb @ 0.25% for the
control of disease.
Fusarium wilt: The conspicuous
symptom of the disease is a typical wilt,
beginning with a yellowing and stunting of
the plant, followed by wilting and rolling of
the leaves as if the roots were unable to
supply sufficient water. Finally, the plant dies.
If a diseased stem is split lengthwise, the
vascular bundles appear as browning and
blackening. When severely infected, nearly
the whole stem is blackend.
The fungus produces three types of
spores. Macroconidia are 1 to 5 septate,
hyaline, thin walled, falcate with tapering
ends. The Microconidia are hyaline, thin
walled, spherical or elliptical, single or two
celled. Chlamydospores are dark coloured
and thick walled. The fungus also produces a
Vivotoxin, Fusaric acid which is partially
responsible for wilting of the plants. The
fungus survives as soil borne disease.

1. Symptoms on Powdery 2. mildew disease
Management
Spray inorganic sulphur @ 0.25% or Dinocap
@ 0.1% @ 15 days interval.
Bhendi Yellow Vein Mosaic Virus:
The virus is transmitted by Whitefly (Bemisia
tabaci). In severe infections the younger
leaves turn yellow, become reduced in size
and the plant is highly stunted. The veins of
the leaves will be cleared by the virus and
intervenal area becomes completely yellow or
white. In a field, most of the plants may be
diseased and the infection may start at any
stage of plant growth. Infection restricts
flowering and fruits, if formed, may be
smaller and harder. The affected plants
produce fruits with yellow or white colour and
they are not fit for marketing. The virus
particles are 16 – 18nm in diameter.

Management
•

Treat the seeds with Mancozeb @ 3g/kg
seed.
• Soil drenching with Copper oxy chloride
@ 0.25%.
Powdery mildew: Powdery mildew is a
very severe disease on bhendi. Greyish
powdery growth occurs on the under as well
as on the upper surface of the leaf causing
severe reduction in fruit yield. The pathogen
produces conidia are single celled, hyaline,
barrel shaped and in long chains.
Cleistothecia are globose and dark brown
myceloid
appendages.
The
asci
are
pedicellate, ovate or ellipsoid. The number of
ascospores is usually 2 rarely 3 per ascus. The
ascospores are single celled, hyaline and oval
to sub cylindrical.

Symptoms on BYVMV

Management
•

•
•

December, 2019
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Grow resistant varieties viz., Parbhani
Kranti, Arka Abhay, Arka Anamika, and
Varsha Uphar, the incidence of the
disease can be minimized.
Grow tolerate varieties viz., Parbhani
Kranti,
Janardhan,
Haritha,
Arka
Anamika and Arka Abhay.
Foliar spray with monocrotophos @ 1.5
VOLUME NO.16, ISSUE NO.3
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ml/liter of water can restrict the disease
spread.
Vector can be controlled by the

•

7.

application of Chlorpyriphos 2.5 ml +
neem oil 2 ml lit of water.

AGRICULTURAL ENTOMOLOGY

New Invasive Pest, Fall Armyworm (Spodoptera
frugiperda) in Maize
G. Vijayalakshmi and 2S. Varshini
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Maize is the one of the most important cereal
crop, it also known as queen of cereals. It has
many economical values itself, but gradually
maize production was reduced by biotic and
abiotic factors. Biotic factors viz. the pests
such as stem borer, corn worm, cut worm and
sucking pests. Recently a new invasive pest
(fall armyworm) was introduced in maize
crop which causes high economic yield loss.
Fall armyworm (Spodoptera frugiperda)
is a destructive pest of maize crop. It is native
pest of South America is been introduced into
Africa a couple of years back started
threatening the food security of African
countries. The pest recently been introduced
in India causing huge losses to maize crop
and was identified in Karnataka state in the
month of May 2018 and now introduced into
Tamil Nadu mainly in the maize growing
areas.

square. The head has an inverted “Y” mark.
After development it crawls to the ground to
pupate in the soil for 7-14 days, after pupation
adult moth emerges, the moth lives as an
adult for 11-14 days. The total life cycle is
completed in 30 days during the summer, 60
days in the spring and autumn and then
during winter, it takes 80-90 days.
DAMAGE SYMPTOMS
Larvae feed on the lower surface of leaves in
gregarious manner, it scarps the chlorophyll
content. Third and fourth instar larva
damages the inner portion of leaves and cut
the central whorl and make into pieces.
Parallel shot holes on the newly emerged
leaves and excreta are observed.

BIONOMICS
Fall armyworm has four life stages viz. egg,
larva, pupa and adult. Adult moth is able to
move over 100 km per night. An adult female
moth can lay upto thousand eggs in its life
time, commonly at young plants; the eggs are
white in color and later turn into brown and
within 3 – 5 days egg hatches, larva grows
upto 14-22 days, which takes 6 moultings
during its larval period. Initially larvae are
brown in color and later turn into dark green
and larvae are seen in groups. The larva of
FAW can be identified by four characteristic
spots on the last second segment forming a
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1. Shot holes on the leaves and central whorl
toppled 2. FAW Larvae3. Adult male and
female FAW
MANAGEMENT PRACTICES
•
•
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Deep summer ploughing before every
crop season to expose FAW pupae to
sunlight and predators.
Plan for maximizing plant diversity by
inter cropping of maize with suitable
pulse crops of particular region. Example:
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Maize + pigeon pea/black gram /green
gram. Plant Napier grass in the border
rows to act as FAW trap crop.
Plan the sowing time at community level
to follow synchronous planting.
Install FAW pheromone traps @ 5/acre
on or before germination of the crop to
monitor pest arrival and population
build-up.
Erect bird perches @ 10/acre as soon as
sowing is completed.
Only effective measures at 4 to 6th instar
larvae is poison baiting.
– Mix 10 kg rice bran and 2 kg jaggery
in 2-3 l of water and keep the mixture
for 24 hours to ferment. Add 100g

•
•

•
•

8.

•
•

Thiodicarb 75% WP and roll into balls
of 0.5 - 1 cm diameter just half an
hour before application in the field.
Add some sand while rolling if the
balls are too sticky. The bait should
be applied into the whorl of the plant
in the evening. The above mixture is
sufficient to cover one acre.
Spray Bt kurstaki formulations viz., Dipel
8L @ 2ml/l of water or Delfin 5WG @
2g/l water.
Spray any one of the following
insecticides for the effective control of
FAW viz., Emamectin benzoate 5 SG @
0.4 g/l, Spinosad 45 SC @ 0.3 ml/l and
Chlorantraniliprole 18.5 SC @ 0.4 ml/l..

AGRICULTURE

Efforts of the Indian Government in Ensuring THE
Food Security
Vrinda Joshi 1 and Kiran Doodhawal 2
1Senior

Research Fellow, Dept. of Animal production, MPUAT, Udaipur 2Ph.D scholar, Dept. of soil
science, MPUAT, Udaipur

Among the various challenges like poverty,
malnutrition, unemployment and terrorism,
food security has become one of the major
challenges confronting the country. Food
security
According to FAO, food security is said to
exist when all people, at all times, have
physical, social and economic access to
sufficient, safe and nutritious food that meets
their dietary needs and food preferences for
an active and healthy life.

Direct interventions: Government
participates as a provider or as a buyer of
food grains.
Indirect interventions: Government
participates in market through taxes,
subsidies and market regulations etc.
Major forms of intervention by the government
•
•

Intervention of government
Prices of the food commodity acts as an
important indicator of the well-being of the
poor and poverty reduction in under
developed
and
developing
countries.
Intervention in the form of efficient
government policies in food grains markets is
the need of the hour.

•
•
•

Government schemes to provide food security to
the poor

Types of government interventions
There are two types of interventions viz.,
direct intervention and indirect intervention
December, 2019

Procurement of food grains at minimum
support price / procurement price.
Food stock management through storage
and buffer stocks.
Distribution of essential food grains
through public distribution system at
subsidized prices.
Direct as well as indirect intervention in
internal and external trade.
Legal controls on hoardings.

•
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Targeted Public Distribution System
(TPDS) & Public Distribution System
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(PDS)
National Food for Work Program
Mid-day Meal scheme
Integrated Child Development Scheme
(ICDS)
• Pradhan Mantri’s Gramodaya Yojana
• Annapurna Yojana
• Antyodaya Anna Yojana
Among
above
schemes
Public
Distribution System (PDS) has been
identified to afford pivotal task in providing
food security. PDS in the country facilitates
the supply of food grains to the poor at a
subsidized price.

Material distributed under PDS

•
•
•

Commodities such as wheat, rice, sugar and
kerosene are allocated to the States for
distribution. Some States also distribute
additional items of mass consumption
through the PDS outlets such as pulses, edible
oils, iodized salt, spices, etc.

Reforms in Targeted Public Distribution
System
•
•
•

Public Distribution System (PDS)
It is the system of management of scarcity
and for distribution of food grains at
affordable prices and management of food
economy in the country.

•

•

Objective of PDS
To ensure food security and poverty
alleviation by making available the essential
commodities, especially food grains at an
affordable and uniform price.
Management of PDS is the joint
responsibility of the Central and the State
Governments.

•

Conclusion
India despite of having surplus food
production, facing the severe challenge of
food security, thus needs an effective
government
intervention,
government
policies, public awareness and public
participation to achieve the objective of PDS
and food security for all.

Role of the central government
The Central Government, through Food
Corporation of India (FCI), undertakes
procurement, storage, transportation and
bulk allocation of food grains to the State
Governments.
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Role of the state government
Allocation of food grains within state,
identification of families living Below Poverty
Line (BPL), issue of Ration Cards and
supervising the functioning of Fair Price
Shops (FPS).
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Doorstep delivery of food grains to the
TPDS outlets.
Application
of
information
and
communication technology (ITC) tools.
End-to-end computerization to ensure
transparent records.
“AADHAAR” for unique identification,
with biometric information of entitled
beneficiaries for proper targeting of
benefits.
Introducing schemes, such as cash
transfer, food coupons.
Vigilance committees.
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Introduction
In the climate change era, agroforestry
practice became very important for
sustainable agriculture in the world. After
degrading soil fertility and water quality due
to use of artificial fertilizers, weedicides,
insecticides and pesticides, agriculture food
become more poisonous than normal food
produced before green revolution in the
world. A lot of global environmental issue and
their adverse impacts on human health have
been increased over last six decades
(Carvalho, 2017). To overcome these, organic
farming is originated for production of nonpoisonous food, but unable to produce in
such a large quantity and its productivity.
Whereas, forestry food is restricted to tribal
and rural populations in the world. Another
side, rapid environment degradation and
deforestation with biodiversity loss has been
impacted significantly the global climate
which is creates the harsh condition to
cultivation of food crops in agriculture. To
address all these issue, today sustainable
agriculture became a global solution point. To
stabilize agriculture for continuous supply of
food from farm to consumer, agroforestry is
only a viable option to achieve all objectives.
Currently, more than 1.2 billion farmers are
practiced agroforestry farms as per World
Bank
(2004),
whereas,
area
under
agroforestry estimated one billion ha covered
10 % of the world’s agricultural area and 1.6
billion ha land worldwide has the potential to
be under agroforestry in near future (Nair
and Garrity, 2012). Thus, agroforestry is
become to be essential land use system for
farmers in the present scenario. In this
article, the benefits of agroforestry are
described in comparison to agriculture and
December, 2019

forestry practices.
Agroforestry and its historical development
Agroforestry is the set of land-use practices
involving the deliberate combination of trees,
agricultural crops and/or animals on the
same land management unit in some form of
spatial arrangement or temporal sequence
(Lundgren and Raintree, 1982). Agroforestry
term has been derived from ecology from two
important land use systems being agriculture
and forestry. Agriculture is the science and art
of cultivating agricultural crops and livestock
on farming land, whereas forestry is the
science or practice of planting, managing, and
caring for forests. In the 1970s, modern
agroforestry started its roots in the
developmental stage as a comeback to social
and environmental drawbacks of high input
agricultural practices. However, agroforestry
has been around for thousands of years, but
it’s benefits have often been forgotten. For
example, home gardening is one of the oldest
forms of agriculture in Southeast Asia and
even today it is a major agroforestry practice
in the moist tropical region about 13000–
9000 BC. In the early 20th century, an
American economic geographer J. R. Smith
outlined agroforestry in his book entitled
“Tree Crops: A Permanent Agriculture
(1929)” to find out the solution of destructive
erosion in cultivation land and his
contribution was overlooked in the era of
green revolution. In the early 1970s
sustainable
agricultural
sought
that
alternatives land use systems which
originated agroforestry as science and art.
After that, the Canadian International
Development Research Centre (CIDRC)
released a report called Trees, Food and
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People in 1977 that led to the establishment of
the International Council for Research in
Agroforestry (ICRAF), Nairobi, Kenya (1978).
The agroforestry term was coined by
Canadian forester John G. Bene in 1977. After
five years, CRAF launched the journal
“Agroforestry Systems” to provide a global
research in this newly emerging field in 1982.
In 2002, it was renamed as World
Agroforestry Centre (WAC). India is the first
country to launch national agroforestry policy
in 2014 in the world to achieve the
sustainable agriculture objective for food and
nutritional security.

such as climate change stability, less global
warming effect, more carbon sequestration,
most of the environmental amelioration
approaches, food and nutritional security,
health
security
(Human,
livestock,
microorganisms), improved living standards,
high air and water quality, socio-economic
benefits, soil and plant health, fast
reclamation of wastelands, green and
aesthetics values, higher biodiversity and
wildlife, more pollination, microclimate,
reduce soil erosion and runoff control, close
nutrient cycling, increase soil fertility, most of
the mutualistic relationships in this complex
system,
diversified
food
production,
medicinal plants, working ecofriendly
environment for farmers, highest farming
income with sustainability of agriculture.
These environmental, economical and social
benefits of agroforestry are presented Table 1
and they fall in category of high as compared
to agriculture (low) and forestry (medium)
alone practices.

Important agroforestry practices
Main agroforestry practices include scientific
agrisilvicultural systems, taungya system,
improved fallow, home gardens, alley
cropping, boundary plantation, multipurpose
trees and shrubs on farmland, farm woodlots,
tree gardens or orchards, block plantation,
shelterbelts,
windbreaks,
conservation
hedges, live fences, fodder banks, trees on
pasture, Aquaforestry and apiculture with
trees (Nair, 1993). However, a large number
of traditional agroforestry systems have also
been recognized from different parts of the
world.

Table 1: A comparison services and products of
agroforestry with forestry and agriculture in the present
scenario
S
N
1
2
3

Climate change
Global warming
Carbon
sequestration
4 Environmental
amelioration
5 Food and
nutritional
security
6 Health security
(Human,
livestock,
microorganisms
)
7 Living standards
8 Air and water
quality
9 Socio-economic
productivity
10 Soil and plant

Benefits of Agroforestry
Agroforestry
system
is
better
than
monocultures (agriculture and forestry) both
economically and ecologically to the farmers
(Nair, 1993). This system helps farmers to
diversify their income through improving soil
and
water
quality
with
moderate
microclimate and reduce erosion. The
agroforestry practice is totally based on the
ecological principles that are subsisted the
natural ecosystems. Systematic trees on farm
land greatly help to mitigate devastation of
modern agriculture on the environment (Nair
and Garrity, 2012). Agroforestry systems have
capability
to
simultaneously
generate
agricultural food, timber and non-wood forest
products, biodiversity and green accounting
that can be utilized in other economic
activities. Agroforestry provide us a large
number of diversified services and products
VOLUME NO. 16, ISSUE NO.3

Particulars
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Forestr
y
High
Low
High

Agroforestr
y
Medium
Medium
Medium

Agricultur
e
Low
High
Low

Medium High

Low

Low

Medium

High

Medium High

Low

Low
High

High
Medium

Medium
Low

Low

High

Medium

Medium High

Low
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S
N
11
12

13
14
15
16
17
18
19
20
21
22
23
24
25

Particulars
health
Reclamation of
wastelands
Green and
aesthetics
values
Biodiversity and
wildlife
Pollination
Microclimate
Soil erosion
Runoff control
Nutrient cycling
Soil fertility
Mutualistic
relationships
Diversified food
Medicinal plants
Ecofriendly
environment
Total farming
income
Sustainability of
agriculture
Overall

Forestr
y

Agroforestr
y

Agricultur
e

6.
Medium High

Low

High

Low

Medium

7.
8.

High

Medium

Low

High
High
Low
High
Low
High
Medium

Medium
Medium
Medium
Medium
High
Medium
High

Low
Low
High
Low
Medium
Low
Low

Medium High
High
Medium
Medium High

Low
Low
Low

Low

Medium

High

Medium High

Low

Medium High

Low

9.
10.
11.
12.

