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AGRICULTURAL ENTOMOLOGY

Diapause in Insects
Mahesh* and Pramod B. S.
Department of Agricultural Entomology, UAS, Raichur-584 104-

Introduction

physiological changes. Environmental cues are
not the cause of diapause, but they may control
when diapause begins and ends. Quiescence, in
contrast, is a period of slowed development that
is triggered directly by environmental
conditions and that ends when favourable
conditions return. Whereas, Dormancy is an
innate
responsive
mechanism
to
the
environmental conditions that an animal
encounters in its normal habitat on a yearly,
regular basis, unlike diapause does not halt the
physiological development and ageing. It is
normally a response to colder conditions,
yielding less food availability. The cycle can be
broken on a conscious level by the animal

Diapause is a period of suspended or arrested
development during an insect's life cycle in
response to regularly and recurring periods of
adverse environmental conditions. It is
considered to be a physiological state of
dormancy with very specific initiating and
inhibiting conditions (Chapman, 1998). Insect
diapause is usually triggered by environmental
cues like changes in photoperiod, temperature,
moisture availability, drought or reduced food
availability and hormonal imbalance. It is a
predetermined resting
stage,
genetically
programmed
and
involves
adaptive
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summer and fall goes into a state of
reproductive diapause in preparation for the
long journey to Mexico.

usually brought on by increase in temperature
and hunger. Hibernation and aestivation are
prime examples within animalia but dormancy
occurs in other kingdoms and includes differing
characteristics and defining factors.
Hibernation (winter sleep): Hibernation
or winter sleep is a resting stage where in
animals escape winters (cold) by hiding
themselves in their shelters. They escape the
winter season by entering a state of inactivity by
slowing their metabolism. The phenomenon of
hibernation is exhibited by bats, squirrels and
some rodents.
Aestivation (summer sleep): During
aestivation, animals usually tend to rest in
shady and cool places. They take sleep during
the hot hours of daytime. Among many animals
that perform aestivation are frogs, earthworms,
snails, crocodiles, lizards, tortoise and many
more. In aestivation, usually cold blooded
animals like reptiles maintain their body
temperature by reducing their metabolic
activities and protecting themselves from very
high temperature.

Sensitive stages of diapause in insects
Diapause may occur in any stage of the insect
life cycle it may be embryonic, larval, pupal or
adult depending on the insect species.
Embryonic stage: Embryos of the
silkworm moth, Bombyx mori overwinter as
embryos, entering diapause just before
segmentation and appear to be regulated by
diapause hormone, a 24-amino acid peptide
that is produced in the subesophageal ganglion
(Hasegawa 1952). The gypsy moth, Lymantia
dispar initiates its diapause as a fully formed
larva, ready to hatch as soon as diapause ends.
Few species of Praying mantids survive the
winter as eggs, which emerge in spring.
Larval
stage:
Pink
bollworm,
Pectinophora gossypiella under goes facultative
diapause occurs at the end of larval
development. Besides, other dormant larvae,
including the parasitic wasp (Nasonia
vitripennis), Asiatic stem borer (Chilo
suppressalis), Indian meal moth (Plodia
interpunctella), European corn borer (Ostrinia
nubilalis),
Khapra
beetle
(Trogoderma
granarium) etc. exhibits larval diapause.
Pupal stage: The cotton bollworm,
Helicoverpa armigera (Hubner) exhibits a
facultative pupal diapause that is regulated by
temperature and photoperiod (Browning, 1979).
Adult stage/ Reproductive Diapause:
Adult diapause is the most common form of
diapause in Coleoptera. It occurs in about 90%
of beetle species, belongs to the families of
Coccinellidae,
Chrysomelidae
and
Curculionidae, and partly also Carabidae (the
so-called carabid “autumn breeders” diapause
as larvae). Another insect order with a high
incidence of species entering diapause in the
adult stage is the Heteroptera with about 70%
species. The lowest incidence of adult diapause
is among species in the orders Lepidoptera and
Hymenoptera (about 5% each) (Danks, 1987).

Types of Diapause
Obligatory diapause
Insects with obligatory diapause will undergo
this period of arrested development at the
predetermined point in their life cycle,
regardless of the environmental conditions.
Diapause occurs in every generation. Obligatory
diapause is most often associated with
univoltine insects (insects that have only one
generation per year). E.g., Bombyx mori eggs.

Facultative diapause
Insects with facultative diapause undergo a
period of suspended development only when
conditions are unfavourable it for survival.
Facultative diapause is found in most insects
and is associated with bivoltine (two
generations per year) or multivoltine insects
(more than two generations per year). E.g.,
Pectinophora gossypiella (Saunders) (Larval
diapause)
Additionally,
some
insects
undergo
reproductive
diapause, which
is a
suspension of reproductive functions in adult
insects. The best example for reproductive
diapause is the monarch butterfly in North
America. The migrant generation of late
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Major factors that triggers Diapause
1.

5

Environmental Factors: Diapause in
insects is induced or terminated in response
to environmental cues. These cues may
include changes in the length of daylight,
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2.

3.

2.

insects diapause is often preceded by
biochemical adjustments, including the
accumulation of certain biochemical
reserves and behavioral adaptations such as
seeking the location of a protective site.
Survival of diapausing insects is due to
decreased metabolism and the reserves of
lipids, carbohydrates, proteins and amino
acids which replace the lack of food intake
of diapausing insects and sometimes confer
protection from external cold.

temperature, moisture, pH and others. No
single cue solely determines the start or end
of diapause. Their combined influence
along with programmed genetic factors
controls diapause.
a) Photoperiod – A photoperiod is the
alternating phases of light and dark in
the day. Seasonal changes to the
photoperiod (such as shorter days as
winter approaches) cue the start or end
of diapause for many insects.
Photoperiod is one of the most
important environmental factors for
induction and termination of diapause
(Danks, 1987).
b) Temperature
–
Along
with
photoperiod, changes in temperature
(such as an extreme cold spell) can
influence the start or end of diapause.
The thermo period, alternating phases
of cooler and warmer temperatures also
influences diapause. Some insects
require specific thermal cues to end the
diapause phase. Temperature plays a
very important role in induction and
termination of diapause (Qureshi et al.,
2000).
Food quality and availability – As the
growing season ends, the diminishing
quality of their food sources may help
trigger a diapause phase in an insect
species. For example, Colorado potato
beetle adults.
Biochemical factors-In most of the
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ENVIRONMENTAL SCIENCE

Sago Industry Effluent and their
Role in Carbon Trading
M. Priyadharshini1 and Dr. P. Rajamani2
1Dept.

of Environmental Sciences, TNAU, Coimbatore.2Dept.of SS &AC, TNAU, Coimbatore

Introduction

61 per cent is covered by Kerala, 29 per cent by
Tamil Nadu and 9 per cent by Andhra Pradesh
and rest by other states. Although Kerala ranks
first in the area under cultivation of cassava,
Tamil Nadu ranks first in the processing of
tapioca for manufacture of sago and starch,
which meets about 80 per cent of the world’s
demand. The total area under cassava
cultivation is estimated to be 1.1 lakh hectares

Tapioca usage for sago/starch manufacture in
Southeast Asia is one among the major food
industries. Sago industry is a seasonal
agriculture based industry which utilizes tapioca
tubers as the raw material. These industries
come under small-scale industries category. Of
the total area under cassava cultivation in India,
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peeled off from tapioca tuber and residue
obtained from the crushed roots after sago
processing constitute the solid waste of sago
manufacturing industries.

which have an annual production of 40 lakh
tons that have 38 tons/ha productivity, which is
the highest in the world. Sago industries employ
about 5 lakh people, both directly and indirectly.
The products obtained from sago / starch
production is being utilized in cattle feed
manufacturing,
adhesive
manufacturing,
chemicals such as dextrin and sizing units in
textile industry. For one ton of the tapioca
tuber, 200 kg of sago is obtained on an average.
Sago processing comprises of washing, peeling,
crushing, slurring, settling, sizing, roasting,
drying followed by polishing. Of 1.4 lakh tons of
starch produced in India, 8.3 per cent is
obtained from tapioca alone.

Treatment of Sago Industry Waste
The primary objective of effluent treatment is to
make the water reusable. In traditional method,
the sago industry wastewater is treated by
storing in anaerobic lagoons. In conventional
method, they are given mechanically aerated
aerobic treatment before discharge. Generally,
the treatment process of sago/starch industry
necessitates
biochemical
mechanism
of
collection tank, anaerobic digester, aeration
tank, sludge drying bed and sand filter.
Alternatively, the sago industry wastewater
has by-products which are of importance with
view of energy production, for instance,
methane, ethanol and alcohols. The methane
gas obtained from the effluent is used for
thermal and electrical applications. These gases
are obtained from the effluent through
anaerobic digestion process, when it flows
upwards through the digester. These gases are
produced during the upward flow through
biologically active microbial granules present in
the digester. The methane and carbon dioxide
gases produced are circulated internally, which
further facilitate in the maintenance of the
microbial population. The collected gas is
converted into power. Through this, they can
save Rs. 13.31 lakhs annually which is net
savings for the industry.

Environmental Impact of Sago Industries
Tapioca processing for the production of
sago/starch is water intensive. During the
process, wet washings of cassava, sago milk
extraction and refining of sago milk are
especially water intensive (Nizzy and Kannan,
2014). The wastewater obtained from root
washing; from peeled tubers and effluent
obtained from the settling tanks are major
sources in sago industries. The effluent of the
sago industries are highly polluting, which
compels for treating the wastewater before
disposal into water bodies or land. The treated
effluent can be made use in irrigation of crops,
which has the benefits of safer disposal and
reuse as irrigation water which has fertilizer
values. Roughly, sago industry yields 30000 to
40000 liters of wastewater for each ton of sago
being produced. The cyanogens present in
untreated wastewater pollute the ground water
in and around the sago factories.
Initially the wastewater is brown in colour,
which later turns to black. This effluent has high
oxygen demand with a BOD of 2500-4000
mg/L and is acidic. It has high suspended solids
which is the main reason of water pollution. The
high organic content of the effluent is owes to
the instantaneous microorganism growth. This
also causes severe odour emission similar to
that of sulphuric acid. The inorganic fractions
present in this wastewater are phosphate,
sulphate, chloride, cyanide, etc. Metals such as
sodium, potassium, iron are also observed. It is
evident that the high content of BOD, COD and
cyanide has detrimental impact on the
environment. On the other hand, the skin

VOLUME NO. 14, ISSUE NO.06

Clean Development Mechanism in Sago Industry
Carbon trade is an approach to ascertain
limiting pollution through monetary incentives
called carbon credits towards succeeding in
cutback in pollution emission.
Clean Development Mechanism has been
described under the Article 12 of Kyoto Protocol,
under which, emission-reduction comes in
developing countries will earn certified emission
reduction credits. These sellable credits will be
utilized by industrialized countries to fulfill a
neighborhood of their emission reduction
targets. According to this treaty, the consensus
under the United Nations Framework
Convention on Climate Change (UNFCCC) in
2005, the developed countries resolved to
reduce the greenhouse gases emission by 5.2%
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of that of the base year 1990. To attain this
objective, the developed countries have taken
the responsibility of clean development
mechanism in developing countries to reduce
the green house gas emission, where such
project are much lower as compared to that of
the industrialized countries. For this effort, the
developed country earns carbon credit; on the
other hand, required capital and clean
technology is being earned by the developing
country for enforcing the project. These carbon
credits are estimated in units of certified
emission reductions (CERs), and each CER unit
is equivalent to one ton of carbon dioxide
reduction.
Methane has a global warming potential
(GWP) that of 21 carbon dioxide molecules. On
combustion of one ton of methane, 2.75 tons of
carbon dioxide is produced. Thus, trapping and
combustion of methane gas emission yields a
global warming potential of approximately 18.25
tons of carbon dioxide. Thus, when methane is
collected and used as a source of energy either
on or off site, 21 tons of GHG are substantially
reduced. Henceforth, methane retrieval from
sago wastewater facilitates in reduction of
power consumption from other energy sources
and prevents further global warming potential
(Sathya et al., 2011).

Parameters
BOD (mg/L)
COD (mg/L)

3.

Raw effluent
Yellowish Brown
37
5.3
468
6864

Treated Effluent
30
200

Table 2. Cost-benefit analysis of energy production from
sago industry waste (Sathya et al., 2011)
If the factory runs by electricity
Crushing capacity of the unit
Power requirement/hour
Power consumption/year
Power consumption/year (Rs. in
lakhs)
If the factory runs by Bio Power
Crushing capacity of the unit
Power requirement/hour
Power consumption/year
Power consumption/year (Rs. in
lakhs)
Net savings per year (Rs. in Lakhs)
Net savings if the factory runs by Bio
Power (A-B)

50 tons per day
(~700 bags)
141 units
343680 units
15.47

50 tons per day
(~700 bags)
141 units
343680 units
2.16

13.31
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Table. 1. Physical and Chemical Characteristics of Raw
and Treated Effluents of Sago industry (Sivananda, 2010)
Parameters
Colour
Temperature (OC)
pH
TSS (mg/L)
TDS (mg/L)

Raw effluent
1260
2400

Treated Effluent
Colourless
25
7.5
75
1750

NANOTECHNOLOGY

Nanoparticle Based Optical Probes for
Metal Ion Sensing
Vaibhavkumar N. Mehta*, Vimalkumar S. Prajapati and Krunal G. Modi
Aspee Shakilam Biotechnology Institute, NAU, Athwa Farm, Ghod-dod road, Surat

Introduction:

various fields of science which is due to their
size dependent properties, having their particle
size <100 nm. Generally, nanomaterials are

In recent years, nanomaterials have proved as a
new class of materials and unique probes in
March, 2018
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changes in the optical properties of NPs.

having large surface area and shown unique
optical and physico-chemical properties,
including broad absorption and narrow
emission spectra, large extinction coefficients
based surface plasmon resonance, extremely
high field enhancements, higher ratio of
scattering to extinction, large surface area for
functionalization, resistance to photobleaching,
long fluorescence lifetime and size-tunable
emission. As a result the uses of nanomaterials
have been well exploited in multidisciplinary
research areas of chemistry, physics and biology
including catalysis, sensing, imaging, cosmetics,
food color additives, surface coatings and
targeted drug delivery systems [1,2].

LSPR based sensing approaches:
LSPR(Localized Surface Plasmon Resonance) is
one of the unique characteristic of metallic
nanoparticles which is the coherent excitation of
all "free" electrons within the conduction band,
leading to an in-phase oscillation[5]. Moreover,
colorimetric sensors are developed based on the
change in the interparticle distance between the
adjacent NPs leads to the aggregation of NPs
from the monodisperse.

Au and Ag NPs as colorimetric probes
Colorimetric based sensing is a powerful tool
that detects target analyte at trace levels based
on target analytes induced color change when
they switch from the monodispersion to
aggregated states.Recently, Au and Ag NPs
based colorimetric probe have received
significant attention because of their size
dependent optical properties and extremely
high extinction coefficients (108-1010 M-1 cm-1)
which can be useful for the quantification of
metal ions at trace levels with naked eye without
the use of any sophisticated instrumentation.
The colorimetric sensing of metal ions is
associated with the SPR of Au and Ag NPs which
is mainly dependent on the size, shape,
composition,
interparticle
distance
and
dielectric constant of surrounding medium [6].
The decrease in the interparticle distance
between the adjacent NPs results into
interparticle plasmon coupling that leads to redshift in the SPR peak associated with the visual
color change of NPs solution. The red-shift in
SPR peaks of Au and Ag NPs can be monitored
by UV-visible spectroscopy in order to quantify
the metal ions with relatively good selectivity
and sensitivity. Furthermore, the colloidal
solutions of Au and Ag NPs exhibit the distinct
color in the visible spectrum region depending
upon their monodisperse and aggregated states
[7]. The chemical reactions between the metal
ions and functional groups lead to the color
change (red to blue for Au NPs and yellow to
orange, brown or pink for Ag NPs from
monodisperse to aggregated state, respectively)
which can allow visual detection and
quantification of metal ions at trace levels. Thus,
Au and Ag NPs based colorimetric probes have
been considered to be one of the simple, cost-

Nanoparticle based optical probes for metal ion
sensing:
Optical sensors are basically a group of chemical
sensors in which electromagnetic radiation is
used to generate the analytical signal in a
transduction element.In optical sensors, the
changes in the chemical properties (refractive
index, scattering, diffraction, absorbance,
reflectance,
photoluminescence
and
chemiluminescence) of signaling subunits can
be measured by variation in the electromagnetic
spectrum using ultraviolet or visible light [3].
Moreover, Au (Gold) and Ag (Silver) NPs are
known to absorb and scatter the light at its
surface plasmon resonance (SPR) wavelength
region which is related to the NPs size, shape
and inter-particle distance between the adjacent
NPs [4]. In this connection, various sensing
approaches have been summarized based on the
light absorption and light scattering associated
with the change in the SPR of Au and Ag NPs
(Figure 1).

Figure 1. Various sensing approaches based on the
VOLUME NO. 14, ISSUE NO.06
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P. Grundler, Chemical Sensors, An Introduction
for Scientists and Engineers, Springer-Verlag,
Berlin Heidelberg, 2007.
P. Englebienne, A. VanHoonacker and M. Verhas,
Spectroscopy, 2003, 17, 255–273.
K. M. Mayer and J. H. Hafner, Chem. Rev., 2011,
111, 3828-3857.
M. E. Stewart, C. R. Anderton, L. B. Thompson, J.
Maria, S. K. Gray, J. A. Rogers and R. G. Nuzzo,
Chem. Rev., 2008, 108, 494–521.
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effective and efficient tools for the trace level
analysis of metal ions in environmental
samples.However, the colorimetric probes have
some disadvantages since the different
parameters such as effect of pH, ionic strength
of the solution and temperatures also affects the
degree of aggregation for the selective and
sensitive detection of metal ions.

References:
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A. Aboulaich, M. Geszke, L. Balan, J. Ghanbaja, G.
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New Plant Growth Regulator: Karrikins
A.S. Thounaojam
Medicinal and Aromatic Plants Research Station, ICAR Unit, Anand Agricultural University, Anand

membered lactone comprising ring known as a
butenolide. The KAR1 (Karrikinolide), basically
it is butenolide and chemically known as 3methyl-2H-furo [2, 3-c] pyran- 2-one was the
first known karrikin to stimulate in seed
germination;
synthetic
KAR1
showed
germination activity at concentrations below 1
ppb (Sheila et al., 2009.)

Phytohormone is an organic substance
synthesized/
produced
by
plant
and
translocated to other parts of the plant for their
physiological actions and present in a minute
quantity. The organic and synthetic forms of
various chemicals which are involved in plant
growth and development is broadly classified as
Plant Growth Regulators (PGRs). The PGRs are
directly or indirectly required by the plants right
from the seed germination to seed maturation
i.e., entire plant life cycle. There are five major
plant growth regulators are reorganized in plant
viz., Auxins, Gibberellins, Cytokinins, Abscisic
acid and Ethylene. Brassinosteroids is
considering as the sixth plant growth regulator
in plant and it was discovered from pollen
grains of Brassica napus in the year 1970 (Seeta
et al., 2002). There are several emerging
chemicals which are actively involved in plant
growth and development. Karrikins is also one
of the new classified groups of PGR. Karrikins is
known as potent germination inducer; was first
identified from the plant derived smoke in the
year 2003 (Akshay Sakhare, 2014).
There are six different karrikins are
recognized and are designated as KAR1, KAR2,
KAR3, KAR4, KAR5 and KAR6. Among these
group, KAR1 and KAR4 types are the most active
in their activities. Karrikins consists of two rings
in their structure, pyran and the other a five-
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These chemical are produced by the
burning of various plant materials like straw,
cellulose, filter paper and even sugars (xylose)
and responsible for seed germination of various
plant species. Aqueous extracts of heated plant
material and charred wood have also been
reported to stimulate seed germination. As par
10
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development.
The
photomorphogenesis
character during seedling of Arabidopsis,
shorter hypocotyl and larger cotyledon was
observed due to the karrikins.
The details study of Karrikin action was
determined in Arabidopsis and KARRIKININSENSITIVE-2 (KAI2) is acting as the receptor
of this molecule and its receptor molecule
having a specific region of alpha/beta-fold
hydrolase. This phenomenon is almost similar
with the mode of action of strigolactone. In case
of strigolactone also hydrolysis of receptor
proteins, DWARF14 in rice, DAD2 in petunia
and RMS4 in pea were observed. The two genes
are identified from the Arabidopsis, one gene
was already recognized in responses to
strigolactone hormones named as MORE
AXILARY GROWTH2 (MAX2), while the other
gene was encoded the strigolactone receptor
gene (DWARF14), known as KARRIKININSENSITIVE2 (KAI2) are responsible genes
for the action of karrikins. The SUPPRESSOR
OF MAX2-1 (SMAX1) and DWARF53 genes
required for the signal transduction of KAI2 and
strigolactone, respectively. These genes encode
the repressors proteins that inhibit the
transcription process. The ubiquitin protein tags
the protein to be degraded and degradation take
place through proteasome and consequently
activation of target genes occurred (Gavin et al.,
2015).
Therefore, karrikins is the newly recognized
group of plant growth regulator derived from
the burning of plant materials and which is
mostly engaged with the seed germination of
various plant species. Further, details molecular
study of karrikins will gives a huge outlines in
upcoming research purpose in relation with
seed germination and other plant growth and
development.

information, smoke released from the cigarettes
also help in germination of seed due to the
karrikin present. The well-known germination
stimulation characteristic of these chemicals is
observed in different group of flowering plants
and conifers. These chemicals are highly
sensitive to very high temperature as well as UV
light therefore, these chemicals are released
during less extreme fires. The UV light are
absorb by the aromatic compounds exist in
smoke as a results they are stable under the
normal conditions. The vaporized smoke is
condenses and then incorporated to soil
particles. Karrikins entry into the soil through
rain water and then dormant viable seeds are
getting sign of things for germination. This
observation was occurred in few of plant
species. Because, some of the seeds need to be
buried in soil; after ripening dry storage types of
seed required for a period of few months or
years for germination before they become
karrikins responsive. This responsiveness
nature of karrikins with seed germination is
varying with the varieties of plants. By the
process of steam distillation karrikins can be
transported to other areas but they are more
concentrated to the fire locations.
Karrikins responsive seeds show the faster
growth, and produce early flowering and seed
and finally fall to the ground. These types of
seeds can remain dormant in the soil for
decades, until the next fire produces fresh
karrikins. This group of plants is known as fire
ephemerals or fire-followers. The primary
dormant Arabidopsis seeds far more effectively
stimulate germination by karrikins than known
phytohormones or the structurally related
strigolactone GR-24 (David et al., 2009).
Generally inhibition of germination in many of
species is related with the regulation of
phytohormone of gibberellins and abscisic acid
concentration in seed. From this point of view,
karrikins are also interacting with the
phytohormones with respect to the seed
germination. The two key genes, GA3ox1 and
GA3ox2 involved in GA biosynthesis are
induced by the KAR1 in primary dormant
Arabidopsis thaliana seed (David et al., 2009).
Not only involved in seed germination activity,
karrikins as function in many plant growth and
development; reported to increase in seeding
vigour (maize and tomato) and leaf
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Introduction

active metabolites.

