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HORTICULTURE: POST HARVEST TECHNOLOGY

Red Wine: Its Importance and Uses
Bharathkumar1, Netravati2, Bindu H.3, and Vivek Anant Revankar4
Ph.D.

Scholar1,

Assistant Professor (PHT) 2, M.Sc. Scholar3,4, Dept. of Post-Harvest Technology,
University of Horticultural Sciences, Bagalkot

Till recently, it was perceived that the regular
consumption of alcoholic drinks is the main
reason for several health problems and
reduced life-span. However, it has been
proved now through various studies that
moderate consumption of alcoholic drinks
especially wines has a better effect on health
(Koops et al., 2005; Vacanti et al., 2012).
Wine, an alcoholic drink is widely accepted,
consumed, and preferred due to its nutritive
and healthful properties (Shiradhonkar et al.,
2014).

6000 BC in Georgia (the region between
Europe and Asia) and in Iran. The way to
cultivate red wine was first laid out by the
Egyptians and was depicted in their temple
drawings. First, the grapes were harvested
using a curved knife. They were then put into
wicker baskets and then were placed in vats of
acacia wood and trodden on until liquefied. It
is actually believed that red wine was
discovered by accident. Farmers were storing
grapes and may have left residual grapes in
their containers, thus leaving the grapes to
ferment, producing wine. The first known
vineyard was discovered around 4100 B.C. in a
cave in Armenia. Red wine can be divided into

History of Red Wine:
The earliest production of red wine was in
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six main varieties of red grape varieties:
cabernet sauvignon, chianti, merlot, pinot
noir, sangiovese, and zinfandel (Anfindsen,
2015).

Riesling, Roussanne, Sauvignon Blanc,
Semillon,
Viognier,
Gruner
Veltliner,
Chardonnay, Chenin Blanc, and Marsanne.
White
wine
contains
tyrosol
and
hydroxytyrosol.

Health benefits of Red wine (Moderate
consumption level)
(Chiva-Blanch et al., 2012; Chiva-Blanch et al.,
2013; Goldberg et al., 2001; Renaud et
al.,2004; Szmitko et al., 2005)
•

•
•
•
•
•
•
•
•

Moderate levels of consumption of wine
Moderate levels of consumption vary by the
individual according to the age, gender,
genetics, weight and body stature, as well as
situational
condition,
such
as
food
consumption or use of drugs (Okeefe et al.
2014). In general, women absorb alcohol more
quickly than men due to their lower body
water content, so their moderate levels of
consumption may be lower than those of male
of equal age (Robinson, 2006). Some experts
define “moderate consumption” as less than
150 ml of wine per day for women and two
glasses per day for men (Okeefe et al. 2014;
Shuman, 2005).

Red wine contains procyanidin which
helps inplatet clumping and blood clots
and thus maintain heart health and
prevents the heart diseases
Reduces low-density lipid (LDL) and
increase high-density lipid (HDL) which
helps in preventing Chronic Heart Disease
Resveratrol helps in maintaining heart
muscle flexible
Reduces hypertension
Reduces Alzheimer's disease
Tonic- as it contains several minerals,
carbohydrates, and vitamin
Improves digestion and physical condition
Reduces cancer in women
Anti-aging property as they contain
antioxidants like quercetin, epicatechin,
and resveratrol.
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Difference between red and white wine
Red wine is made by the fermentation of
grape juice, which often also contains the skin,
pieces of grapes and sometimes evens their
skin. Varieties suitable for red wine
preparation are Cabernet Sauvignon, Shiraz,
Merlot, Pinot Noir, Grenache, Zinfandel,
Sangiovese, and Barbera. Red wine contains
resveratrol, antioxidants and a higher level of
vitamins when compared to white varieties.
Price of red wine is high when compared to
white wine.
White wine is made by pressing out the
juice from the grapes and fermenting only the
juice. White wine can be prepared from
blue/black colored varieties of grapes by
removing the outer skin and allow only juice
during fermentation. Usually, white wines are
prepared by white varieties. Varieties suitable
for white wine preparation are Pinot Blanc,
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SEED SCIENCE AND TECHNOLOGY

Mechanism of Recalcitrant Seeds in Tree Species
C. Tamilarasan
Department of Seed Science and Technology, Tamil Nadu Agricultural University, Coimbatore,
Tamil Nadu – 641003