Conclusion
Agroforestry is a modern science and art
where food crops are cultivated in such
deliberate a combination of trees, agricultural
crops and/or animals on the same unit of
land in some form of spatial arrangement or
temporal sequence for socio-economic and
environmental benefits. However, it was not
implemented since the green revolution
began. Agroforestry practices are superior
over conventional agriculture and forestry
practice alone. In order to adopt agroforestry
on a large scale, it needs to overcome some
challenges faced during last five decades.

Challenges of Agroforestry
Although, agroforestry practices have been
faced various challenges compared to
conventional agriculture and or forestry and
listed below:
1. Lack of awareness and unfamiliarity with
agroforestry technologies within farming
community
2. Competition
between
different
agroforestry components
3. Lack of financial support as well as
technical assistance and green account
for farming community
4. Lack of infrastructure and equipments for
demonstration
of
agroforestry
technologies
5. Lack of extension activity of systematic

December, 2019

agroforestry practices in front of farming
community
Lack of agroforestry trainers and
expertise to train farming community
Lack of scientific research and quality
seed/seedling resources in agroforestry
field
Unavailability of information about
agroforestry
Expense of additional labour and
management
Lack of developed markets and their
availability
Lack of agroforestry adoption due to time
and its complexity
Lack of legal support for agroforestry
farmers
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1. Culture collections
Isolated and identified bacterial strains
should be preserved for future studies and as
reference strains. Preserved bacteria are kept
in culture collections. There are 3 main types
of culture collections:

•
•

•
•

Private – for personal research purposes.
Institutional – for internal use in the
institution concerned.
• Commercial – for supply to clients on
demand.
The main function of a culture collection
is to preserve living cultures and make them
available to scientists or research scholars
who wish to repeat, compare or extend their
work.
1.1. Some International institutions that
supply preserve and reference strains of plant
pathogenic bacteria are:
•
•

•
•

•

•

2. Preservation of bacteria
There are many ways of preserving bacteria.
The choice of method depends on the nature
of the microorganism, the preservation
objectives and available facilities.
The main aims of preservation are to:

American Type Culture Collection, 12301
Parklawn Drive, Rockvile, Maryland
20852, USA.
International
Collection
of
Phytopathogenic Bacteria, Department of
Bacteriology, University of California,
Davis, California 95616, USA.
Collection
Française
de
Bactéries
Phytopathogénes,
Station
de
Phytobactériologie, Angers, France.
National Collection of Plant Pathogenic
Bacteria, Plant Pathology Laboratory,
Ministry of Agriculture, Fisheries and
Food,
Harpenden,
Hertfordshire,
England.

•
•
•

3.1. Periodic subculture
This method is traditionally used to maintain
frequently used isolates. Bacteria can be
stored on sealed agar plates or slants at room
temperature or in a refrigerator (Fig. 1). The
humidity of the storage area is important
because slow dehydration leads to a loss of
viability. Several agar media can be used:

Microbial Type Culture Collection and
Gene Bank (MTCC), CSIR-Institute of
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Reduce the metabolic rate of the
organism.
Eliminate damage and changes in
pathogenicity.
Maintain high recovery and survival rate.

3. Short –term storage

1.2. National Institution in India:
•

Microbial Technology, Sector 39-A,
Chandigarh - 160036, India.
Indian Type Culture Collection (ITCC),
India Agricultural Research Institute
New Delhi, India
National Centre for Microbial Resource
(NCMR), Pune, Maharashtra 411021,
India
National
Agriculturally
Important
Microbial Culture Collection (NAIMCC)
housed
at
National
Bureau
of
Agriculturally Important Microorganisms
(NBAIM), Mau, Uttar Pradesh
National
Collection
of
Industrial
Microorganisms (NCIM), CSIR- National
Chemical Laboratory, Pune-411 008,
India.
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glucose yeast extracts CaCO3 agar, tryptone
glucose extract agar, nutrient agar etc.

water) or in NGY (0.8 g nutrient broth, 15 ml
glycerol, 0.2 g yeast extract, 0.5 g glucose in
100 ml distilled water). Place 0.5 ml of the
suspension in a small, labelled tube or bottle,
seal it with parafilm and store at –20 °C, but
preferably at –70 °C.
The use of ultra-low temperatures
obtained by freezing in liquid nitrogen (196°C) reduces metabolism to almost nil and
genetic stability of cultures is largely
preserved. When genetic stability of cultures
must be preserved, freezing in liquid nitrogen
at –196°C is the recommended method.

4.3. Freeze-drying
Freeze-drying (lyophilisation) combines 2
long-term preservation methods, freezing and
drying. First the cell suspension is frozen in
ampoules and then water vapour is removed
under vacuum sublimation from the frozen
state.

Figure 1. Bacterial cultures preserved on agar slants.

Periodic
sub
culturing
is
not
recommended for long-term preservation.
The likelihood of contamination, loss in
pathogenicity, mislabelling and risk of culture
loss are great. Some bacteria like Bacillus sp.,
Pseudomonas sp. generally survive for long
periods without subculturing.

4.3.1. Procedure
1.

Preparation of ampoules
a) Prepare labels on filter paper by
typing onto them the number of the
isolate and the date of freeze-drying.
b) Cut the labels to size.
c) Insert a label into each ampoule.
d) Plug each ampoule with cotton wool.
e) Pack the ampoules in an autoclave
bag and sterilize by autoclaving for
20 minutes.
2. Preparation of the bacterial culture
a) Plate the isolate on a suitable agar
medium.
b) Incubate for the desired period at the
optimum growth temperature. The
culture should reach the early
stationary phase of growth
(cultures harvested in the actively
growing stage do not survive well).
c) Examine the plate culture for purity.
d) Open the bag of sterilized ampoules.
e) Prepare a very dense suspension
(~1010 cells/ml) of the culture in a
suitable suspending fluid such as:
i) 7.5% glucose horse serum
ii) 5% peptone
iii) 10% sucrose in water

3.2. Storage under mineral oil
Sterile paraffin oil must cover the slants
completely. Cultures are stored at room
temperature or at 4 °C.
4. Long-term storage

4.1. Storage in distilled water
A dense suspension of culture is prepared in
sterile distilled water and stored at room
temperature. This method is suitable for
Ralstonia solanacearum, A. tumefaciens and
albilineans. Some isolates stored in this way
can survive for up to 20 years.

4.2. Deep-freezing
Most bacteria can survive in the frozen state
for a long time. The metabolic rate is greatly
reduced and the lower the temperature the
less is the loss of viability of most microorganisms.
Before deep-freezing, prepare a dense
suspension of bacteria, from a 3–4-day-old
growth on agar, in milk-glycerol (10 %
skimmed milk, 15 % glycerol in distilled
December, 2019
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iv) 5%inositol serum
v) 10% skimmed milk
Place 1 drop of the bacterial
suspension at the bottom of an
ampoule using a sterile Pasteur
pipette, replace the cotton-wool plug
and place the prepared ampoule in a
rack.
3. Operation of the freeze-dryer
Procedures depend on available facilities
(consult manual for operating a freezedryer). The freeze-dryer consists of a
freezing block and a high-vacuum pump.
a) The ampoule with suspension is
frozen in a mixture of dry ice and
alcohol (–78 °C).

b) The water vapour is removed under
vacuum.
4. Sealing ampoules under vacuum
a) Trim the cotton-wool plugs at the rim
of the ampoules.
b) Push the cotton-wool plug down the
ampoule. The bottom of the plug
should be 5 mm above the label.
c) Seal the tubes by heating with a
Bunsen flame while they are under
vacuum.
d) Check ampoules for leaks with a highfrequency tester.
Ampoules are stored at room temperature
or refrigerated. Cultures preserved by freezedrying can survive for 20–30 years.
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of the gains and losses associated with
environmental effects of trade. The theory of
comparative advantage tells us that both
trading partners gain from trade through
specializing in the goods that they can
produce most efficiently. But this basic theory
does
not
consider
environmental
externalities that may be associated with
the production or consumption of goods.
Consider Figure 1, which shows the welfare
effects of imported good, using automobiles
as an example. The supply curve S takes into
account private costs, whereas S’ shows social
costs including both private costs and
externalities. P* is the domestic price in the
absence of trade, whereas Pw is the world
price, which will also be the domestic price
under conditions of free trade. Q* is the
quantity produced domestically with no trade,
while with free trade Q1 is produced
domestically and (Q2 - Q1) is imported, for a
total domestic consumption of Q2. How does
trade affect domestic economic welfare?
Domestic producers of automobiles lose the
shaded area A, since they now sell fewer cars

Introduction
World trade expansion has raised the issue of
the relationship between trade and the
environment. Most economists believe that
expanded trade is generally beneficial,
promoting increased efficiency and greater
wealth among trading nations. But what if
expanded trade causes environmental
damage? The burden of environmental
externalities associated with trade may be
borne by importers, exporters or by others
not directly involved in the production or
consumption of traded goods. The authority
to formulate and enforce environmental
policies usually exists only at the national
level. This can create significant problems
when
environmental
impacts
are
transnational, since most international trade
agreements do not include any provisions for
environmental protection. Is trade good or
bad for the environment?
Comparative Advantage and Environmental
Externalities
We can use economic theory to analyze some
VOLUME NO. 16, ISSUE NO.3
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at a lower price. Domestic consumers gain
areas A+B, since they can now buy more cars
at the same lower price. The net gain from
trade is therefore (A+B) - A = B. But this
leaves out any environmental externalities
associated with trade. If the production of
auto--mobiles causes environmental damage,
then by lowering production the country
gains cross-hatched area C in reduced
environmental costs –- costs which are
shifted to countries producing cars for export.
On the other hand, if environmental damage
is associated with the consumption and use of
automobiles, lowering the true marginal
benefits from consumption, then trade
increases the environmental costs of
consumption by the shaded area D.
This has important implications for trade
theory. In the basic trade case without
externalities, we can state unambiguously
that there are overall gains from trade.
Even though one group (automobile
producers) loses, the gains to consumers
outweigh these losses. But once we introduce
externalities, we can no longer be so sure that
there are net gains from trade. It depends on
the nature and size of the environmental
damages C and D. Of course, there are
policies that can internalize these external
costs, such as environmental taxes, permits,
or regulations. But unless we can be confident
that such policies will be put in place, we
cannot be sure that there will be a net gain
from trade.

degradation as well as user costs, option
values, and ecological costs – are shown by
the area of C’. We cannot tell for sure how B’
and C’ compare in size. Thus we cannot say
unambiguously that there are net benefits
from trade to this exporting country. In more
commonsense terms, it is not clear that the
economic benefits of increased exports
outweigh
the
environmental
damage
associated with expanded logging.
It may be possible to export pollution
by importing goods whose production
involves high environmental impacts. In
addition, expanded trade tends to increase
the scale of production for the world as a
whole, meaning that the total volume of
pollution and environmental damage is likely
to increase. Trade also necessarily involves
energy use for transportation, with resulting
air pollution and other environmental
impacts. There can also be indirect
environmental effects of trade, for example
when peasant farmers are displaced by largerscale export agriculture onto marginal lands
such as hillsides and forest margins. Specific
kinds of trade, such as trade in toxic wastes or
endangered species, have environmental
impacts.

Environmental Effects of Expanding Resource
Exports
Environmental effects must also be figured
into the analysis of the effects of trade on an
exporting country. Here we use timber
exports as our example. In the ordinary
analysis of trade without externalities, timber
producers gain areas A’+B’ since with trade
they can produce and sell more timber, at the
higher world price Pw. Domestic consumers
of timber lose A’, being able to afford less
timber at the higher world price. The net gain
to the country is B’. The external costs
associated with higher timber production –
which could include land and watershed

The World Trade Organization Approach
WTO recognizes a special exception to trade
rules under Article XX for resource
conservation and environmental protection,
its panel rulings have interpreted this
narrowly. WTO authorities tend to be
suspicious of “green protectionism” – the
use of trade barriers to protect domestic
industry from competition under the guise of
environmental regulation.
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TRADE AGREEMENTS AND THE ENVIRONMENT
A variety of approaches have been suggested,
some similar to the standard free trade
model, and some which are significantly
different. These approaches include:

Multilateral Environmental Agreements (MEAs)
Transboundary and global environmental
issues have been addressed in the Montreal
Protocol on Substances that Deplete the
26
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Ozone Layer (1987), the Basel Convention on
Hazardous Wastes (1989), the Antarctica
Treaty (1991), and the Convention on
Straddling and Highly Migratory Fish Stocks
(1995). In 1997 the Kyoto Protocol on Climate
Change established guidelines for reducing
greenhouse
gas
emissions,
including
important trade-related measures. These
international treaties have addressed the
environmental
impacts
of
production
methods in ways that individual nations
cannot.
Greening Global Environmental
Organizations: At the global level, a major
reform proposal would be to set up a World
Environmental Organization (WEO)
which would counterbalance the World Trade
Organization much as national environmental
protection agencies balance departments of
finance and commerce. This would create a
global environmental advocacy organization,
but might lead to conflict and deadlock with
other transnational institutions.

trade against the reality that trade shifts
environmental impacts, sometimes increasing
and sometimes decreasing total external
costs? Therefore, various agreements must be
implemented and practiced so that the
balance can be maintained between the trade,
environment and development of the nation.
References:
International
Trade
and
Environmental
Development: A View from India Indiana
Journal of global legal studies: By R.S. Pathak.
Trade and the environment by J.M. Harris.
Environmental Economics book by M.L. Jhingan
and Chandar K. Sharma.

Fig: Import of Automobiles (gain & Loss

Conclusion
Trade may have environmentally beneficial or
adverse effects. Freer trade may facilitate the
spread
of
environmentally
friendly
technology, and the tendency of trade to
promote more efficient production will tend
to reduce materials and energy use per unit of
output. In addition, trading nations may
come
under
pressure
to
improve
environmental standards when product
quality or transboundary impacts are at issue.
How can we balance the economic gains from

Figure 2: Gains & Losses from exporting timber
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Migration of Youth from Agriculture
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occupation is agriculture, agriculture is base
for food security, it has a great potential
towards creation economic growth in rural
families. Being a subsistence activity,
agriculture shares maximum contribution in
the national economy. Nearly 70 % of India’s

INTRODUCTION
Agriculture is an important economic activity
in India, contributing around50% of the
employment generation and 16-17% to the
total gross domestic product (GDP) of the
nation. Most of members in rural areas major
VOLUME NO. 16, ISSUE NO.3
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population is below the age of 35 years (2011
census), But their participation in agriculture
only 3.5%. According to the World Bank
estimates, half of the Indian population
would be urban by the year 2050. It is
estimated that percentage of agricultural
workers of the total work force would drop to
25.7 per cent by 2050 from 58.2 per cent in
2001. However, the income generated from
agriculture is not sufficient to engage the
rural youth in farming profession. Lack of
economic incentives coupled with other
factors like lack of infrastructure for
education, and opportunities for employment
lead to the migration of the rural youth to the
urban areas. This phenomenon has resulted
in decrease in the work force in the villages,
leading over labor population in urban areas
and results in low wages due to competition
and wide spread poverty. The situation
becomes worse when the youth drop out from
the agriculture and move to the urban areas
in search of better employment opportunities,
if this is the case who will feed our growing
population, and for food products we should
depend on other counties. This situation is
aggravated by the biased government policies
for the rural youth, lack of awareness and
ever spreading poverty. Thus, it is important
to understand the factors responsible for the
youth migration from rural to urban areas
and effect of this migration on both rural and
urban economy.
Concept of migration: Movement of
people from one place to another temporarily,
seasonally or permanently, for a host of
voluntary or involuntary reasons.” (According
to the United Nation's 2008).
Migration is a rational decision made by
an individual to move from a less
advantageous
situation,
to
a
more
advantageous one after weighing risks and
benefits.

1. Important Push factors.

REASONS FOR MIGRATION
Reason for migration of youth divided into
two important factors that are
1. Push Factors 2. Pull Factors
These factors responsible for migration of
youth from agriculture

•

December, 2019

•
•
•
•
•
•
•

Low agricultural productivity
Poverty
Poor education
Low standard of living
Natural calamities
Unemployment
Land Lessness etc.

2. Important pull factors
•
•
•
•
•
•

High employment opportunities
Better education opportunities
Urbanization
Industrialization
Higher wages
Expanding transport sector etc.

CONSEQUENCES OF MIGRATION
These are the changes that occur due to the
migration of youth out of agriculture. These
changes either positive or negative.

Positive consequences
Poverty reduction b. increasing share of
household income. C. Improvement in social
status d. Skill development e. Empowerment
of women f. Improvement in the standard of
living.