Antibiotics are one of the most important tools
to fight with microbial infections and are highly
beneficial to improve the health profile of
human life. Due to the increase in antibiotic
resistance there is a steady raise in demands of
new drugs. There is a continuous search for a
potentially active substance which can inhibit or
kill the pathogenic organisms. Till now the
concentration of the scientists was on the
terrestrial environment and they believed very
few microbes lived in the extreme environment.
There are many hypotheses which say that both
of these environments are different from each
other and so are their microbes. Extreme
environments are source of potentially novel
microorganism. It was found that these
microorganisms were capable of producing
several
important
biomolecules.
Marine
microorganisms are an infinite source of
therapeutic compound with several medical
applications. Actinomycetes which were isolated
from mangroves are still unexplored and
luxuriant source of pharmaceuticals thrust.
Mangrove Actinobacteria are rich source for
the potent novel secondary metabolite and
majority of these compounds are derived from
single genus Streptomyces. Mangroves are
specific wood plant community of inter-tidal
coasts in the tropical and semi tropical zones.
They are considered as highly prolific and
specific ecosystems and habitat to trap
unexplored microbial diversity. There are lots of
evidences that the mangroves contain high
population of new and useful Actinomycetes
which becomes an important source for the bio

New Bioactive metabolites isolated
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While screening for new secondary metabolites
from Coringa mangrove ecosystem and
Nizamapatnam mangrove ecosystem, bioactive
metabolites were isolated from Streptomyces
cheonanensis VUK-A and Pseudonocardia
endophytica VUK-10 respectively. 2-Methyl
butyl propyl phthalate and Diethyl phthalate
was isolated from the lactose-peptone
fermentative
broth
of
Streptomyces
cheonanensis VUK-A. While a semi-synthetic
derivative
N-(4-aminocyclooctyl)-3,
5dinitrobenzamide was isolated from the
glucose-soy
peptone
broth
of
strain
Pseudonocardia endophytica VUK-10.
It was found that Diethyl phthalate shows
antifungal activity like the other phthalate
compounds which were obtained from other
strains of Streptomyces species. Whereas 2Methyl butyl propyl phthalate was a new
compound isolated for the first time from genus
Streptomyces. There is no much report about
this compound. 2-Methyl butyl propyl phthalate
showed inhibitory action against P. vulgaris
(4μg/ml), S. aureus (8μg/ml), Candida albicans
(8μg/ml) and F. soni (16μg/ml). When we talk
about Diethyl phthalate it shows inhibitory
action on E. coli (32μg/ml), S. epidermis
(16μg/ml), C. albicans (32μg/ml), Aspergillus
flavus (32μg/ml). N-(4-aminocyclooctyl)-3, 5dinitrobenzamide was showing antimicrobial
activity
against
Streptococcus
mutans,
Pseudomonas aeruginosa, Candida albicans and
Aspergillus niger. They even exhibited
anticancer activity at a very low concentration.
12
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Conclusion
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Mangroves serve as storage of large diversity of
micro organism. As India has a large cover of
mangroves they can be explored to isolate and
identify new microbial drugs and other
secondary metabolites. Compounds which have
been mentioned above were also extracted from
microbial fauna of mangroves and were proved
to show antimicrobial, antifungal and
anticancer activity.
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Leaf Reddening in Cotton and its Management
Vijaysingh Thakur, Meena, M. K and Suma T. C
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Leaf reddening in cotton is disorder which
may be an outcome of interaction of location,
variety, environmental condition and nitrogen
supply. Appearance of red leaf symptom is
primarily, due to the accumulation of
anthocyanin pigment. Leaf reddening may occur
at any growth stage of the crop. However, it is
quite often confused with the reddening of
leaves caused by sucking pest damage at early
growth stages. At grand growth phase (flowering
and boll development) any hindrance in the
assimilate production, translocation and
distribution intensifies the leaf reddening effect.
The factors affecting ideal source-sink
relationship promote leaf reddening and
symptoms are prolific in nature under extreme
stress situations.
Leaf color is determined by pigment content
and concentration. Pigments commonly present
in cotton leaves viz., chlorophylls, carotenoids,
tannins and anthocyanins. Differences in
pigment properties give each pigment color
characteristics; for example, chlorophylls a and
b absorb light in the blue and red regions while
reflecting light in the green. Similarly,
carotenoids are visually associated with yellows
and reds, tannins with browns and
anthocyanins with reds and purples.

Cotton is an important cash crop grown in India
and many developing countries of world. It is
the main stay of Indian economy. It occupies a
pivotal position in the national economy and
plays important role in the economic progress of
the country. It is not only a sole source of the
survival for a millions of farm families in India
but it also contributes a major share of
approximately 50 % in foreign exchange
earnings. Therefore, cotton is known as ‘white
gold’ of Indian economy. The growers of India
are suffering huge losses in yield and quality of
cotton crop due to various diseases and
unaccepted maladies every year. During the
previous decade, cotton production experienced
many ups and downs. Recently, the old but
mysterious malady, commonly known as
‘reddening’ or ‘lalpatti’ is now expanding rapidly
and has become a serious problem in various
cotton growing belts of India especially in cotton
growing parts of Karnataka state where the crop
occupies an area of about 11.9 million hectares
and is grown in both irrigated and rainfed
tracts. More than 60 per cent of the total
cropped area is under rainfed condition and the
lint yield per hectare (520 Kg) is low as
compared to the world average (650 kg). Under
rainfed condition, cotton production mainly
depends on the timing and amount of rain,
which vary a lot in every year and climate
change is blamed for this.
VOLUME NO. 14, ISSUE NO.06
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Causes
Biotic factors

deficiency, Chlorophyll degradation.
1. Hybrid/Variety Susceptibiity: Some of
the Gossypium hirsutum varieties and a few
inter and intra specific tetraploid hybrids
are sensitive and vulnerable to this malady.
Indigenous G. arboreum desi cottons in
general thrive well under all stresses and
are tolearnt to this syndrome.

Among the sucking pests the jassids have been
considered as most important insect acting as
vector in carrying the red leaf disease.
Reddening in cotton may also be due to a virus
transmitted by Aphis gossypii or a mycoplasm
leading to reduction in boll weight and yield. In
certain cases attack of the Bemisia tabaci during
the ball maturation period of the cotton crop
has also resulted leaf reddening.

Management:
Planting hybrids/varieties that have no known
history of leaf reddening is the easiest way to
reduce losses from this disease. In the absence
of disease resistant varieties/hybrids, the
immediate solution lies in the adoption of
modern
agricultural
techniques
and
management practices. There is need to take
remedial measures if reddening is 10 to 15% of
the total crop.
Following
practices
are
useful
in
minimising the leaf reddening:

Abiotoc facors
1.

Temperature: Temperature plays a major
role
in
regulation
of
anthocyanin
concentration. Abrupt changes or drop in
night temperature (below 15° C). Cloudy
weather and low temperature (15-20 C)
during the flowering and bolll develpement
period, low temperature around 10 to 15 c
and higher solar radiation, higher wind
velocity.
2. Soil: Soil with less capacity to supply
nitrogen and phosphorous leads to leaf
reddening. Soil conditions such as high
alkalinity, waterr stress because of poor
drainaige in soil (hampering N availibility
and N absorption), severe shortage in soil
moisture (reducing the translocation), high
soil temperature are the factors which
individually or in combination are
responsible for leaf reddening. It is
proposed that 1.5% N in leaves may be
taken as critical concentration for nitrogen
deficiency in cotton.
3. Nutritional deficiency: In india, cotton
is grown on soil with ph 6.0 to 8.5,
therefore availibility of Ca and Mg is not
limiting. However, sometimes excess
exchangable Ca may may lead to Mg
deficiency. When Mg content in the leaves
at flowering stage, falls below 0.3 per cent,
reddening of leaves is observed.
Lowered nitrogen level in the leaves due to Low availability in the soil, impaired uptake
under water deficit and water logging
conditions, Diversion of N to the developing
bolls and Synchronized boll development and
high boll demand.
Anthocyanin (red) pigmentation due to Abrupt changes or drop in night temperature
(below 15° C), Nitrogen deficiency, Magnesium
March, 2018
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Avoid planting susceptible hybrids/varieties
Avoid repeated cultivation of cotton on
same field as it may require manurial
application to build up sufficient organic
carbon. Follow the crop rotation.
Provide mulching if reddening is due to
drought conditions.
Prevent water stress by irrigating
sufficiently
Balanced and timely use of fertilizers
Adjustment of sowing time for enabling the
crop to skip over the adverse environmental
condition during boll development stage.
One or two sprays of urea (1.0 %) at
appropriate times.
Application of magnesium sulphate (0.5%)
Spray 2.0 % DAP or Urea at an interval of 6
to 10 days till the symptoms subsides
Soil application of DAP@ 50 kg/ha helps in
reducing the leaf reddening under irrigated
conditions
Adequate drainage to avoid water logging of
the fields
Leaf reddening incidence due to sucking
pests has to be overcome by spraying
recommended insecticides.
Supply of adequate nutrients during
flowering and boll development particularly
in hybrids as per the recommendation and
soil fertility status.
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in time the leaf reddening problem can be
managed effectively to enhancing the crop
productivity.

Timely inter-culturing, weeding and other
agronomic practices are to be followed.
Avoid cultivation of susceptible cultivar.
Adequate irrigation may be given whenever
available, but avoid water logging.
Adoption of crop rotation and growing of
intercrop to maintain the soil health and
nutritional status has to be followed.
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Conclusion
If the above management practices are followed
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Introduction

either individually or collectively for social
transformation. It will strengthen the innate
ability by the way of acquiring knowledge,
power and experience. The empowerment
necessarily addresses the social, cultural,
political and economic determinants that
underpin health and seeks to build partnerships
with other sectors in finding solutions to
community problems. Empowerment therefore
is more than the involvement, participation or
engagement of community people.It implies
people’s ownership and action that explicitly
aims at social and political change.

Empowerment is a multidimensional process
which enables an individual to realize his or her
full
ideality
of
his
full
potentiality.
Empowerment as a concept was introduced at
the international Women’s Conference at
Nairobi in 1985.The conference defined
empowerment as” A redistribution of social
power and control of resources in favour of
women” (Uma narang,2012). Empowerment
refers to the process by which people gain
control over the factors and decisions that shape
their lives. It is the process by which they
increase their assets and attributes and build
capacities to gain access, partners, networks and
or a voice in order to gain control” (Laverack ,
2008). It assumes that people are their own
assets, and the role of the external agent is to act
as catalyst, facilitate or “accompany” the
community in acquiring power.According to
Sen, (2000). ”Empowerment is the process by
which the powerless gain greater control over
resources and over ideologies, a growing
intrinsic capability greater self confidence, and
an inner transformation of one’s consciousness
that enables one to overcome external barriers”.
The process of empowerment involves
reformation in access to resources and also
understanding of ones rights and entitlement.
Empowerment can be viewed as a means of
enabling and creating a social environment in
which one can take decisions and make choice
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Empowerment of women in India
Empowerment of women has emerged as an
important issue in recent times. Women
constitute almost 50% of the world’s population
but India has shown disproportionate sex ratio
whereby female’s population has been
comparatively lower than males.The economic
empowerment of the women is regarded these
days as a sine-quo-non of progress for a
country. Hence, the issue of economic
empowerment of women is of paramount
importance to a political thinkers, social
scientists and reformers.
Empowerment of women is essentially the
process of upliftment of economic, social and
political status of women, the traditionally
underprivileged ones, in the society. It is the
process of guarding them against all forms of
violence. Women empowerment involves the
15
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countries like India, manifests and perpetuate
the subordinate status of women. One of the
norms is the continuing preference for a son
over the birth of a girl child which in present in
almost all societies and communities. The
society is more biased in favor of male child in
respect of education, nutrition and other
opportunities. Women often internalize the
traditional concept of their role as natural thus
inflicting an injustice upon them. Poverty is the
reality of life for the vast majority women in
India. It is another factor that poses challenge in
realizing women’s empowerment. There are
several challenges that are plaguing the issues of
women’s right in India. Targeting these issues
will directly benefit the empowerment of women
in India
Education: While the country has grown
from leaps and bounds since independence
where education is concerned. The gap between
women and men is severe. While 82.14% of
adult men are educated, only 65.46% of adult
women are known to be literate in India. The
genderbias is in higher education, specialized
professional trainings which hit women very
hard in employment and attaining top
leadership in any field.
Poverty: Poverty is considered the greatest
threat to peace in the world, and eradication of
poverty should be a national goal as important
as the eradication of illiteracy. Due to this,
women are exploited as domestic helps.
Health and Safety: The health and safety
concerns of women are paramount for the
wellbeing of a country and are an important
factor in gauging the empowerment of women
in a country. However there are alarming
concerns where maternal healthcare is
concerned.
Professional Inequality: This inequality
is practiced in employment sand promotions.
Women face countless handicaps in male
customized and dominated environs in
Government Offices and Private enterprises.
Morality and Inequality: Due to gender
bias in health and nutrition there is unusually
high mortality rate in women reducing their
population further especially in Asia, Africa and
china.
Household
Inequality:
Household
relations show gender bias in infinitesimally
small but significant manners all across the

building up of a society, a political environment,
wherein women can breathe without the fear of
oppression,
exploitation,
apprehension,
discrimination and the general feeling of
persecution which goes with being a woman in a
traditionally male dominated structure. As far
as their social status is concerned, they are not
treated as equal to men in all the places. In the
Western societies, the women have got equal
right and status with men in all walks of life. But
gender disabilities and discriminations are
found in India even today. The paradoxical
situation has such that she was sometimes
concerned as Goddess and at other times merely
as slave. So far women could not benefit from
country’s socio economic and industrial
development because of social and cultural
condition, stereotyped perception and unequal
opportunity. Their survival mainly depends on
wage labour or contractual labour with no land
or asserts of any sort. Most of the rural women’s
work on others land on wage basis. They have
no easy access to natural resources like forest
products and water resources. Often they have
to walk a few kilometers for fetching fuel wood
and drinking water(Mukhyopadhya, 2005)”.
This is a common spectrum in India that,
women’s face gender specific barriers to
education, health and employment which are
corner stone of social development. Among the
poor, the women are most disadvantaged- they
are characterized by lack of education and
access to resources which are most required to
overcome the web of poverty and for economic
and social mobility. Therefore women’s
empowerment is a primary agenda of most of
the developing countries to achieve the
tremendous change in socio-economic condition
and they had been designed various plans to
bring them into the main stream of national
development. Government has considered that
education is one of the components of women
empowerment. One of the strategies for
empowerment of women is education that
builds a positive self-image and boosts self
confidence among them and develops their
ability to think critically.

Challenges in Women Empowerment:
There are several constraints that check the
process of women empowerment in India.
Social norms and family structure in developing

March, 2018

16

VOLUME NO.14, ISSUE NO.06

ISSN No.:2321-7405

gender discrimination and women have full
opportunities of self decision making and
participating in social, political and economic
life of the country with a sense of equality.

globe, more so, in India e.g. sharing burden of
housework, childcare and menial works by so
called division of work.

Conclusion

References

“When women move forward the family moves,
the village moves and the nation moves”. Until
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Imortant Diseases of Tomato and their Management
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the soil line. Transplants showing infection by
the late blight fungus often die when set in the
field. The fungus also infects the fruit, generally
through the calyx or stem attachment. Lesions
attain considerable size, usually involving nearly
the entire fruit; concentric rings are also present
on the fruit.

The tomato plant one of the most congenial
hosts for fungus, bacterial, and virus diseases.
The diseases of economic importance in there
are: Damping-off of seedlings, bacterial wilt,
early blight, fusarium wilt, and several virus
diseases.

Early Blight: (Alternariasolani)
Symptoms

Management
Removal and destruction of crop debris.
Practicing crop rotation helps to minimize the
disease incidence. Spray the crop with
Mancozeb 0.2 % for effective disease control.
Seed treatment with Captan, Thiram, or
Bovistin, 3g per kg.of seed before sowing. Grow
varieties tolerant to early blight.

This is a common disease of tomato occurring
on the foliage at any stage of the growth. The
fungus attacks the foliage causing characteristic
leaf spots and blight. Early blight is first
observed on the plants as small, black lesions
mostly on the older foliage. Spots enlarge, and
by the time they are one-fourth inch in diameter
or larger, concentric rings in a bull's eye pattern
can be seen in the center of the diseased area.
Tissue surrounding the spots may turn yellow. If
high temperature and humidity occur at this
time, much of the foliage is killed. Lesions on
the stems are similar to those on leaves,
sometimes girdling the plant if they occur near
VOLUME NO. 14, ISSUE NO.06

Bacterial Leaf Spot: (Xanthomonascampestrispv.
Vesicatoria)
Symptom
Moist weather and splattering rains are
conducive to disease development. Most
outbreaks of the disease can be traced back to
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irrigation for better drainage. Drench with
Copper oxychloride 0.2% or Bordeaux mixture
1%. Seed treatment with fungal culture
Trichodermaviride (4 g/kg of seed) or Thiram (3
g/kg of seed) is the only preventive measure to
control the pre-emergence damping off. Spray
0.2% Metalaxyl when there is cloudy weather.
Treat the nursery beds with formaline (1
part:7part water) and cover the treated beds
with polythene sheets 15-20 days before sowing.
Avoid water stagnation in rainy season.

heavy rainstorms that occur in the area.Infected
leaves show small, brown, water soaked, circular
spots surrounded with yellowish halo. On older
plants the leaflet infection is mostly on older
leaves and may cause serious defoliation.The
most striking symptoms are on the green fruit.
Small, water-soaked spots first appear which
later become raised and enlarge until they are
one-eighth
to
one-fourth
inch
in
diameter.Centers of these lesions become
irregular, light brown and slightly sunken with a
rough, scabby surface.Ripe fruits are not
susceptible to the disease. Surface of the seed
becomes contaminated with the bacteria,
remaining on the seed surface for some time.
The organism survives in alternate hosts, on
volunteer tomato plants and on infected plant
debris.

Spotted Wilt: (Tomato Spotted wilt virus)
Spotted wilt is a virus disease of tomato that
causes brown spotting, and bronzing of the
leaves, a dark discoloration of the stems and
leaf-petioles, and a conspicuous circular spot on
the fruit. Small dark spot on young leaves and
necrosis of terminal buds. The virus is spread
from infected plants to healthy ones by thrips
insects, and mechanical sap inoculation.

Management
Disease-free seed and seedlings should always
be used and the crop should be rotated with
non-host crops so as to avoid last years crop
residue. Seed treatment with mercuric chloride
(1:1000) is also recommended for control of
disease. Spraying with a combination of copper
and organic fungicides in a regular preventative
spray program at 5 to 10 day intervals or
Spraying with Agrimycin-100 (100 ppm) thrice
at 10 days intervals effectively controls the
disease.

Management:
Destruction of plant debris. Grow resistant /
tolerant varieties Avoid growing of susceptible
hosts near bybrinjal, pepper, etc. Spraying
withsystematic inscticides,likeRogar (0.2%)
Metasystox (0.2%), Nuvacron (0.15%). Soil
application of Carbofuran, ai 1.25 kg per hectare
at the time of seed sowing.

Mosaic: Tomato mosaic virus (TMV)
Symptom

Damping-Off (Pythiumaphanidermatum)
Symptoms

The disease is characterized by light and day
green mottling on the leaves often accompanied
by wilting of young leaves in sunny days when
plants first become infected. The leaflets of
affected leaves are usually distorted, puckered
and smaller than normal. Sometimes the leaflets
become indented resulting in "fern leaf"
symptoms. The affected plant appears stunted,
pale green and spindly. The virus is spread by
contact with clothes, hand of working labour,
touching of infected plants with healthy ones,
plant debris and implements.

This disease is quite common in hotbeds and
greenhouses of the State. It causes rotting of
seeds in the soil, death of young seedlings before
they emerge, or a water-soaked rotting of the
stems above the ground line, causing them to
fall over and die. Damping off of tomato occurs
in two stages, i.e. the pre-emergence and the
post-emergence phase. In the pre emergence the
phase the seedlings are killed just before they
reach the soil surface. The young radical and the
plumule are killed and there is complete rotting
of the seedlings. The post emergence phase is
characterized by the infection of the young,
juvenile tissues of the collar at the ground level.
The infected tissues become soft and water
soaked. The seedlings topple over or collapse.

Management
Seeds from disease free healthy plants should be
selected for sowing. Soaking of the seeds in a
solution of Trisodium Phosphate (90 g/liter of
water) a day before sowing helps to reduce the
disease incidence. The seeds should be
thoroughly rinsed and dried in shade. In the

Management
Used raised seed bed Provide light, but frequent
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nursery all the infected plants should be
removed carefully and destroyed. Seedlings with
infected with the viral disease should not be
used for transplanting. Crop rotation with crops
other than tobacco, potato, chilli, capsicum,
brinjal, etc. should be undertaken. Spraying
with Rogor (0.2%) or Metasystox (0.2%) at 10
days interval after transplanting. Grow resistant
cultivars and hybrid.

will drop before fruit is set.