Introduction
Recalcitrant seeds (subsequently known as
unorthodox seeds) are those that do not
survive drying and freezing during ex-situ
conservation and vice versa. These seeds
cannot resist the effects of drying or
temperatures less than 10 °C; thus, they
cannot be stored for long periods like orthodox
seeds because they can lose their viability. In
general desiccation tolerance in seeds are
induced by high accumulation of Late
Embryogenesis Abundant (LEA) protein and
Abscisic Acid (ABA), this was present in
orthodox species which is the reason for
desiccation tolerant mechanism it helps to
protect and maintain their viability for a
longer period even under low temperature and
low moisture content (drying). But the
accumulation of LEA protein and ABA were
absent in the recalcitrant species it leads to
lower storability and loss of viability under low
temperature and low moisture content during
drying. Plants that produce recalcitrant seeds
include avocado, mango, mangosteen, lychee,
cocoa, rubber, jamun, etc., Seeds of
recalcitrant species maintain high moisture
content at maturity (> 30-50%) and are
sensitive to desiccation (below 12-30%)
depending on species. Recalcitrant species
have short storage potential and rapidly lose
viability under any kind of storage conditions.

April, 2019

Categories of Recalcitrant Seeds

Less recalcitrant
•
•
•
•
•

Seeds can withstand more water being lost
before decreases in viability are observed.
Thus, if not dehydrated to a great extent,
these seeds can remain viable for fairly
long periods.
Those species are likely to be subtropical
These recalcitrant types are likely to
tolerate lower temperature.
Examples - Quercus and Araucaria sp.

Moderately recalcitrant species
•
•
•

Do not tolerate as much water loss.
Germinate slightly faster than species in
the previous category.
For example Theobroma cacao (cocoa)
and Hevea brasiliensis (rubber tree).

Highly recalcitrant seed
•
•
•

6

Germination starts immediately and
continues very rapidly, even in the absence
of additional water.
They can withstand little water loss, water
content becomes limiting and viability in
storage is rapidly lost.
Such seeds are shed into tropical forests or
wetlands where sufficient water is
available for continued germination
throughout the year such as for Avicennia
marina and Syzygium sp.
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Mechanism
•

•
•

•

•

•

•

•

•

The two main mechanisms of action of
damage to recalcitrant seeds are
desiccation effect on the intracellular
structures and the effect of metabolic
damage from the formation of toxic
chemicals such as free radicals.
Oxidative
damage
resulting
from
uncontrolled
metabolism
occurring
during the drying process.
The DNA to be severely damaged after
slight dehydration, followed by an
inability for its repair after a loss of 22% of
the water present at shedding (Boubriak et
al., 2000).
Factors facilitating desiccation tolerance
are
metabolic
"switch-off"
and
intracellular
dedifferentiation.
Recalcitrant seeds lack these mechanisms,
contributing
significantly
to
their
desiccation sensitivity (Berjak and
Pammenter, 2013).
These
include
minimization
of
vacuolation; protection of the integrity of
the DNA; and orderly dismantling of
cytoskeletal elements (Pammenter and
Berjak, 1999).
The relative stability of the intracellular
glassy state is held to maintain viability
(although not indefinitely) in the
desiccated state of orthodox seeds,
intracellular glasses just would not
normally form in most recalcitrant seeds,
as they require water contents less than
0.3 g g-1.
Water contents of approx. 0.3 g g-1
coincide with a marked increase in
cytometrical (cytoplasmic) viscosity,
indicative of glass formation (Buitink and
Leprince, 2004).
Acquisition of desiccation tolerance
during mid- to late embryogenesis has
been correlated with increases in three
substances with related activities:
abscisic acid (ABA), dehydrin
proteins and oligosaccharides.
Less in naturally desiccation-intolerant
species (recalcitrant).

VOLUME NO. 15, ISSUE NO.7

Fig.1. Schematic representation of the water content
during maturation, dispersion (identified by the
arrows), and germination of orthodox and recalcitrant
seeds. (Barbedo et al., 2013).

Fig. 2. Graphical comparison of the dynamics of
water and abscisic acid (ABA) in recalcitrant and
viviparous (desiccation-intolerant) and dormant
(desiccation-tolerant) seeds. (Farnsworth, 2000).