Negative consequences
Low agriculture production and productivity
b. Work overloaded on elder ones c.
Decreases in the national income d.
Traditional technologies continue be elder
farmers in agriculture e. In balance in sex
ratio due migration male ones to cities f. Low
work force in rural areas g. Increases in over
labor population in urban areas
Why We Need Youth in Agriculture
•

•
•
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Young people can transform the
agricultural sector by applying new
technologies and new thinking.
Aged farmers are in farming - their
efficiency is reducing
Youth are capable of adapting new
concepts, ideas, technology, which are
vital for increasing production
Active participation of youth will reduce
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•
•

their unemployment in rural areas
5. Youth who are in sizeable number in
rural areas possess the required energy to
increase farm production
6. Increased participation of youth in
agriculture is necessary and important to
facilitate Food and nutritional security

Conclusion
Migration is an Integral phenomenon and
results in imbalance in the workforce in rural
and urban areas. It is important to
understand the changing needs of the rural
youth and address the same with targeted
policies and schemes. Instead of subsidizing
the demands of the rural people, emphasis
should be given to skill development and selfemployment and youth should be educated
about startups, so that migration can be
mitigated.

Migration of Youth from Agriculture
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Introduction
Marshall Hertig, an entomologist, and
Samuel Wolbach, a pathologist, discovered
Wolbachia in the gonads of the Culex
pipientis mosquito in 1924. Molecular
phylogenetic analysis based on the 16S rRNA
gene indicated that Wolbachia belongs to αProteobacteria. Wolbachia is completely
dependent on the cytoplasmic atmosphere of
the host. The average size of these bacteria is
ranging from 0.8 to 1.5 µmand covers by at
least 2 cell membrane. Infections of
Wolbachia is not only limited to reproductive
systems of the host but it also infects and
colonized in various tissues such as muscle
cell, digestive organs, brain, fat body and
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hemolymph of the host. Wolbachia is found
to supply nutrients and protection to the host.
Wolbachia is responsible for the induction of
a number of reproductive alterations
including
feminization,
parthenogenesis
induction, male-killing and cytoplasmic
incompatibility.
These
reproductive
manipulations are boon for infected
individuals and allow the Wolbachia to
spread through insect population. Such
parasite effects on hosts are commonly
referred
to
as
“reproductive
parasitism”(Habibet al., 2018).
Phylogeny and Classification of Wolbachia

29

December, 2019

ISSN No.:2321-7405

Division of Wolbachia infections into 11 supergroups:
Super-groups
A, B, E
C, D
F
G
H
I
J
K

describes the development of (diploid)
females from fertilized eggs, while (haploid)
males develop from unfertilized eggs. In this
particular
sex
determination
system,
parthenogenesis may occur either by
complete suppression of meiosis (apomixis)
in mites or by restoration of diploidy upon
meiosis (automixis) in wasps.

Host Name
Arthropods
Filarial Nematodes
Both Arthropods and Nematodes
Spiders
Termites
Siphonaptera
Spirurida, Nematoda
Prostigmata, Acarina

Male-killing (MK)
Wolbachia is one of several types of
maternally-inherited bacteria that kill males
during
embryonic
development
and
significantly reduced the populations of
males. Hence, infected females may lay a
mixed brood of male and female eggs, but
only female eggs survive to become adults. A
broad
range
of
endosymbionts like
Flavobacteria, Rickettsia, Arsenophonus,
Wolbachia, and Spiroplasma are associated
with the host and responsible for induction of
male killing but cytological mechanisms
causing male-killing are still unknown.

Wolbachia-induced Phenotypes

Feminization:
The conversion of genetic male offspring into
females doubles the potential Wolbachia
transmission to the following generation.
Feminizing strains of Wolbachia cause
genetic male hosts to develop into functional
females. Such infections are common in
terrestrial isopods of which those in the
woodlouse, Armadillidium vulgare. Sex in
this and other crustaceans is determined by
the action of a male hormone that suppresses
female development. Wolbachia is thought to
inhibit development of the androgenic gland
that produces this hormone and also may
block receptor sites required for hormone
activity. Hence, infected isopods produce
femalebiased sex-ratios regardless of their sex
chromosome complement (WZ /females; ZZ
/males).

Cytoplasmic incompatibility (CI)
CI occurs in two directions; when Wolbachiainfected male cross with uninfected female
causing unidirectional CI which ismost
frequent and usually occurs between males
infected with a single strain or female without
any strain of Wolbachia. Secondly when both
male and female carry opposite strains which
are contrastive to each other known as
bidirectional CIwhile the bidirectional CI
have been reported only in the condition
when both partners are infected with the
same Wolbachia strains. These types of CI
caused higher embryonic death and organism
produced less number of progenies. The
reason of wide spreading this phenotype
because of two elements responsible for two
different Wolbachia antagonistic functions
known as modification and rescue(Kevinet

Parthenogenesis induction (PI)
PI Wolbachia only are known from haplodiploid taxa. Parthenogenesis, the production
of female offspring in the absence of sperm
fertilization offers an obvious advantage to a
maternally inherited microorganism. If a
100%
occurrence
is
assumed,
parthenogenesis as well as feminization
doubles the potential transmission of
Wolbachia to the offspring. Haplodiploidy
December, 2019
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al., 2006).

Conclusion
Wolbachia-arthropods association becomes a
focusing research point and attract intense
fascination of researchers and genomic
scientists due to its multiple behaviors,
diverse host range, potential for rapid host
speciation and have a great ability to alter
host embryonic progress and mitotic
developments. It has also great potential to
control the population of insect’s pests as a
microbial natural enemy with multiple ways
of infectious phenotypes to manipulate host
biology of targeted populations. Due to its
ubiquitous behaviors, Wolbachia offers the
potential for development of novel and
environment
friendly
biotechnological
strategies for the control of insect pests and
disease vectors.
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bearing incompatible Wolbachia strains are marked
with red or black.

14. HORTICULTURE: POST HARVEST TECHNOLOGY

Electrolyzed Water: A Novel Fruit and Vegetable
Sanitizer
Praveen Gidagiri1and Bindu, H. 1
1 M.Sc. Scholar, Department of Post Harvest Technology, University of Horticultural sciences,
Bagalkot, 587104 (Karnataka).

Introduction
Food safety is very important issue for both
consumers and food industry. Food spoilage
bacteria are also an important issue especially
for industry. Microbial food spoilage is an
area of global concern as it has been
estimated that as much as 30 % of all food
produced is lost post-harvest owing to
microbial activity (Baird-Parker et al., 2000).
Spoilage reactions can be inhibited by
VOLUME NO. 16, ISSUE NO.3

traditional processing and preservation
procedures, but there is increasing interest in
products with milder and more natural
mechanisms of preservation. Synthetic or
natural preservatives can control the
microbial growth rate in food during process
and storage increasing their shelf-life.
Consumers are concern on removing artificial
preservatives from their food, which may
potentially have undesirable effects on human
31
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health and they prefer to use natural
preservation. There is therefore still a need
for new techniques of reducing or eliminating
food spoilage and food-borne illness.
Electrolyzed NaCl solutions have attracted
much recent attention as a high-performance,
new technology for potential use as
disincentive agent (no chemical use except 0.1
% NaCl solution) in the food industry. This
review focused in the use of electrolyzed
water as a new powerful technology to
decontaminate many different foods.

dissociates into negatively charged chlorine
(Clˉ) and positively charged sodium (Na+). At
the same time hydroxy (OH–) ion and
hydrogen (H+) ion are formed. The chlorine
and hydroxy ions are moved and
concentrated at vicinity of the anode, with
each ion releasing an electron (eˉ) to become
oxygen molecules, chlorine molecules and
hypochlorous acid (HOCl), which generate in
the anode compartment. In the cathode
compartment, each positively charged sodium
ion receives an electron and becomes sodium
molecule. The sodium molecules combine
with water molecules, forming sodium
hydroxide and hydrogen molecules. An ionexchangeable membrane separating the
electrodes enhances the electrolysis of water
to produce strong acidic and alkaline
solutions from the anode and cathode,
respectively. After electrolysis for 10 min, the
anodic solution, EW (+), with a pH of 2.2–
2.7, +1137 mV (ORP) and 20–100 ppm of
available chlorine, and cathodic solution, EW
(–), with a pH of 11–12 and –885 mV (ORP)
are prepared in the anode and cathode
compartments, respectively.

Electrolyzed water
Electrolyzed water is the general term
referring to any solution produced by the
electrolysis of water containing an electrolyte,
such as sodium chloride, potassium chloride
or dilute hydrochloric acid.
Production of electrolyzed water
Electrolyzed water (EW) is a new concept
developed in Japan (Bari et al., 2003;
Mahmoud, 2007). There are many different
types of electrolysis apparatus are used to
produce EW. Electrolyzed water produced by
the electrolysis of 0.1 % of sodium chloride
solution using electrolysis apparatus in which
anode and cathode are separated with an ion
exchangeable bipolar membrane to form two
compartments (Fig. 1).

Applications
•
•
•
•
•

Agriculture
Food sanitation
Medical sterilization
Antimicrobial technique
Livestock management

Pre-harvest applications
•
•
•
•

Seed dis infection
Pre-harvest disease control
Irrigational water for microbial control
Spraying as fungicide to control plant
diseases

Post-harvest applications
•
•
•
•
•

Fig 1: Generation of electrolyzed water

During electrolysis, sodium chloride
(NaCl) dissolved in deionized water,
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Disinfection cutting boards, etc.
Disinfecting fresh leafy vegetables
(cabbage, spinach, lettuce)
Food sanitation management
Inactivation of food related pathogens
Postharvest application to control fungal
decay
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•
•

Postharvest application
bacterial decay
Poultry

to

the food sector, worldwide.

control
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Conclusion
Treatment with EW significantly inhibited the
microbial growth on many food systems
under several conditions. The shelf-life of
many examined products has extended by
treatment with EW. The combined treatment
with EW and other preservative agents
showed greater antimicrobial effect than
using EW alone. Using this new, economic
and safe technology in combination with
other agents would solve many problems in

15. AGRICULTURE

Potassium Solubilizing Bacteria (KSB)
Waghmare Vijaykumar Veerappa
Department of Agricultural Microbiology, UAS, GKVK, Bengaluru

less winter hardy, and are more susceptible to
disease infection. potassium may have an
greater effect on root development.

Introduction
Potassium is one of the essential
macronutrient and the most abundantly
absorbed cation in higher plants. Potassium
was isolated in 1807 by Sir Humphry Davy,
who obtained it through the electrolysis of
very dry molten caustic potash (KOH,
potassium hydroxide). Potassium exists in
several forms in the soil, including mineral K,
non-exchangeable K, exchangeable K, and
dissolved or solution K (K+ ions). Plants can
only directly take-up solution K. It plays an
important role in the growth and
development of plants. In Indian soil the
soluble K form are present in approximately
2% and insoluble are present in range of 98%
in form of minerals like biotite, feldspar,
mica, muscovite, vermiculite.
Indian soils have sufficient quantity of
potassium to support crops raised in it, but
ironically, this potassium content in soil is in
unavailable form to plants. Identifying a
suitable solution to convert this unavailable
form of potassium into available form can
resolve this problem and will promote
balanced nutrition and sustainable soil
health. They also use water inefficiently, are
VOLUME NO. 16, ISSUE NO.3

Role of k in plant
Potassium plays vital role in the formation of
amino acids and proteins from ammonium
ions, which are absorbed by root from soil. It
is responsible for transfer of carbohydrates,
protein etc. from leaves to roots. It is also
plays vital role in the uptake of other
elements particularly nitrogen, phosphorus
and calcium. It regulates the permiability of
cellular membrane. It increases the stiffnes of
straw in cereals therefore the lodging of
cereals is reduced. In addition to plant
metabolism, potassium improves crop quality
because it extends the grain filling period,
helps with grain filling and kernel weight,
strengthens
straw,
increases
disease
resistance, and also helps the plant to
withstand stress. Potassium deficiency leads
plant to develop weak roots, grow slowly,
lodge easily, produce small seeds and lower
yields. Plants have stunted and bushy growth.
Potassium solubilizing microorganisms
Frateuriaaurantia, Aspergillusniger, Bacillus
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extroquens,
Clostridium
pasteurianum,
Bacillus mucilaginosus sub sp. Siliceous,
Bacillus caldolyticus, Proteus mirabium,
Bacillus
circulans,
Erwiniaherbicola,
Pseudomonas
strains,
Acidothiobacillusferrooxidans,
Bacillus
edaphicus, Paenibacillusglucanolyticus

deterioration of clay silicates, mica and
feldspar. It was concluded that filamentous
fungi able to cause an extensive weathering of
stone due to organic acid excretion. The
production of gluconate promotes dissolution
of silicates like albite, quartz and koalinite by
subsurface bacteria. In an another study the
production of organic acids, growth period
and K released in wild-type strain of B.
Edaphicus and its mutants was assayed. It
was found oxalic acid production caused
dissolution of fledspar while oxalic and tartric
acid were involved in mobilizing illite.

Mechanism of Potassium solubilization by
microorganisms
Organic matter after decomposition produces
acids like citiric acid, formic acid, malic acid,
oxalic acid. These organic acids produced,
enhance the dissolution of potassium
compounds by supplying protons and by
complexingCaions. Previous work has shown
organic compounds produced by microorganisms such as acetate, citrate and oxalate
can increase mineral dissolution in soil.
Solubilization of potassium occurs by
complex formation between organic acids and
metal ions such as Fe2+, Al 3+ and Ca2+.
Potassiumsoluiblizing
bacteria
B.
mucilaginosus are able to solubilize rock K
mineral powder such as micas, illite and
orthoclases through production and excretion
of organic acids. Microbially produced
organic ligands include metabolic by products
extracellular enzymes, chelates and both
simple and complex organic acids enhance
the dissolution of aluminosilicate mineral or
quartz both in field and laboratory
experiments.
Production
of
capsular
polysaccharides along with organic acid
production like tartaric and oxalic acid by the
microorganisms leads to solublisation of
feldspar and illite to release potassium.
Another report showed that potassium
was solubilized by production of inorganic
and organic acids and due to production of
mucilaginous
capsules
containing
of
exopolysaccharides by Bacillus, Clostridium
and Thiobacillus. The weathering ability of
the bacteria involves production of protons,
organic acids, siderophores and organic
ligands. This was seen in Cladosporoides,
Cladosporium and Pencillium Sp. These
fungal species isolated have the capacity to
produce large amounts of oxalic, citric and
gluconic acids in broth culture that leads to
December, 2019

Occurrence and distribution of potassium
solubilization bacteria (KSB)
Microbial inoculants that are able to dissolve
potassium from mineral and rocks have
influence on plant growth and have both
economic and environmental advantage. The
first evidence of microbial involvement in
solubilization of rock potassium was shown
by Muentz (1890). Several microorganisms
like Aspergillusniger, Bacillusextroquens and
Clostridium pasteurianumwere found to
grow on muscovite, biotite, orthoclase,
microclase and mica under in vitro.
The microorganism like bacteria, fungi
and actinomycetes colonized even on the
surface of mountain rocks. The silicate
solubilizing bacteria B. mucilaginosus sub
spp. Siliceus liberates potassium from
feldspar and aluminosilicates. Alkasandrovet
al. (1967) isolated different bacterial species
like silicate bacteria and found they dissolve
potassium, silicates and aluminium from
insoluble minerals. Zhou et al. (2006)
characterized
and
identified
Bacillus
mucilaginosus solubilized silicon from illite
at 30°C. The bacterium was gram-negative
rod shaped with endospore and thick capsule.
Hu et al. (2006) reported on K
solubilizing strains from the soil and they
were phenotypically and phylogenetically
characterized and effectively dissolved
mineral potassium when they were grown on
Aleksandrove medium which were rod shaped
spore formers with large capsule and formed
slimy and translucent colonies. Sugumaran
and Janarthanam (2007) isolated K
34
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solubilising bacteria from soil, rocks and
mineral samples viz., orthoclase, muscovite
mica.
Among
the
isolates
Bacillus
mucilaginosus solubilised more potassium by
producing slime in muscovite mica.
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16. AGRICULTURAL ENTOMOLOGY

Molecular Dimensions of Insect Systematics
Gaurang Chhangani and M. K. Mahla
1Department of Entomology, Rajasthan college of Agriculture, MPUAT, Udaipur, Rajasthan

Systematics is a science concerned with
classification and study of biological diversity
and their evolutionary relationship. Most of
the work of taxonomy was done on the basis
of morphological attributes of the species and
similarities in their characters in past. As
these methods are in question as some of the
morphological characters could be acquired
by geographical variations, change in habitat,
type of food resource or ecological variations.
To overcome this drawback use of biomolecular or bio-chemical method started in
Systematics. The DNA or protein sequences
are being used to study the evolutionary
history of the insects, hence termed as
Molecular Systematics. Although traditional
approaches still dominate the day-to-day
practice of most taxonomists, molecular data
and numerical methods of analysis have
proven useful in many groups.
Practicing taxonomists encounter an
array of logical puzzles whose complexity is
matched only by the profound satisfaction of
resolving them. Despite endless variety in the
details of these puzzles, they can be reduced
to variations on four basic themes:(1)
determination of the identity of specimens of
known species, (2) discovery of new species,
(3) delimitation of species boundaries, and