Leaf curl: Tomato leaf curl virus (ToLCV)
Symptom

References

Management
Keep yellow sticky traps @ 12/ha to monitor the
white fly. Raise barrier crops-cereals around the
field. Removal of weed host.Protected nursery in
net house or green house. Spray Imidachloprid
0.05 % or Dimethoate 0.05% @ 15, 25, 45 days
after transplanting to control vector.
www.gardeninghelp.org
agritech.tnau.ac.in/crop protection.
Vegetable science and technology in India BY
Vishnu Swarup.
A text book on Production Technology of
Vegetables BY B.R. Choudhary, S. Fageria and
R.S. Dhaka.

The new growth of plants with tomato yellow
leaf curl has reduced internodes, giving the
plant a stunted appearance. The new leaves are
also greatly reduced in size and wrinkled, are
yellowed between the veins, and have margins
that curl upward, giving them a cup-like
appearance. Flowers may appear but usually

9.

HORTICULTURE

Use of Radio Isotopes in Fruit Nutrition
Donaka Dayeswari
Ph.D Scholar, Dept. of Fruit Science, College of Horticulture,
Dr.Y.S.R Horticultural University, Venkataramannagudem, Andhra Pradesh

Introduction
Mineral nutrition is one of the major aspects in
intensive cultivation of horticulture crops.
Fertilizer in puts in horticulture accounts 30 –
40 % total cost of cultivation. To reduce the cost
input by efficient management of both soil and
fertilizer nutrients. In horticulture, isotopes
have widely used for Fertilizer studies, Plant
nutrition,
Irrigation
management, Plant
protection and Post harvest technology.
Isotopes are defined as the atoms of the
same element that have different masses due to
differences in the number of neutrons they
contain, and different nuclear properties, the
different possible versions of each element are
called isotopes. The term isotope was coined in
1913 by Margret Todd.
For example, the most common isotope of
hydrogen has no neutrons at all ‘Protium’ there
is also a hydrogen isotope called ‘deuterium’,
with one neutron, and another ‘tritium’, with
two neutrons.

VOLUME NO. 14, ISSUE NO.06

History





Roentgen (1895) discovered x-rays
Becquerel: (1896) first recognition of
radioactivity
Rutherford:
(1902)
transmutations
“changing one element to another”
Curie - Joliot: first induced artificial
radioactivity (1934)

Types of isotopes:
1.
2.

Stable isotopes
Radio active isotopes
>280 stable isotopes and > 200 unstable or
artificial radioactive isotopes.
Stable isotopes: A stable isotope form of
an atom does not spontaneously degrade into
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atoms remain
After third half time- 1/8 radioactive atoms
remain
Stable isotopes as 15N have been used
in the following areas of agricultural
research: Studying the turnover of nitrogen in
soil, Determining the distribution of applied
nitrogen in soil organic matter, Studying soil
organic matter composition and degradation,
Measuring uptake and use of fertilizer nitrogen,
Measuring recovery of nitrogen in crop residues
by plants, Following nitrogen movements in
soils, Measuring nitrogen loss, Studying
denitrification, Studying environmental aspects
of nitrogen use, Studying the degradation of
organic chemicals added to soils, Identifying
and comparing biological systems that fix
atmospheric nitrogen, Measuring biological
nitrogen fixation, Following distribution of
nitrogen among plant parts, Studying nitrogen
metabolism in plants.
Important uses of radio-isotopes are:
Radio-isotopes are widely used in medicine, as
tracers that show up on X-ray film, and
sometimes to destroy cancerous growths. They
are also used widely in industry. The radiation
emitted by different radio-isotopes can be used
for rapid, highly accurate measurement of
material thickness, including the thickness of
platings or coatings. Radio-isotopes are used as
gamma ray sources to irradiate and sterilize
materials. In agriculture, isotope tracers can be
used to check for proper distribution of
insecticides. Radio-isotopes are used to detect
pipeline leaks, and to trace underground water.
Naturally occuring radio-isotopes can be
detected in forensic science, to assist in solving
crimes and are often used by geologists to
establish the ages of rocks.

another atom through some sort of radiation.
Therefore, maintains a constant concentration
on Earth.
Unstable or radio isotopes: An unstable
isotope, also known as a radioactive isotope,
decays at a predictable and measurable rate on
Earth. It may decay by the ejection of an
electron or positron, known as beta decay, or by
the ejection of two protons and two neutrons,
known as alpha decay.
Detection of radiations: There are three
major methods of detecting radiation:
1. scintillation counters,
2. film badges and
3. The Scaler / Timer in combination with the
Geiger-Muller tube.
This most frequently used device for
detecting ionizing radiation and measuring the
level of radioactivity. In its simplest form, the GM tube consists of a thin wire (anode)
suspended in the center of a metallic cylinder
(cathode). The cylinder is filled with a gas at low
pressures such that as beta particles pass
through the window they will ionize the gas
producing ions that are attracted to the
electrodes. The motion of the ions to the
electrode produces an electronic current which
is subsequently detected and recorded by the
Scaler/Timer.



Scaler/Timer with the Geiger-Muller tube

Decay of radio isotopes (Half-life)
Half-life is defined as the amount of time it
takes for half of the atoms in a sample to decay.
Half-lives of radionuclides range from
microseconds to billions of years. Example for
Iridium-192 and 5.3 years for Cobalt-60.




The radio isotope to loose half of its
radioactivity
After first half time- ½ radioactive atoms
remain
After second half time- 1/4 radioactive
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Guava, 32P isotope was found to be 80% active
roots were present within depth of 30cm and
evenly distributed horizontally up to a distance
of 180cm (Iyengar and Murty, 1985).
In Alphonso mango at 19 year age old, soil
injection techniques of 32P isotope used as the
tracer to study the effect of paclobutrazol on
root activity (S C kotur, 2006). In papaya, Surya
variety the spatial and temporal root activity
distribution is determined by isotopic 32 P soil
injection technique (Kotur and Keshava, 2000)
and in Sapota, cricket ball variety (7 year old)
32P Isotope soil injection technique was used to
determine the Spatial and temporal root activity
distribution of trees raised on alfisols (Kotur
And Keshava, 2012).

Root activity studies in fruit crops
Efficient use of fertilizers is a function of
chemical availability of the nutrient and volume
of soil explored by the roots. Information on
root activity is useful in standardizing time and
method of fertilizer application, irrigation,
planting distance and other cultivation practices
(Bojappa and Singh, 1973). Root activity studies
in important fruit crops were carried out on a
Typic Haplustalf soil having textural horizon at
20cm depth.

Conclusion
Using and studying of isotopes in fruit crops
nutrition helps to generate basic information on
the influence of agro-climatic, cultural, manorial
and irrigation practices on distribution of active
roots in fruit crops. To maximize fertilizer use
efficiency in horticultural crops keeping in view
their growth habit, season and nature of
nutrient source.

Use of radioisotopes in fruit nutrition:
In kinnow mandarin, isotope 32P acted as plants
during summer RA (root activity) - 67-89 %,
located at 50cm RD (root depth), in top 10 cm
depth and in Coorg mandarin, 32P isotope acted
as 95% within depth of 25cm. >80% RA
confined to 120cm RD with 60-80% was located
in top 10cm in early rainy season during winter
75-80% RA , 100cm RD, in Kagzi lime, 32P acted
as 95% RA at depth of 25cm and 90% confined
to 120cm RD during late rainy season. In anab-e
shahi grapes, 32P and15N isotopes as placement
of 32P in ring around resulted better absorption
90% RA located below 25cm and 80% confined
within 100cm radial distance. In Banana, 32P
isotope acted as placing 25-50cm was found
more efficient than 75-100cm distance and also
15N isotope application at late vegetative stage
(90DAP) resulted in better absorption of
applied N fertilizer than 45DAP. In Sweet
orange 32P isotope acted as maximum RA at 6181% at 120cm RD and Depth in top 30cm of the
soil. Highest and lowest RA observed during
rainy season and summer respectively. In
Mango, 32P isotope was found to be RA during
late rainy season much higher than summer.
Active roots evenly distributed up to 40cm
radial distance during summer and more active
roots found closer to trunk in rainy season. In

VOLUME NO. 14, ISSUE NO.06
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10. HORTICULTURE

Scope and Chalanges of Floriculture in India
Kulveer Singh Yadav, Sandeep K. Mauriya, Sunil K. Maurya and Ragini Maurya
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Introduction

Challenges

Floriculture is a specialized branch of
horticulture which deals not only with the
cultivation of flowers, foliage, climbers, trees,
shrubs, cacti, succulents, etc., but also with their
marketing and production of value added
products from them. In other words, it is a
discipline of horticulture concerned with the
cultivation of flowering and ornamental plants
for gardens and floristry, comprising the floral
industry. Floriculture includes bedding plants,
flowering plants, foliage plants or houseplants,
cut greens and cut flowers.

The industry is also faced by several challenges
at the production level mostly related to
availability of basic inputs, including seeds and
planting materials, quality irrigation and skilled
manpower, ageing plantations etc. At the
marketing stage, major challenges faced by the
Indian flower exporters are related to low level
of product diversification and differentiation,
lack of integration and innovation, low quality
flowers and challenges associated with quality
and environmental issues. Inadequate cold
chain management is not only affecting the
future floriculture trade in the country, but also
having a negative impact on the present produce
and on its marketability. The following
challenges are being faced by Indian floriculture
industry:
1. Production constrains: The production
related challenges are related to ground
level obstacles which are unavailability of
ample infrastructure, quality and improved
species
planting
material,
identical
fertilizers and manures. Lack of knowledge
regarding high yield varieties, soil testing
and proper doses of pesticides and
fertilizers is again a big obstacle in flower
production. Unavailability of skilled labour
for plant protection, harvesting and post
harvesting of floriculture produce is affect
the floriculture production.
2. Climatic variations: The impact of
excessive heat, cold, continuous or
unpredictable rain fall with storm damage
the flower production in the blooming span.
Indigenous species in the natural habitat
may not be proliferate and will be under
threat
of
unfavorable
agro-climatic
conditions.
3. Challenges related to institutions:
There is no linkage between research and
development labs and industry. Most of the
growers are not aware about the institutes

Scope
Major exporting countries of floricultural
products are Netherlands, Germany, Italy,
Belgium, Denmark, USA. Major importing
countries in floriculture are Germany, France,
Netherlands, USA, United Kingdom, Italy,
Belgium, Switzerland, Austria, Japan. In India
area under cultivation of flower crops was 243
thousand ha with a production of 691 lakh of cut
flowers and 1545 thousand million tones of
loose flowers in 2015-16. According to APEDA
(2015) the country has exported 22947.23 tonns
of floriculture products to the world to the
worth of Rs. 46077.23 lakhs and imported the
worth of Rs. 11337.17 laks of floricultural
products from various countries. In India,
Maharashtra, Karnataka, Andhra Pradesh,
Haryana, Tamil Nadu, Rajasthan, West Bengal
have emerged as major floriculture centers.
Tamil Nadu (15.52%), Karnataka (12.32%) and
West Bengal (9.22%) are leading flower
producng states. The value and share of total
floriculture were (Rs. 7000 crores and 5.4%),
(Rs. 7500 crores and 1.4%), (Rs. 8000 crores
and 1.4%) (Rs. 11800 crores and 1.9%) and (Rs.
10600 crores and 1.4%) during 2008-09, 200910, 2010-11, 2011-12 and 2012-13 respectively.
(NHB-2015).
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4.

5.

encouraging.

even,
which
provides
training
programmers, government schemes and
subsidy related benefit to them, as the
concerned institutes are not in touch with
most of the grower sit reveals from the
recent studies.
Marketing and transport: There are
various market related challenges faced by
floriculturist like non availability of market,
difficulties in transportation due to high
perishable produce, commission agents,
delayed in payment after sell of flowers,
inadequate arrangements for grading and
storage due to such factors growers have to
sell their produce at very cheap prices to the
wholesalers or commission agents. For
export of flowers, air freight rates are very
exorbitant compared to other countries this
is also an obstacle in transportation.
Hurdles in Export and import: There
are many obstacles related to floriculture
exports which keep India’s share in world
trade negligible. Economic crisis has
significantly affected the floriculture
industry worldwide. The major problem
faced by Indian flower exporters related to
low level of product diversification and
differentiation, vertical integration and
innovation and challenges associated with
quality and emerging environmental
concerns. Air cargo handling facility and
cold storage facilities for perishables are
almost non-exist at the international
airports. As a result, floriculture is
progressing rapidly in the country. In spite
of the export potential, the performance of
the Indian floriculture sector has not been

Measure to Overcomes of These Challenges
The first and foremost requirement is to develop
an Integrated Cold Chain for flowers right from
the point of origin (growers) to the point of
consumption (customers). Developing the nontraditional production areas may help in
meeting the growing needs of both domestic and
international market.
Develop
and
propagate
varieties
indigenously to ensure regular supply of quality
inputs such as planting material. Establish
training centers and organize programmes for
development of skilled manpower
Establishing a network of support systems
with the involvement of government, private
sector and public institutions. Government may
enhance its efforts in negotiating preferential
tariff regimes with countries to reduce import
tariff
Increasing the frequency of International
flights and chartered flights besides, creating
additional cargo space, specific to Floriculture
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11. AGRONOMY

Soil Health Building: Assessment and Management
A. Vijayaprabhakar
Ph.D. Scholar, Department of Agronomy, TNAU, Coimbatore

Introduction

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.

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)
VOLUME NO. 14, ISSUE NO.06
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Soil health cards and scoring

These characters are results of combined action
of physical, chemical and biological properties
of the soil.

Soil health cards are effective tool at farmer
level to monitoring the soil health, scoring and
recommending
appropriate
corrective
measures. It helps to understand soil system by
farmers and encourage them to involve soil
health assessment. The soil health cards are
developed by Natural Resource Conservation
Services (NRCS) at first time fallowed by many
of the countries adapted. Indian government
launched the soil health card scheme at
February, 2015 with target of 14 crore farmers.
Soil health scoring is a basic principle of soil
health card. It is a ranking system or report of
the particular soil. It mention particular soil as
poor, medium and good according to its each
characteristics, which determines the ability of
the soil to favor the crop’s successful life cycle
completion. Also, it provides the necessary
recommendations like suitable crops, fertilizer
recommendation, soil conservation practices
etc.

Soil health building
It is the process of assessing, scoring and
managing the soil to convert as healthy. On
farm soil health assessment is analyzing the
physical, chemical and biological parameters of
the soil by basic soil analytical tools. Based on
the results of the assessment, soil scoring will be
done to categories as different groups.
According to the category, soil health
management practices (addition of organic
matters, increasing microbial population etc.)
implemented.

Assessment
In well-equipped laboratory, quantitative
assessment of 39 potential indicators of soil
health is possible. But, it is cost effective
process, highly suitable for agricultural research
stations and Universities. In field condition,
quality analysis is most suitable than
quantitative analysis. Hence, there is no need of
any special analytical methods and tools, only
the informal scoring or rating of soil
characteristics by visual appearance, smell and
physical touch feel of soil. It is comparable with
lab analysis result. This assessment carryout by
soil health cards developed to observe more
than 30 physical indicators and more than 10
biological, chemical and crop indicators. In
physical indicators, physical feel, soil crusting,
water infiltration, water retention, drainage and
soil compaction are essential parameters. In
biological, soil smell, soil colour, mottling (ratio
between aerobic and anaerobic soil microbes)
and earth worm population indicators used.

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
1. Disturbing the soil as little as possible
2. 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.
Less
disturbance
of
soil:
Soil
disturbance can be the result of physical,
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. Misapplication of
farm inputs can disrupt the symbiotic
relationships
between
fungi,
other
microorganisms, and plant roots. Overgrazing, a
form of biological disturbance, reduces root
mass, increases runoff, and increases soil
temperature. All forms of soil disturbance
diminish habitat for soil microbes and result in
a diminished soil food web.
Crop and soil biota diversification:
Biodiversity is ultimately the key to the success

Soil health assessment kit
Soil health kit contains set of basic tools to
assess the soil parameters. It is handy in nature
portable by farmers. Different soil health kits
are developed by developed countries to
farmer’s usage. United Nations developed USDA
soil quality test kit, which help to estimate 11
parameters at field level, including soil
respiration, infiltration rate, bulk density of the
soil, electrical conductivity, soil pH, soil nitrate,
aggregate stability, soil staking and earth worms
count.
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the many and varied members of the soil food
web. Also, Soil cover conserves moisture,
reduces temperature, intercepts raindrops (to
reduce their destructive impact), suppresses
weed growth, and provides habitat for members
of the soil food web that spend at least some of
their time above ground. This is true regardless
of land use (cropland, hayland, pasture, or
range). 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.

of any agricultural system. Lack of biodiversity
severely limits the potential of any cropping
system and increases disease and 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: Microbial food is exuded by
plant roots to attract and feed microbes that
provide nutrients (and other compounds) to the
plant at the root-soil interface where the plants
can take them up. Since living roots provide the
easiest source of food for soil microbes, growing
long-season crops or a cover crop following a
short-season crop, providing plenty of easily
accessible food to soil microbes helps them cycle
nutrients that plants need to grow. Sugars from
living plant roots, recently dead plant roots,
crop residues, and soil organic matter all feed
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12. PLANT BREEDING

Single Seed Descent (SSD) Method
Rahul Gajghate, Vikas Chandra Tyagi, Maneet Rana and Nitish Rattan Bhardwaj
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Introduction

greenhouse with no selection and taking only
one or two progenies from each plant in each
successive generation. Large numbers of nearhomozygous lines can then be tested in the field
only for a short time after the initial
hybridization. This is a rapid method of
inbreeding to obtain sufficient homozygosity in
few years before resorting to single plant
selection. Current SSD methodologies enable a
maximum of three generations per year to be
developed in most grain legume breeding
programs.
SSD method helps in maintenance of the
broadest possible representation of genotypes in
the base population and among the progenies
the genetic variation increases because of
inbreeding.
In
artificial
environment
conditions,large number of homozygous lines

Single-seed-descent (SSD) is a modification of
conventional plant breeding used by breeders to
rapidly fix genes in breeding lines. As its name
implies, SSD is the advancement of one
randomly selected seed per plant through the
early segregating stages (Goulden 1939; Brim
1966). As only one seed is needed to produce the
next generation, plants can be grown under
conditions that accelerate flowering and seedset, but do not encourage high yield. This leads
to faster generation turnover by reducing the
length of the generation cycle, enabling multiple
generations per year. This method is also known
as the modified pedigree method.(Brim, 1966).
Goulden (1939) suggested that the
segregating
generations
derived
from
hybridization could be rapidly advanced in the
VOLUME NO. 14, ISSUE NO.06
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are produced with less requirement ofspace.The
method was found to be as efficient or better
than Bulk method (BP), Pedigree Method (PD)
or doubled haploid methods in soybeans
(Boerma& Cooper, 1973; Empig& Fehr, 1971),
oats (Kaufmann, 1971), wheat (Knott & Kumar,
1975; Tee &Qualset, 1975) and barley (Park et
al., 1976).Moreover, SSD was influenced less
than BP by sampling problems and natural
selection (Roy, 1976). However, the extent of
plant loss (due to lack of germination, plant
death, and failure of plants to produce a single
seed) from generation to generation affects the
genetic makeup of SSD populations (Martin et
al., 1978). In a computer simulation study,
Casali&Tigchelaar (1975) showed that at high
heritabilities, pedigree selection was most
effective and that SSD was most effective at low
heritabilities. Current SSD methodologies
enable a maximum of three generations per year
to be developed in most grain legume breeding
programs.

Sr.
no.

Procedure of SSD Method:
The commonly practiced form of SSD is to
develop lines by inbreeding and F2 population
developed from two inbred parents. From a
sample of F2 individuals a single seed is taken
from each to form the F3 SSD population. This
process is repeated in subsequent generations
until a required level of homozygosity is
achieved. Thus, in each generation each
individual plant grown is a representative of a
different, ancestral F2 plant. At the final
generation of SSD all seed of each plant is
harvested and these families form the nuclear
seed of the SSD lines for assessment (Fig.1).
There is no prescribed number of generations of
SSD before lines are extracted although,
commonly, the F6 or F7 are used (Snape et al.,
1985), after that conducting preliminary yield
trial and reject low yielding lines, replicated
yield trials are conducted in multilocation for 23 years with rejection of low yield potential
progenies. Superior best line to standard check
is identified and multiply for release.