Conclusion
In recalcitrant species, the desiccation tolerant
mechanism is absent due to non-availability of
LEA protein and ABA content during seed
developmental stages. LEA protein and ABA
plays a major role in inducing the desiccation
tolerant during seed maturity, the absence of
that mechanism in recalcitrant seeds leads to
lower storability and lose their viability.
Hence, conclude that the recalcitrant species
at low temperature and with lower moisture
content we can’t store for a longer period
without viability loss.
Reference
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PLANT PATHOLOGY

Toxin in Pathogenesis
Sunaina Varma and Priyanka
Department of Plant Pathology, SKRAU, Bikaner

Toxins are low molecular weight, nonenzymatic microbial metabolites that are toxic
to plant. It acts directly on living protoplast.
Because of their small size, they are highly
mobile and can easily reach the sub-cellular
levels of the host. Toxins play diverse roles in
disease, from impacting symptom expression
and disease progression to being absolutely
required for pathogenesis. Some toxins are
directly toxic, killing cells and allowing for
infection of dead cells while others interfere
with the induction of defense responses or
induce programmed cell death-mediated
defense responses in order to generate
necrosis required for pathogenesis.
There is a difference between toxin and
enzyme that they do not attack the structural
integrity of the tissue but affect the
metabolism in a subtle manner. They are also
different from the poison that administration
of small doses of toxin result in immunity
while poison lack these attributes.

Criteria for any toxin to be a pathotoxin:
a) When applied on a susceptible host in
low concentration, should produce all
or nearly all symptoms of the disease.
b) Toxin and the pathogen should have
the same host range; same resistance/
susceptibility spectrum.
c) The pathogenicity of the pathogen
should be correlated with its capacity
to produce the toxin.
eg:- Victorin, Fumaric acid, Tab toxin,
and Tentoxin
2. Vivotoxins: - vivo toxin is defined by
(Dimond & Waggoner, 1953). They play a
partial role in disease. Those toxins
produced in the infected plant /host by the
pathogen and/ or its host that function in
the production of the disease, but is not
itself the inciting agent of disease.
Criteria/ characteristics of vivotoxins:
– Reproducible separation of the toxin
from the diseased host.
– Purification
and
chemical
characterization and
– Induction of at least a part of disease
syndrome when applied on a healthy
plant.
– These are generally non-specific.
eg: Fusaric acid, Pyricularin, Tenuazonic
acid
3. Phytotoxin: - any compound produced
by a microorganism which is toxic to
plants, is a phytotoxin. They are nonspecific, incite few or none or the

Nomenclature and Classification of Toxins
Earlier, toxins were designated as phytotoxin,
vivotoxin, and pathotoxin, but now the terms
that are more commonly used are hostselective toxins and non-host selective toxin.
On the basis of their role in pathogenesis- they are
classified as
1. Pathotoxins: - The term was proposed
by Wheeler and Luke (1963). They play an
important causal role in disease and are
produced by the pathogen or interaction
between host and pathogen.
April, 2019
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symptoms incited by the pathogen and, in
most cases, show no relation between
toxin production and pathogenicity.
eg: Alternaric acid, Colletotin, Diaporthin,
Fusicoccum etc.

• Host selective/ specific toxins
• Non- host selective/ non-specific toxins
4. Host selective/ specific toxins: -A
host specific toxin is a substance produced
by a pathogen that at physiological
concentration, is toxic only to the hosts of
that pathogen and show little or no toxicity
against non-host plants.
Host selective toxins, their producer
organisms and hosts

AK- toxin
AF- toxin
HC –Toxin
race 1
T-toxin
HS- toxin

Producer
organism
Cochliobolus
victoriae
Periconia
circinata
Alternaria tenuis
Altenaria
kikuchiana
Altenaria
alternate
Cochliobolus
carbonum
Cochliobolus
hetrosporus
Cochliobolus
sacchari

Cercospora spp.

Fumaric acid

Rhizopus spp.

Oxalic acid

Sclerotinia
sclerotiorum
Alternaria solani

Alternaric acid

Host/Disease

Fusaric acid

Victoria blight of oats

Lycomarasmin

Milo disease of
Sorghum
Brown spot of
tobacco
Japanese pear

Pyricularin
Colletoin

Fusarium
oxysporum
F. oxysporum
lycopersici
Pyricularia grisea
Colletotrichum
fuscum

Host/Disease
Wildfire disease
of tobacco
Blight of beans
and other
legumes
Seedling
chlorosis of
several plants
Cercospora
disease of many
host spp.
Soft rot of
vegetables and
fruit
Stem rot of
beans
Early blight of
Potato, Tomato
Tomato, Cotton,
Banana wilt
Tomato wilt
Rice blast
disease
Anthracnose of
Digitalis

Conclusion
Toxins can have dramatic adverse effects on
weakening or kill the host plant in order to
gain access to nutrient and health of farm
animals and humans that eat contaminated
agricultural products. And it is also well
established that many toxin-producing fungal
and bacterial species cause plant diseases
under field conditions. It thus becomes logical
to study whether toxins themselves play a role
in plant pathogenesis in addition to their role
in animal diseases.