VOLUME NO. 16, ISSUE NO.3

(4) phylogenetic reconstruction. Molecular
methods are helpful, to varying degrees, in
resolving each of these four kinds of
problems.
Molecular Data in Insect Systematics
The molecular data discuss below are DNA or
protein sequences, or features directly
related· to sequences. The terms molecular
systematics and biochemical systematics are
also used in conjunction with smaller,
secondary chemicals such as alkaloids or
terpenes, but these chemicals are of restricted
distribution in insects.
Nucleotide Sequences
DNA and RNA irrespective of the type are the
most fundamental and complete molecular
data available in molecular studies.
Unfortunately,
lack
of
interspecific
comparison makes much of the available
insect nucleotide sequence data irrelevant to
systematics. There are few studies showing
RNA sequences for 5.8S ribosomal RNA from
three distantly related insect species by
Fujiwara & Ishikawa (1982). Differences in
DNA sequence are verified by several
approaches
employed
by
scientists.
Restriction endonuclease mapping relies on
the existence of DNA hydrolases that attack
35
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only particular short DNA sequences. For
example, if species I of the example taxa had
the DNA sequence GTACGTAAG at some
point in its gene and species II had the
sequence GT AAGT AAG, a restriction
endonuclease (site-specific DNA hydrolase)
that recognizes the sequence T ACG will break
the specific gene of I only. Since there will be
many such sites in a typical gene, treatment
with a restriction endonuclease produces a
series of DNA fragments of varying length
that can be separated and identified by
electrophoresis. Given the size and number of
DNA segments produced by the same enzyme
acting on the DNA of two species, an estimate
of total sequence difference can be obtained.
Restriction endonuclease mapping requires
an easily identified and relatively small length
of DNA. The ring of DNA possessed by the
mitochondrion has been used for this purpose
in a number of studies, including one
comparison of Drosophila species. While
endonuclease restriction mapping has much
potential, mitochondrial DNA may in some
circumstances be misleading in studies of
very closely related species. For this and other
reasons, endonuclease restriction mapping
may ultimately prove to be most useful with
nuclear genes.

disappeared on phylogenetic studies insects,
though the technique is even commonly
applied in parallel studies. With the mapping
of restriction sites, however, they still provide
a quick alternative for studying sequence
variation in large cross-sections of the
genome, and have proved very useful and
reasonably
accurate
for
phylogeny
reconstruction. The most common use of
restriction enzymes in systematic is for the
diagnostic profiles that are sought within the
DNA fragments (more often in mtDNA).
RAPD - Random Amplified Polymorphic DNA
The polymorphism of RAPD markers is
revealed by amplification of chromosomal
loci using primers composed of short
sequences of oligonucleotides and are
generated by rearrangements or mutations
(insertions or deletions) between the two
locations or at the site of hybridization of the
two primers. Differences in only one base pair
(point mutations) may be sufficient to inhibit
amplification. The low reproducibility of
RAPD is a much debated question. Many
insects of different orders were analyzed by
RAPD with different approaches, among
which
include
phylogenetic
studies,
taxonomic studies and epidemiological
studies, to obtain genomic fingerprints of
individuals, for analysis of structure and
genetic diversity of populations, to construct
genetic maps of high resolution and on
studies related to the acquisition of
insecticide resistance. In this technique a
single oligonucleotide (containing 10 to 20
bases) is randomly constructed, resulting in
the amplification of a target sequence
unknown. Each primer used directs the
amplification of several DNA segments
simultaneously in different parts of the
genome, resulting in several bands in the gel.
The polymorphism produced by RAPD
technique appears in the form of presence or
absence of fragments or bands in the gel.
Unlike other methods, RAPD does not require
preliminary work, such as construction of
genomic banks, since it does not require the
previous development of a library of probes
specific for the organism of interest,

Protein Sequences
The amino acid sequences of proteins
generally used in vertebrate systematics, but
there are few insect studies. Protein sequence
difference can be estimated by producing an
antibody against one protein and measuring
the antibody's response to a homologous
protein from another species. In early work,
whole insect homogenates were used to raise
antibodies, but such work has been
supplanted by the micro-complement fixation
method, in which the antigen is a particular
purified protein. Some insect microcomplement fixation work has been done
with Drosophila and a few other
cyclorrhaphous Diptera.
RFLP - Restriction Fragment Length Polymorphism
With the advent of techniques for sequencing,
the data generated with restriction enzymes
December, 2019
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eliminating the need to transfer DNA to
membranes (Southern Blot) and the use of
radioactive isotopes or nonradioactive
marking. Another feature of this molecular
tool is that these markers are inherited as
dominant markers. This inheritance model
does not allow differentiating heterozygous
and homozygous dominant individuals
without subsequent crossings.

organisms. The value of any class of
characters is ultimately measured by how
accurately and conveniently these characters
distinguish the units that matter in taxonomy.
Diverse genetic and biochemical techniques
can be used to supply the identifying features
that characterize individuals and delimit
groups. Molecular characters have varied
strengths and drawbacks, as do any other
sources of character information such as
morphology. Most insects also present
technical challenges inherent in simply seeing
differences between diminutive creatures.
Added to that are the conceptual challenges of
deﬁning species consistently across a
biological lineage that has diversiﬁed over the
course of 400 million years. Consequently,
insect taxonomy is a work in progress and will
remain a primary source of new insights in
biodiversity informatics for a long time.

AFLP - Amplified fragment length polymorphism
AFLP is a technique developed that as RAPD,
quickly locates genetic polymorphisms
dispersed among organisms. Despite the
apparent
promise
for
applications
entomological, AFLP has not been widely
applied on studies of systematic of insects.
The technique is based on the property of
certain restriction enzymes to leave, after
cleavage of the DNA, cohesive ends of the
known sequence. Thus, it is possible to
construct nucleotide sequences of doublestranded that bind at the ends of the
restriction fragments.
At their most fundamental level,
molecular methods are simply a subset of the
ways that taxonomists gain access to
characteristics used to distinguish groups of
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17. PLANT BREEDING AND GENETICS

Pre-Breeding and its Utilization in Crop Improvement
Priyanka Jaiswal, Banshidhar*,
Plant Breeding and Genetics, DRPCAU Pusa, Samastipur

Pre-breeding (Rick,1984) also known as
developmental breeding or germplasm
enhancement involves all such activities
which aims at identifying desirable and
crucial characteristics and / or genes from
wild and unadapted sources and its transfer
into a background that could be further
utilized in producing superior cultivars. It is a
special approach of utilizing wild germplasm
in breeding programme. In fact, it is an early
phase of any breeding programme that uses
wild species for varietal improvement. Prebreeding aims at diversification and
enhancement of genetic base achieved
through identification of desirable genes from
VOLUME NO. 16, ISSUE NO.3

wild relative and other wild species and
harnessing them to improve yield, resistance
to disease and insect pest and other quality
traits. The major approaches of pre-breeding
in various crop improvement programmes
centered around introgression, incorporation
and
wide
crosses.
Introgression
/
introgressive hybridization is the movement
of gene from one species to another species by
the repeated backcrossing of an interspecific
hybrid with recurrent parent. It is a long term
process which may take more generation. It
involves transfer of desirable gene from wild
species to adapted breeding material. In the
second approach i.e. Incorporation, locally
37
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adapted germplasm are being improved using
unadapted or wild species. The main aim of
incorporation is to develop new breeding
population with high proportion of alleles
derived from exotic or wild sources for
broadening the genetic base of the crop
species. The third approach involves a cross
between two plant belonging to different
species or genera and is well known as wide
cross. Wide cross usually used in broadening
of gene of crop species mostly used for
transfer of resistance to biotic and abiotic
stress. Examples of successful wide crosses
are blight resistance in potato, rust resistance
in wheat, improved protein content in oats
etc.

exploitation
of
diverse
germplasm.
Unadapted but desirable gene complex from
wild or primitive types are transferred to good
agronomic base for its further utilization in
local breeding programmes. It has not only
overcome the problems associated with the
use of unadapted gene complexes like low
intensity of character under transfer or fail to
match the best agronomic parent but also
reduces the long time span of transferring of
wild gene complex in local breeding lines.
Moreover, the lines derived from prebreeding serve as potential carrier of
desirable genes from wild species and could
be easily utilized in development of
commercial cultivar.

Significance of Pre-breeding
Pre-breeding provides

Diagrammatic representation of Pre-breeding

a

base
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(Figure adopted from: https://www.biotecharticles.com/Agriculture%20-3763.html)
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is very useful in transferring desirable trait
from wild species to cultivated varieties by
limiting the problem of linkage drag to a
minimum.

Future Prospects
The potential of genetic transformation
technique can be exploited to transfer
desirable gene from wild species into
cultivated lines. It is a method of horizontal
gene transfer in which DNA of a species is
incorporated or transferred into genome of
background of some other species. New
breeding strategies like marker assisted
breeding (MAB) and bioinformatics tool
should be exploit for gathering information
and development of adapted desirable lines.
Breeding of crop plant for different trait with
the help of molecular markers helps breeder
in efficient selection for desirable traits. MAB
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18. SOIL RECLAMATION

Significance of Gypsum in Reclamation of
Sodic/Alkali soils
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The salt-affected soils occur in the arid and
semi-arid regions where evapo-transpiration
greatly
exceeds
precipitation.
The
accumulated ions causing salinity or
alkalinity
include
sodium,
potassium,
magnesium, calcium, chlorides, carbonates
and bicarbonates. The salt-affected soils can
be primarily classified as saline soils
(describes the excessive levels of soluble salts
in the soil water; Electrical conductivity of the
saturation extract <4 dS m–1; Exchangeable
Sodium Percentage >15 and pH <8.5; also
known as while alkali), sodic/alkali soils
(describes the excessive levels of sodium ions
in soils; Electrical conductivity of the
saturation extract <4 dS m–1; Exchangeable
Sodium Percentage >15 and pH 8.5-10.0),
and saline-sodic soils (Electrical conductivity
of the saturation extract >4 dS m–1;
Exchangeable Sodium Percentage >15 and pH
>8.5).
The primary effect of excessive soluble
salts on plants is to limit the ability of plant
roots to absorb soil water even under wet
conditions. Soil water flows from low salt
VOLUME NO. 16, ISSUE NO.3

concentration (i.e., higher osmotic potential)
to high salt concentration (i.e., lower osmotic
potential). A soil solution with low osmotic
potential due to higher soluble salt
concentration compared to the plant cells,
does not allow plant roots to extract water
from soil, causing moisture stresses in the
plants. The amelioration of such saline soils
involves basically the removal of salts from
the soils through the processes of leaching
with good quality water and drainage.
Provision of lateral and main drainage
channels of 60 cm deep and 45 cm wide, and
leaching of salts could certainly improve the
soils’ physico-chemical properties. Subsurface drainage is an effective tool for
lowering the water table, removal of excess
salts and prevention of secondary salinization
of ions like chloride, sulphate, etc. Other
management also involves the selection of
relatively salt-tolerant cultivars of the crops.
In contrast to saline soils, sodic soils have
excessive levels of sodium (Na+) adsorbed at
the soil exchange complex. Most sodic/alkali
soils, particularly in the arid and semi-arid
39
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regions, contain CaCO3 in the profile in some
form and constant hydrolysis of CaCO3
sustains the release of OH– ions in soil
solution. The OH– ions so released result in
the maintenance of higher pH in calcareous
alkali soils than that in non-calcareous alkali
soils. The excess exchangeable sodium in
alkali soils affects both the physical and
chemical properties of soils by: (a) dispersion
of soil colloids that causes poor physical
condition of the soils, and (b) specific ion
effect. The sodic soils are hard and cloddy
when dry and tend to crust. Water infiltration
is usually poor with sodic soils, especially
those high in silt and clay. The soil’s pH is
usually high, often >9.0, and plant nutritional
imbalances may occur. A soil pH above 8.4
typically indicates that a sodium problem
exists.
The reclamation of sodic/alkali soils can
be done through: (a) physical amelioration
and (b) chemical amelioration. The physical
method involves deep ploughing, drainage
provision, sand filling, and profile inversion.
These methods actually removes sodium from
the exchange complex as well as improves the
soil aeration and infiltration.
Typically, reclamation of sodic/alkali soils
requires neutralization of alkalinity and
replacement of most of the sodium ions from
the soil-exchange complex by the more
favourable calcium ions. This can be done by
the application of chemical amendments (the
materials that directly or indirectly furnish or
mobilize divalent cations, usually calcium
ions for the replacement of sodium ions)
followed by leaching to remove soluble salts
and other reaction products. The chemical
amendments can be broadly grouped into (1)
direct Ca suppliers such as gypsum, calcium
carbonate, phospho-gypsum, etc., and (2)
indirect Ca supplier or acid forming materials
such as elemental sulphur, sulphuric acid,
pyrites, FeSO4, etc.
Amongst them, gypsum is, by far, the
most commonly used chemical amendment as
it is readily and cheaper available source in
the market. Calcium carbonate is insoluble in
nature which of no use in calcareous sodic
soils (have already precipitated CaCO3) but
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can be used in non-calcareous sodic soils (do
not have precipitated CaCO3) since pH of this
soils are low at surface and favouring
solubilisation of CaCO3. The indirect acid
formers like elemental sulphur, sulphuric
acid, and iron sulphate are also used for
calcareous sodic soils. These materials
solubilises the precipitated CaCO3 in sodic
soils, and thus releases Ca for reclamation.
There are several possible sources of
gypsum currently available for agricultural
use
Gypsum is chemically CaSO4·2H2O and is
a white mineral that occurs extensively in
natural geologic deposits, mainly found in the
Rajasthan state. It is also as phosphogypsum, is the industrial by-product in the
manufacturing of phosphoric acid by the
reaction of rock-phosphate with sulphuric
acid. For the reclamation purpose, gypsum
must be powdered before it is applied to the
soil. Gypsum is soluble in water to the extent
of about one-fourth of 1 percent and is,
therefore, a direct source of soluble calcium.
Gypsum reacts with both the Na2CO3, and the
adsorbed sodium as follows:
Na2CO3 + CaSO4  CaCO3 + Na2SO4  (Leachable)
Na[Clay]Na + CaSO4  Ca[Clay] + Na2SO4  (Leachable)

Quality of gypsum
The cost and ease of land application of
gypsum are heavily dependent on factors such
as water content, particle size, and purity of
the gypsum product. Amongst the different
gradation category of gypsum, grade-6 is
normally utilized as soil amendment, wherein
it should have minimum 70-80% calcium
sulphate, and have <1% sodium in form of
sodium oxide. Gypsum obtained as an
industrial by-product is of relatively pure.
Major quality criteria of gypsum, needs to be
considered for their ameliorating effect on
soils includes particle size, fineness of
particle, solubility of gypsum, etc.
•
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Particle size: In general, for the
effective reclamation of sodic soils, the
desirable particle size of gypsum should
be of 2 mm (10 mesh size). It provides
sufficient surface area for the reaction
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with soil particles, and also increases
their solubility. However, it is advisable
to crush the gypsum before the
application into soil. Natural gypsum
materials is relatively cheaper, but it
requires rather laborious and costly
grinding process to obtain uniform
particle size of 2 mm or less.
• Solubility of gypsum: The water
solubility of gypsum generally is of 0.25%
(i.e., 0.32 meq/L). It mostly depends on
soil’s pH, concentration of exchangeable
sodium, and total soluble salts in the
soils. The solubility of gypsum also has
direct relation with the temperature and
the particle size. For solubilization of 10%
good quality gypsum, one would requires
one hectare meter irrigation water (i.e.,
10000 cubic meter).
Gypsum requirement: Amount of
gypsum application for the improvement of
sodic soils is largely depends on the
exchangeable sodium percentage, quality of
gypsum (i.e., particle size and fineness), and
on the succeeding crops. Generally, the
gypsum requirement is analysed chemically
from the representative soil sample in the soil
testing laboratory. It has been concluded
from the studies carried in Sami-Harij region
by Sardarkrushinagar Dantiwada Krushi
University, Sardarkrushinagar that yield
could be increased by 28% in unirrigated
cotton, 7% in irrigated cotton, 9% in irrigated
castor and sorghum, and 23% in unirrigated
sorghum by the application gypsum in the
saline-sodic soils.
Application rate of gypsum: If
required quantity of gypsum is incorporated
into the soil for the first year, then in general
no further gypsum application would needed
for next few years. The soil’s physical
properties would largely improve in first year
of gypsum application, and thus enhances the
decomposition of organic matter. This could
further solubilized the calcium from calcium
carbonate by the production of carbonic acid
in the soils. Hence, further application of
gypsum is normally not needed for the next
few years. Gypsum application @ 1000 kg per
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hectare to reclaim moderately sodic soils
wouldn’t require further gypsum application
for next 4 years and farmer can harvest
higher wheat yield, as concluded in the
studies taken at regional research station,
Arnej of Anand Agricultural University.
It has been concluded in the various
studies that for the growing paddy and wheat
crops, it is advisable to incorporate the
gypsum into the soil at depth of 15 cm.
Application of gypsum at soil depth beyond 15
cm is generally not advantageous, it rather
increases the application cost. Similarly,
surface application of gypsum would also not
feasible option due to it low solubility. Most
preferred method is to broadcast the gypsum
and thereafter incorporated at 10-15 cm soil
depth by shallow ploughing at optimum soil
moisture condition.
Time of gypsum application: The
best time of gypsum is before onset of
monsoon days, i.e., last week of May – First
week of June months. In case of proper
irrigation facilities available, it would be
advantageous to irrigate the soil at 5-7 cm
depth for at least 15 days of the application.
Preparatory irrigation usually reclaim sodic
soils quicker, and thereafter farmer can sow
kharif crops by the last week of June – first
week of July months. If irrigation facilities
not available, gypsum should be applied in
May month followed by the ploughing.
Gypsum-treated irrigation water:
Saline irrigation water with excessive amount
of sodium ions (i.e., higher value of sodium
adsorption ratio) is generally one of the
causes of sodic soils. In such situation, either
soil broadcasting of finely crushed gypsum
prior to irrigation or irrigation water
saturated with gypsum would certainly
weaken the direct damaging effect of sodium
ions on soils and crops.
Phosphogypsum,
gypsum
as
fertilizer: Gypsum is occurs naturally in
mineral deposits, while phosphogypsum is
term used for the industrial by-product
gypsum formed during the processing of
phosphate minerals with sulphuric acid. An
important aspect regarding phosphogypsum
is it is fairly good sources sulphur (~16%),
41
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phosphorus
(0.2-1.2%)
and
calcium.
Phosphogypsum can feasibly to solve the
sulphur deficiency in soils, as the sulphur in
sulphate form becomes readily available to
the
plant
roots.
Application
of
phosphogypsum @ 1000 kg per hectare
increased 11% mustard yield as studied at
RRS, Arnej of Anand Agricultural University.
Further it is concluded in several studies that

phosphogypsum application indeed increased
yield of oilseed crops.
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Biological Control of Major Soil Borne Diseases Of
Pulses
Ashwini, R. and Vijayalakshmi, N. R
Department of Plant Pathology, College of Agriculture, Raichur, Department of Agricultural
Microbiology, GKVK Bangalore