Features of SSD method:
Sr.
no.
1

2

3

4

5

6

7

Advantages of
SSD Method
Rapid method
of advance
generation.
Requires less
space per
generation
Easy method
to handle large
number of
crosses and
population
Natural
selection has
little influence
Only single
seed is to be
harvested from
each plant till
F5 / F6
generation
Extensive field
trials are not
required; thus,
it saves time
Little record
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Advantages of
Disadvantages of SSD Method
SSD Method
keeping, least
expensive and
laborious

Disadvantages of SSD Method
Non viability of seed or natural
hazard lead to loss because only
one seed is harvested
From each plant and used to take
next generation
Little scope for natural selection

Maximum productivity is
established in F2 generations
No recombination occurrence
among selected lines

Fig.1 Single seed descent method
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13. AGRICULTURE

Induction of Germination in Tectona Grandis
Sarita Pradhan
Deptt. of Seed Science and Technology, College of Agriculture,PJTSAU, Rajendranagar, Hyderabad

regeneration is particularly abundant in forests
exposed to fires and often occurs in patches.
Seeds collected and used to establish
plantations. It is recommended that seeds
would be collected from trees over 20 years old.
Seed is often collected from selected stands. The
dormant fruit which lay in the ground for 30 40 years has been known to germinate
abundantly. Eco-physiological studies thus are
important to know most desirable means of
determining seed viability and consequently
germination (Sen, 1977).
The germination of fresh seed involves pretreatment to remove dormancy arising from the
thick pericarp. Teak is propagated from seeds.
Pre-treatment involves alternate wetting and
drying of the seed. The seeds are soaked in
water for 12 hours and then spread to dry in the
sun for 12 hours. This is repeated for 10–14 days
and then the seeds are sown in shallow
germination beds of coarse peat covered by
sand. The seeds then germinate after 15 to 30
days. Clonal propagation of teak has been
successfully done through grafting, rooted stem
cuttings and micro propagation. Bud grafting on

The germination rate of Teak is low, usually it
less than 50% but in some case it would be
maximum 80%. Seed has hard pericarp
(dormancy) and fresh seed is more difficult to
germinate in natural process due to which the
teak seed has been stored for 12 months.
Seedling is raises in nursery due to low
germination percentage and more average time
requirement for seed germination (Luna, 1996).
In fact the drupes germinate slowly and
irregularly if it is untreated (Jackson,
1994).Germination is start from 10 days after
harvested but it makes after 2-3 months.
Seedlings should be given a little shade for their
first year and can then be planted into their
permanent positions. The main problem in teak
is poor germination in nurseries, only 3% seeds
results in a plantable seedling due to irregular
dormancy cycle. The nature of barriers which
prevent germination can be physiological
(presence of germination inhibitors in faulty
mesocarp), physical (thick and hard endocarp)
and morphological (hormone imbalance in
seeds)
which
results
in
low
germination(Masilamani,
1996).
Natural
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disorders. Wood has been used as a hair tonic.
Wood powdered has poured with hot water to
makes wood tar, which is effective in relieving
bilious headaches and tooth aches; reduces
inflammations or eruptions of the skin. Charred
wood are soaked in poppy juice to prepare a
paste that has been used to relieve the swelling
of the eyelids. Extracts of the leaves are reported
to be effective against mycobacterium
tuberculosis, to treat bleeding of larynx, trachea,
bronchi, or lungs, and sore throat.
Tectona grandis germination was difficult
but now it easy for germination. Physical
methods as well as chemical method are helping
to germinate the seed. Most of the research
worked was done above the dormancy of seed.

to seedling root stock has been the method used
for establishing clonal seed orchards that
enables assemblage of clones of the superior
trees to encourage crossing. Rooted stem
cuttings and micro propagated plants are being
increasingly used around the world for raising
clonal plantation. Both grafting and budding
methods good result than branch cutting
methods. The rooting time of cutting is 8 - 15
days, and the survival rate of rooted stock is 90 100%. According to Billah et al.(2015) the
highest germination percentage was observed
86.67% in Pith method, followed by 73.33% in
soaking in normal water (72 hours) and 45% in
soaking in normal water (24 hours). Vázquez et
al., 2014 reported that greater germination
percent observed when seeds were exposed to
sunlight for three days recorded 78%
germination, seeds were soaked in water for 72
hrs get 66% germination, seed were soaked in
water for 12 hrs and dried for 12 hrs at a
temperature range of between 22 and 45°C
recording 79% germination and seeds were
soaked in fast-flowing water for 24 hrs and
exposed to sunlight for 24 hrs, 80% germination
was observed. Mayer et al., 1963 reported that
endocarp is the main hindrance in teak seed
germination. In treated teak seeds (40ºC/ 4ºC
for 15 minutes) the quick change in temperature
resulted in splitting endocarp and facilitated the
emergence to solve the germination problem.
Alternate heating and chilling (40ºC/ 4ºC for 24
hours) treated with 90% HCL and 90% H2SO4
for 15 minutes followed by KNO3 treatment for
4 hours to teak seeds showed 4 to 6%
germination(Jatt,2007).
Teak's oil makes it useful in exposed
locations, and make resistant against timber
termite and pest. Oil of the seeds promotes hair
growth as well as oil from tender shoots is used
against scabies in children and oil from root
treats as eczema, ringworms and inflammation.
Bark has used as astringent and in the treatment
of bronchitis. Flowers are diuretic used for
treats biliousness, bronchitis and urinary
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The most recent approach one being the
Nonparametric Approach. The Nonparametric
Approach identifies a group of implied linear
inequalities that a profit-maximizing (or cost
minimizing) firm must satisfy and estimates the
rate of technological change using linear
programming.
Coelli, et al., 2003, conducted a study on
Total Factor Productivity growth in Agriculture:
A Malmquist index analysis of 93 Countries. The
results shown that, Asia as a region posted the
highest TFP growth of 2.9 percent followed by
North America (consisting of USA and Canada),
Australasia, Europe, Africa and South America.
South America has posted the lowest growth
rate of 0.6 per cent followed by Africa with 1.3
per cent growth in TFP. A surprising result is
that over the period 1980-2000. The results on
continent-level information for six regions
revealed that, the largest difference occurs for
South and Central America, where the average
TFP growth measure increases from 0.6 percent
to 1.5 per cent per annum.
Chand et al., 2011, estimated average
annual TFP growth for the major crops
cultivated in India. Among cereals, wheat
experienced the highest growth in TFP index
during the three decades from 1975 to 2005.
Among pulses, the TFP growth was estimated to
be 0.5 per cent for moong, followed by gram
(0.2 per cent). TFP for Arhar and Urad crops
displayed a decline over the past three decades.
The TFP is a useful indicator of changes in longterm productivity. The TFP growth (TFPG) in
the oilseed sector varied in the range 0.7-0.8 per
cent per annum.
An attempt was made to analyze the TFP of
ragi in Karnataka. The results shown that, TFP
for ragi increased from 1.17 during 1999 to 1.81
in 2013. The TFP fell to 0.61 in 2011 and 0.67 in
2008 due to drought during that period. The
highest TFP index was observed in 2007-08

Total-factor productivity (TFP) is a variable
which accounts for effects in total output not
caused by traditionally measured inputs of
labour and capital. If all inputs are accounted
for, then total factor productivity can be taken
as a measure of an economy’s long-term
technological
change
or
technological
dynamism, scale of economies and efficiency.
TFP is regarded as the more accurate
productivity measure than the partial
productivity measure. The broader the coverage
of resources, the better is the productivity
measure. The best measure is one that compares
output with the combined use of all resources”
(Chandel, 2007). TFP is the change in output
relative to a weighted combination of all inputs,
where the weights are factor shares. Some
authors also define TFP as contribution of nontraditional inputs to output. For example non
inputs
were
technology,
irrigation,
infrastructure, managerial skills and so on.
The calculated TFP is decomposed in to a)
Scale of economies b) Technical change and c)
Residual or Efficiency or Management to know
the contribution of non-conventional inputs to
the output growth.
There are different approaches for
estimation of TFP, such as Production function
approach, Growth accounting approach and
Non-Parametric approach.
The Theil-tornqvist index (which is exact
for the linear homogeneous translog production
function) is a superlative index- the use of
translog index has become quite common to
calculate the output and total inputs indices for
estimating TFP growth index. The principle
advantage of the translog index is that it is not
based upon simplistic linear production
function assumptions, as are Laspeyres and
Paasche indices. A further advantage of the
translog index is that it accounts for changes in
quality of inputs.
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enhancing investment in research and
technology, and rural infrastructure. More
public and private investments should be
encouraged in under developed regions of the
state through providing incentives and a
favourable policy environment.

(2.18). The average TFP index for 15 years was
1.12.The output index of ragi increased from
1.40 in 1999 to 1.79 in 2013. The average input
index of ragi was 1.14 for fifteen years.
Suresh, K. 2013, conducted a study on
Economic impact of public sector agricultural
research in ragi and redgram in Karnataka. The
results revealed that, the Total Factor
Productivity index of redgram grew at the rate
of 3.31 per cent per annum and that of ragi grew
at 4.75 per cent per annum. Thus, Public
research significantly contributed to TFP growth
in ragi.
Total factor productivity can be estimated
by different approaches. In growth accounting
approach the tornqvist-thiel index is commonly
used which is based on translog production
function. The TFP decomposition analysis helps
to identify factors which influence the total
factor productivity growth. The results of the
decomposition analysis indicate which variable
contribute to growth in productivity. This will
enable policy makers to suggest plan and
programmes to achieve total factor productivity
growth.
A low TFP growth implies that there is huge
scope for increasing agricultural production
through new technological breakthrough by
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15. AGRICULTURE

Conservation Agriculture: A Viable and Feasible
Alternative to Conventional Agriculture
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unsustainable parts of conventional agriculture
(ploughing/tilling the soil, removing all organic
material, monoculture) is crucial for future
productivity gains while conserving the natural
resources. Conservation Agriculture (CA) has
emerged as a viable and feasible alternative to
conventional agriculture in many parts of the
world to combat the challenges arise from the
above factors.

Attaining food security for a growing population
while conserving agricultural systems under the
current scenario of depleting natural resources,
negative impacts of climatic variability, soil
erosion, soil organic matter decline, salinization,
spiraling cost of inputs and volatile food prices
is a difficult task before most of the Asian
countries. These are caused mainly by intensive
tillage, soil organic matter reduction, soil
structural degradation, water and wind erosion,
reduced rate of water infiltration, surface
sealing and crusting, soil compaction,
insufficient return of organic material, and
monocropping. Therefore, a paradigm shift in
farming
practices
through
eliminating
March, 2018

Conservation Agriculture
Conservation Agriculture (CA) is defined as a
sustainable agriculture production system
comprising a set of farming practices adapted to
the requirements of crops and local conditions
30
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of each region, whose farming and soil
management techniques protect the soil from
erosion and degradation, improve its quality
and biodiversity, and contribute to the
preservation of the natural resources, water and
air, while optimizing yields. It is a management
system that maintains a soil cover through
surface retention of crop residues with no
till/zero and reduced tillage. It is generally a
"win-win" situation for both farmers and the
environment. Conservation agriculture (CA)
aims to make better use of agricultural
resources through the integrated management
of available soil, water and biological resources,
combined with limited external inputs.

3.

Principles Conservation Agriculture:
Conservation agriculture (CA) aims to achieve
sustainable and profitable agriculture and
subsequently to improve the livelihood of
farmers through the application of three
principles namely:
1. Minimum soil disturbance: This principle
advocates for minimal or little soil
disturbance where the soil is not ploughed
or turned. Continuous tillage destroys the
soil structure, eventually forming a hard
pan that prevents water infiltration and
proper crop root development. Instead of
ploughing and harrowing, the soil could be
sub-soiled using a sub-soiler and then
ripped using a ripper to make furrows for
seed placement. Alternatively, direct
planting could be done using a hand
operated jab planter, animal or tractor
drawn direct planter. One can also plant
through the soil cover using equipment
such as the dibbler or muro, the hand hoe,
jab planter, animal drawn direct seeder, and
tractor drawn zero-till or direct planter.
Such equipment can be used to plant with
minimal disturbance of the soil (Mutua et
al., 2014).
2. Permanent organic soil cover: A permanent
soil cover is important to protect the soil
against the deleterious effects of exposure
to rain and sun to provide the micro and
macro organisms in the soil with a constant
supply of food and to alter the microclimate
in the soil for optimal growth and
development of soil organisms, including
plant roots. In turn it improves soil
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aggregation, soil biological activity, soil
biodiversity and carbon sequestration
(Ghosh et al., 2010).
Diversified crop rotations: The rotation of
crops is not only necessary to offer a diverse
diet to the soil micro organisms, but also for
exploring different soil layers for nutrients
that have been leached to deeper layers that
can be recycled by planting the crops in
rotation. Furthermore, a diversity of crops
in rotation leads to a diverse soil flora and
fauna. Cropping sequence and rotations
involving legumes helps in minimal rates of
build-up of population of pest species,
through life cycle disruption, biological
nitrogen fixation, control of off-site
pollution and by enhancing biodiversity
(Kassam and Friedrich, 2009 and
Dumanski et al., 2006).

Benefits of Conservation Agriculture:
Some of the benefits associated with CA may
include:
1. Controlled weeds.
2. Carbon storage (global warming).
3. Higher sustained yields (30-200%) at lower
costs.
4. Environmental conservation.
5. Increases soil organic matter and nutrients,
thus reducing the need for chemical fertilizers.
6. Improves soil structure and its ability to
absorb and hold more moisture for crop
growth.
7. Reduces time and labour requirement by up
to 60% thereby allowing even the elderly
farmers to still practice CA.

Challenges of Conservation Agriculture
Despite the advantages of conservation
agriculture in farming systems, its uptake by
farmers, especially smallholders, has not been
as anticipated. This is attributed to the fixed
mind set of the farmers in their cultivation
culture, coupled with other constraints
associated with the technology such as
availability and cost of inputs, competing use of
crop residues, weeds and initial labour
requirement. Under the small integrated
farming systems, crop residues are mainly burnt
during land preparation or used as animal
feed/bedding, construction material, cooking
fuel and mulch. However, if CA is to succeed,
the competitive use of the residues must be
31
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minimized to allow for as much residue as
possible to be left in the field as mulch or use
agro forestry tree species as a complimentary
strategy.
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animal healthcare.

Molecular farming is the production of
recombinant pharmaceuticals outside their
natural source. Molecular farming is preceded
by identification of a protein with a desirable
therapeutic or diagnostic activity, its protein
and DNA sequencing and finally its expression
in a heterologous host. Molecular farming’ is a
recent hybrid technology of traditional
agriculture and molecular biotechnology, which
exploits
the
existing
infrastructure
of
agricultural practices for the low-cost
production of valuable protein.
Estimated that recombinant protein can be
produced in plant at 2-10% of the cost of
microbial fermentation system and at 0.1% of
the cost of mammaliam cell culture (Richard,
2003). Targets for molecular farming include a
variety of carbohydrates, fats and protein as well
as secondary products.

Plant as a Production system
Advances in recombinant DNA technology,
plant transformation technology and antibody
engineering are major reasons why plants have
emerged as an expression system.

Advantages
1.
2.

3.

Goals of Molecular farming
The production of peptides, proteins, and
enzymes of industrial and pharmacological
value.The generation of antibodies and antibody
fragments in plants . Transgenic plants as
vaccine production systems. The manipulation
of plant metabolism for the production of novel
compounds and secondary metabolites with
medicinal value.Production of safe, active,
pharmaceutically valuable proteins in large
scale and at low cost for use in human and
March, 2018

Correct eukaryotic assembly of multimeric
proteins such as antibodies (Seveno et al.,
2004; Shah et al., 2004 )
No risk of contamination of expressed
proteins with human or animal pathogens
(HIV, hepatitis viruses), blood-borne
pathogens and oncogenic sequences.
Recombinant proteins can be targeted to
storage organs such as seeds, where they
remain stable for years which reducing the
costs of distribution and storage (Stoger et
al., 2002).

Edible vaccines
Edible vaccines involves introduction of selected
desired genes into plants and then inducing
these altered plants to manufacture the encoded
proteins.Like conventional subunit vaccines,
edible vaccines are composed of antigenic
proteins and are devoid of pathogenic genes.
An important consideration is that plantdelivered vaccines must never occur as normal
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into plant cells targeting the nucleus to cause
chromosomal integration at random sites.
Some agronomically important plant
species (e.g. soybean and most cereal grains) are
recalcitrant to Agrobacterium transformation;
for these plants, a ‘biolistic’ method
(microprojectile bombardment) is frequently
used. The biolistic method usually results in
higher copy-number integration of the
transgene than Agrobacterium, which can
enhance expression. However, excessive copies
or very high level expression of nuclear genes
can cause gene silencing, resulting in low
expression.Thus it is important to select
transgenic lines that carry only1–3 copies of the
transgene.

constituents of food, and should be grown under
regulated conditions to prevent contamination
of food supplies and to maintain genetic
containment. Furthermore, the vaccines will not
be delivered in fresh form, but will be processed
to yield uniform, stable batches with welldefined antigen content, and they will be
delivered by health-care professionals.

Unique Features
1.
2.

Orally administrable
Production is highly efficient and can be
easily scaled up
3. Avoid demands for purification
4. Exhibit good genetic stability
5. No fear of contamination
6. Having dual effect by providing mucosal as
well as systemic immunity
Vaccine antigens can be produced in plants
using two different systems: stable genetic
transformation and transient expression. Stable
transformation produces a genetic line that can
be propagated either by vegetative (stem)
cuttings or by seeds resulting from sexual
reproduction. Transient expression uses a
recombinant plant virus that carries the vaccine
gene and, by systemic infection, causes the plant
to express the antigen. The main advantage of
transient expression with a plant–virus system
is that virus replication amplifies gene copy
number, typically resulting in a much higher
level of expression than with stable
transformation.
Stable transformation causes integration of
the recombinant DNA into the genome of either
the nucleus or the chloroplast of the plant cell.
Nuclear transformation is most often achieved
with a plant pathogen, Agrobacterium
tumefaciens that can efficiently transport DNA

Conclusion
1.

Cheaper and better alternative source of
medicines.
2. Advantageous than other systems in terms
of cost, product quality and practical
applications.
3. Have the capacity to produce several
pharmaceuticals in large scale at low cost.
4. At the current rate of progress molecular
farming may become the premier
expression system for diagnostic and
therapeutic proteins.
Molecular farming has the potential to
provide a basket full of novel medicines for the
diseases of the 21st century.
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Mango (Mangifera indica)

been one of the major problems. Most of the
south indian varieties are regular- bearer,
whereas north indian ones alternate-bearer.

Alternate bearing: Alternate bearing has
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Jack (Artocarpus heterophyllus)

Paclobutrazol is a promising chemical for flower
induction in mango. Soil drenching with
paclobutrazol (5 g and 10g/tree) results in
minimum outbreak of september to october
vegetative flushes. It gives early and profuse
flowering and more annual yield without
affecting fruit size and quality.
Mango Malformation: It is one of the
most important disorders, causing huge losses.
It is a major problem in Punjab, Delhi and Uttar
Pradesh. However, it has also been noticed in
Gujarat, Maharashtra, Bihar, West Bengal and
Orrisa. Of the two types of mango
malformation, vegetative malformation is more
common in nursery seedlings and young plants.
Floral malformation affects trees at the bearing
stage. In vegetative malformation or bunchy
top, compact leaves are formed in a bunch at the
apex of shoot or in the leaf axil and growth of
shootlet is arrested. Floral malformation
directly affects the productivity. The incidence
of disorder varies from variety to variety.
Deblossoming alone or coupled with a spray of
200 ppm naa lowers the number of malformed
panicles significantly.
Black tip: This disorder is mainly noticed
in punjab, uttar pradesh, bihar and west bengal.
The distal –end of the affected fruits turns black
and become hard. These fruits ripen
prematurely and become unmarketable. This
disorder is caused by the smoke of brick- kilns
located within a distance of 600m. Gases like
carbon monoxide and carbondioxide, sulphate
dioxide and acetylene cause these symptoms. It
can be controlled by raising the height of the
chimney of the brick kilns. Spraying borax (0.6
%) at 10-14 days intervals starting from fruit set
also controls it.
Spongy tissue: It is in alphonso mango.
Fruits look normal from outside. But inside, a
patch of flesh becomes spongy, yellowish and
sour. This disorder has brought down the export
of this variety. Inactivation of ripening enzyme
due to high temperature, convective heat and
postharvest exposure to sunlight are the causes.
Use of sod culture and mulching are useful in
reducing its incidence. Mango hybrids ratna and
arka puneet which have alphonso like characters
to not suffer from this malady. Harvesting
mangoes when they are three-fourth matured
rather than fully matured ones also reduces this
malady.
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Chilling injury: Jackfruits exposed to
temperatures below 12°c (54°f) before transfer
to higher temperatures exhibit chilling injury
symptoms, including dark-brown discoloration
of the skin, pulp browning and off-flavor
development, and increased susceptibility to
decay.

Aonla (Phyllanthus emblica)
Necrosis
:
Necrosis(brownish
black
appearance of flesh), a physiological disorder
has been observed in aonla fruits. This
particular disorder has been observed mostly in
case of banarasi and Francis varieties.

Grape (Vitis vinifera)
Shatter (loss of berries from the cap stem) In
general, shatter increases in severity with
increasing maturity, i.e., the longer the fruit
remains on the vine. Berries of seedless cultivars
are usually less well attached to the cap stem
than
seeded
cultivars.
Shatter
varies
considerably from season to season, and there is
a large difference among varieties. Gibberellin
applied at fruit set weakens berry attachment.
Shatter occurs mainly due to rough handling
during field packing with additional shatter
occurring all the way to the final retail sale.
Waterberry : Waterberry is associated
with fruit ripening and most often begins to
develop shortly after veraison (berry softening).
The earliest symptom is the development of
small (1-2 mm) dark spots on the cap stems
(pedicles) and/or other parts of the cluster
framework. These spots become necrotic,
slightly sunken, and expand to affect more
areas. The affected berries become watery, soft,
and flabby when ripe. In california, this disorder
has been associated with a high nitrogen status
vine, canopy shading, or cool weather during
veraison and fruit ripening. Avoid over
fertilization with nitrogen. Foliar nutrient
sprays of nitrogen should be avoided in
waterberry-prone vineyards.

5.Guava (Psidium guajava)
Chilling injury: Symptoms include failure of
mature-green or partially-ripe guavas to ripen,
browning of the flesh and, in severe cases, the
skin, and increased decay incidence and severity
upon transfer to higher temperatures. Fully-ripe
34
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include dull green color when ripened (failure to
ripen properly), water-soaked flesh, darkening
of the core tissue, increased susceptibility to
decay, and wilting and discoloration of crown
leaves.

guavas are less sensitive to chilling injury than
mature-green guavas and may be kept for up to
a week at 5°c (41°f) without exhibiting chilling
injury symptoms.
Sun scald: Guavas exposed to direct sun
light may be scalded. In some countries, paper
bags are used to cover guava fruits and protect
them from solar radiation and insect infestation
while on the tree.

Pomegranate (Punica granatum)
Chilling injury : External symptoms include
brown discoloration of the skin and increased
susceptibility to decay. Internal symptoms
include a pale color of the arils (pulp around the
seeds) and brown discoloration of the white
segments separating the arils. Chilling injury
occurs if pomegranates are exposed for longer
than one month at temperatures between their
freezing point -3 °c (26.6°f) and 5°c (41° f) or
longer than two months at5°c(41°f).
Husk scald : Brown discoloration of the
husk (without any internal symptoms on the
arils or surrounding tissues) that occurs during
storage for more than 3 months at 7°c (45°f) or
lower temperatures.

Lemon (Citrus limon)
Chilling injury: Symptoms include pitting,
membranous staining, and red blotch. Severity
depends upon cultivar, production area, harvest
time, maturity-ripeness stage at harvest, and
time-temperature of postharvest handling
operations. Moderate to severe chilling injury is
usually followed by decay.
Oil spotting (Oleocellosis) : Breaking of
oil cells due to physical stress on turgid fruits
causes release of the oil that damages
surrounding tissues. Avoiding harvesting
lemons when they are very turgid and careful
handling reduce severity of this disorder.

Sapota (Manilkara achras)
Chilling injury: Exposure to temperatures
below 5°c (41°f) for more than 10 days causes
chilling injury as indicated by dark-brown spots
on the peel, failure to ripen, off-flavor
development, and increased decay incidence
after transfer to higher temperatures.