Strawberry
Leaf-spot of corn
Southern corn leaf
blight
Eye spot (leaf spot)
disease of sugarcane

5.

Non-Specific/ Non-Selective:- NHSTs
can affect a wide range of host plants.
These toxin may produce all or a part of
the disease syndrome on host as well as
non-host plants. They increase the extent
of the disease i.e. enhance virulence and
symptom development, but are not
essential for the pathogen to cause the
disease.
Non-Host selective toxins, their producer
organisms and hosts

VOLUME NO. 15, ISSUE NO.7

Cercosporin

Phaseolotoxin

On the basis of specificity to host: - coined
by Pringle and Scheffer, (1964)

Hostselective
toxin
Victorin or
HV-toxin
Pericorin or
PC toxin
Altenuene

Tentoxin

Producer
organism
Pseudomonas
syringae pv.
Tabaci
Pseudomonas
syringae pv.
Phaseolicola
Alternaria tenuis

Non-host
selective toxin
Tab toxin or
Wild fire toxin
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Good Farming Practices of Teak in India
Ravindra Kumar Dhaka, Suman Kumar Jha*, Chintankumar Chaudhari
Department of Forest Biology and Tree Improvement, College of Forestry, ACHF, Navsari
Agricultural University, Navsari, Gujarat – 396 450 India

Baster teak, Banswara teak, etc. Therefore,
Teak farming is highly profitable farming due
to its high demand for national and
international markets with various utility.

Introduction
Teak (Tectona grandis Lf) belonging to family
Lamiaceae is one of the best tropical hardwood
tree species in the world known as ‘king of
timber’. It is indigenous to India and naturally
distributed to India, Myanmar, Thailand, and
Laos. Its timber is excellent in wood quality
and property due to high durability and
furnishing properties. Hence, teak has the
highest demand in the Indian and
International markets. On a commercial scale,
superior teak plants or clones are grown to
earn good profits. The first teak plantation was
departed in Nilambur (Kerala) by Mr. Chatu
Menon in 1842 raised more than a million teak
trees and is known as ‘Father of Indian
Teak Plantation’.
Teakwood are used in various purposes
such as round wood, transmission poles,
building poles, round wood structures,
building timbers, beams, carpentry/joinery,
flooring,
wall
paneling,
engineering
structures,
bridges,
hydraulic
works,
containers, tanks, woodware, wood carvings,
toys, musical instruments, sports equipment,
furniture, veneers, boats, wood-based
materials, plywood, wood extractives (oil) etc.
Most of the teak is known by name of its
distribution range. Important trading
teakwood names are 1. Nilambur or Malabar
teak, 2. Godavari teak, 3. Adilabad teak, 4.
Konni teak, 5. Burma teak, 6. Malaysian teak,
7. Thai teak, 8. Java teak, 9. Central American
teak, 10. African teak etc.
Indian teak trade names are Nilambur
teak, Nilgiri teak, Godavari teak, Teli teak,
Paratwada teak, Adilabad teak, Konni teak,
Mysore teak, Balharshah teak, Nagpur teak,
Konkan teak, Chandrapur teak, Dang teak,
Valsad teak, Hoshangabad teak, Seoni teak,
April, 2019

Soil and the climatic requirement for teak farming
Monsoon climate under tropical and subtropical conditions is most favorable for teak
cultivation in almost states of India
(Palanisamy 2014). Generally, well-drained
sandy loam, black clay and black loamy soils
with 6.5-7.5 pH are required for best growth of
teak. It is a strong light demander species
relative to 75 -100% of sunlight for better
growth and development, however, it is
sensitive to frost and drought. Annual rainfall
(1000-1500 mm) and temperature (10-50 ˚C)
is adequate for higher growth of teak.
Quality planting material preparation for teak
farming
Generally, seedlings and stumps are used to
raise plantation, however, now a day’s tissue
cultured clones favored by teak growers in
India. Around 2.5 to 4 kg seeds (1500-2500
seeds per kg) are required for one-hectare land
with germination (30-50% moist teak and 510 % in dry teak) to produce 1000-3000
seedlings. Teak stumps are prepared from
seedlings [Shoot length (2.5-5 cm), collar
diameter (2-3 cm) and root length (15-25 cm)]
and 6-month-old stump used for plantation. A
large number of clones are produced form a
superior tree through tissue culture.
Plantation practices for teak farming
Land should be deeply ploughed and
incorporated with lime to raise the pH of the
soil. Weeds should be removed weeds before
planting teak in field because it is very
sensitive to weed competition. Then, the
10
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planting area staked with sticks along
preferred spacing. Generally, square planting
is done in square pits (45x45x45 cm3) for teak
seedlings and 15 cm diameter holes with 30 cm
depth for stump planting.

calculated for a hectare basis land (Anon.
2018). The price of cultivation may vary as per
growing regions of the country. The cost of
teak cultivation in India is 45000/- Rupees per
Hectare as per teak wood farming project
report (Table 1.). A total 20-25 lack rupees
benefits can be obtained from teak wood
farming in India (Table 2.).