Pulses are of prime importance in human
diet. They are an economic source of proteins,
carbohydrates, minerals and B complex
vitamins particularly in vegetarian diet.
Pulses occupied an area of about 68.31 mha
contributing 57.32 mt of production to the
world food basket. India shared 35.2 per cent
of area and 27.65 per cent of global pulses
production. India is producing 14.76 mt of
pulses from an area of 23.63 mha, which is
one of the largest pulses producing countries
in the world(USDA, 2018). According to
estimates made in India nearly 10-15 per cent
of pulse production is lost due to diseases
alone. Among several plant pathogenic fungi,
diseases caused by soil borne fungi viz.,
species of Fusarium, Macrophomina,
RhizoctoniaandSclerotiumare
of
great
importance to tropical, subtropical and
temperate legume pulses. The use of chemical
fungicides
resulted
in
environmental
pollution and adverse effect on the biotic
community. Hence, it is imperative to develop
biological control measures which are unique,
effective, sustainable, eco-friendly and also
increases the yield and quality of consumable
crops. Pandey et al. (2017) reported that, the
soil application of Trichoderma virideor T.
harzianum(2x108cfu/g) enriched FYM (10 kg
bioagent/ ton FYM) in furrow at 1 ton/ ha,
followed by seed biopriming at the time of
December, 2019

sowing i.e. soaking of chickpea seeds for 10
hrs in suspension of talc based formulation
1% WP (2x108cfu/g) of T. virideor T.
harzianum, respectively at 50 g product/ 250
ml of water/ kg seed and shade dried, where
effectively managed wilt and root rot complex
of chickpea. Pothiraj et al. (2018)reported
that, among the ten isolates of Psuedomonas
fluorescens (Pfkkm1-Pfkkm10) isolated from
rizhosphere soil of different crops grown at
the Agricultural College and Research
Institute, Killikulam, Pfkkm7 recorded lowest
mycelial growth of 10 mm with 88.5 per cent
reduction over control, further the soil
application of Pfkkm7 at the rate of 10g/kg of
soil effectively reduced the dry root of black
gram (75.5%).
Seedling diseases such as root rot and
wilts caused by a numerous soilborne fungi
can survive in soil for prolong periods even in
the absence of a susceptible host. In general,
these diseases cause serious yield loss where
short rotations or monoculture of pulse crops
are the rule. Henceeco-friendly management
of these diseases requires an appropriate seed
treatments and soil application of biocontrol
agents. Potential antagonists, especially P.
fluorescen sand Bacillus subtilis are
promising candidates as bio-protectants.
Application of T. viride, T. harzianum, P.
fluorescens and B. subtilis along with neem
42
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cake and compost enhanced the survivability
of bioagents and suppression of soil borne
diseases.
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Forecasting and Prediction of Plant Disease
Epidemics through Simulation Models
Ashwini, R. and Vijayalakshmi, N. R.
Department of Plant Pathology, College of Agriculture, Raichur, Department of Agricultural
Microbiology, GKVK Bangalore.

The plant disease epidemics can cause
major loss in food production worldwide.
Totally 14.1 per cent of crops are lost due to
plant disease in field and storage and these
losses are in part responsible for the suffering
of 800 million people who lack adequate food
(Strange and Scott, 2005). So it is necessary
to have economic and environmentally
acceptable strategies to manage the epidemic
development of plant diseases through
prediction and forecasting of plant disease
epidemics using simulation models. In
epidemiology, modelling aims to understand
the major determinants of epidemic
development and their spatiotemporal
dynamics. The simulation models are
basically developed through mathematical
and statistical tools and can be divided into
three
steps
which
includes,
model
development, model analysis and hypothesis
testing. The EPIRICE model developed using
different parameters which includes lesion
size, relative rate of crop growth, epidemic
onset, latent period, infectious period,
infection rate, age, temperature and wetness
effect to predict leaf blast and sheath blight
diseases of rice. The level of agreement
between the observed and simulated
epidemics was high and the model was found
to be valid according to the performance
VOLUME NO. 16, ISSUE NO.3

criteria. Overall, the incidence of epidemics
for both diseases was simulated to gradually
decrease towards year 2100 based on
Representative
Concentration
Pathways
(RCP) 8.5 scenario (Kim et al., 2015). BYDV
PREDICTOR, a simulation model, was
developed to predict and forecast aphid
outbreaks and Barley yellow dwarf virus
(BYDV) epidemics in wheat crop in the grain
belt region of Southwest Australia. Sensitivity
analysis of the model confirmed that, the
combination of a high proportion of
immigrants vectoring BYDV, early sowing of
crops and early start to aphid arrival relative
to sowing date led to the most BYDV spread
and greatest yield loss (Thackray et al.,
2009).
The development of forecasting and
predictive simulation models for epidemic
diseases require understanding of the
interaction of the pathogen with biotic and
abiotic environment. Models are valuable tool
for designing sustainable practices for
strategic and tactical management of diseases
before occurrence. Recent advances in
computer
tools
have
made
mathematical/statistical modelling more
accessible and have led to the development of
more complex models for many diseases. The
incorporation of these simulation models into
43
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Decision
Support
Systems(DSS)
maximize the utilization at farm level.

4.5 and RCP 8.5 climate change scenarios using
a rice disease epidemiology model, EPIRICE.
Agril. Forest Meteorol., 203: 191-207.
Thackray, D. J., Diggle, A. J. and Jones, R. A. C.,
2009, BYDV PREDICTOR: A simulation model
to predict aphid arrival, epidemics of Barley
yellow dwarf virus and yield losses in wheat
crops in a Mediterranean-type environment. Pl.
Pathol., 58: 186-202.
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Plant Growth Promoting Potentials of Azospirillum in
Cereals
Vijayalakshmi, N. R. and Ashwini, R.
Department of Agricultural Microbiology, GKVK Bengaluru
Department of Plant Pathology, College of Agriculture, UAS, Raichur

Plant
Growth-Promoting
Rhizobacteria
(PGPR) were first defined by Kloepper and
Schroth. PGPRs enhance plant growth by
direct and indirect means, but the specific
mechanisms involved have not all been wellcharacterized. The genus Azospirillum
comprises free-living, nitrogen-fixing bacteria
that are known as plant growth promoting
rhizobacteria (PGPR), which can colonize, by
adhesion, the root surface or the intercellular
spaces of the host plant roots. The potential
role of the PGPR in association with
economically important cereals and other
grasses is to promote plant growth by several
mechanisms
including
BNF
and
phytohormone production. Azospirillum
strains was evaluated as biofertilizer for rice
and concluded that with the use of
Azospirillum (Azo-BHU) as biofertilizer a
sustainable way of rice cultivation can be
done without application of high cost
hazardous fertilizers and showed higher
germination rate and growth (Manoj et al.,
2014). Maize yield enhancement by
Azospirillum lipoferumCRT1 was studied and
resulted insecuring mature plant density is
hypothesized as being the primary driver of A.
lipoferumCRT1-mediated yield enhancement
in maize fields (Rozier et al., 2017). The
‘‘Multiple Mechanisms Theory,’’ is based on
the assumption that there is no single
December, 2019

mechanism involved in promotion of plant
growth by Azospirillum, but a combination of
a few or many mechanisms in each case of
inoculation. The effect can be cumulative, an
‘‘additive hypothesis’’ (proposed before),
where the effects of small mechanisms
operating at the same time or consecutively
create a larger final effect on plant. The
growth promotion can also be a combination
of unrelated mechanisms that operate under
different Environmental or Agricultural
conditions needed by the crop at particular
locations, such as mitigating stress (salt,
drought,
toxic
compounds,
adverse
environment), and the need for biological
control of or reducing pathogenic microflora
(Bashan et al., 2010). The use of bacterial
fertilizers has made significant improvement
in terms of growth, health and yield of plants.
The mechanism by which PGPR stimulates
can be direct or indirect. PGPR also support
growth by reducing the phytopathogens
which reduce the yield and growth. The
outcome of PGPR inoculation is greatly
influenced by plant age and by the chemical,
physical and biological properties of the soil.
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Actinorhizal Symbiosis and Its Importance in NonLegumes
Vijayalakshmi, N. R. and Ashwini, R.
Department of Agricultural Microbiology, GKVK Bengaluru
Department of Plant Pathology, College of Agriculture, UAS, Raichur

The term actinorhiza refers to the root nodule
symbiosis between the N2-fixing actinomycete
Frankia and some 200 angiosperm species.
Plants belonging to eight dicotyledonous
families collectively called “actinorhizal”
Betulaceae,
Myricaceae,
Rosaceae,
Datiscaceae, Elaeagnaceae, Coriariaceae,
Casuarinaceae and Rhamnaceae. Frankia are
the free living gram positive filamentous
actinomycetes which form nodules on roots of
non-leguminous perennial trees. The term
Frankia was coined by “Brunchorst”. The
enzyme nitrogenase is responsible for
nitrogen fixation. It is the conversion of
atmospheric dinitrogen into ammonia.
Several studies on Frankia have revealed that
the organism has three main types of
structures as found in vivo viz., prokaryotic
highly branched septate hyphae, sporangia
and vesicles. (Mahadevaswamy et al., 2003).
Analysis done revealed that between 10- and
100-fold increases of Frankia populations
within the incubation period of 12 weeks
independent of treatment. Numbers were
generally higher under dry conditions and in
the rhizosphere, with that of Casuarinae
quisetifolia supporting highest abundance.
Subgroup I of the Alnus host infection group
was most prominent in the rhizosphere of
both plant species where it represented up to
95% of the genus with higher percentages in
that of C. equisetifolia(Suvidhaet al., 2015).
Analysis was done on the role of
auxinsignalling in Frankia spp. infected cells,
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using a dominant negative version of an
endogenous auxin signalling regulator, Indole
3 acteic acid 7, they established that
inhibition of auxin signalling in the cells lead
to increase nodulation and as a consequence
to higher nitrogen fixation per plant even if
nitrogen fixation per nodule mass was similar
to that in the wild type. Results suggest that
auxin signalling in Frankia spp. infected cells
is involved in the long distance regulation of
nodulation in actinorhizal symbiosis (Antony
et al., 2015). Frankia strains are efficient
nitrogen fixers in non-leguminous plants and
since they are highly resistance to adverse
adaphic factors like high salinity, heavy metal
toxicity and easily grow in disturbed soils,
they are used in reclamation of degraded
lands and revegetation in disturbed soils.
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Plant Quarantine Regulation of India - An Overview
S. Gangadharan
Agricultural College and Research Institute, Tamil Nadu Agricultural University, Madurai - 625 104

The increasing level of trade between and
within the countries, increase the risk of
introduction and spread of insects, plant
diseases and weeds. Species those were
previously capable of dispersal only over
short distances by natural processes can now
be transferred inadvertently from country to
country or from one geographical region to
another by means of fast international
transport links. From many countries, the
dangerous pests have frequently introduced
from exiting environment through Import of
commodities. Such new species introduction
is threatening native biodiversity and
emerges as a problematic pest to the local
agricultural system. Weeds are most
destructive crop yield limiting factor among
the crop pest. The annual crop loss caused by
weeds alone accounting about 33 - 65%, when
compared with other pest, weed causes higher
yield loss. It is very important to impose
restriction of the movement of pest infested
plants or plant material from one country to
another. In Indian this regulation was done
by the Ministry of Agriculture, Directorate of
Plant Quarantine and Storage. The
quarantine regulations are formulated by
government to reduce the chances of pests
being introduced on articles imported from
foreign countries. Quarantine is accomplished
through prohibition, interception and
elimination of pests, diseases and weeds at
pre-entry, entry and post-entry points.

countries. The awareness to quarantine
measures in India started in early 20th
century when the British Government in
1906, ordered compulsory fumigation of
imported cotton bales to prevent the
introduction of the dreaded Mexican cotton
boll weevil. In 1914, Comprehensive Plant
Quarantine Act, known as Destructive Insects
and Pests Act, (DIP Act) becomes operative.
Over the years the DIP Act was revised and
amended several times. However it needs to
be periodically reviewed and amended to
meet the growing requirements of liberalized
trade under the WTO. In 1946, the
Directorate of Plant Protection, Quarantine
and Storage, under the ministry of Food and
Agriculture were setup. In 1946, Plant
quarantine activity stared with the initiation
of plant introduction scheme in the Botany
Division at Indian Agricultural Research
Institute (IARI) New Delhi. At Bombay
(Mumbai) Seaport in 1949, the Directorate
started its quarantine activities. The first
plant Quarantine and Fumigation station of
India was started in 1951. The Entomology,
Plant Pathology and Nematology Divisions in
Plant quarantine was established in 1978. For
regulating the plants, fruits and seeds Import
to India a regulation was started during 1989,
which was popularly known as PFS order.
This was forwarded through a Gazette
Notification, as an act at 1989 to ensure the
high quality planting materials to farmers for
maximizing Agricultural productivity. This
Act also allows provisions to state
government to make their own legislation for
adopting remedial measures. The state
legislation was also empowered with the state
Governments are also empowered to enact
rules/regulations to regulate the movement of
materials from one region/area to another
within a state and between states.

Plant Quarantine - History?
The term Quarantine is originated from a
French word quaranta giorni, which means
40 days period. Plant quarantine activities in
India are carried out under the Destructive
Insects and Pests Act (DIP Act) of 1914 as
amended from time to time, prohibiting the
import of plants and plant material, insects,
fungi and weeds to India from foreign
December, 2019
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Table 2. Examples of disease/nematodes introduced in
India from other countries

Quarantine Insect pest
The diversity and magnitude of insect pest in
animal kingdom was makes as a dominating
one on all other living organisms. Insects
inflict both quantitative and qualitative
losses. It is estimated that on an average 15
percent of the food which was produced
annually in our country was lost due to
insects. There are still several insect pests,
which are not yet known to occur in
India. These, if introduced along with
plant material may be extremely devastating
the exiting agricultural ecosystem.

Name of the pest
Eriosoma lanigerum
Icerya purchase
Apple Wooly aphid
San Jose scale of apple

Year
1909
1920
1928
1900

Year

Country

1.
2.

Late blight of potato
Urocystis tritici (Flag smut
of wheat)
Downey mildew of grapes
Bunchy top virus
Bacterial blight of paddy
(X. oryzae)
Golden nematode of
potato (Heterodera
rostochiensis)

1883
1906

England
Australia

1910
1940
1959

Europe
Srilanka
Philippines

-

Western
Europe

6.