Pineapple (Ananas comosus)
Chilling injury : Exposure of pineapples to
temperatures below 7°c (45°f) results in chilling
injury. Ripe fruits are less susceptible than
unripe or partially-ripe fruits. Symptoms
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Ideotypes in Agriculture
Shilpha S. M.
SRF, Department of Agronomy, College of Agriculture, UAHS, Navile, Shivamogga

Introduction

type, Ideal plant type etc.
The main points about Ideotype are given
below:
1. Crop Ideotype refers to model plants or
ideas plant type for a specific environment.
2. Ideotype differs from ideotype. The former
refers to a combination of various plant
characters which enhance the yield of
economic produce, whereas the latter refers
to the morphological features of the
chromosomes of a particular plant species.
3. Donald included only morphological
characters to define an Ideotype of wheat,
subsequently,
physiological
and

In broad sense an ideotype model which is
expected to perform or behave in a predictable
manner within a defined environment. More
specifically, crop ideotype is a plant model
which is expected to yield greater quantity of
grains, fibre, oil or other useful product when
developed as a cultivar. The term ideotype was
introduced by Donald (1968).
Acc. to him ideotype: a biological model,
which is expected to perform or behave in a
predictable
manner
within
a
defined
environment. This term has the following
synonyms: Model plant type, Ideal model plant
VOLUME NO. 14, ISSUE NO.06
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4.
5.

6.

biotic and abiotic stress.
Other main traits of the ideotype should be:
Satisfactory levels of production (both
quantitative and qualitative) a deep root system,
being able to establish symbiotic relationships
with soil micro-organisms. Moreover it should
compete with weeds Exploiting genetic
variability for competitiveness.

biochemical traits were also included for
broadening the concept of crop ideotype.
Ideal plants or model plants are expected to
give higher yield than old cultivars in a
defined environment.
Ideotype is a moving goal which changes
according to climatic situation, type of
cultivation,
national
polley,
market
requirement etc. In other words, ideotype
have to be redesigned depending upon
above factors. Thus, development of crop
ideotype is a continuous process.
Ideal plant type or model plant type also
varies from species. Moreover, this is a
difficult and slow method of cultivar
development
because
various
morphological,
physiological
and
biochemical characters have to be combined
a single genotype from different sources.

Main features of ideotype breeding:
Emphasis on individual trait: emphasis is
given on individual morphological and
physiological trait which enhances the yield.
Includes yield enhancing traits: characters
which exhibit positive association with yield are
included in the model.
Exploits
physiological
variation:
Ideotye breeding makes use of genetically
controlled physiological variation in increasing
crop yields.
Slow progress Selection Designing of
model: the phenotype of new variety to be
developed is specified in terms of morphological
and
physiological
traits
in
advance
Interdisciplinary approach a continuous
process.

Types of ideotype:
1.
2.

3.

Isolation ideotypes: It is the model plant
types that perform best when the plants are
space-planted.
Competition ideotype: This ideotype
perform well in genetically heterogeneous
population. In case of cereals, this ideotype
is tall, leafy, free-tillering plant that is able
to shade its less aggressive neighbours. In
case of annual seed crops, such an ideotype
will include the following features: annual
habit, tallness, leafy canopy, tillering or
branching, seed size, speed of gerimination
and root characters.
Crop ideotype: this ideotype perform best
at commercial crop densities because it is a
poor competitor. In case of cereals, a crop
ideotype is erect, sparsely-tillered plant,
with small erect leaves.

Differences between traditional and ideotype
breeding:
In case of ideotype breeding values for
individual traits are specified whereas such
values are not fixed in case of traditional
breeding. In other words, first a conceptional
plant model is fixed and then efforts are made to
achieve such model. In traditional breeding
such models are not developed before initiation
of breeding program.

Different crop ideotypes and their features
Wheat ideotype: Wheat ideotype was given by
Donald

Several other ideotypes are:






Climatic ideotype: includes traits
important in climatic adaptation such as
heat and cold resistance, maturity duration,
drought resistance etc.
Market ideotype: includes traits like seed
colour, seed size, cooking and baking
quality, etc.
Edaphic ideotype: Includes salinity
tolerance, mineral toxicity/ deficiency
tolerance etc.
Stress ideotype: shows resistance to both
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Features of wheat ideotype:
A short strong stem Erect leaves few small
leaves Larger and an erect ear Presence of awns.
The improved wheat lines developed at
CIMMYT, Maxico have some features in
common such as: Reduced height Photoperiod
insensitivity due to Ppd1 or Ppd2 Durable rust
resistance
Rice ideotype: Rice ideotype in 1964,
Jennings introduced ideal plant of rice jennings
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segregating population and intermated to
achieve the desired plant type.

Features:
Erect, short and thick leaves Semi- dwarf
stature High tillering capacity More panicles
High harvest index
Examples of semidwarf varieties of rice are
IR 8, IR 20, TN-1 etc.
Maize ideotype: In 1975, Mock and
Pearce proposed Ideal plant type of maize

Factors affecting ideotypes



Features:



Small tassel size Low tillers Large cobs Angled
leaves for good light interception
Cotton
ideotype:
Cotton ideotype
proposed by Singh and coworkers in (1974) for
irrigated cultivation and by Singh and
Narayanan in (1993) for rainfed cultivation.

Economic use.
Merits


Ideotypes for different situations
1.

2.

Ideotype for rainfed conditions: Short
stature Medium to big boll size (3.5 to 4 g)
High degree of resistance to insects and
diseases Few smaller and thick leaves with
sparse hairiness
Ideotypes for irrigated cultivation:
Short stature (90-120cm) Short duration
(150-165days) Responsive to high fertilizer
dose High degree of resistance to insect
pests and diseases Boll size (3.5 to 4g).






2.

3.

4.

It exploits both morphological and
physiological variation.
It provides solution to several problems at a
time and it is an efficient method of
developing cultivars for specific situation or
environment.
Genes for specific traits are introgressed
from unimproved into the elite gene pool.
Unimproved gene pool Elite gene pool
Genes for specific traits

Demerits

Steps in ideotype breeding:
1.

Crop species: in monocots, tillering is
more important but in dicots branching is
important.
Cultivation: the features of irrigated crops
differ from that of rainfed crop.
Socio-economic condition of farmers:
e.g.; dwarf Sorghum is deal for mechanical
harvesting in USA, but it is not suitable for
the farmers of Africa.



Development of conceptual model:
the values of various morphological and
physiological traits specified to develop a
conceptual theoretical model.
Selection of base material: genotypes
for plant stature, maturity duration, leaf
size and angle are selected from the global
gene pool of the concerned crop species.
Incorporation of desirable traits:
knowledge of the association between
various characters is essential before
starting hybridization programme.
Selection of ideal plant type: plants
with desirable traits are selected in



Ideotype breeding is a slow method of
cultivar development.
It has not been possible to identify
individual traits that enhance yield
universally or in a limited genetic and
environmental situations.

Reference
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19. NEMATOLOGY

Role of Nematode Cuticle in Microbial Interactions
K. Kiran Kumar
Scientist, Regional Research Centre for Citrus, ICAR-CCRI, Biswanath Chariali-784176, Assam

Once the nematode has entered the plant root,
although it will be protected to a certain extent
from environmental abiotic stresses, it must
avoid the plant’s resistance or immune
response. Therefore, the nematode SC must be
flexible enough to cope with these very different
environments. The SC influences the specificity
of nematode interaction with fungal and
bacterial pathogens (Page and Johnstone, 2007;
Davies and Curtis, 2011).

Introduction: Nematodes are among the most
abundant and successful of all metazoans on the
earth. In their natural habitat all soil nematodes
are
surrounded
by
a
plethora
of
microorganisms, some of which may pose
potential threats. Due to their different life
styles microbial and plant feeders are bound to
experience distinct immune challenges and are
likely to harbor their own specialized lineages of
pathogens. Advances in sequencing of nematode
genomes using molecular tools can help to
understand the mechanisms involved in the
interaction of PPN with other organisms
(plants, animals or microbes).
Nematode cuticle: Nematode cuticle is a
complex multilayered structure which acts as an
interface between nematode and host cells,
which provide protection against different
microbial pathogens. Different species and
growth stages of nematodes show degree of
variation in the cuticle structure. But it has been
divided into four basic layers.
1. Basal - Striated and contains collagen 2.
Medial - Contains collagen, more variable and
possess struts 3. Cortical - Possesses
annulations and made up of cuticulins, lipids,
proteins, and surface associated carbohydrates.
This layer is most important in mediating
microbial interactions 4. Epicuticle Outermost layer which is overlaid by a
carbohydrate rich Surface coat or glycocalyx
(Cox et al., 1981; Blaxter and Robertson, 1998).
Surface coat: The surface cost of
nematodes is rich in glycoproteins and
negatively charged. It is generally synthesized
by hypodermis and gland cells like excretory
cells, pharyngeal glands, rectal glands, amphids
and phasmids (Lin and McClure, 1996). The SC,
as the outer interface of the nematode cuticle,
must interact with two very distinct
environments. In the soil, the cuticle protects
the nematode from abiotic stresses, such as
large fluctuations of both temperature and
moisture, and biotic stresses in the form of
microbial predators, parasites, and pathogens.
March, 2018

Composition of cuticle:
1.

Collagen: Represents over 80% of soluble
protein
primarily
consisting
of
2
mercaptoethanol. Remaining 20% are
insoluble proteins mainly keratin-like
proteins
and
cuticulin.
Helps
in
determining body morphology, locomotion
and interaction with microbial infections.
2. Cuticulin: Predominantly made up of
tyrosine. Primarily present in the cortex
region. As nematode ages, cuticulin
thickens the nematode cuticle. It resists the
interaction of cuticle with microbials and
hypothesized to play a role in Plant parasitic
nematode- fungal interaction by thickening
the nematode cuticle.
3. Mucins: These are glycosylated proteins
produced by epithelial tissues across the
Kingdom
Animalia.
These
proteins
functions from lubrication to cell signaling
to form chemical barriers against invading
microbes (Zuckerman et al., 1979; Jansson
et al., 1986; Page and Johnstone, 2007).
In
addition
to
theses,
several
supplementary
cuticular
structures
like
mucopolysaccharides,
hyaluronic
acids,
chondroitin sulfate and heparin play an
important role in nematode and microbe
interaction.

Interaction of cuticle with microorganisms:
1.
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Nematode-fungal interaction: The
attachment of fungi to nematodes is
believed to involve lectins. Lectins are
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carbohydrate-inding proteins, which are
highly specific for sugar moieties present on
nematode cuticle. They also mediate the
first-line of defense against invading
microbes. This would indicate that a
recognition event leads to enzyme release
and consequently to firmer binding to the
nematode. The occurrence and distribution
of lectin binding sites will differ between
nematode species and among life stages of
each species (Spigel and McClure, 1991).
Nematode-Bacterial interaction: The
infection of a nematode by a Gram positive,
endospore forming bacteria, Pasteuria
commences when an endospore adheres to
the surface of the cuticle of a migrating
juvenile. Exosporium proteins including
collagen-like fibers on the surface of the
Pasteuria spores are interacting with fibrils
associated with the nematode cuticle and a
Velcro-like attachment process is involved.
As the infective juvenile ages, this layer
changes and become less susceptible to
Pasteuria
endospore
attachment.
Preliminary experiments suggest that the
surface coat secretions are modulated
through signaling pathways, as exposure to
peptides that inhibit IGF-1 stimulated cells
involved in innate immunity also reduces
endospore attachment (Davies and Curtis,
2011).
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DNA Barcoding:
A Molecular Diagnostic Tool for Nematodes
K. Kiran Kumar
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Introduction

The aggregate numbers of nematodes have been
estimated to be around 1 million. Among which,
over 25,000 have been described (Lambshead,
1993). In spite of their importance, the
taxonomy of nematodes is poorly studied. The
identification
of
nematodes
based
on
morphological characters is often not possible
due to their abundance, small size and lack of
expertise. Apart from this, it is time consuming

Nematodes are the most abundant and
ubiquitous organisms on the earth. They found
in several habitats ranging from aquatic, marine
and freshwater to terrestrial environments (van
Megen et al., 2009). Many nematodes play a key
role in nutrient cycling, soil health, whereas,
others act as parasites on plants and animals.
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using primers
b) Sequencing
c) Clustering of sequences
d) Sequence alignment in a database

and sometimes problematic because of high
phenotypic plasticity (Coomans, 2002) or the
absence of clear diagnostic characters (Derycke
et al., 2008). In addition to this, protein based
techniques like Isozyme analysis, Twodimensional polyacrylamide gel electrophoresis,
antibody based serological techniques and
MALDI-TOFMS
have
been
used
for
distinguishing among different species of
nematodes. The increasing knowledge of gene
sequences and the identification of taxa based
on molecular diagnostic methods have widely
accepted because of speed, simplicity and ability
to identify genetic variability between different
races and pathotypes of nematodes. The
examples of DNA based techniques include PCR
sequencing, RFLP, RAPD, AFLP, SCAR etc.
Each of these techniques has its pros and cons.
Amongst the sequence-based approaches, DNA
barcoding is a promising tool for rapid and
accurate
identification
of
nematode
communities across different habitats.

Applications
1.
2.

Identification of different species of
nematodes from samples isolated from soil,
planting material and water etc.
Utilization of total DNA extracted directly
from environmental samples for species
identification

Limitations
1.
2.
3.

Identification of a suitable marker for good
taxonomic coverage
Misidentification of nematode diversity
within the samples due to the formation of
sequence artifacts
Need for a repository of sequences of
characterized nematode species for better
identification of new species.

DNA barcoding

Conclusion

It is defined as the use of standardized DNA
regions as markers for species identification and
proven useful in understanding degree of
variation between species. This method is
capable of identifying an organism irrespective
of its life stage or sometimes the morphology of
specimen
being
studied
is
distorted.
Identification of nematodes is carried using
cytochrome c oxidase sub unit (COI) of the
mitochondrial DNA as a marker for DNA
barcoding (Hebert et al., 2003). In addition to
this, nuclear ribosomal RNA genes also used as
a barcode for nematode identification. Among r
RNA genes, the internal transcribed spacers
(ITS 1 and ITS 2) situated in between 18S and
5.8S and between 5.8S and 28S have been used
as suitable markers for diagnostics. As there
were complications in developing COI primers, r
RNA genes are preferred over COI gene for
species identification in most nematological
studies (Bhadury and Austen, 2010). By using
this approach several plant parasitic, animal
parasitic, human parasitic and marine
nematodes have been identified.

DNA barcoding is an efficient tool for rapid and
accurate identification of different groups of
nematodes. It can facilitate the recognition and
discrimination of cryptic species. This tool is
helpful to distinguish between closely related
species. Unlike traditional taxonomy, DNA
barcoding provides information irrespective of
the life stages of nematodes and also helpful in
understanding the evolutionary relationship
among different groups of nematodes.
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Introduction: Gmelina arborea Roxb. ex Sm.
is one of the commercially important fast
growing multi-purpose tree species belongs to
Family Verbenaceae G. arborea wood is suitable
for general utility purposes mainly light
construction, structural works & general
carpentry. It is harvested at 4-5 years for pulp
wood and firewood. However, for log
production, the trees will be harvested at the age
of 10-12 years. Under good management regime,
each tree yields about 1.5-2.0 tons of wood & its
value fetches to
8,000/ton in local market
(Mayavel et al., 2014). Apart from wood, this
species also been used in Indian folk medicine.
It is a preferred species by farmers, forest
departments and ayurvedic industries due to the
multipurpose utility, rapid growth and
maximum economic returns. The leaves of
Gmelina are used for rearing silkworms and as
fodder. However this species is being affected by
some important insect and pests that hinders its
growth and development. Therefore an effort
has been to address few important insect and
pests that enhances better management and
offers better returns from the plantations.

2.

3.

Pest and diseases of Gmelina arborea:
Diseases:
Most of the diseases on G. arborea have been
recorded from nurseries and plantations raised
in different parts of the country. Brief
descriptions of various nursery diseases
recorded in G. arborea are given below:
1. Foot rot: This is caused by Fusarium
VOLUME NO. 14, ISSUE NO.06
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oxysporum. It has been on 1-month old
seedlings. Infected portion exhibits watersoaked depression which late turns dark
brown causing wilt and subsequent death of
plants.
Poria root-rot: Poria rhizomorpha has
been recorded as a root parasite of Gmelina
arborea. The severity of the disease has
been noticed more on clayey sites where the
soil becomes periodically waterlogged. The
fungus penetrates in the forest on woody
debris in the soil and humus from which it
spreads to the host through white coloured
cord-like rhizomorphs often to a distance of
30 meters, disseminating the disease from
one tree to another. It causes brown
cuboidal rot in the root resulting in death of
root. It produces the basidiospores, which
are hyaline and ellipsoid in shape.
Root-rot and Collar rot: The diseases
are caused by Sclerotium rolfsii and
recorded in 1 to 2 months old seedlings.
Symptoms appeared as paling of foliage,
leaf shedding and subsequent death of the
seedlings.
Control measures: Above mentioned
root rot diseases can be managed by soil
drenching with 0.2% Carbendazim at 15
days intervals effectively controls the
disease (Jamaluddin et al., 1988).
Leaf spot: Leaf spot is caused by
Pseudocercospora
ranjita
and
Deptoshaeria gmelinae causing leaf spot
and die-back of twigs. Other leaf spot fungi
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5.

6.

7.

8.

Defoliation is first noticed at the beginning of
the rains and continues till October. No
biological or mechanical control measures have
been developed. Larvae of other several insects
are known to bore in the wood and to defoliate,
but the damage caused is usually not
appreciable. No serious insect pest problems
have been recorded where G. arborea is grown
as an exotic.

recorded are Phoma tropica, Alternaria
laternata and Macrophomina phaseolina
and Corynespora cassicola. Leaf spots
result in paling of foliage and shedding of
leaves.
Leaf and shoot blight: Colletotrichum
state of Glomerella cingulata in association
with Fusarium solani has been reported to
cause severe blight disease in 5-6 month old
seedlings during May and June.
Powdery Mildew: It is caused by
Phyllactinia suffulta var. gmelina. The
pathogen produces infection spots on the
lower surface of the leaves with
corresponding pale yellow colour on the
upper surface (Patil, 1961).
Control Measures: Application of
Carbendazim (0.1%) or Hexaconazole
(0.1%) at 15 days intervals will manage all
the foliar diseases.
Phoma stem rot: Stem rot disease caused
by Phoma nebulosa is recorded in 3-4
months old seedlings from Kerala
(Sharma et al., 1985). The disease flares
up under warm and humid conditions
especially in overcrowded seedlings. The
infected seedlings wilt and eventually die.
Numerous pycnidia develop on dead stem
and spore masses ooze out from them on
maturity.
Canker disease: Stem canker disease is
caused by conidial state of Thyronectria
pseudotricha
and
Hendersonula
toruloidea.
The
pathogen
causes
depressions and necrosis of the bark on
which numerous conidia (imperfect state)
are produced resulting in formation of
perennial cankers which increase in size
due to fungal invasion to the surrounding
healthy tissues. The bark later splits and
peels-off exposing the dead wood (Sharma
et al., 1985).
Control Measures: Above mentioned
diseases can effectively controlled by
removing the affected seedlings from the
seed beds, regulating the water and
applying 2-3 foliar sprays of Hexaconazole
(0.1%) at weekly intervals.

Conclusion
Gmelina arborea Roxb. ex Sm is one of the
commercial
fast
growing
multi-purpose
indigenous tree species belongs to family
Verbenaceae. In world it is spread in South East
Asian countries and in India it is spread
throughout greater part except J & K, Himachal
Pradesh & Sikkim. Good management practices
for pest and diseases starting from nursery will
results in good growth and maximum wood
yield.
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Insect pests
Calopepla leayana (Chrysomelidae)-It feeds
on the leaf and also eats young buds and shoots.
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mostly rainfed will have probably, thestrong
adverse effecton global warming. It is projected
that there will be 5 – 25 percent decline in
winter rainfall and 10-155 percent increase in
monsoon rainfall over India by 2080’s, which is
significant and may lead to droughts during the
dry months and more intense rainfall spell
during the wet season. If global surface
temperature increases 0.14-0.58ºC per decade,
theyield of tropical grain crops could increase by
5-11 percent by the year 2020 and 11-46 percent
by 2050. In this situation, climate change
mitigation and adaptation will play out locally
but have global consequence. Both adaptation
and mitigation strategies can complement each
other and together can significantly reduce the
risk of climate change.

Global warming is continuous without any
doubt and since 1950’s many of the observed
changes in the climate are unprecedented over
decades to themillennium. Anthropogenic
GHG’s emissions will cause further changes and
warming in the climate system. In the21st
century, climate change and its effects are fast
becoming one of the prime events. Climate
change affects coupled with overpopulation and
weather crisis, climate disruptions may have
amajor influence on resilient and sustainable
development.