Spacing for teak farming
Mostly, initial spacing 1.8x1.8 m and 2x2 m
was adept and afterward thinned in different
stages. Generally, different spacing 2 x 2 m,
2x3 m, 3x3 m, 3.6x3.6 m, 3x4 m, 4x4 m, 6x6 m
etc. are preferred by tree growers as per
various utility and site quality.

TABLE 1. Establishing and maintains cost for teak wood
farming in India
S.
No.
1.
2.

Tending operations for teak farming
Weeding should be done twice in a month upto
the age of three year teak plantation because it
is susceptible to weeds. Pruning should be
done regularly upto four years. First
mechanical thinning is done at 5-7 years and
second at 10-14 years under good site with
close spacing (1.8×1.8 m and 2×2 m).

3.

Particulars Cost
Young Teak Plants (@ 2.50/-)
Plant replacement (20% mortality)
(550 @ 2.50/-)
Labor cost (land preparation,
planting, weeding, pits, soil
working, etc.)
Manure and Fertilizer
Herbicides and Pesticides
Irrigation
Contingency

4.
5.
6.
7.
Total
(Table source: Anon. 2018)

Teak farming under agroforestry models
In the southern part of India, teak grows with
various agricultural crops like maize, turmeric,
cotton, vegetables etc. within different
agroforestry models. However, central India, it
grows
with
Agrisilvicultural
model,
Agrisilvihorticulture model, Silvihorticulture
model and Silvipastural systems.

6,875/1,375/20,150/4,600/3,800/4,500/3,700/45,000/-

TABLE 2. Income from teak wood farming in India

1.

Age
(years)
7–8

Important pest-diseases control
Leaf defoliators (Hyblaea puera), leaf
skeletonizer (Eutectona machaeralis) and
stems borer (Calothermes tectonae) are major
pests in teak. Leaf blight (Rhizoctonia solani)
is important disease. Pest attack can be
controlled by foliar spray with chemicals such
monocrotophos @ 0.05-0.1 % or Neem azal @
1% at 10-15 days intervals. Disease can be
controlled by eradication method.

2.

13 – 14

3.

20

4.

30

Growth and Yield
The main stem attains 8 to 12 meter height
along with 0.75 to 1.50 meter girth. Each teak
wood tree yields 0.25 to 1.00 cubic meter wood
within 14 to 30 years rotation.

Total

S. No.

Particulars
Trees fell for
Poles (1000@
125/-)
Trees fell for
Poles (500 @
275/-)
Trees fell for
Heartwood (275
@ 65 cft @
7,500/-)
Trees fell for
Heartwood (250
@108 cft@
15,000/-)

Income (Rs.)
1,25,000/1,37,500/4,87,500/-

16,20,000/-

23,70,000/-

(Table source Anon. 2018)

Reference
Anonymous
(2018)
https://www.agrifarming.in/teak-woodfarming-project-report-cost-and-profit/
accessed on Nov. 20, 2018.
Palanisamy, K. (2014). Cultivation Techniques for

Economics of teak wood farming
Cost and maintenance on teak farming was
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GENETICS AND PLANT BREEDING

Apomixis: Taxonomy, Genetics, Screening and
Implication in Plant Breeding
Lalji N. Gediya
Department of Genetics and Plant Breeding, B. A. College of Agriculture, AAU, Anand-388 110

The haploid plants have half as many
chromosomes as the mother plant, and
"the process is not repeated from one
generation to another".
• Recurrent apomixis, is now more often
called gametophytic apomixis: In this
type, the megagametophyte has the same
number of chromosomes as the mother
plant because meiosis was not completed.
It generally arises either from an
archesporial cell or from some other part
of the nucellus.
• Adventive embryony, also called
sporophytic apomixis, sporophytic
budding, or nucellar embryony: Here
there may be a megagametophyte in the
ovule, but the embryos do not arise from
the cells of the gametophyte; they arise
from cells of nucellus or the integument.
Adventive embryony is important in
several species of Citrus, in Garcinia,
Euphorbia dulcis, Mangiferaindica etc.
• Vegetative apomixis: In this type, "the
flowers are replaced by bulbils or other
vegetative propagules which frequently
germinate while still on the plant".
Vegetative apomixis is important in
Allium, Fragaria, Agave, and some
grasses, among others.
Types of gametophytic apomixis:
Gametophytic apomixis in flowering plants
develops in several different ways (Nogler,
1984). A megagametophyte develops with an
egg cell within it that develops into an embryo
through parthenogenesis. The central cell of
the
megagametophyte
may
require
fertilization to form the endosperm,
pseudogamous gametophytic apomixis or in
autonomous
gametophytic
apomixis