Weeds
Weed is an undesirable plant which occurs in
crop land and adversely affects the crop yield
by both quality and quantity. In India weed
alone causes annual monetary loss of Rs.
1980 core. The potential yield losses due to
weeds can be as high as about 65 per cent
depending on the crop, degree of weed
infestation, weed species and management
practices. A recent study undertaken at
DWSR
suggests
that
proper
weed
management technologies, if adapted, can
result in an additional income of Rs. 1,05,036
cores per annum. About 30,000 weed species
have been listed in the world according the
growing conditions, out of which 18,000
causes serious yield loss to crop environment
which is ideal for crop is also ideal for weeds.
Apart from the native weed species, the exotic
weeds from other country during import and
export of Agricultural Commodities causing
huge yield loss and affecting countries
existing ecosystem. The United States
Department of Agriculture (USDA) defines
Alien weed as “a species that is non-native or
alien to the ecosystem – the introduction of
the species causes or is likely to cause harm to
human health, or to the economy or
environment” In India the plant Quarantine
regulation upon weeds is realized after the
introduction of Congress grass (Parthenium
hysterophorus) during 1956 form USA
through PL - 480 Scheme. The introduction
of Lantana camara form Central America in

Country
England
Australia
Australia
Italy

Quarantine Diseases/Nematodes
Most common method of plant disease
dissemination is through seeds. Several
import seed/grain materials for Agricultural
and consumption purpose increase the
phytosanitary risk of new plant disease
introduction to the nation. It was reported the
about 287 fungus species affects 534 food
crops as a seed-borne pathogen. The seedborne fungi can be present: on the seed in the
form of mycelium, spores or fruiting bodies
e.g. smut or bunt spores or in the seed in the
form of mycelium like loose smut or along
with the seed in the form of fungal
fructifications such as ergot Sclerotia etc.
Apart from these there were also possibilities
of introduction of new virulent bacterial and
fungal stains which can cause a serious yield
loss among the crops. Plant parasitic
nematodes have a great variety of survival
and dispersal strategies which make them
difficult to eradicate
through usual
phytosanitary
measures.
Soil
and
underground parts of the plants are the bestsuited niches for their feeding.
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Name of the pest

3.
4.
5.

Table 1. Examples of pests introduced in India from other
countries
S. No.
1.
2.
3.
4.

S.No.
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19th century and Phalaris minor from Mexico
along with seeds of cereal crops in mid 20th
century into India have become threat to the
crop production, environment and human
health.

as Quarantine to India. The notification of
quarantine
Insects
commodities
are
recommended with Fumigation of Methylbromide and Aluminum phosphide tablets
with specific dose and time and the only
phytosanitary action against quarantine weed
seed is deportation of the Consignments.

Indian Phytosanitary actions
To product and the existing country
biodiversity and agricultural ecosystem the
government of India made a regulation on
export and import of Plant, Agricultural
materials through Plant quarantine Order
under Destructive Insects and Pests Act, 1914.
The present plant quarantine order (PQ
Order) which was in force from 2003 and it
was amended as timely basis. To product the
ecosystem and regulate the import of
agricultural commodities the PQ order 2003
is listed the several imported commodities
with, country wise specific phytosanitary
conditions. PQ order 2003 also listed several
insect, Fungi, Nematode and 31 weed species
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24. SOIL SCIENCE

Phytoremediation of Arsenic Polluted soils
Princy Thakur
Ph.D Research scholar, Department of Soil Science and Agricultural Chemistry
Uttar Banga Krishi Vishwavidyalaya, Pundibari, Cooch Behar, West Bengal.

the use of plants for decontamination and
thereby improving the soil quality. Plants
used
for
the
purpose
are
called
hyperaccumulator which absorbs a lot of
toxic metals from the soil and store within
different tissues (Meghar,2000)

Arsenic and its hazards
Arsenic (As) is a lethal metalloid of Group VB
of the periodic table, which invades in the
terrestrial and aquatic ecosystems through
both natural (geological) and anthropogenic
(industrial and agricultural) activities, leading
to a serious threat for providing safe food and
healthy soils to whole ecosystem including
man. Because of its carcinogenic nature it is
gaining attention across the globe. Therefore,
it is required to develop regulatory guidelines
and remediation technologies for mitigating
As
contaminated
ecosystems.
Phytoremediation is one of that remediation
tool for recovery of As polluted soil.
(Oremland et al., 2003).

Process of Phytoremediation
In this process, plants can be exploited to
accumulate inorganic toxic compounds from
the soil. Plants take up the substances into
their roots through active and passive
transport, wherein the former involves
specific transporters such as carrier proteins
(Mokgalaka et al., 2008). To treat such
contaminants, the substance needs to be
broken down into the non-toxic compound by
the process of degradation (Meghar,2000).
Heavy metals like arsenic cannot be

What is Phytoremediation?
Phytoremediation is a process which involves
December, 2019
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destroyed, but are transformed from one
oxidation state to another.
Following are the sub-processes involved
in phytoremediation of heavy metals in soilplant system
•
•
•
•

•
•

These plants absorb high levels of
contaminants.
• Indicator:
deposits
internal
concentration of heavy metals reflecting
the external levels in the soil. They
accumulate metal in their aerial tissues.
Plants species useful for Arsenic
contaminated soils:

Photodegradation: is a process in
which plants are used to destroy organic
pollutant
Phyto volatilization: is a process of
conversion of metals/ metalloid to less
toxic and volatile form.
Phytostabilization:
involves
the
reduction of the mobility of heavy metals
in soil.
Phytofilteration: The use of plants and
their
associated
rhizospheric
microorganisms to remove contaminants
such as heavy metals from water or soil.
Phytostimulation: is a process of
degradation of organic pollutants by plant
root exudates.
Phytoextraction: is a process in which
plants remove dangerous elements,
mostly heavy metals, even at relatively
low concentrations.

Trees
Willows, Poplars and various grasses.
Species:
Fern
Pterisvittala L. (Chinese brake fern; first arsenic
Species hyperaccumulators),
Pityrogrammacalomelanos(Dixie silver back
fern)
Crop
Mimosapudica(touch me not plant),
species Brassicajuncea (Indian mustard) and
Helianthusannuus (Sunflower) (Karimi et al.,
2009).

Factors affecting the Phytoremediation of Arsenic
contaminated Soils:
1. Degree of contamination and its
bioavailability:
The
extent
of
contamination (low medium or high) of
Arsenic
in
soils
decide
the
hyperaccumulators used during the
process.
2. The ability of the plant to absorb and
accumulate the metals from the soil:
Many hyperaccumulators have the
capacity to survive in the metal-rich soil
and when grown in low metal soils they
die due to many fungal infections by
Pythium or Phythoperaca.
3. The
pH
of
soil
for
planting
hyperaccumulators: The plants take up
maximum amount of contaminants at low
pH due to enhanced solubility.
4. High biomass production of the planting
materials: The hyperaccumulators which
are having maximum biomass production
should be used as they help in the more
extraction of the heavy metals from the
soil.

Fig.1: Processes involved in Phytoremediation
(Omena et al., 2017)

Plant’s Response :
Plant
response
to
soil
arsenic
concentration divided plants into three
strategies:
•

•

Excluders: maintain the concentration
of the heavy metal in roots to a critical
value. These plants prevent metal from
entering their aerial parts.
Hyperaccumulators:
concentrate
metal in their aerial parts (shoots, leaves)
to levels far more than that in the soil.
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Limitations of Phytoremediation :
Phytoremediation approach for inorganic
arsenic is less successful than that for its
organics form. Safedisposal of the harvested
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biomass of hyperaccumulator needs to be
considered.
Conclusion
The complications of arsenic contaminated
soil raised the possibility of entering it into
groundwater and food chain. It is of utmost
need to clean up the soil at the earliest to
minimize
the
risk
of
spreading.
Phytoremediation by hyperaccumulators is
one
of
the
approaches
which
is
environmentally friendly and cost-effective
replacing conventional, physical and thermal
methods. This technique anticipated being
useful to improve the quality of soil.
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25. BIOTECHNOLOGY

Banana Crop: Tissue Culture and its Genetic Fidelity
Testing System
Mayuri Mahalle, Richa Sharma and Mahesh Jagadale
DBT-AAU centre, Assam Agriculture University, Jorhat, Assam

losses in tissue culture industry as a result of
somaclonal variations securing standard
planting material for the farmers. The highly
informative ISSR markers are most widely
used to test the genetic fidelity of banana
plants (Panigrahi and Lakshmi 2013) and also
in Sugarcane, Potato, Bamboo, Date palm,
medicinal plants etc.

Introduction
India is globally one of the largest producers
of Banana and the most significant fruit crop
highly dense in nutrients (FAO, 2017). This
vegetatively propagated crop has a very
established 'banana tissue culture technology'
that facilitated the production of uniform and
disease free planting material available allround the year. The technology is
commercializing rapidly and there are around
70 tissue culture units established all over
India. Many progressive farmers are the
major customers of these tissue culture
plants, especially banana and flowers. The
commercially micropropagated plants must
be true to the type and pure lines. But usually
in tissue culture environment, the plants are
urged to a lot of stress leading to the
formation of somaclonal variantions. This
leads to a loss of genetic fidelity of plants. The
molecular markers are used to detect these
changes effectively thereby curtailing the

December, 2019

Banana Tissue culture
The propagation of Banana plants is done by
vegetative mode via side-suckers. The
adaptation of commercial tissue culture
technology of the popular banana varieties
has also aided the propagation and
conservation of some regionally important,
endangered, elite and ornamental varieties of
Banana. The varieties of Banana such as
‘Grand
naine’,
‘Nendran’,
‘Williams’,
‘Bantala’, ‘Patakapura’, ‘Robusta’ are most
commonly used for commercial production at
tissue culture units.
The basic steps involved in Banana tissue
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culture involves:
•
•
•
•

caused the variations in cultured
plantlets.
Marker system used – ISSR (Inter
Simple Sequence Repeats) is the most
commonly used marker system for genetic
fidelity/uniformity testing of planting
material of Banana raised in vitro. From the
available systems, this marker is evident to be
an authentic, consistent, easy to generate,
economical and versatile system that relies
upon repetitive amplification of DNA
sequences using single primers. Rout et al,
2019 conducted a study on genetic
identification and fidelity testing using ISSR
markers in Banana and they have found that
ISSR markers are able to differentiate
between the varieties (AAA and BBB genome)
as well as it can detect changes at DNA level
among in vitro propagated plants very
efficiently.

Collection of shoot tips from healthy
banana plants followed by their invitro
culture
Shoot multiplication on required scale
Rooting of individual shoots
Acclimation of tissue culture plants and
transfer in field

Somaclonal Variations
The variations observed in plants derived
from tissue culture are termed as somaclonal
variation (Larkin and Scowcroft, 1981). They
exhibit in the forms of DNA methylation,
chromosome rearrangements, and point
mutations. It leads to change in the
phenotype of the plants like change in plant
height,
deformed
leaves,
pseudostem
pigmentation etc. These variations arise due
to following reasons:
•

•

Explant source-The plants regenerated
from highly differentiated tissues (roots,
leaves, stems) are more prone to
variations as compared to plants derived
from axillary buds, shoot tips and
meristems (Sahijram 2003 and Duncan
1997). This is due to the shoot
organogenesis arising from an aberrant
point directly or indirectly via callus
phase from adventitious tissues. Hence in
Banana tissue culture, mostly the apical
meristems are used.
Culture media conditions - The older
culture as well as increase in number of
subcultures cycles might affect the
stability of genetic state causing
variations. It was studied by Khan et al.,
2011 there has been an increase in the
amount of somaclonal variations when
banana propagules were subjected to
eight subculture and decrease in rate of
multiplication of banana propagules.
Similarly Sales and Butardo (2014)
reported in his experiments with Banana
that adding 2,4-D, an auxin, in culture
media leads to increase in the extent of
methylation events, specifically, cytosine
methylation either at the external or
internal end of cytosine, which mostly
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Testing system of tissue culture raised plants used
in India
The quality testing and virus indexing of
plants propagated through tissue culture is
done at the Accredited Test Laboratories
(ATLs) which is established by the
Department of Biotechnology (DBT) and they
provide a Certificate of Quality in the
authority of Certification Agency i.e. DBT.
These ATL's certifies only the companies
which
are
recognized
by
National
Certification System for Tissue Culture Raised
Plants (NCSTCP). This ensures that the
farmers would get the quality planting
material.
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26. AGRICULTURE

Blue and Green Water Harvesting Techniques:
A Novel Approach for Rainfed Farming
M. Yasodha1 and K. Sharmili2
Assistant Professors (Agronomy), Vanavarayar Institute of Agriculture, Pollachi

The rainfed regions of India are characterized
by aberrant behaviour of monsoon rainfall,
eroded and degraded soils with multiple
nutrient as well as water deficiencies,
declining groundwater table and poor
resource base of the farmers. These are the
major constraints for low and unstable yields.
In addition, climate variability, including
extreme weather events, poses serious threat
to rainfed agriculture. Rainwater harvesting is
a panacea for the constraints of rainfed
farming.

check dams, recharge structures, ponds had
been constructed by some of the farmers at
different locations. However, adoptability of
these techniques by individual farmers in this
rainfed region is very low due to higher cost
of construction, which varies between Rs.2-4
lakhs for check dams/ recharge structures.
Several masonry check dams constructed in
several arid and semi-arid regions have also
failed within few years after construction due
to improper material of construction, faulty
execution, inadequate curing, and so on.
Further, trained manpower is also not
typically available for construction of check
dams and recharge structures due to
remoteness or inaccessible locations and also
as possibility of receiving more lucrative
options at building construction sites in
urban areas. This emphasizes the need to
develop cost effective and easily adoptable
water harvesting techniques/structures in
rain-fed regions. In view of the above
mentioned challenges, various methodologies
were developed for efficient in-situ (green
water) and ex-situ (blue water) water
harvesting techniques to improve farm
productivity.
The concept of blue and green water
management is very important for rainfed
regions in the context of soil & water
conservation and water harvesting. Rainwater
is partitioned into three categories of water

Agricultural production in semi-arid
regions are low due to rainfall dependence,
less green water (in-situ) and blue water
(runoff) use; poor recharge capacity of
aquifers, lesser groundwater availability and
absence of irrigation facilities. In those
regions, few farmers are having dug wells but
due to poor water holding capacity of the
aquifers they are not able to get sufficient
water to irrigate their crops during post
monsoon season.
Several blue water use options such as
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i.e., green, blue and grey waters. Green
water is water from precipitation that is
stored in the root zone of the soil and
evaporated, transpired or incorporated by
plants. It is particularly relevant for
agricultural, horticultural and forestry
products. Blue water is the water that has
been sourced from surface or groundwater
resources and is either evaporated,
incorporated into a product or taken from one
body of water and returned to another, or

returned at a different time. Irrigated
agriculture, industry and domestic water use
can each have a blue water footprint. Grey
water is the amount of fresh water required
to assimilate pollutants to meet specific water
quality standards. The grey water footprint
considers point-source pollution discharged
to a freshwater resource directly through a
pipe or indirectly through runoff or leaching
from the soil, impervious surfaces, or other
diffuse sources

Green water harvesting techniques
A cost effective and adoptable green water use
techniques, such as paired row and furrow,
conservation furrow and stubble mulch
farming, vegetative filter strips, V shape

micro catchment, crescent shaped bunds,
saucer shaped basins and crop residue and
gravel mulch techniques and furrow irrigation
techniques for limited water supply
conditions.

CONSERVATION FURROW

PAIRED ROW
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STUBBLE MULCH
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ALTERNATE FURROW
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ZAI PIT SYSTEM

CRESCENT FURROW

‘V’ SHAPED FURROW

PLOUGH
FURROW

Blue water harvesting techniques
The blue water harvesting techniques of cost
effective and innovative check dams: i) Plastic
check dam (masonry head-wall replaced with
poly propylene sheets supported by GI
angular frame) and ii) HDPE film embedded

stone check dams have been developed and
evaluated for rainwater harvesting in rain-fed
regions. Such blue and green water harvesting
techniques can be up-scaled through
watershed programs.

Through
these
water
harvesting
techniques, we can improve agricultural

productivity along with the livelihood of the
farmer.