Potential impact of climate change on Indian
agriculture
Climate change and agriculture are interrelated
processes, both of which take place on theglobal
scale. The consequences of climate change are
being realized across the world and it is
expected that agricultural crop production
might be significantly affected by the predicted
change
in
climate
and
atmospheric
CO2concentration. The probable effect of higher
CO2concentration
may
increase
plant
photosynthesis and result in higher crop
production in thetropical forest ecosystem.
However, a rise in temperature may reduce crop
yields by hastening plant development by
modifying water and nutrient budgets and by
increasing plant stress. The net effect of
increased CO2 and climate change on crop yield,
thus depend on local conditions. While warmer
summer air temperature might be beneficial to
crop production in the temperature might be
beneficial to crop production in the temperate
latitudes, where the length of the growing
season and thefrost-free period would increase,
warmer temperatures exert negative effects on
crop maturity in those regions where
temperature and water stress limit crop
production. Therefore, vast areas of the arid and
semi-arid regions of India, whereagriculture is
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Climate change adaptation and mitigation
strategies through Agroforestry
Agroforestry can contribute to climate change
mitigation by sequestering carbon in their
biomass, in the soil, and in wood products.
Although agroforestry systems usually store less
carbon per unit area than do forests, they have
the advantage of allowing the land to remain in
use for the production of food or other crops.
Additionally, a large total land area is suitable
for agroforestry practices, implying a potential
for
large-scale
carbon
sequestration.
Agroforestry can also play a role in climate
adaptation.
Trees
can
moderate
local
microclimate, protecting crops by lowering
temperatures and reducing soil evaporation.
They can ameliorate drought by improving soil
water holding capacity. They can reduce damage
from extreme floods and wind storms. They are
able to access deep supplies of water and
nutrients. The mature trees are generally less
susceptible to climatic fluctuations than annual
crops and can provide alternative sources of
food and income under adverse climates.
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adaptation and mitigation measures in making
communities resistant to the impacts of climate
change.
Conclusion: As the danger of climate
change looms large on the environment,
following agroforestry practices is one way to
mitigate the negative effects of climate change.
Agroforestry helps in sequestering carbon in
their biomass, in the soil,and in wood products.
Although less carbon is stored per unit area in
agroforestry system, in comparison to the
forests, but it allows the land to remain in use
for the production of food or other crops. Since
a large total land area is suitable for agroforestry
practices, there is potential for large-scale
carbon sequestration

Agroforestry may play a significant role in
mitigating the atmospheric accumulation of
greenhouse gases. There are 3 major paths by
which
agroforestry
can
help
reduce
theatmospheric carbon they are: conservation of
existing carbon pools through practices such as
afforestation and alternate to slash and burn;
sequestration through improved fallows and
integration with trees and substitution through
biofuel and bioenergy plantation to replace
fossil fuel use. Agroforestry also plays a vital
role in helping smallholder farmers adapt to
climate change, if it is supported by appropriate
and marketing methods, agroforestry products
can make a majorcontribution to the economic
development of the millions of poor farmers by
meeting their needs for food, fuel,and income.
Combined yield of tree, crop and livestock
products from well planned and well-managed
agroforestry system tend to be higher than those
from sole systems due to increased and efficient
use of scarce resources especially moisture.
Recognizing the ability of agroforestry systems
to address multiple problems and deliver
multiple benefits, it has been stated that
agroforestry can both sequester carbon and
produce a range of economic, environmental,
and socioeconomic benefits. Now it is believed
that agroforestry interventions provide the best
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Zinc Solubilizing Bacteria

gets transformed into Zinc Carbonate (ZnCO3),
Zinc phosphate (Zn3(PO4)2) and Zinc sulphide
(ZnS) based on the type of soil and becomes
unavailable to plant. About 75 % of plant
applied ZnSO4 transform into various mineral
fractions, where only 1-4% is available to plants
in submerged soils.Zinc is present in thesoil in
various unavailable and available forms. It is
required by plants in relatively low
concentration. About 50-70% of Indian soils are
zinc deficient, but the total zinc present in soil is
very high (10-330 ppm), but the available zinc is
below the critical level of 1.5 ppm.
Zinc solubilizing bacteria (ZSB) are agroup
of soil bacteria, capable of converting

Zinc deficiency is widespread throughout
various parts of India. Zinc is a vital nutrient,
which plays a major role in themetabolism of
plants. It also plays a prominent role in several
biochemical processes including photosynthesis,
pollen formation, protein synthesis, and auxin
biosynthesis and membrane integrity of
theplant. Most of the zinc is stored in the seed.
Zinc ions improve thephotosynthetic ability of a
plant because they help in thebiosynthesis of
chlorophyll molecule precursors. Therefore zinc
serves as avital micronutrient in the plant
system. Generally, ZnSO4 is applied to plants as
a source of fertilizers, but upon application,it
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make unavailable phosphorus in thesoil to
available form and also improves the crop
growth and productivity. In soil, even though
silicon is present in abundant quantities, the
presence of silicon in various unavailable forms
like oxides and hydroxides of iron and
aluminium makes silicon in soil not available to
plants.
There are some bacteria called Silicon
Solubilizing Bacteria (SSB) which have the
capacity to break down silicate minerals in
thesoil. Scientists have identified Bacillus
mucilginosus var. siliceous as the efficient
strain for silicate solubilization in thesoil. SSB
produces
several
organic
acids
and
polysaccharides, which helps in dissolution
process and also decreases soil acidity in acidic
soils.

unavailable zinc to available form. The ZSB are
isolated from soil by enrichment technique and
also from other sources like Zinc ores (eg.
Sphalerite). This ZSB makes soil Zinc available
by producing organic acids such as gluconic and
2-keto gluconic acids, which have the ability to
chelate the metal component thus makes Zinc
available to plants.

Benefits:
1.
2.
3.
4.

ZSB alter the zinc availability in thesoil
upon application.
Leaching of Zinc from the ore takes place
with the help of Thiobacillusthiooxidans.
ZSB increases the zinc concentration in the
rhizosphere of plants by releasing organic
acids.
ZSB alone can be used in soils with high
zinc content.

Benefits:

Silicon Solubilizing Bacteria:

1.

Silicon is an abundant element available in
earth’s crust. Silicon is absorbed and
accumulated only by few organisms like plants,
diatoms, vertebrates,and insects. Among the
plants, its concentration is found to be higher in
monocotyledons, especially crops belonging to
Poaceae family. Most of the grasses accumulate
silicon in the range of 2-20% of the dry weight
and whereas rice accumulates 4-20% silica in
almost every part of the plant. Silicon is taken
up in the form of monosilicic acid and it gets
deposited as Silica gel forming Cuticle-Silicon
double layer. The deposited silicon in plants
offers resistance against several abiotic and
biotic stresses. Silicon nutrition also makes
stronger stems and decreases lodging. Several
studies indicated that the silicon application will

2.
3.
4.

Enhances crop growth and yield in cereal
crops.
Cereal crop residues inoculated with SSB
facilitates therapid breakdown of the
residue.
Make soil silicon available to plant
Potassium application along with silicon
have asynergistic effect on grain yield and
also decreases blast incidence in rice.
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and candies. Matured unripen fruits are used
asvegetable and also used in the preparation of
tutti-frutti. Papaya contains several vital
nutrients and antioxidants and has a great
medicinal value. Papain, a bi-productcollected

Papaya (Carica papaya) is a fruit crop that is
cultivated both commercially as well as in the
kitchen garden of many families all over India.
Papaya is a much-loved fruit all over India. It is
used to make fruit juices, fruit salads, jam, jelly,
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female flowers are allowed to be pollinate with
pollenfrom any (not necessarily of thesame
variety) male plants. The ratio recommended is
generally 1 male plant for every 10-25 female
plants.
Seed Production in Gynodioecious
Varieties: When pollination has to be carried
out for purposes of seed production, it is done
inside protected structures such as a
greenhouse. All hermaphrodite plants will set
fruit by self-pollination. Alternatively, all
hermaphrodite plants are raised in the open and
flowers are bagged two days before anthesis. In
the case of plants with only female flowers,
these are generally removed by commercial seed
production units.

from immature fruits have industrial use.
The most important step in thesuccessful
production of papaya is the production of
quality seed. In India the major constraint in
commercial papaya production is the nonavailability of pure seed. Being a highly crosspollinated crop and presence of different sex
types, it requires an adequate technical
knowledge about seed production of papaya.
Pure seed production is not possible because of
open pollination due to wind and insect
pollination and high isolation distance
requirement. Pure papaya seeds can be
produced either by artificially controlled
condition or by isolation. Controlled pollination
maintains maximum varietal purity but is
cumbersome and needs skilled labour. Seed
produced by controlled pollination is limited
due tohigh cost but seed production through
isolation is easier but thedegree of seed
heterozygosity is higher. Seed production in
isolation is low cost with higher in quantity.
Gynodioecious varieties are chosen by seed
companies for commercial seed production.
These varieties do not have male plants. The
female plants are removed from the farm as
soonas flowering occurs since these are less
productive. The hermaphrodite plants are
retained and flowers are bagged 2-3 days prior
to anthesis. Self-pollination takes place and the
growing fruit breaks open the bag and come out.
The bags are left in place to find fruits with true
to type seeds from those that have been selfpollinated.
Reproductive
isolation
for
commercial production of fruit is not required
since thepurity of seed is not a matter of
concern.

Dioecious Varieties
Fruit Production in Dioecious Varieties:
In the case of dioecious varieties, fruit
productionfor
commercial
purposes
is
straightforward. Plants with female flowers can
be raised in the open and allowed to pollinate
with male or hermaphrodite plant as mentioned
above, where one male plant can be raised along
with 15-20 female plants.
Seed
Production
in
Dioecious
Varieties: In the case of dioecious varieties,
plants with male flowers are raised in protected
structures or alternatively they are raised in the
open and all flowers on the male plant are
covered with a butter paper bag 2-3 days before
dehiscence and the flower along with the bag is
harvested for pollinating female flowers. Plants
with female flowers are raised in the open and
bagged after pollinating with pollen from male
plants. An isolation distance of 400m is
maintained from the nearest papaya field.

Gynodioecious Varieties
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2.

Rice (Oryza sativa L.) is the foremost staple
food for more than half of the world’s
population. In many Asian countries, rice
provides 50-80 % of the energy intake of the
poor but it does not provide enough essential
micronutrients such as Zn, Fe and iodine. The
polished rice contains an average of only 12 mg
kg-1 Zn and 2 mg kg-1 Fe, whereas the
recommended dietary intake of Zn and Fe for
humans is 12-15 and 10-15 mg, respectively.
Micronutrient deficiencies such as iron, zinc,
iodine and vitamin A have been targeted for
intervention, given the huge magnitude of the
problem caused by these deficiencies amongst
the world’s poor. Up to date malnutrition of Zn
and Fe which may weaken immune function and
impair growth and development of human
distress more than 50% of the world’s
population. The new approach for supplying
micronutrients to the poor in developing
countries comprises making the staple foods
they eat more nutritious through biofortification methods. The goal of biofortification is to develop plants that have an
increased content of bioavailable nutrients in
their edible parts.

3.

4.

Bio-Fortification Methods:
Nutritional enrichment of cereal crops could be
accomplished by several ways
1. Breeding techniques: Plant breeders
screen existing accessions in global
germplasm banks to decide whether
sufficient genetic variation exists to breed
for a particular trait. Then they selectively
breed nutritious cultivars of major staple
crops rich in Fe and Zn concentrations and
with substances that promote the
bioavailability of Zn and Fe. The possible
breeding strategies include conventional
plant breeding approaches, mutation
breeding, molecular breeding.
VOLUME NO. 14, ISSUE NO.06
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Agronomic practices: The agronomic
strategies like improving solubilization and
mobilization of the elements in the soil
helps in improving theconcentration of
mineral elements in the edible part of the
plant or grain. Agronomic bio-fortification
is the only way to reach the poorest of the
poor rural masses to enhance the
composition of thedesired nutrient in their
diet. Hence, the role of agronomic biofortification in unravelling hidden hunger is
tremendous. The possible agronomic
interventions
include
the
following
approaches viz., Seed coating, Seed
priming, Foliar fertilization, Soil application
of fertilizers.
Genetic modification: The successful
application of transgenic technologies to
enhance the nutritional value of crops has
been demonstrated in several crops like that
of golden rice. Transgenic technology
facilitates incorporation of novel genetic
variation or foreign gene into the candidate
crop from the outside of its entire gene
pool.
Microbiological method: Plant Growth
Promoting Rhizobacteria (PGPR) include
beneficial bacteria that colonize plant roots
and augment plant growth by ample variety
of mechanisms. The application of PGPR in
the soil has multifaceted advantages which
reduce the use of fertilizers and other
agrochemicals in agriculture. Uptake of
iron, zinc and other micronutrients by the
plant roots is improved due to secretion of
phyto-siderophores by microorganisms
present in the soil rhizosphere. AM Fungi
(mycorrhizal fungi) improves uptake of
nutrients from the soil. It helps plants to
capture nutrients such as phosphorus,
sulphur, nitrogen and other micronutrients
from soil. Thereby concentration of mineral
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complimentary method to plant breeding as well
as modern biotechnology for improved
micronutrients concentration in the plant
produce. Bio-fortification of cereal crops
through the application of PGPRs can be
considered as a potential auxiliary technique.

elements are improved in the grain.
However, the role of mycorrhiza on element
biofortification may be piloted through
improved agricultural practices.

Conclusion
Micronutrient malnutrition is a widespread
problem at global level caused mainly by low
dietary intake of micronutrients, especially Zn
and Fe. Agronomic bio-fortification is of great
significance in enriching seeds and straw with
micronutrients. Agronomic bio-fortification is a
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POLYEMBROYONY

occur
by
different
ways.
In
plants
polyembryonic cases arise from maternal tissue
(adventitious polyembryony) is the most
common followed by cleavage of the fertilized
embryo , whereas formation of additional
embryo sac and participation of haploid cells in
embryo formation is less common.
The different ways of polyembryony are
1. Formation
of
embryo
by
sporophytic/maternal tissue (2n) of ovule
2. Formation of embryos by cells of embryo
sac other than egg cell
3. Development of more than one embryo sac
within the same ovule
4. Cleavage of proembryos
The activation of sporophytic cells (nucellus
and integument) of embryo sac is the most
common force for polyembryony and the
embryos arise from the sporophytic cells are
called ‘adventive embryos’ and the phenomenon
is called ‘adventive embryony’.
Cleavage of Proembryo : In this case the
embryo that forms after normal fertilization
divides irregularly and forms mass of cells that
proliferate and develop into many embryos. The
cleavage polyembryony is quite common in
Orchidaceae, Poaceae and gymnosperm .
Embryos from other than the Egg Cell
of Embryosac : In this category the most
common source of additional embryo is the
synergids (n). If embryo develops from
unfertilized synergid the embryo will be haploid

Polyembryony is a type of apomixis where in
autonomous development of supernumerary
embryos takes place in the seed and
consequently genetically similar progenies are
developed.
Supernumerary embryos are produced in
different frequencies singlet, duplet, triplet,
quadruplet, quintuplet, sextuplet and so on. The
additional embryos-do not always mature. They
may become arrested at very early stages or may
degenerate during the course of seed
development. Therefore, if mature seeds are
taken into account the percentage of
polyembryony in a species would be far less
than its actual frequency.
Polyembryony includes all those instances
in which there is a clear indication of the actual
occurrence of two or more proembryos or
embryos in a developing ovule. Except for a few
taxa (Citrus, Mangifera), polyembryony occurs
only as an abnormal feature.Among different
types of polyembryony, nucellar embryony (2n)
is the most common.
The first case of polyembryony was reported
in certain orange seeds by Antonvan
Leeuwenhoek (1719). About 255 genera
belonging to 153 families are reported to exhibit
polyembryony.

Different Ways of Polyembryony
The development of additional embryo may
March, 2018
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zygotic embryo and
hybridization in plants..

whereas fertilized synergids will give diploid
embryo. The formation of diploid embryo from
synergid is brought about by the entry of more
than one pollen tube into the embryo sac or by
the presence of additional male gamete in the
same pollen tube.

affects

the

Mango


Polyembryonate Fruit crops



Among fruit crops, citrus, mango, jamun, rose
apple, almond, peach, etc are polyembryonic in
nature. However citrus is the most important
group exhibiting these traits. Except Citrus
grandis (pummelo), C. latifolia (Tahiti lime)
and Citrus medica (Citron) all other species are
polyembryonic. In case of mango (Mangifera
indica), polyembryony is variety-dependant.
Bappakai, Chandrakaran, Kensington, Kitchner,
Kurukkan, Muvandan, Mylepelian, Nekkare,
Olour,
Peach,
Prior
and
Starch
are
polyembryonic while mango varieties of
commercial importance are monoembryonic.
Most of the polyembryonic mango varieties
are used as root stocks as they have poor fruit
quality. Polyembryony is also common in jamun
(Syzygium cumini) and rose apple (Syzygium
jambos).

There are two distinct seed types among
mango cultivars, Monoembryonic and
Polyembryonic.
Monoembryonic mangoes have seeds with a
single embryo while the Polyembryonic
mangoes have more than one embryos.

Polyembryonic
Only one of the multiple embryos in a
Polyembryonic mango is gametic and is of
sexual origin, while the other embryos come
from the maternal tissue and are identical to the
mother tree.
The skin tones of Polyembryonic mangoes
are restricted in general, to green, light green
and yellow.




Significance of polyembryony in fruit crops
The adventives embryos develop from nucellar
embryo provide uniform seedlings for root
stocks which yield consistent results in fruit
production.

Polyembryonic mangoes tend to be
relatively resistant to anthracnose.
Mangoes originating from the following
tropical
locations
generally
are
Polyembryonic;
Regardless
of
the
seed
type,
monoembryonic or polyembryonic, a
seedling tree will take longer to produce
fruit and usually will be more difficult to
manage.

Citrus



The nucellar seedling as a root stock has a
tap root and, therefore develops a better
root system.
 The nucellar seedlings show a restoration of
the vigour lost after repeat vegetative
propagation.
 Polyembryony has ecological significance as
it increases the probability of survival under
varied conditions.
 Nucellar polyembryony is the only practical
approach to raise virus-free clones of
polyembryonatic citrus species in nature.
 Disease-free plants can also be obtained
through nucellar embryo culture.
In spite of significance in plant propagation,
polyembryony has a drawback as it interferes
with the hybridization programme. In
hybridization, zygotic embryo is the outcome,
but polyembryony hampers the growth of
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In most angiosperms, a single embryo usually
develops per seed. However, in some cultivars of
Citrus, multiple embryos can be found in an
individual seed that is described as
polyembryonic. Polyembryonic seed formation
in Citrus is one of many apomictic processes
that have been described to occur in the ovules
of angiosperm species .
In polyembryonic seed formation, many
nonzygotic, nucellar embryos are initiated
directly from the maternal, nucellar cells
surrounding the embryo sac containing a
developing zygotic embryo. During embryo sac
expansion, embryogenic nucellar cells obtain
access to endosperm and develop into embryos
alongside the zygotic embryo that may or may
not complete development. Nucellar embryos
give rise to seedlings that are of the same
genotype as the female parent.

49

March, 2018

ISSN No.:2321-7405

Almond

sorting could benefit commercial fruit
production and fruit breeding programs. But all
the existing methods are having their own
advantages and disadvantages. So there is a
urgent need to develop a efficient method to
differentiate zygotic and nucellar seedlings in
the breeding population as well as in the
nurseries of fruit crops.

In almond, polyembryony has been described in
different cultivars including ‘Nonpareil’, ‘Price’,
‘Sono- ra’, ‘Jiml’, ‘Carmel’, ‘Johlyn’ and ‘Mission’
The occurrence of polyembryony varies greatly
as it is strongly influenced by environmental
conditions .

Techniques to Differentiate Zygotic and Nucellar
Seedlings in Polyembryonic Fruit Crops:
The RAPD markers can be used as a diagnostic
tool to identify plantlets in polyembryonic seeds
but, at least duplicates and reproducible primers
should be utilized to enhance the working
efficiency

Conclusion
The ability to separate the seed that will produce
nucellar seedlings from those that will produce
zygotic seedlings before planting by grading or

Image show different types of Polyembryony

27. AGRICULTURE

New Plant Growth Regulator: Karrikins
A. S. Thounaojam
Medicinal and Aromatic Plants Research Station, ICAR Unit, AAU, Anand

year 2003 (Akshay Sakhare, 2014).
There are six different karrikins are
recognized and are designated as KAR1, KAR2,
KAR3, KAR4, KAR5 and KAR6. Among these
group, KAR1 and KAR4 types are the most active
in their activities. Karrikins consists of two rings
in their structure, pyran and the other a fivemembered lactone comprising ring known as a
butenolide. The KAR1 (Karrikinolide), basically
it is butenolide and chemically known as 3methyl-2H-furo [2, 3-c] pyran- 2-one was the
first known karrikin to stimulate in seed
germination;
synthetic
KAR1
showed
germination activity at concentrations below 1
ppb (Sheila et al., 2009.)