Introduction
In botany, apomixis was defined by Hans
Winkler as replacement of the normal sexual
reproduction by asexual reproduction, without
fertilization (Winkler, 1908). Its etymology is
Greek for "away from" + "mixing". This
definition notably does not mention meiosis.
Thus "normal asexual reproduction" of plants,
such as propagation from cuttings or leaves,
has never been considered to be apomixis, but
replacement of the seed by a plantlet or
replacement of the flower by bulbils were
categorized
as
types
of
apomixis.
Apomictically
produced
offspring
are
genetically identical to the parent plant. In
flowering plants, the term "apomixis" is
commonly used in a restricted sense to mean
agamospermy, i.e. clonal reproduction
through seeds. Although agamospermy could
theoretically occur in gymnosperms, it appears
to be absent in that group (Bicknell and
Koltunow, 2004). Apogamy is a related term
that has had various meanings over time. In
plants with independent gametophytes
(notably ferns), the term is still used
interchangeably with "apomixis", and both
refer to the formation of sporophytes by
parthenogenesis of gametophyte cells.
Types of apomixis in flowering plants: (According
to Maheshwari, 1950)
•

Non-recurrent apomixis: In this type
"the megaspore mother cell undergoes the
usual meiotic divisions and a haploid
embryo sac (megagametophyte) is
formed. The new embryo may then arise
either
from
the
egg
(haploid
parthenogenesis) or from some other cell
of the gametophyte (haploid apogamy)."
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fertilization is not required.
•

In diplospory (also called generative
apospory), the megagametophyte arises
from a cell of the archesporium.
• In apospory (also called somatic
apospory), the megagametophyte arises
from some other nucellus cell.
Considerable confusion has resulted
because diplospory is often defined to involve
the megaspore mother cell only, but a number
of plant families have a multicellular
archesporium and the megagametophyte
could originate from another archesporium
cell.

•

Techniques to screen apomixis
•

•
•

Genetics of apomixis
Apomixis
typically
involves
two
developmental changes from the normal
reproduction
i.e.
a
suitable
modification/failure of meiosis during
megasporogenesis and initiation of mitosis in
the unfertilized diploid egg cell or some other
diploid cell of embryo sac.
•
•
•
•
•

•

Gametophytic apomixis is controlled by
dominant gene or a few closely linked gene
on the same chromosome.
Apospory is due to dominant gene in the
Ranunculus spp.
In Panicum maximum, dominat, mono
factorial control of apomixis reported by
Savidan.
Nuclear adventive embryony in citrus is
controlled by single dominant gene.
At least four recessive genes in
Parthenium(two being needed for
apomeiosis and the other two are
concerned with parthenogenesis.

•

•
•
•

•
•

•

All the progeny of plants should be
apomictic so that progeny have the same
genotype as the maternal parent.
The apomictic genotype should preferably
be fully male fertile and self-incompatible,
and reproduce via pseudogamy.
In case of diplospory, chromosomes
should not pair or recombine during first
meiotic division.
Apomixis should be dominant over sexual

VOLUME NO. 15, ISSUE NO.7

Cytological analysis of embryo sac
development is commonly used eg.
Aposporous embryo sac is generally 4celled and lacking antipodals.
Callose florescence in combination with
clearing of ovules can be used to detect
diplospory.
Uniformity of progenies from cross
pollinated parents is the best indication
also:
– Maternal phenotype among the
progeny of F1 crosses.
– Limited or no genetic variances in F2
progeny of two distinct parents.
– High seed setting in aneuploid,
triploid and wide crosses.
– Multiple seedling per seed.
Molecular marker UGT 197 and OPC 04
that co-segregate with the apomictic mode
of reproduction in pennisetum.
Progeny test to determine the degree of
apomixis.

Application in plant breeding

Ideal apomictic system
•

reproduction. Usually, apomixis is
governed by two or more genes.
Expression of apomixis should be little
affected by the environment.