27. PLANT PATHOLOGY

Advances in Diagnostic Methods for Phytopathogenic
Microorganisms
M. Ranjana Devi1 and Aparajita Dhar2
1Assistant Professor-cum-Junior Scientist, Department of Plant Pathology, Tilka Manjhi
Agriculture College, Godda – 814133, Jharkhand
2Uttar Banga Krishi Viswavidyalaya, Department of Plant Pathology, Pundibari – 736165, West
Bengal

In human medicine, correct diagnosis of the
causal agent or pathogen can ensure
appropriate
control
methods
thus
unnecessary methods are avoided, and the
same is true in plant pathology. Plant disease
diagnosis is the determination of the cause of
a disease in crop plants. It is considered
December, 2019

important in prevention & control of disease,
mitigating the economic losses, reduces the
movement of pathogens and their vectors and
helps in increasing global trade of plants and
plant
produce.
Traditional
diagnostic
methods is often depended on identification
of disease symptoms, isolation and culturing
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of the microorganisms, and identification by
morphology and biochemical tests. These
methods have many limitations such as time
consuming, reliance on the ability of the
organism to be cultured, requirement of
extensive taxonomic expertise and diagnosis
is even more difficult with asymptomatically
infected propagative materials such as tree
grafting stocks or potato tubers. Most of the
available traditional diagnostic methods are
mainly based on the sign and symptoms of
the disease, biochemical tests, serological
tests like ELISA-based techniques, Immuno
precipitaion, immunodiffusion tests and
nucleic acid-based techniques such as PCRbased techniques which require time and
expertise. Nowadays plant disease diagnostic
networks have developed worldwide to meet
the problems in handling tedious diagnostic
methods
and
therefore
technological
advances have increasingly simplified the
tools available for the identification of
pathogens to the extent that, in some cases,
this can be done directly by growers and
producers themselves. The urgency for having
on-site diagnostic methods has dramatically
increased with the globalization of markets
for agricultural products, the exchange of
plant reproductive materials, and the need for
real-time information to meet the threats of
old and emerging plant diseases. Direct or
indirect losses due to various invasive plant
diseases could be mitigated if grower-friendly
methods were utilized in strategies to prevent
new disease introductions and their
progression.
Grower-friendly
pathogen
detection and monitoring methods are just
beginning to be used, and although data on
their actual usage is still lacking, it is
anticipated that it will dramatically increase.
Any method for plant disease diagnosis, as
well as for identification and detection of
plant pathogens, that is affordable and readily
accessible to producers / growers of
agricultural crops is considered to be grower
friendly. It includes on- the- spot or in- the
field testing devices as well as readily
accessible laboratory services or commercially
available test devices. Availability of new
grower- and user-friendly tools is on the
VOLUME NO. 16, ISSUE NO.3

increase, and they are being actively
marketed to the agricultural industry.
Potential users cover a large spectrum of
activities ranging from those of regulatory
agencies to individual growers and producers.
At present grower-friendly methods or tests
are mainly on the basis of immunoassays and
nucleic acid–based methods are increasingly
being used. Lateral flow devices (LFDs) are
perhaps the most readily available grower
friendly diagnostic tools today. LFDs are
based on the serological specificity of
polyclonal or monoclonal antibodies and have
been particularly useful for the detection of
plant viruses, and for many of them, and are
commercially available as Pocket Diagnostic
test Kits. The current range of LFDs cover
more than 20 key fungal, bacterial and viral
plant diseases including Phytophthora,
Pythium, Rhizoctonia and Botrytis. Another
method to be mentioned is Luminex X MAP registered multiplex platform technology with
capacity for analyzing many analytes per test
(upto 100 parameters)and is having same
workflow as ELISA with low cost, higher
throughput, increased flexibility, less labour
input & reduced sample volume. It is a
flexible analyzer based on the principles of
flow cytometry and is a combination of three
core
xMAP
technologies-x
MAP
microspheres, Luminex analyzer and Assays.
Cepheid SmartCycler is another diagnostic
method which serves as the first attempt to
move PCR technology (in real-time format)
from the laboratory to the field for detection
of Phytophthora ramorum causing sudden
oak death disease. Here DNA extraction gets
completed within 30 minutes by using a BioNobile QuickPick plant kit (no centrifugation
step required)and provide results under 2
hours providing speed, accuracy and
sensitivity over conventional PCR based
techniques. Important advantage of this
device is that it used closed tubed single
round assay which reduces rise of false
positive results due to cross contamination.
Array Technologies such as DNA macro- or
microarrays
have
the
potential
to
simultaneously detect many pathogens at one
time and thus are suitable techniques for
55
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high-throughput detection and identification.
It helps to distinguish among genomically
similar pathogens that may have very
different host specificity or virulence
characteristics. To date, DNA arrays have
been used to identify pathogens in
commodities such as potato, tomato, and
apple, as well as to distinguish among strains
of regulated bacterial phytopathogens, and
differentiate species of Fusarium and
Pythium. Other potential technology that can
be mentioned here is DNA barcoding which is
desirable for more rapid, efficient, and
accurate identification of plant pathogens. It
provides a dual purpose as a new tool in the
taxonomists
toolbox
supplementing
knowledge as well as being an innovative
device for non-experts who need to make a
quick
identification.
Technological
advancements in the science of plant disease
diagnostics have progressed from the visual
inspection of signs and symptoms of disease
to molecular level diagnosis and detection of
the pathogens. Classical diagnostic methods
have been invaluable over the years and will
continue to remain so, but there has always
been scope for improvements. A particular
challenge has been the development of
simple, accurate, low-cost tests that growers
and producers can use routinely to improve
production practices and has been delayed
due to technical and cost factor. LFDs
represent the type of grower-friendly method
currently widely available, whereas other
technologies, such as Luminex and portable

PCR machines, are available to growers only
to a limited extent and are largely laboratory
based.
A lot of research is being devoted to the
development and technology adoption of onthe-spot diagnostic devices using DNA
amplification strategies, such as the
isothermal LAMP method, and multiplexing
strategies, such as macro- and microarray
technologies. New technologies involving
genomic
barcoding,
next-generation
sequencing and biosensors are also being
explored for their application as diagnostic
and pathogen identification tools. Whatever
the platform, diagnostic technologies will
continue to advance, and the extent of their
applications will be driven by ease of use,
cost, and the implications of the results they
produce.
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28. HORTICULTURE

An Overview of Container Gardening
Sonali Agrawal and Jitendra Kumar Tak
Ph. D. Scholar, Department of Horticulture, Rajasthan College of Agriculture, MPUA&T, Udaipur

What is container gardening?
Container gardening is a simple technique of
growing variety of plants including fruits,
vegetables, flowers, medicinal and aromatic
as well as ornamental plants in different
containers instead of growing them directly
on the ground.
December, 2019

Why container gardening?
The major reason to adopt container
gardening is the diminishing land area due to
exaggerated
industrialization
and
urbanization. Another reason is the
increasing
unemployment
among
the
56
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•

population. The decreasing fertile land area
also forces us to go for container gardening.
This type of gardening is ideal when there is
little or no garden space. In addition to
growing flowers, a wide variety of vegetable
crops can be grown at places with limited
space in garden, in the balcony or small yard
and in kitchen garden. Apart from these,
basil, chives, thyme, and other herbs are also
convenient to grow in pots.

•
•
•
•

•
•
•

may deteriorate due to ultra violet
radiation. They are not porous and retain
water over a longer period.
Fiber Glass container- Widely use in
commercial planting, water-tight but
more expensive than plastic container.
Ceramic container- requires several
drainage holes.
Metal container- heat up rapidly which
can cause root damage. Using a clay or
plastic pot as a liner can help.
Wooden container- can be built into
different shapes that suits the location
but they are susceptible to rot. Redwood
and cedar are relatively rot resistant.
Stone container- create a natural effect
but are often difficult to move and break
easily.
Clay/Terra Cotta container- porous, but
are heavy, break easily and tend to dry
out more
rapidly.

Growing media used for container gardening
•
•
Selection of container for gardening
•
•

•
•

•

Light-colored containers are selected as
they absorb less heat, and keep roots cool
during extremely warm months.
Container with narrow openings hinder a
plant’s full growing potential, and cheap
plastic dries out with extended exposure
to the sun. So these should be avoided.
While selecting the container, make sure
that the size of the plant complements the
size of the container.
Container must anchors the weight of the
plant when heavy laden with plump, ripe
fruits to avoid spillage.

•

•
•

Material of Container
•

Plastic container- are lighter in weight,
but can become brittle in cold
temperatures or
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Ordinary garden soil may not be
sufficient as it lacks the properties
necessary for healthy plant growth.
The growing medium must be porous in
order to allow good aeration of the plant
roots.
An ideal growing medium is a mixture of
3 part loam soil, 1 part compost or
compost manure and 1 part rice hull or
coconut coir dust or washed river sand.
(Deveza and Holmer, 2002).
A well drained synthetic or soilless mixes
are well suited for vegetable container
gardening and may be composed of
sawdust, wood chips, peat moss, perlite,
or vermiculite.
Soilless potting mixes tend to weigh less
and make containers easier to move.
Media must be free from disease and
weed seeds, light weight, hold moisture
and nutrients. Soilless mixes can also be
prepared by mixing horticultural grade
vermiculite, peat moss, limestone,
superphosphate and garden fertilizer.
Soil mixes are made up of equal parts of
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sphagnum peat moss or compost,
pasteurized soil, and vermiculite or
perlite. Composted cow manure is then
added to improve the soil’s physical
properties and as a nutrient source.

Plant type
Foliage
Fruits

Filling the container
When filling a container, leave at least a 5 cm
(2 inch) space between the top of the soil and
the top of the container for adding some
mulch. Leave 10 cm (4 inches) space for
plants that need large amount of water
(Willem, 2007).

Aftercare
•

•

Plants suitable for container gardening
One can grow almost any vegetable, flower,
herb, shrub in a container. However, dwarf
and compact cultivars are best, especially for
smaller pots. Plants should be selected based
on their suitability to the climate and the
amount of sun or shade the container will
receive. Combination of fruits and flowers or
upright and trailing plants can be made for
extraordinary effects. Non hardy plants will
need to have winter protection or be moved to
a sheltered space. Following different plant
types are suitable for container gardening.
Plant type
Vegetables and
Herbs
Annuals
Perennials and
shrubs

Examples
Coleus, croton, dieffenbachia,
syngonium
Cherry, guava, apple, citrus,
pomegranate

•
•
•

Care should be taken while irrigating the
plants as plants with thin leaves need less
water. Handful of mulch will be useful to
help retain soil moisture in case of thick
leaved plants.
Fertilize them by organic manures mainly
compost and vermicompost.
Pruning and training are employed to
maintain the structure of plants and for
healthy growth of plants.
Put heavy or oversized pots on a platform
with wheels as it will be easier to move
them.
While moving containers inside for the
winter, choose an appropriate place that
allows plants the benefit of adequate
natural sunlight.
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Tomato, broccoli, cabbage, squashes,
lettuce, chives, parsley
Marigold, sweet pea, pansy, phlox,
verbena, portulaca, petunia
Carnation, day lilies, chrysanthemun,
lavender, foxglove

29. VEGETABLE SCIENCE: HORTICULTURE

Special Horticultural Techniques in Temperate
Vegetable Crops
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In vegetable production some crops requires
certain operations for proper, development
and production of good quality vegetables.
Certain vegetables (Green house cultivation
and indeterminate growth ie capsicum) if left
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themselves grow wild and do not bear
abundantly unless trained or pruned to a
specific form. When a plant is tied, fastened,
staked or supported over in a certain fashion
or some of its parts are cut and removed with
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a view to giving the plants a frame work, the
operation is called “Training”, on the other
hand, “Pruning” refers to the removal of plant
parts such as buds, developed shoots and
roots to maintain a desirable form by
controlling the direction and amount of
growth.

•

Special Horticultural Techniques

•

•
•
•
•

Staking

The following are the disadvantages

It is providing support for the growth of the
stem of the plant by placing stake near to the
plant. The plants are staked to avoid damage
of fruits which otherwise may rot when they
come in contact with soil, if not staked. The
common practice is to stake individual plants,
or provide support to plants in a row. For
staking, bamboo poles are used but in some
place individual plants are staked with dried
plant stems of cotton, pigeon pea or any
hardy shrubs. In the other method, each plant
in a row is tied to a horizontal bamboo pole
with the help of hessian strings or thin plastic
strings. The horizontal poles are supported to
thick vertical bamboo poles, one each at both
ends of the row. The determinate plants for
staking require two horizontal poles, one at a
height of 30 cm from the ground and another
at 45 cm, height above the first one. The
indeterminate plants require three horizontal
bamboo poles; the first pole at 30 cm. height
above the ground, second at 45 above the first
pole and third at 45 cm, above the second
pole. In some places instead of bamboo poles
thick galvanized iron (GI) wires are used to
which the plants in a row are tied with
hessian strings and the ends of the wires are
stretched and fixed to angle iron or stone
pillars at both ends of the row. Three may be
3 to 4 rows of GI wires placed about 40 to 50
cm.

•

Dry materials used as mulches encourage
the risk of fire and consequent damage to
trees.
• Thick mulches may act as places for mice
and rodents to live and multiply. They
may cause damage to tree trunks and
roots by eating the bark and burrowing to
the land.
The mulch materials should not be placed
too close to the tree trunk and it should be
spread in such a way that they give a good
cover to the root system of the trees.

Blanching:
It is an important operation done in
cauliflower to get good quality curd. Curds are
covered with leaves by tying them to protect
the heads from sun scorch and yellowing so
that they may not lose the flavour and
attractiveness. The duration of blanching
should not exceed 3 – 5 days in hot weather
and 8 – 10 days in cool weather. If it exceeds
the limit it will result in rotting and
discoloration of leaves and curds being to bolt
and become ricey or being to branch even
during cool weather. Late maturing varieties
usually get self – balanced by uncurling of the
inner leaves.

Curing:
The garlic bulbs after harvesting are cured in
shade for about 7 – 10 days, preferably on
racks with bottom ventilation. The bulbs can
be cured with tops if the quantity is small or
after cutting the tops leaving 2.5 cm above the
bulbs removing the roots in case of large
quantities.

Mulching
It is one of the important soil management
practices adopted for horticultural crops.
Crop residues or polythene film are spread in
the tree basins and interspaces between trees.
Main objective of mulching is to conserve soil
moisture and to control the weed growth. The
other advantages of mulching are
VOLUME NO. 16, ISSUE NO.3

Keeps soil cool in day and warm at night
hours.
Reduces surface run-off
Adds humus to the soil.
Prevents soil erosion
Fruits are protected and kept clean since
they fall on the mulches
It allows the absorption of more rain
water
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Temperate Vegetable Crops

French beans

Asparagus

The pole type should be staked. In bush types,
no staking is required.

Spears can be harvested (4-8 week period)
with a knife or by snapping them off at the
soil surface. Stop harvesting when the average
spear diameter is less than 1/4 inch. Allow
ferns to develop to replace carbohydrates in
the root system for next spring's crop.
Fertilize ferns with nitrogen fertilizer after
harvest to promote good growth. Remove
ferns during the winter and top dress with
weed-free manure.

Cauliflower

Do not harvest in the first year after
establishment. This allows carbohydrates to
build up in the roots. Harvest only the largest
and best leaf stalks in late spring during the
following growing seasons. Stalks separate
readily from the crown when grasped near the
base of the stalk and slightly pulled. Remove
any seeds talks that form to maintain plant
vigor.

Blanching is a technique used in vegetables
like cauliflower, celery and asparagus. Young
shoot or economic part of plants is covered to
exclude light to prevent discoloration and the
production of chlorophyll, and thus remain
pale in color. Different methods used include
covering with inner broad leaves or with solid
materials such as board or brown sheets.
When the cauliflower heads are about 2
inches wide, covered with the leaves over each
little head and fasten with a twine. This
shades the head to ensure it will be white and
tender at harvest (called blanching). In some
“self-blanch,” types, the leaves naturally curl
over the head. Blanched vegetables generally
tends to have a more delicate flavor and
texture compared to those that are not
blanched.

Leek

Potato

Rhubarb

Earthing up Potato tubers can turn green
and become toxic if exposed to sufficient
light. The earthing up prevents greening
effect of sunrays on exposed tuber which
actually affects the market quality of tubers. It
also prevents frost damage to tubers. It
involves drawing mounds of soil up around
the plant to prevent new tubers from turning
green and poisonous. Also many times more
potatoes will form from the buried stems. It
also helps to prevent blight infection.

They are harvested when the neck of the plant
at the surface of the soil is at least 1 inch in
diameter. Leeks are often blanched by
banking the soil up around the base of the
plant as they grow. Harvest the head or curd
(thickened clusters of immature flowers)
before it starts to spread and become "ricey"
(develops pistils and anthers).

Brussels sprouts
Sprouts that mature in warm weather late in
the summer tend to split. Later sprouts that
mature in cooler weather will be firm and
smooth. A week before a hard frost is
expected, "top" the plant with a knife. This
will force all remaining energy in the plant
into maturing those sprouts that are left on
the plant.