Phytohormone is an organic substance
synthesized/
produced
by
plant
and
translocated to other parts of the plant for their
physiological actions and present in a minute
quantity. The organic and synthetic forms of
various chemicals which are involved in plant
growth and development is broadly classified as
Plant Growth Regulators (PGRs). The PGRs are
directly or indirectly required by the plants right
from the seed germination to seed maturation
i.e., entire plant life cycle. There are five major
plant growth regulators are reorganized in plant
viz., Auxins, Gibberellins, Cytokinins, Abscisic
acid and Ethylene. Brassinosteroids is
considering as the sixth plant growth regulator
in plant and it was discovered from pollen
grains of Brassica napus in the year 1970 (Seeta
et al., 2002). There are several emerging
chemicals which are actively involved in plant
growth and development. Karrikins is also one
of the new classified groups of PGR. Karrikins is
known as potent germination inducer; was first
identified from the plant derived smoke in the
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cellulose, filter paper and even sugars (xylose)
and responsible for seed germination of various
plant species. Aqueous extracts of heated plant
material and charred wood have also been
reported to stimulate seed germination. As par
information, smoke released from the cigarettes
also help in germination of seed due to the
karrikin present. The well-known germination
stimulation characteristic of these chemicals is
observed in different group of flowering plants
and conifers. These chemicals are highly
sensitive to very high temperature as well as UV
light therefore, these chemicals are released
during less extreme fires. The UV light are
absorb by the aromatic compounds exist in
smoke as a results they are stable under the
normal conditions. The vaporized smoke is
condenses and then incorporated to soil
particles. Karrikins entry into the soil through
rain water and then dormant viable seeds are
getting sign of things for germination. This
observation was occurred in few of plant
species. Because, some of the seeds need to be
buried in soil; after ripening dry storage types of
seed required for a period of few months or
years for germination before they become
karrikins responsive. This responsiveness
nature of karrikins with seed germination is
varying with the varieties of plants. By the
process of steam distillation karrikins can be
transported to other areas but they are more
concentrated to the fire locations.
Karrikins responsive seeds show the faster
growth, and produce early flowering and seed
and finally fall to the ground. These types of
seeds can remain dormant in the soil for
decades, until the next fire produces fresh
karrikins. This group of plants is known as fire
ephemerals or fire-followers. The primary
dormant Arabidopsis seeds far more effectively
stimulate germination by karrikins than known
phytohormones or the structurally related
strigolactone GR-24 (David et al., 2009).
Generally inhibition of germination in many of
species is related with the regulation of
phytohormone of gibberellins and abscisic acid
concentration in seed. From this point of view,
karrikins are also interacting with the
phytohormones with respect to the seed
germination. The two key genes, GA3ox1 and
GA3ox2 involved in GA biosynthesis are
induced by the KAR1 in primary dormant

VOLUME NO. 14, ISSUE NO.06

Arabidopsis thaliana seed (David et al., 2009).
Not only involved in seed germination activity,
karrikins as function in many plant growth and
development; reported to increase in seeding
vigour (maize and tomato) and leaf
development.
The
photomorphogenesis
character during seedling of Arabidopsis,
shorter hypocotyl and larger cotyledon was
observed due to the karrikins.
The details study of Karrikin action was
determined in Arabidopsis and KARRIKININSENSITIVE-2 (KAI2) is acting as the receptor
of this molecule and its receptor molecule
having a specific region of alpha/beta-fold
hydrolase. This phenomenon is almost similar
with the mode of action of strigolactone. In case
of strigolactone also hydrolysis of receptor
proteins, DWARF14 in rice, DAD2 in petunia
and RMS4 in pea were observed. The two genes
are identified from the Arabidopsis, one gene
was already recognized in responses to
strigolactone hormones named as MORE
AXILARY GROWTH2 (MAX2), while the other
gene was encoded the strigolactone receptor
gene (DWARF14), known as KARRIKININSENSITIVE2 (KAI2) are responsible genes
for the action of karrikins. The SUPPRESSOR
OF MAX2-1 (SMAX1) and DWARF53 genes
required for the signal transduction of KAI2 and
strigolactone, respectively. These genes encode
the repressors proteins that inhibit the
transcription process. The ubiquitin protein tags
the protein to be degraded and degradation take
place through proteasome and consequently
activation of target genes occurred (Gavin et al.,
2015).
Therefore, karrikins is the newly recognized
group of plant growth regulator derived from
the burning of plant materials and which is
mostly engaged with the seed germination of
various plant species. Further, details molecular
study of karrikins will gives a huge outlines in
upcoming research purpose in relation with
seed germination and other plant growth and
development.
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Introduction

evaporation but also decreases runoff of upper
soil layer by wind or heavy flow of water.
No doubt mulching with organic materials
has been very long and beneficial for plant
growth but plastic mulches widely replaced
them and are very common in vegetable
production these days. An ideal mulch should be
made
up
of
a
renewable
material,
biodegradable, durable, permeable to rain and
huge winds. It should suppress weed growth,
maintain soil temperature and moisture and
checks evaporation. Also, it should be costeffective and easily manageable and should be
easy to put in the field. Paper mulches are
abetter option for mulching because they can be
easily decomposed and incorporated into the
soil whereas plastic mulches have theproblem of
disposal. Although paper mulches are more
expensive than plastic mulches, lifespan is
shorter and can be destroyed easily with heavy
rain and wind.

Mulching with organic materials has been very
long and beneficial for plant growth but plastic
mulches widely replaced them. However, they
are not suitable when the consideration is given
to environment pollution. Paper mulches are the
solution for the environmental problems due
use of plastic mulches. Several kinds of paper
material have been used for mulching, where
kraft paper has been used most commonly.
Paper mulches reducesoil temperature as
compared to black plastic mulch. Oil treatment
in paper mulches may improve its capacity to
conserve soil moisture. Black paper mulch and
black polyethylene mulch can be equally
effective in controlling weeds. Paper mulches
are less durable as compared to plastic mulches
because they get easily destroyed by wind or
rain. In future paper mulches with better
strength and developing properties for mulching
is needed.
Mulching is a very old practice which had
been used by farmers and agriculturists for a
long time for improving soil conditions by
covering the soil surface with different kinds of
materials. Plant growth is encouraged in a
better way with the improvement of thephysical
environment of the soil. Using mulch on the soil
surface adds organic matter to it, reduce weed
growth and also checks soil erosion to some
extent. Several kinds of mulches had been used
to control weeds and to improve plant health. In
the ancient times mulching with organic matter
was done along with stones, pebbles, gravels,
volcanic ash,and cinder as well as other lithic
materials. These methods not only reduces
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Materials Used for Paper Mulches
Paper is a thin material produced by pressing
together moist fibres of cellulose pulp derived
from wood, rags orgrasses, and drying them into
flexible sheets. It is a versatile material with
many uses, including writing, printing,
packaging, cleaning, mulching and a number of
industrial and construction processes. The
function, durability,and stability of a paper
mulch depend on the selection of quality raw
paper material. Quality can be enhanced by
constituents like mineral fillers, dry and wet
strengthening agents, colorants and water
repellents. Several kinds of material have been
used for mulching in different vegetable crops.
52

VOLUME NO.14, ISSUE NO.06

ISSN No.:2321-7405

Kraft paper was able to keep soil moisture than
the plastic mulch. While theeffectiveness of
polyethylene mulch was shown better than the
paper mulch for conserving soil moisture. Oil
treatment in paper mulches may improve its
capacity to conserve soil moisture. Straw mulch
can be very effective in conserving soil moisture
for a longer time because it allowed penetration
of water and avoided losses due to evaporation.

Kraft paper has been used most commonly for
mulching. Commercial mulch papers are also
available as colored and uncolored. All the
paper mulches which are used for mulching and
are not covered with polyethylene can be used
for mulching in organic farming as these are
biodegradable and can be ploughed into thesoil.
The durability of paper mulch has a direct
effect on the degradability of the mulch. It was
found that newspaper degraded most rapidly,
followed by shredded newspaper and straw
mulch was slowest in degradation. The paper
started degrading from the sides of the paper
and allowed weeds to grow on edges. The major
disadvantage of the paper mulch is its
degradation from edges. Oil coating can be a
solution for the fast degradability of the paper.
Also, saturated paper mulch with vegetable oil
significantly prolongs usage time of mulch. The
durability of a paper mulch depends on the
quality of paper, soil and weather conditions.

Effect of Paper Mulch on Weeds
Weeds cause huge losses to the main crop as
they fight for nutrition, water, light etc with the
main crop. Mulching can reduce the losses due
to weeds and can also save manpower and total
cost of production by avoiding mechanical
weeding practices. Paper mulches have been
found equally or even more effective in
controlling weeds than black plastic mulch. It
was found that butcher paper and polyethylene
coated kraft paper were equally effective in weed
control as compared to plastic mulch. In a study
on tomato, paper mulch was found better to
control weeds than black polyethylene or
biodegradable plastic mulch. The color of the
paper mulch can be very effective in controlling
weeds. Black paper mulch and black
polyethylene mulch can be equally effective in
controlling theweed.

Effect of Paper Mulch on Soil Temperature
It is a well-known fact that mulching can modify
the soil temperature in different geographical
regions. Paper mulches may lower soil
temperature as compared to black plastic mulch
or bare soil. This might be due to the less
absorbed light by lighter color of the paper than
the black plastic film which absorbs more light.
In a study, the soil temperature was higher
under waxed paper mulch than the kraft paper
and it was higher in black polyethylene mulch
than the paper mulch. Color of the paper mulch
had an direct effect on the soil temperature.
Treating the paper with oil may increase
penetration of thermal radiation which leads to
increase in soil temperature. Paper mulches can
be used in higher hills for the production of cool
season crops as the mulch can increase the soil
temperature.

Effect of Paper Mulch on Yield
Mulching with paper may increase yield and can
also improve fruit quality as the fruit does not
get a direct contact with soil. Also as the weed
competition is less and moisture conservation is
there so the availability of nutrients is more to
the crop and there is anincrease in yield. For
example, the yield of head lettuce was
significantly higher when paper mulch was used
in a warm and dry season. There was anincrease
in yield of tomato when kraft paper, oiled kraft
paper and commercially available black paper
mulch was used with unmulched treatment. The
benefit from thedifferent type of mulches also
depends upon weather conditions in which they
are used. For example, paper mulch gave
thebest result in the rainy season as compared
to plastic and straw mulchfor increasing yield of
tomato.

Effect of Paper Mulch on Soil Water Content
Soil water content depends on soil structure,
temperature,and evaporation. Mulching can
conserve moisture by avoiding evaporation.
However, the positive effects of mulching on soil
water content depend upon the climate. In
temperate regions, there is thevery little effect of
mulching on the soil water content under
different mulches or bare soil. It was revealed
that both biodegradable paper mulch and brown
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presence of increased environmental awareness.
The major problem with the paper mulches is
their durability. Paper mulches are less durable
as compared to plastic mulches because they get
easily destroyed by wind or rain. Paper mulches
with better strength and developing properties
for mulching is needed because many paper
products tested so far tend to degrade too fast.
Because of the environmental problem caused
by the use of plastic mulches, it is not too
difficult to forecast that there will be great
demand for cheaper better and cheaper paper
mulches that are environmentally trouble free.

economical than all other mulches. However,
they are not suitable when the consideration is
given to environment pollution. The availability
of paper and the high cost of paper mulch is a
major problem for large-scale field production
of vegetable crops. More extensive use of paper
mulches could bring the production price closer
to plastics, but hardly to the level to compete
with them if only the price of mulch is
considered. Paper mulch can be left in the soil
after the crop ends without any environmental
concerns, so its valued gets increased as
compared to plastic mulch particularly in the

29. HORTICULTURE

Potato: An Important Commercial Crop of India
Rajiv Dubey
Assistant Professor, Department of Agronomy, College of Horticulture, Mandsaur (M.P.)

Potato is the staple vegetable crop of India.
Potato contains protein, carbohydrate and
minerals like Ca, Fe, P and vitamins like B1, B2,
B6 and Vitamin C. In developing countries,
farming of potato is expanding year after year.
India has second rank in production, third in
area and fourth in productivity in the entire
world. The yield of potato crop can be increased
by the improved production agro-technologies,
involves
nutrient
management,
water
management, weed management and plant
protection measures etc. Here we will discuss
about improved cultivation practices of potato
for higher productivity and profitability.
Soil Requirement: sandy loam or loam
soils rich in organic matter is the best soil type
for potato cultivation.
Field Preparation: One or two ploughing
by mould board plough followed by two
harrowing and planking should be done so that
clods are broken and soil becomes well
pulverised for sowing of tubers. The weeds and
plant stubbles should be picked up, collected
and thrown out from field.

bavistin (by taking 1 kg in 50 ml of water) for
the purpose of protecting them from fungal
disease. For breaking the dormancy and
inducing sprouting of tubers seed tuber should
be treated by 1% thiourea solution or carbon
disulphide (30g/100 kg of seeds).
Seed Rate: 20-30 q/ha seed tuber is
required for huge production of potato. The
weight of seed tuber should be 40-50 g and
sprouts should be about 1 cm long for sowing.
Spacing: The spacing rang between 60-50
cm x 25-10 cm.
Method of Planting: Make the furrows
and ridges against the slope of land with an aim
to avoid the erosion of soil. Keep the big tubers
in upper side of furrows and small tubers in
lower or downward side of slope and cover the
tubers with loose soil.

Sowing Management:

Kufri Mohan

Average Yield
(q/ha)
350-400

Kufri Garima

300-350

Kufri Chipsona 4

300-350

Variety:
Recommended varieties of potato is given
below.
Variety

Sowing Time: The suitable sowing time of
potato crop, in plains, is October to November.
Seed Treatment: Seed tubers should be
procured from a reliable source. The entire
selected seed tuber should be treated with
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Remarks
Suitable for making
chips
Suitable for making
chips
Suitable for making
chips
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Kufri Frysona

Average Yield
(q/ha)
300-350

Kufri Sadabahar

300-350

Variety

Remarks

Herbicide

Suitable for making
chips
Suitable for making
chips

Butachlor

Nutrient Management: Apply 15 t/ha
FYM at the time of field preparation. CAN is
better than urea, ammonium sulphate and DAP
for application of nitrogen. For phosphorus and
potash, single super phosphate (SSP) and
potassium sulphate (SOP) is better than other
sources, respectively.
Recommended dose
of nutrient (Kg/ha)

Time of application

N

P2O5

K 2O

Basal

120140

80

100120

50 Kg
N/ha

Top
dressing
60-70 kg
N/ha at
the time of
earthing

Pendimethalin
Isoproturon

Metribuzin

Remarks

Method of
Sowing
Flat bed
method

Top
dressing
should be
done at the
time of
earthing

Furrow
planting

The water requirement of potato crop is 500600 mm. The critical stage of irrigation is
germination, tuber initiation, early tuber
enlargement and late tuber enlargement. In
common practices, irrigate the crop at 10 days
after sowing or planting and later irrigation
should be done once in a week.

Fluchloralin
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750

Pre-emergence
Pre-emergence
Pre-emergence
or early post
emergence
Pre-emergence

Earthing Operation
Ist earthing is done at 25-35 days after
sowing and 2nd at 45-50 days after
sowing.
Ist earthing is done at plant height of 10-15
cm and 2nd at 30-35 days after sowing or
planting.

Insects: Potato tuber moth, white grub, aphids
and nematodes are the major insect-pest of
potato crop. But among them, cutworms and
sucking insects like aphids are very harmful for
the crop. Aphids can be controlled by spraying
of dimethoate (30 EC) or methyl demeton @ 2
ml/litre of water.for the control of cutworms,
install sprinkler irrigation system in the field
and drench the collar part of the plants with the
use of chloropyriphos @ 2 ml/litre of water a
day after planting.
Diseases: Late blight, early blight, brown
rot and viral diseases infest to the crop. Blight
disease is very common the field. For the control
of early and late blight disease, spray of
mancozeb @ 2g/litre water on 45,60 and 75
days after sowing should be done. For viral
disease, uproot the plants from field and control
the aphids.

For the management of weeds mechanically,
crop requires two weeding. One hand weeding is
done about 15-20 days after sowing followed by
one weeding-cum-hoeing at the time of earthing
about 30-35 days after sowing. In case of
chemical weed management, the commonly
used herbicide in potato cultivation is given
below.
Product
(g or
ml/ha)
2000-

525

Time
of Application

Plant-protection Measures:

Weed Management:

Dose
(g
ai/ha)
1000-

Product
(g or
ml/ha)
3000
15002000
3000
10001250

Earthing: Earthing is essential to cover the
tubers with soil for the purpose of stop the
chlorophyll formation in tubers. Furthermore, it
is also essential to loosen the soil around the
plant. Earthing is done according to method of
sowing.

Irrigation Management:

Herbicide

Dose
(g
ai/ha)
1500
7501000
1000
7501000

Time
of Application
Pre-planting
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technology

Safety and suitability as well as retention of
product stability of most food are ensured by
use of combination of various control measure
and factors. Hurdle is factor or processing step
that limit, retard or prevent micro organism but
which by itself cannot keep microbial hazard
under control. Hurdle technology is the
combination of hurdles that ensure pathogens
can be eliminated or controlled in the final
product that is to remain active in the food,
pathogen has to overcome the "hurdles“. At
same time different target performed. It is also
known as combined processes, combined
conservation and combined method technology.
As no process is perfect so combined use of
several preservation method make a product
shelf-stable improve quality provide additional
safety. [1]. Hurdle type and hurdle used are
tabulate in Table 1 and 2.

Food
preservation
implies
putting
microorganisms in a hostile environment, in
order to inhibit their growth or shorten their
survival or cause their death. The feasible
responses of microorganisms to this hostile
environment determine whether they may grow
or die.
Homeostasis: It means maintaining
equilibrium
conditions
when
external
conditions are changed. It is the tendency to
uniformity and stability in the internal status of
organisms. For instance, the maintenance of a
defined pH is prerequisite and feature of living
cells, and this applies to higher organisms as
well as to micro- processing [2].
Metabolic
exhaustion:
Metabolic
exhaustion of microorganisms, which could
cause ‘auto sterilization’ of a food.
Stress reaction: Some bacteria become
more resistant and produce stress shock protein
(heat resistant). Single stress then micro
organism can cope up so at same time many
stress work. The synthesis of protective stress
shock proteins is induced by heat, pH, aw,
ethanol oxidative compounds, etc. as well as by
starvation [5].
Multi target preservation: At same time
different target (cell membrane, DNA, aw)
means disturbing homeostasis. It is employing
simultaneously different hurdles in the
preservation of a particular food should leads to
optimal microbial stability. In practical terms,
this could mean that it is more effective to
employ different preservative factors of small
intensity than one preservative factor of larger
intensity, because different preservative factors
might have a synergistic effect [7].

Principle of hurdle technology [8]
The microorganisms present (‘at the start’) in a
food should not be able to overcome (‘leap
over’/ jump over) the products hurdles present
during the storage of a product; otherwise the
food will spoil or even cause food poisoning.
Preservative
factors
prevents
microorganisms from multiplying and causing
them to remain inactive or even die
Complex interactions of major preservative
factors for foods such as temperature, water
activity, pH etc are significant to the microbial
stability
Hurdle technology should be adapted from
manufacturing to packaging, distribution
storage so that pathogen kept or reduced at
tolerable limit and maintain its level under
control throughout the shelf life respectively.

Some basic aspect and mechanism of hurdle
March, 2018

Table 1: Types of hurdles used for food preservation [3] [6]
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keep pasteurized milk in refrigerator. Hence this
heating, cooling and aseptic processing
combination enhances the shelf life of milk
without affecting its sensory characteristics by
maintaining its cost.
Traditional
example
of
hurdle
method: Pickle formation is best example of
hurdle technology which is used in home as well
as Pickle Company such as oil create barrier
against mold and fungus as it works as anti
fungal, salt reduces the water activity and
vinegar increases the acidity.

Type of hurdle
Physical

Examples
Aseptic packaging, electromagnetic
energy (microwave, radio frequency,
pulsed magnetic fields, high electric
fields), high temperatures
(blanching,pasteurization, sterilization,
evaporation, extrusion, baking etc),
ionizing radiation, low temperature
(chilling, freezing), modified
atmospheres, packaging films ( active
packaging, edible coatings),
photodynamic inactivation, ultra-high
pressures, ultraviolet radiation
Physicochemical Carbon dioxide, ethanol, lactic acid,
lactoperoxidase, low pH, low redox
potential, low water activity, Mallard
reaction products, organic acids,
oxygen, ozone, phenols, phosphates,
salt, smoking, sodium nitrite/nitrate,
sodium or potassium sulphite, spices
and herbs, surface treatment agents
Microbial
Antibiotics, bacteriocins, competitive
flora, protective cultures

Merits of hurdle technology



Conclusion
Hurdle technology is an efficient method to
ensure a safe product for consumption.
Combination of Hurdle factors is not universal
for all food products. Hurdles are thermal
treatment, moisture, salt, low temperature
storage, and preservatives

Table 2. Major hurdles used for food preservation [3] [4]
Parameters
High temp
Low temp
Reduced water
activity
Reduces redox
potential
Increased acidity
Bio and other
preservative

Application
Heating
Chilling
Drying curing

Reference
Guidelines for the application and management of
hurdlefao.org.
ftp://ftp.fao.org/codex/meetings/CCFH/CCFH
34/AnnexIIPartA.pdf. [Accessed 15.03.2017]
Haussinger
D
(1988)
pH
homeostasis:
mechanisms and control. Academic, London, p
479
Lee S (2004). Microbial Safety of Pickled Fruits
and Vegetables and Hurdle Technology"
Internet Journal of Food Safety, 4: 21–32.
Leistner L (1995) "Principles and applications of
hurdle technology" In Gould GW (Ed.) New
Methods of Food Preservation, Springer, pp. 1–
21. ISBN 978-0-8342-1341-8.
Leistner L (1995b). Emerging concepts for food
safety. In: 41st international congress of meat
science and technology. San Antonio, TX, pp
321–322
Ohlsson T and Bengtsson N (2002). "The hurdle
concept" Minimal Processing Technologies in
the Food Industry, Woodhead Publishing, pp.
175–195. ISBN 978-1-85573-547-7
Rahman Mohammad Shafiur 2015. Hurdle

Removal of oxygen, addition of
ascorbate
Acid addition or formation
Competitive flora such as
microbial fermentation, nitrite

How it is different than common preservation
methods
In common preservation only one preservation
factor is considered but in hurdle technology
combination of factors uses to enhance the life
by limiting micro organism, maintain its
sensory characteristics with cost effective
methods. Pasteurization of milk at high
temperature can only kill disease causing
pathogen not food spoilage pathogen and spores
are also left hence at ambient condition spores
can be grown and milk can be spoil so
combination of pasteurization with aseptic
packaging will help in enhancing shelf life and
VOLUME NO. 14, ISSUE NO.06

It is cost effective method, save energy and
several other resources.
Foods remain stable and safe, high in
sensory and nutritive value due to gentle
process hence maintain quality and
integrity of food pieces (fruits).
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1), 28 -35.

Technology in Food Preservation Chapter 2.
Minimally Processed Foods, Food Engineering
Series, DOI 10.1007/978-3-319-10677-9_2
Sharma Shilpa and Garima (2016). Use of Hurdle
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Introduction
Rugose Spiralling Whitefly (RSW) (Aleurodicus
rugioperculatus (Martin)) was originally called
the Gumbo Limbo Spiraling Whitefly, because
the first plants it was seen attacking were
gumbo-limbo trees. It is an invasive pest on
coconut reported from Polalchi, Tamil Nadu
and Palakkad, Kerala during July-August 2016.
Reported first from coconut during 2004 at
Belize, the pest had threatened coconut palms in
Florida during 2009. As a polyphagous pest
with more than 200 host plants, entry of the
pest has been viewed seriously in the coconut
growing regions of South India. Reports have
started coming on its occurrence from Andhra
Pradesh also.








Hosts:
Citrus (Citrus sp), Mango (Mangifera indica) ,
Guava(Psidium guajava); , Banana (Musa sp),
Avocado (Myristica fragrans) , Coconut palm
(Cocus nucifera), Elephant Yam (Colacasia sp.),
Garcinia sp., Annona muricata; Murraya
koenigii; Spondias mombin; Artocarpus
heterophyllus, sabal palm, Gumbo-limbo, black
olive, sea grapes, buttonwood, live oak, wax
myrtle, and bird of paradise. but the pest is
relatively more confined to coconut and the
reason for its selective preference more aligned
towards coconut indicates its host preference to
coconut.