•

Rapid multiplication of genetically
uniform individuals can be achieved
without risk of segregation.
Heterosis
or
hybrid
vigour
can
permanently be fixed in crop plants, thus
no problem for recurring seed production
of F1 hybrids.
Efficient exploitation of maternal effect, if
present, is possible from generation to
generation.
Homozygous inbred lines, as in corn, can
be rapidly developed as they produce
sectors of diploid tissues and occasional
fertile gametes and seeds.

Advantages of apomixis in plant breeding
The two sexual processes, self and crossfertilization, followed by segregation, tend to
alter the genetic composition of plants
reproduced through amphimixis. Inbreeding
13
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and uncontrolled out breeding also tend to
break heterozygote superiority in such plants.
On the contrary, apmicts tend to conserve the
genetic structure of their carriers. They are
also capable of maintaining heterozygote
advantages generation after generation.
Therefore, such a mechanism might offer a
great advantage in plant breeding where
genetic
uniformity
maintained
over
generation for both homozygosity (in varieties
of selfers), and heterozygosity (in hybrids of
both selfers and outbreeders) is the choicest
goal. Additionally, apomixis may also affect an
efficient exploitation of maternal influence, if
any, reflecting in the resultant progenies, early
or delayed because it causes the perpetuation
of only maternal individuals and maternal
properties due to prohibition of fertilization.
Maternal effects are most common in

6.

horticultural crops, particularly fruit trees and
ornamental plants.
Problem in utilization of apomixis in plant breeding
•
•
•

•

•

Apomixis is a very complicated
phenomenon.
Estimation of the level of facultative
apomixis is tedious and time consuming.
In case of facultative apomicts, the
proportion of sexual progeny is affected by
environmental factors like day length and
temperature.
In the absence of morphological markers
linked with apomictic development,
maintenance of apomictic stock becomes
difficult.
The genetic basis of apomixis is not clear
in most cases.

BIOTECHNOLOGY

Genome Editing and its Role in Crop Improvement
Supriya Ambawat1* and Subaran Singh2
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Agriculture, Agriculture University, Jodhpur -342304

Abstract
Genome or gene editing includes several new
techniques such as mega-nucleases (homing
endonuclease), zinc finger nucleases (ZFNs),
transcriptional
activator-like
effector
nucleases (TALENs) and the CRISPR/Cas
nuclease
system
(clustered
regularly
interspaced
short
palindromic
repeat/CRISPR-associated protein) to help
scientists precisely modify genome sequences.
The techniques also enable us to alter the
regulation of gene expression patterns in a
pre-determined region and facilitate novel
insights into the functional genomics of an
organism. Simplicity, precision and power of
the technique has brought considerable
excitement among agricultural scientists. It
provides new opportunities to develop
improved crop varieties by clear-cut addition
of valuable traits or removal of undesirable
traits. Various scientists are doing efforts to
improve crop varieties with higher yields,
April, 2019

strengthen stress tolerance, disease and pest
resistance, decrease input costs and increase
nutritional value using this tool.
What is genome editing?
GM crops are less acceptable and considered
harmful due to safety issues. Rather, fast
advancing
techniques
like
genome
engineering is emerging and gaining
popularity as it can speed up the development
of improved crops. Genome editing, or
genome editing with engineered nucleases
(GEEN) is a type of genetic engineering in
which DNA is inserted, deleted or replaced in
the genome of a living organism using
engineered nucleases, or "molecular scissors."
It uses more recent knowledge and technology
to enable a specific area of the genome to be
modified, thereby increasing the precision of
the correction or insertion, preventing cell
toxicity and offering perfect reproducibility
and thus attracting the attention of scientific
community in wide areas, such as agriculture,
14
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energy, biomedicine and environment.
It encompasses a wide variety of tools such
as site-specific recombinase (SSR) mediated
or site-specific nuclease (SSN) system.
Cre/loxP and Flp/FRT mediated systems, are
able to knockdown or knock-in genes in the
genome of eukaryotes, depending on the
orientation of the specific sites (loxP, FLP,
etc.) flanking the target site. There are 4 main
classes of SSN developed to cleave genomic
sequences,
engineered
meganuclease
(MegaN), Zinc finger nucleases (ZFNs),
transcription activator-like effector nucleases
(TALENs), and the clustered regularly
interspaced short palindromic repeat/
CRISPRS-associated
protein
9
(CRISPR/Cas9) nuclease system (Gaj et al.,
2013). For various applications precise
genome editing has been successfully
employed in several plants including;
Arabidopsis thaliana, Nicotiana tobacum,
sweet orange, rice, wheat, tomato, soybean,
maize, sorghum and poplar.