Pinching
If the vegetable plants are let to grow
naturally, it may lead to uncontrolled growth,
improper shape and most vegetable plants
will actually reduce the number of flowers
they produce and concentrate more on
growing foliage.
By pinching and pruning, the desired
shape of the plants can be achieved and
plants can focus their energy on making food
instead of foliage. Pinching off extra branches
and flowers will help, to increase production
in addition to increasing fruit size and

Beets
Beets are valuable both for their roots and
greens. Most beet seedlings produce three to
five seedlings in a tight clump, so thinning is
important. Thinned plants make very tasty
greens.
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30. AGRICULTURE

Structure, Distribution and Physiological effects of
Brassinosteroids
Kavita Kotyal*1 and Shivalingappa Bangi2
1, 2

Ph.D Scholars, Department of Crop Physiology University of
Agricultural Sciences Bengaluru-560065

Brassinosteroids are derived from the plant
sterol campesterol, by a reduction step
followed by many oxidation steps. In the
1960s, Mitchell et al. at the US Department of
Agricultural (USDA) Research Center began
screening pollen in search of new plant
growth substances. Nearly 60 species of
plants were screened, and about half caused
increased growth in the bean second
internode bioassay.
The greatest growth increases were
obtained from alder tree (Alnus glutinosa L.)
and rape plant pollen (Brassica napus L.).
Extracts from these two pollens caused such
rapid growth in the bean second internode
bioassay that the stem would split above the
second pair of leaves. The USDA workers
proposed that this was a new class of lipodial
hormones, which they termed brassins.
Groove
et
al.
(1979)
identified
brassinolide as the active component in
brassins. Brassinolide is the first plant growth
substance shown to have a steroidal structure
and is the first naturally occurring steroid
that has a seven membered lactone ring as
part of a fused ring system.

bean second internode bioassay.

Structural formula of brassinolide (2,
3, 22, 23- tetrahy droxyl–24 -methyl–
B-homo-7oxa-5  cholestan-6-one
Among
the
naturally
occurring
brassinosteroids,
brassinolide
and
castasterone are considered to be the most
important brassinosteroids because of their
wide distribution as well as their biological
activity.
Site of biosynthesis and Biological
activity:
It
is
not
clear
where
brassinosteroids are synthesized in plants;
however they have been detected in many
parts of the plant such as – Pollen, leaves,
flowers, seeds, shoots, galls and stems, but
not in plant roots.
1. Enhanced resistance to chilling, disease,
herbicides and salt stress
2. Increased crop yields, elongation and
seed germination
3. Decreased fruit abortion and drop
4. Antiecdysteroid activity in insects
5. Inhibition
of
root
growth
and
development
6. Enhanced gravitropism, promote xylem
differentiation and delay in leaf

Structure and Distribution:
Brassinolides have been found to be widely
distributed in the plant kingdom including
dicots, monocots, gymnosperms and algae.
Over 60 kinds of brassinosteroids have been
found; however, 31 have been fully
characterized including 29 free and 2
conjugates. They have many effects on plant
growth and development.
These are class of steroid compounds
having activity similar to brassinolide in the
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abscission

2.

Transport and metabolism of Brassinosteroids :
At the present time it is not known how
brassinosteroids are transported. When
brassinosteroids are applied to the roots of
tomato plants there is a stimulation in
ethylene biosynthesis resulting in epinasty
(Schlagnhaufer and Arteca, 1985).
Prior to this work, indirect evidence was
presented by several workers indicating that
BR could be transported from the roots to the
shoots of plants. It has shown that when BR
was applied to the roots little or no ACC was
found in the xylem sap indicating that there
was signal (presumably BR) from the roots
which stimulated ACC synthesis in leaf tissue.
Others have shown that when BR is
applied to the roots of tomato and radish
plants there was an increase in petiole and
hypocotyl elongation and when applied to the
base of mungbean cuttings it promoted
elongation of the epicotyls (Sasse, 1997).

3.

4.

Physiological effects of brassinosteroids
1. Promotion of ethylene biosynthesis
and epinasty : In etiolated mungbean
hypocotyl segments, BR increases
ethylene biosynthesis at the step between
AdoMet and ACC by stimulating ACC
synthase activity. BR-induced ethylene
can be inhibited by amino-oxyacetic acid
(AOA), CO2+, fusicoccin (a fungal toxin,
and the auxin transport inhibitors 2, 3, 4triiodobenzoic
acid
and
2-(pchlorophenoxy) 2-methyl propionic acid.
BR application to the roots of the
hydroponically grown tomato plants have
also been shown to promote a dramatic
increase in the step between AdoMet and
ACC resulting in an increase in ACC,
ethylene and petiole bending.
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Shoot elongation: Brassinosteroids
have been shown to promote elongation
of vegetable tissue in a wide variety of
plants at very low concentrations. Wang
et
al.
(1993)
has shown
that
brassinosteroid can stimulate hypocotyl
elongation by increasing wall relaxation
without a concomitant change in wall
mechanical properties in Pakchoi.
Root growth and development:
Brassinosteroids are powerful inhibitors
of root growth and development. It has
been documented that ethylene has an
inhibitory effect on root growth. BR
stimulates
ethylene
production;
therefore, it is possible that the inhibition
of root growth is due to BR induced
ethylene production.
Plant tissue culture : 2, 4Epibrassinolide has been shown to mimic
culture conditioning factors and to
synergize with these factors in promoting
carrot cell growth. However, in
transformed
tobacco
cells,
brassinosteroids have been shown to
significantly inhibit cell growth at
concentrations as low as 10-8 M.
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31. AGRICULTURE (AGRONOMY)

Crop Residue Management: Is the Burning Only
Option?
Dr. Veeresh Hatti
Assistant Professor (Agronomy), Directorate of Research, Sardarkrushinagar Dantiwada
Agricultural University, Sardarkrushinagar -385 506 (Gujarat)

Introduction
Crop residues are defined as the “noneconomic plant parts that are left in the field
after harvest and remains that are generated
from packing sheds or that are discarded
during crop processing”. Annually, India
produces about 500 million tonnes (mt) of
crop residues, of which cereal crops (rice,
wheat, maize, millets) residue’s share is about
70 %. Generation of cereal residues is highest
in Uttar Pradesh (53 mt) followed by Punjab
(44 mt) and West Bengal (33 mt). The total
surplus crop residue in India amounts to 84141 mt/yr in which cereals share is 23 %
(MNRE, 2009). The rice-wheat cropping
system is practiced on 13.5 million hectares in
South Asia and is one of the most important
cropping patterns for food self-security in the
Indo-Gangetic plains. In rice-wheat cropping
system of north India, after the harvest of
rice, the farmers needs to go for sowing of
wheat in the winter season. However, due to
short time available for removing rice straw
and land preparation, non-availability of
labour, high cost of residue removal etc., the
farmers are burning rice crop residues in the
winter season for making the land ready for
sowing wheat. As per MNRE (2009), Punjab
(19.65 mt), Uttar Pradesh (11.92 mt), Haryana
(9.08 mt), Maharashtra (7.42 mt), Madhya
Pradesh (6.91 mt) are some of the major
states practicing residue burning. The
burning of crop residues leads to significant
emission of chemically and radioactively
important gases and also particulate matter
that can cause severe impact on human,
animal health as well as cause loss of soil
carbon, nutrients, mortality of active
beneficial soil microorganisms. According to
Gadi et al. (2003), one ton of rice straw on
VOLUME NO. 16, ISSUE NO.3

burning releases about 3 kg particulate
matter, 60 kg CO, 1460 kg CO2, 199 kg ash
and 2 kg SO2. Similarly, nutrient remain in
one ton of wheat straw before burning is 413
kg of carbon, 11 kg of nitrogen, 1.4 kg P and
14.5 kg K. On the other hand, intensive
cultivation being practices now a days has
caused the mining of major nutrients leading
to net negative balance and multi-nutrient
deficiencies in soil as well as crops. Therefore,
recycling of nutrients via crop residue
management is need of the hour which help
in effective disposal of residues and to
overcome the deficiencies of other nutrients.
Alternative methods of crop residue management:
The following methods are alternatives for
efficient management of crop residues and
recycling of nutrients.
1.

63

Mulching or incorporation in soil: Insitu application of the crop residues may be
done by a) The planting of next season crop
without tillage or with less tillage and b) soil
incorporation of crop residue by mechanical
means during tillage. This method offers longterm cost savings on equipment and labor,
however both methods need special
equipments / machinery for crop residue
incorporation into soils or no-till seeding
equipment. This method has many advantages
for the soil such as cooling effect, increased
moisture, enhancement of soil organic carbon
and prevention of erosion etc. Several
machineries are available for in-situ
management of crop residues (Anon., 2019).
a. Super Straw Management System
(Super SMS):- It cuts the straw into
small pieces and scatters it around behind
the tail of the combine harvester. This is
an additional straw management system
that could be fitted to self-propelled
combine harvesters.
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consortium
of
lignocellulolytic
fungi
comprising Aspergillus flavus RPW 1/3 and
Penicillium pinophilum RPWM 2/2 showing
partial mutual compatible interaction may
prove efficient for degradation of crop
residues. Fast degradation of lignocellulosic
biomass by autochthonous fungi may allow
use of normal zero-till machine for timely
sowing of wheat into combined harvested rice
fields and avoid in-situ burning of rice straw.
The end product of composting is humus,
nutrient and CO2. Composting can be done via
pit method or trench method. Composting
help in recycling of nutrients as well as better
use of waste.

b.

2.

Happy seeder: Happy seeder is a
unique technique which is used for
sowing seed without any burning of crop
residues
and
without
any
soil
disturbance. Shyamsundar et al. (2019)
concluded that the Mulch SMS + Happy
seeder is ~10% (Rs. 5,300/ha) and ~20%
(Rs. 11,500/ha) more profitable than
practice of burn+ zero-till and burn + disc
harrow, respectively.
c. Mulcher: Used for mulching of straws of
crops such as rice, maize, sunflower and
tobacco residues easily.
d. Paddy straw chopper: It chops the left
behind straw/ stubbles of wheat, paddy,
maize, sorghum, sunflower, etc. and
spread it on the ground in a single
operation.
e. Shurb master: It is tractor drawn PTO
implement which chop the residue in
small pieces and spread them and help in
their incorporation in soil.
f. Rotatory slasher: It is powerful enough
to cope with tall weeds and small bushes,
yet giving a satisfactory fine cut on turf
areas mounted with optional rear tyres.
g. Hydraulic reversible M.B. plough:
Implement used for turning the soil levels
upside down, incorporating soil residues
and making available more fertile layer
for new crop.
h. Straw reaper: Machine which cuts the
left over wheat stalks after cut by combine
harvester thresh and blow out the straw
to netted trolley attached which allows
blowing of dust particles.
i. Zero till seed cum fertilizer drill:
Used mainly in rice-wheat cropping
system for direct sowing of wheat after
harvesting of rice without any tillage
operation.
j. Rotavator: Work as tillage implement as
well as help in chopping crop residue by
using rotating blades to turn soil.
Composting:
It
is
the
natural
microbiological process of 'rotting' by
microorganisms under controlled conditions
and is one of the most common technology for
the management of agricultural residues. The
crop residue in general should have C: N ratio
between 30 and 35 and the 55-65 % moisture
content for decomposition and transforming
the crop residues into organic matter (Shilev
et al., 2007) and optimum temperature and
aeration. Choudhary et al. (2016) states that a
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Apart from these methods, bailing and
removal from the field, adoption of
conservation agriculture/tillage practices,
Mulch SMS + Happy seeder, bale + zero-till
seeder, bale + rotoseeder, burn + rotoseeder,
bale + disc harrow, incorporation + disc
harrow,
incorporation
+
rotovator,
vermicomposting, bioenergy production,
biofuel production, bio-oil production, biomethanation, gasification, biochar production
etc. may also be followed for crop residue
management.
Benefits of crop residue management:
•
•
•
•
•
•
•
•

Crop residue mulching conserve soil moisture,
control weeds and moderate soil temperature
Improve the soil physical and chemical and
biological properties and helps in sustained
crop production
Crop residues improve soil organic matter and
soil health
Residue incorporation increases infiltration
rate of soil, lowers soil bulk density,
evaporation losses, run-off and soil erosion
Crop residues increase biological activity in
the soil and increases the nutrient availability
The requirement of fertilizers may be
minimized
Emission of polluting greenhouse gases is
avoided
Serve as a step towards creating a clean and
pollution free environment

Conclusion
These crop residues are very important
nutrient resources in agriculture. Hence, their
proper management in the agricultural lands
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using several available methods instead of
burning may help in recycling of plant
nutrients, reducing environmental pollution
apart from lowering increasing chemical
fertilizers demand in the country.
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Use of Microbial Insecticide in Insect Pest
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Microbial insecticide are single celled microorganisms such as bacteria, fungus, viruses
and nematodes and they are mass produced
and formulated to use in a similar manner as
that of an insecticide. These microbes can be
grouped as ingested microbes (bacteria,
viruses, protozoa) which enter insect body
along with food (like stomach insecticide) and
penetrating microbes (nematode and fungi)
that enter by penetrating the integument (like
contact insecticide).

Rapid prevention of pest feeding.
There
are
various
entomophilic
pathogens which are used for the control of
insect pest are5.

Bacteria
Entomopathogenic bacteria are classified asSpore formers (obligate):- Bacillus
papillae attack only beetles of family
scarabaediae, it cause milky disease in
Japanese beetle, Popillia japonica by
producing
endospore.
Doom
is
the
commercial product of it, which used against
white grubs Holotricia spp. in groundnut.
Spore forming (facultative) –
crystalliferous:- In addition to endospore,
produces a proteinaceous parasporal crystal
at the time of sporulation. The crystal
contains a toxin, called delta-endotoxin act as
stomach poison.

Desirable attributes
1. Pathogen should be highly virulent, able
to cause disease in short period and
spread from one insect to another.
2. Should be host specific.
3. Cost effective and economical.
4. Harmless to other forms of life (safe to
non-target organisms and man).
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•
•

•
•

•

B. thuringiensis var. israelensis is used
against mosquitoes and black flies, the
commercial products are Thurimos, Vectobac.
B. thuringiensis var. kurtsaki is used against
caterpillar, looper and semilooper pests.
Products available are Delfin, Dipel,
Thuricide, Bactucide, Bactospeine.
B. thuringiensis var. thuringiensis used
against flies. Product available is Muscabac.
B. thuringiensis var. tenebrionis used against
weevils. Product available is M-One.

•
•

Spore forming (facultative) - Non-crystalliferous:Bacillus cereus effective against Coleopteran,
Hymenoptera and Lepidoptera.

•

Viruses

Nematodes

Viruses in the family Baculoviridae are the
best known of all the insect viruses because
the disease symptoms are easily recognized
and they have the potential for development
as microbial insecticide. Important subgroups
within the family are Nuclear Polyhedrosis
Viruses (NPV), Cytoplasmic Polyhedrosis
Virus (CPV) and the Grenulosis Viruses (GV).
•
•
•
•
•

Entomopathogenic nematodes (EPN) are soilinhabiting, lethal insect parasitoids, live
inside the insect body, and so are designated
endoparasitic. The most commonly studied
genera
are
Steinernematidae
and
Heterohabditidae. These are susceptible to
dessication and hence soil moisture must be
high to achieve full benefit from EPN
application.
Steinernema
carpocapsae
and
Heterohabditis bacteriophora used against
soil inhabiting insect pests and tissue borers.
These are used against flea beetle, root
weevils and root worms.
Also used against army worms, cut
worms white grubs and gram pod borer.

NPVs of Amsacta albistiga and A. moorie are
used on groundnut for the control of red hairy
caterpillars.
Ha – NPV is used for the control of
Helicoverpa armigera on chickpea and
groundnut.
Sl – NPV is used for the control of Spodoptera
litura on tobacco, groundnut, black gram and
cotton.
GV of Chilo infuscutellus is used for the
management of shoot borer on sugarcane.
CPV for the management of cabbage looper
(Trichoplusia ni)

Protozoans

Protozoa kill the insects either directly or
by reducing the fecundity of adult. Their
effect on host is chronic and they prolong the
larval life in the field, thus exposing the insect
longer to predators and parasitoids. These are
called debilitating infections.

Fungi

Insect pathogenic fungi infect the insect
with contact (cuticle) and do not need to be
consumed by their host to cause infection.
These fungi reproduce asexually in insect
hosts by producing spore, which contain
endotoxin causes death of insects.
•
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•

Beauveria bassiana causes a disease called
white muscardine, which attacks silkworm,
spodoptera, codling moth, cabbage caterpillar,
white fly and castor semilooper. By which
insect body become soft and breakable, body
get dried and giving a milky liquid.
Commorcial product is Boverin.
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Metarhizium
anisopliae
causes
green
muscardine disease, used on coconut
rhinoceros beetle, rice leaf folder, white grub,
root weevil and BPH. Infected body is
mummified and shrunken, becomes dried to
hard structure, body covered with olive green
powdery mass of spores. Commercial products
available are Metaquino and Bio-1020.
Verticillium lecanii infects coffee green scale,
thrips, aphids and green house whitefly.
Nomuraea rileyi is used against green clover
worm,
cabbage
looper,
cabbageworm,
armyworms and tobacco budworm.
Hirsutella thompsoni used against mites
specially citrus rust mite. Product available is
Mycar.

•

•
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Nosema locustae is used for the control of
grasshopper and crickets.
Nosema melolonthae is used against chaffer
beetles.
Farinocystis triboli is used against red rust
flour beetle.
Vairimorpha necatrix is used against various
armyworms, web worms and cabbage looper.
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