Symptoms
Rugose Spiraling Whitefly causes defoliation
and branch dieback.
Spiraling whiteflies secrete a sugary liquid
called “honeydew.” Honeydew is neither black
nor harmful to plants, but it does promote the
growth of black, sooty mold
The shiny honeydew soon turns black as the
fungus accumulates and spreads. Honey dew
excrement, being sweet and watery, attracts ants
and encourages growth of the fungus
Capnodium sp. which causes disfigurement of
hosts affecting the photosynthetic efficiency of
the plant.
The sooty mold is a particular nuisance as it
also accumulates on uninfected understory
plants, mulch, gravel, concrete, automobiles and
even on the surface of water.
When covered in mold, plants lose the

Life cycle



RSW is belonging to Hemiptera Order
which is taxonomically related to mealy
bugs and aphids.
Eggs are elliptical and yellowish in colour,
0.3mm long, translucent with a short stalk
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and are laid singly and associated with
irregularly spiralling deposits of white
flocculent wax surrounding each egg in a
semi-circular spiralling fashion.
The first-instar crawlers are the immature
stage with functional legs and distinct
antennae and are mobile.
The final immature stage is the
pseudopuparium, which is about 1 mm in
length and is used in taxonomic
identification.
The adult whitefly looks like a very small
moth and have a body length of about 2
mm. Wings of adults are white and have
dark spots on the forewings.
Adults have greyish eyes. The spiralling of
waxy material is the feature from which its
common name, spiralling whitefly is
derived.
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ability to photosynthesize light into food. This
can lead to dead or yellowing leaves, wilting,
and slow growth.
Aerial spores of a fungus known as sooty
mold, which are always present but unseen to
the naked eyes, settle to feed on the honeydew.





Management strategies



Application of 1% starch solution on leaflets
to flake out the sooty moulds.
Installation of yellow sticky traps on the

palm trunk as well as in iterspaces to trap
adult whiteflies.
Encourage build up of parasitoids
(Encarsia sp.) and re-introduce parasitized
pupae to emerging zones of whitefly
outbreak.
In severe case, spray neem oil 0.5% and no
insecticide is recommended.

32. PLANT PATHOLOGY

Xanthomonas Wilt: A New Bacterial
Wilt Disease in Banana
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1, 2

N.S. Agricultural College, Markapur, Prakasam, A.P.,3Agricultural Polytechnic, Madakasira,
Anantapur dist, A.P.

Introduction:



So far we know about two important wilt
diseases in banana viz., the Fungal or Panama
wilt and bacterial or moko wilt caused by
Fusarium oxysporum f.sp. cubence and
Ralastonia solanacearum respectively. But in
recent years a new bacterial wilt i.e., bacterial
Xanthomonas wilt (BXW) was came into
existence which is infecting the banana. The
causal agent for this wilt is the Xanthomonas
campestris pv. musacearum (Xcm). It was first
reported on enset and banana in Ethiopia in
1968. Xanthomonas wilt is currently found only
in Eastern Africa and the northeastern corner of
the Democratic Republic of Congo. The spread
of this disease beyond Ethiopia was not reported
until the disease was found in Uganda in 2001.
Subsequent spread to other countries in Eastern
Africa has proceeded rapidly. In many
instances, the exact time of introduction is not
known.





A shrivelled male bud and uneven ripening
of the fruit are typical symptoms.
The fruits rot and stay on the stalk. The
discoloration of the pulp ranges from brown
to black.
The premature ripening of fruit, individual
bananas start to go yellow while others in
the bunch remain green.
When fruits are cut open, the bananas have
dark stains, including those that are green.
The bananas quickly blacken and eventually
the whole bunch decays.

Symptoms:




Wilting and yellowing of leaves tend to snap
along the leaf blade.
Cream to pale yellow bacterial ooze appears
soon after the pseudostem is cut.
The first signs of infection, however, are
when the purple leaves (bracts) of the male
flower bud shrivel, go black and die.
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Figures 1-4 showing the various symptoms of
Bacterial Xanthomonas wilt (BXW)
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Differences in symptoms produced by the BXW &
Fusarium wilt:

Management/ Control measures:
Even though there is no resistant cultivars have
been identified. The disease can be managed by
following some sanitation methods.
Sterilization or cleaning of cutting
tools to avoid transmission: Tools that are
suspected of being contaminated with bacteria
should be disinfected before they are used
healthy plants. Tools sterilized by flaming them,
until they are just too hot to touch (not red-hot),
or by soaking them in a sodium hypochlorite
solution (one cup of household bleach in 5 cups
of water).
Debudding: Removing the male bud after
the last hand will prevent insect transmission of
the bacteria. Growing cultivars that have
persistent bracts has also been proposed to
protect the male bud from insect-transmitted
infections.
Removing infected plants: Removal of
the diseased stem will helps to reduce the
incidence of new infections to negligible levels
when used in combination with the practices
that prevent transmission of the bacteria.
Single diseased stem removal: This is
an alternative to uprooting the entire mat is
cutting off the infected plant at soil level. Single
stem removal in the early days of the epidemic
will helps to reduce the amount of bacteria
capable of infecting new plants, but this will not
eliminate the disease.
Genetic
engineering:
Cultivars
genetically modified to be resistant to the
Xanthomonas bacterium using a gene from
sweet pepper have been developed and tested in
field trials.

In plants affected by Xanthomonas, the wilting
can begin with any leaf and the infected leaves
tend to snap along the leaf blade.
A fungus disease of banana, known as
Fusarium wilt or Panama disease, also causes
yellowing and wilting from the older leaves to
the younger leaves. The leaf blade does not
become limp and the yellowing is much brighter
compared to BXW. The wilted leaves may also
snap at the petiole and hang down the
pseudostem. The fruit develop normally. The
most distinctive symptom of Fusarium wilt is a
dark staining inside the trunk, which is absent
in bananas with bacterial wilt.
Alternative hosts: The cereals viz., maize,
sorghum, wild sorghum (Sorghum halepense),
finger millet, Canna indica and Canna orchoides
are the alternate hosts for the X.c.m. Especially
the maize, it may serve as a reservoir host to the
bacterium.
Mode of Transmission: The main agents
for transmission of bacterium are the Insects,
farm tools and infected planting materials, rain
splashes. Their relative importance in spreading
the disease depends on the management
practices being applied, the type of cultivar and
agro ecological conditions. High plant densities
could also contribute to disease spread when
inoculum splashes down from the taller infected
plants to the suckers growing below. Banana
plant residues can also spread the disease. Goats
and other livestock can carry the bacteria in
their mouth and as such spread the disease to
healthy plants. Pests such as weevils and
nematodes can also help the bacteria in the soil
gain entry into the plant through the injuries
they make on the root system. Fresh wounds
offer bacteria a point through which they can
enter or leave the plant. Bacteria have been
isolated from the sap and ooze collected from
the cushions to which the male flowers were
attached and the scars made by the fallen bracts,
and to a lesser extent from the nectar of flowers.
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33. HORTICULTURE

Micrografting in Fruit Crops
Panchaal Bhattacharjee1, Utpal Das2
1Department of Fruit science, KRCCH, Arabhavi, UHS, Bagalkot,2Ph.D Scholar, Department of
Horticulture, UAS, Raichur, Karnataka

Micrografting refers to a propagation method
involving grafting of shoot tip measuring 0.1 to
0.3 mm (consisting of apical meristem and three
leaf primordial) excised from elite mother trees
and grafted on two weeks old rootstock
(Vijayakumari et al., 2003). It is commercially
followed in Citrus, Apple, Peach and Almond to
produce virus free, healthy, true to type and
precocious bearing plants. This method acts as a
faster multiplication way for producing healthy
planting material. Application of in vitro
techniques in fruit growing can, therefore, be a
viable alternative to circumvent existing
propagation problems. One such application is
shoot tip grafting or micrografting.
Micrografting was developed in 1980s and
consists of the placement of meristem tip or
shoots tip explant onto a decapitated rootstock
that has been grown aseptically from seed or
micropropagated. The results of in vitro
micrografting and the plant material derived
from it can be further multiplied in tissue
culture conditions or acclimatized to outdoor
conditions.

Micrografting
Small size scion (0.1-0.3 mm apical
meristem and 2-3 leaf primordia)
Culture- controlled environmental
condition
Fasterproduction-planting material (6
months)

1.

2.




In vivo micrografting - Grafting an apex
(0.5- 1.0 mm) on to a young green house or
nursery grown seedling rootstock (40-160
days old)
In vitro micrografting - Grafting of
meristem apex (0.1 to 0.3 mm) onto a
aseptically grown seedling rootstock (12
days old

Take the decapitated rootstock and Shoot tip
(with 0.1-0.3 mm apical meristem and 2-3 leaf
primordial.
Make incision by 1 mm long vertical cut and
1-2 mm horizontal cut at the top of the
decapitated epicotyl seedling (ROOTSTOCK).
Shoot tip is placed inside the incision of the
rootstock with its cut surface in contact with the
cortex at the top of the decapitated rootstock to
give Micrografted plants.

Lack of humidity conditions
Risk of bacterial and fungal contaminations
Graft-transmissible pathogens

Culture of In vitro grafted plants –
Steps:

Concept of micrografting- Morel and
Martin (1952) on Dahlia
Meristems are grafted onto a virus-free
rootstock (seedling) maintained and
propagated In vitro.
First successful micrografting- Murashige
et al. (1972) -Citrus

Micrografted plants are cultured in a liquid
nutrient medium composed with MS salt
modified with White’s vitamins and 75 g sucrose
/l.
A folded paper platform, perforated at its
center for insertion of the root portion of the
rootstock is placed in the nutrient solution.
Cultures are kept at 27° C and exposed 16 h
(3-4 weeks).

Navarro (1975) - first pioneer of
improved micrografting (woody plant species)
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Uncontrolled
condition
1-1½ year

Grafting - In vitro

History of micrografting

Size scion- 15-20
cm

Types of Micrografting

Majority of fruit trees- by conventional grafting
faces limitations,viz.




Conventional
grafting
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successful grafts. The scion that less than 0.5 cm
long gave 37 per cent successful micrografts and
graft union percentage recorded 100 per cent in
both sizes of scion.
Lahoty et al. (2013) showed that the
maximum graft success 53.33 per cent at 13
days old, 40.00 per cent at 14 days old and
43.33 per cent at 16 days old respectively were
observed over the rootstocks namely, Carrizo,
Rangpur lime and Rough lemon used under
experiment.
Micrografting is increasingly being used as
a tool in different research areas to regenerate
elite genotype or produce plants that can be
recovered by other means. This procedure is a
safe and an alternative method for producing
genetically uniform, disease free planting
materials.

Growing small leaves from shoot tip coming
out from the incision can be observed(4-6
weeks).
Successful grafts (2-4 expanded leaves).
Transplanting to pot.

Methods- In vitro grafting
Horizontal grafting
Scion is cut horizontally and placed onto
rootstock after cutting its top (decapitation)

Wedge grafting
Base of scion is cut into a V-shape and placed
onto decapitated (wedge or vertical slit)
rootstock
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Application of micro grafting in fruit
crops- Amiri (2006) observed that the highest
percentage (65.4 %) of successful grafts of
Cherry were obtained with apex (shoot-tip) graft
which scion was bud apical with length greater
than 6.0 mm. Success of side bud apical (wedge)
graft was 43 per cent, as the size of the
meristems increased from 5 to 10 mm.
Singh et al. (2008) reported that
micrografting success in kinnow mandarin
increased from 30.55 to 51.88 per cent with an
increase in scion size from 0.2 to 0.7 mm, while
further increase in scion size reduced
micrografting success rate. The micrografts
raised from 0.2 mm scions were found to be free
from virus.
Hassanen (2013) revealed that, in pear 83
per cent of scions more than 0.5 cm established

34. ENTOMOLOGY

Management of Blackfly Aleurocanthus woglumi
(Ashby) a Dreadful Pest of Citrus
B. Poovizhiraja*, C. Chinniah, A. Ravikumar
Ph.D. Scholar, Department of Entomology, AC&RI, Madurai, TNAU.

The citrus is very common in India and majority
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population was recorded during DecemberFebruary months. Chatterjee et al. (2000)
revealed that the citrus black fly A. woglumi
population significantly increased with the
increase in relative humidity and rainfall during
the months of July to September.

genus Citrus include several species such as
sweet orange (Citrus sinensis L.), mandarin
(Citrus reticulate L.) lemon (Citrus limon L.),
lime (Citrus aurantifolia L.), grapefruit (Citrus
paradise L.). Citrus is the third largest fruit
industry of the world which occupies six per
cent of the total area under various fruit
production. World annual production of citrus
fruits 131.28 million metric tons (FAO, 2012).
Citrus is commercially grown throughout India
and occupies a place of prime importance
among the major fruits of India, and ranks third
after mango and banana. Which is 10.4 per cent
of the world production with an average
productivity of 8.7 tonnes per ha. The estimated
area is 9.15 lakh ha with an annual production
of 79.22 lakh tonnes (Anonymous 2013)
comprising mostly mandarin, sweet oranges,
limes and lemons citrus fruits have been
recognized as an integral food of our daily diet,
playing key role in supplying energy and
nutrients. Fresh fruits are also a good source of
dietary fiber, which is associated with
prevention of gastrointestinal disorders and
lowering blood cholesterol level. Vitamin C and
other biological constituents are of vital
importance in human health improvement due
to their antioxidant properties and purported
protection from various chronic ailments (Liu et
al 2012). In India, citrus plants are reported to
be damaged by more than 250 insect species at
different stages of growth ie., from nursery to
bearing (Butani, 1979). Of these only a few pests
are of major importance which cause heavy loss,
viz., black fly (Aleurocanthus woglumi Ashby),
psyllids (Diaphorina citri Kuwayama), lemon
butterflies (Papilio demoleus L.), citrus leaf
miner
(Phyllocnistis
citrella
Stainton),
whiteflies (Dialeurodes citri Ashmead), aphid
(Toxoptera citricida Kirkaldy), scale insects
(Aonidiella auriantii Maskell), mealy bugs
(Planococcus citri Risso), thrips (Scirtothrips
citri Moult.) and rust mite (Phyllocoptruta
oleivora Ashmead). Among these citrus
blackfly, Aleurocanthus woglumi Ashby, has
been recognized as a potentially serious threat
to the Florida citrus industry since its
establishment in Jamaica in 1913. Originally
discovered in Asia, in Sri Lanka (Ceylon) and
India. Kuchanwar et al. (1986) reported that
peak population of citrus black fly was observed
during July-September months, whereas low
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Host range and Distribution
Citrus species are primary hosts of A. woglumi,
but the pest can infest more than 300 plant
species, including fruit and ornamental crops.
Worldwide, the citrus blackfly has a wide host
range. The infestations of the blackfly have been
observed on the foliage of various citrus trees
such as acid lime, lemon, and orange. Where
infestation on citrus to heavy on nearby trees
and shrubs such as mango, cherry, and avocado
also become infested.

Description and Life History
The life cycle from egg to adult ranges from 45
to 133 days, depending on the temperature. The
eggs are laid on the under surface of leaf in a
spiral manner. Each female lays two to three
egg-spirals during her 10- to- 14-day lifespan.
Eggs hatch within seven to 10 days. The first
instar is elongate-oval, averaging 0.30 mm long
by 0.15 mm wide and is brown in color, with two
glassy filaments curving over the body. The first
instar lasts seven to 16 days. The second instar
is more ovate and convex than the first instar,
averaging 0.40 mm long 0.20 mm wide, and is
dark brown in colour with numerous spines
covering the body. The second instar lasts for 7
to 30 days. The third instar is more convex and
much longer than the second, averaging 0.87
mm long by 0.74 mm wide. The body is a shiny
black with spines stouter and more numerous
than those in the second instar. The third instar
lasts for 6 to 20 days. The fourth instar, or socalled pupal case, is ovate and shiny black with a
marginal fringe of white wax. The sex is readily
distinguishable. The female measures 1.24 mm
long and 0.71 mm wide; and the males are 0.99
mm long by 0.61 mm wide. The pupal stage lasts
for 16 to 50 days. The adult emerges from a Tshaped split appearing in the anterior end of the
pupal case. At emergence, the head is pale
yellow, legs are whitish, and eyes are reddish
brown. Within 24 hours after emergence, the
insect is covered with a fine wax powder, which
gives it a slate blue appearance.
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Symptoms of damage and diagnosis
The injury is caused by continuous desapping
on leaves, which leads to removal of water and
nutrients in addition damage is also caused by
the excretion of tiny droplets of sticky honeydew
from the whitefly upon which grows sooty
mould fungus, usually on the upper surfaces of
leaves. A heavy growth of sooty mould on leaves
results
in
reduced
respiration
and
photosynthesis. The combination of direct
feeding of high numbers of blackflies with large
amounts of sooty mould growth being produced
causes a decline in general health of the tree and
a reduction in fruiting. Fruits are rendered
insipid in taste and blackened due to black sooty
mould. Such fruits fetch low price in the market,
with 50-70% yield loss.

6.

Time of application:
Timing of spray is very vital as only first
nymphal instar of the pest is vulnerable to
insecticides. The stage of 50% eggs hatching is
the most ideal time for pesticide application.
This needs regular monitoring on the pest
population in the field.
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IPM strategies:
1.
2.
3.
4.

5.

of neem oil @ 3% or NSKE 1010% as foliar
spray.
FORS 20% Fior HMO (Horticultural
mineral oils) may also be aprayed on the
foliage which will be safer to the natural
enemies.

Avoid close planting, water logging and
application of excessive nitrogenous
fertilizers.
The affected shoots should be clipped off
and burnt.
Citrus blackfly has several natural enemies
viz., Encarsia Perplexa and Amitus
hesperidum conserved in citrus ecosystem.
Spray monocrotophos @ 1.5 ml or
phosalone @ 1.5 ml @ of water on the lower
side of leaves covering the entire tree
canopy.
After 15 days second spray should be given
with any one of the plant origin pesticides
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Introduction

basis of cell to cell union. Using in vitro grafting
of internodes of tomato, Nicandra phvsalodes
(L.) Scop. And Datum stramonluin L. In various
combination, it was found that pectins from the
internodes of one species reduced the success of
grafting, and in other combinations reduced the
ability to form a common vascular system
between rootstock and scion. With the use of
‘4C-sucrose, it was found that the transfer of

With the term micrografting we mean the
grafting of meristomatic tissues in vitro in the
laboratory in which the shoots of one plant are
grafted on to the shoots or roots of another
plant so as to combine the characteristics of the
two plants. Micrografting was initially used on
vegetables to study the physiological basis of the
grafting process and to determine the chemical
March, 2018
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of composite plants but is season dependent.
Failure of grafting means loss of one year for the
production of grafted plants. This problem has
been overcome through the use of micrografting
which is done under controlled environmental
conditions throughout the year and production
can be planned according to market demand.

sucrose through the point of union began 5 days
after granting and increased gradually
thereafter

Advantages of micrografting
1.

2.

3.
4.
5.

6.
7.

8.

Micrografting
in
vegetables
on
a
commercial scale started only recently in an
attempt to reduce the high cost of
production of grafted seedlings with
classical methods.
Much are the cost results from the high
price of hybrid vegetable seed, while for
micrografting, only a small number of seeds
of the rootstock and scion are required.
Several thousand transplants can be
produced from the 2-3 week seedling within
a short period of time.
These plantlets are genetically and
phenotypically identical and true to type.
At the age of 3 weeks, the plants that are
produced by micropropagation (rootstocks
and scions) are grafted in the laboratory
using one of the classical methods fir
grafting vegetables.
The success rate of micrografting is
relatively high (80— 90%) for tomatoes.
However, the cost of micropropagation is
still high due mainly to the need for manual
labour, hence in the last few years an effort
has been made to mechanize and automate
the whole procedure.
A recent innovation is mass propagation in
bioreactors, instead of propagation on solid
substrates, because there is more accurate
control of the propagation conditions and
the division and selection of plantlets in the
substrate is carried out with special robots.

Improvement in Micrografting technique
1.
2.
3.
4.
5.
6.
7.
8.

Applications of Micrografting
Virus and Viroid elimination
The production of high-quality plants which can
be certified genetically and virus-free is
considered problematic and very challenging.
An innovative technique of micrografting was
developed by Murashige for production of
uniform virus-free plants on commercial scale
in a controlled environment. Micrografting
exploits two concepts- meristems are relatively
virus-free and meristems from mature plants
retain the mature phase. Meristematic tissues in
the shoot tips and axillary buds normally
remain virus-free because the growth of the
meristem is quicker than the systemic spread of
the virus within the plant. Using micro shoot
tips (less than 0.5 mm) as scions, STG (shoot tip
graft) produces plants that are virus-free and
reproductively mature.

Stages of Micrografting

Production of plants resistant to pests and
diseases

Micro-propagation protocol for scion as well as
rootstock needs to be standardized separately
before performing the micrografting operation
under in vitro conditions. Thus, micrografting
can be divided into three main stages.
1. Establishment and multiplication of scion
2. Establishment and multiplication of
rootstock
3. Preparation of rootstock and scion for
micrografting

Micrografting can be used as a means of
elimination of pathogens. It has been
successfully used in a wide range of
horticultural plants as an effective method for
the acquisition of plants resistant to soil borne
pathogens.

Assessment of graft incompatibility
The inability of two different plants when
grafted together to produce a successful union
and also to develop satisfactorily into one
composited plant is termed as graft
incompatibility.

Grafting success during Micrografting
Grafting is a traditional method for production
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Browning and tissue blackening
Sucrose concentration of the medium
Light/dark incubation treatments
Use of growth regulators
Nature of the supporting medium
Preventing desiccation of the graft
Pretreatment of shoot apex
Suitability of rootstock
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does not require the formation of a permanent,
compatible graft union.

Indexing viral diseases
Grafting is used to determine the presence of
latent (unseen) viral diseases in plants. A plant
(the indicator plant) that is known to be
susceptible to the disease of interest may be
grafted onto the suspect plant. If the plant is in
question is infected, typical symptoms induced
by the specific virus are expressed on the
indicators after the virus has been moved into
the indicator plants. This type of testing is
regularly carried out on plants imported to the
country including grapes and roses. This test

Mass multiplication
Micrografting is a technique that potentially can
combine the advantages of rapid in vitro
multiplication with the increased productivity
that results from grafting superior rootstock and
scion combinations. Mass production of
superior plants through micrografting can be
achieved throughout the year under controlled
conditions in the tissue culture laboratories, by
grafting elite scions onto desirable rootstocks.
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