modify.
1. Meganuclease-Based
Engineering:
Meganucleases (MegaN) are naturally
occurring endonucleases, which were
discovered in the late 1980s can recognize
and cut large DNA sequences (from 12 to
40 base pairs) unique or nearly-so in most
genomes. In addition, they have the
benefit of being less toxic in cells
compared to other methods, such as ZFNs.
Its disadvantage is that the construction of
sequence specific enzymes for all possible
sequences is costly and time consuming
compared to other SSN systems.
2. Zinc
Finger
Nuclease-Based
Engineering: In 1996, the zinc finger
protein (ZFP) was demonstrated for the
first time. It involves associating 2
constructed proteins - each containing
specifically chosen zinc fingers (binding
domains) with the catalytic domain of the
FokI endonuclease. Complexity and high
cost of protein domains construction for
each particular genome locus and the
probability of inaccurate cleavage of target
DNA are its limitations.
3. TALEN Genome Editing System: In
2011, another method was developed for
increasing
efficiency,
safety
and
accessibility of genome editing – called
TALEN system. TALENs are artificial
restriction
enzymes
generated
by
combining the catalytic domain of
restriction endonuclease FokI with
suitable monomers of the DNA-binding
domain to construct artificial nucleases
that could target any nucleotide sequences
in the genome. The big obstacle in
applying TALEN system is in constructing
the vector with suitable monomers for
binding the target DNA in the genome.
4. CRISPR/CAS
Genome
Editing
System: A novel genome editing system,
CRISPR has been developed in 2013. The
CRISPR element consists a complex of
non-coding RNAs and Cas proteins
(CRISPR associated), which have nuclease
activity (Bortesi and Fischer, 2015). It is a
cost-effective and easy-to-use technology
to precisely and efficiently target, edit,

Genome Editing Mediated by Site- Specific
Recombinase (SSRs)
It is a common genetic engineering strategy
effecting a permanent modification of the
target
genome.
Many
site-specific
recombinase systems, such as Cre/loxP and
Flp/FRT have been identified to perform DNA
rearrangements. Recombinases recognize
short target DNA sequences of approximately
30–40 nucleotides and catalyze directed DNA
exchange reactions through recombination
(Halluin et al., 2008).
Genome Editing Mediated by Site-Specific
Nucleases (SSNs)
SSNs rely on constructing endonucleases
capable of cleaving DNA in a predetermined
sequence in the genome. There are currently 4
families of engineered nucleases being used in
genome editing: mega-nucleases, ZFNs,
TALENs and the CRISPR/Cas nuclease
system. The MegaN, ZFN and TALEN are
based
on
protein-DNA
interactions,
CRISPR/Cas9 system depends on RNA-DNA
pairing there for it is able to modify gene
targets that other systems are not able to
VOLUME NO. 15, ISSUE NO.7
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modify, regulate and mark genomic loci of
a wide array of cells and organisms.

in area of genome editing with engineered
nucleases. Thus, a possible method to identify
secondary targets would be to capture broken
ends from cells expressing the ZFNs and to
sequence the flanking DNA using highthroughput sequencing. On the other hand,
because of the ease of use and cost-efficiency
of CRISPR, extensive research is currently
being carried out using this technique..
Moreover, both CRISPR and TALEN are
favored to be the choices to be implemented in
large-scale productions due to their precision
and efficiency.

Application of Targeted Gene Modification in Plants
Genome editing has been successful in
Arabidopsis thaliana, sweet orange tobacco,
rice, maize, and soybean (Chen et al, 2014).
Two herbicide-resistant genes (tobacco
acetolactate synthase SuRA and SuRB) were
introduced to SuR loci in Arabidopsis while in
maize, herbicide-tolerance gene expression
cassette (PAT) was introduced into the
targeted endogenous locus IPK using ZFNs.
Further, the quality of soybean oil products
and storage potential of potatoes was
improved using TALEN. CRISPR-Cas9 system
has been used to edit the genomes of both
dicots and monocots such as AtSPL4, AtBRI1,
AtPDS3, AtFLS2, AtADH, AtFT genes has been
targeted in Arabidopsis, OsMYB1 in rice, ALS1
gene to obtain herbicide resistant in soybean
plants and for fatty acid composition in
mustard.
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Prospects and Limitations
ZFNs are not often completely specific, and
some may cause a toxic reaction which has
been reported to be reduced by modifications
done on the cleavage domain of the ZFN. In
future, improvement of the safety and
specificity of the nucleases will be major goal
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using this technique, it is quite possible to
study cellular control over structure and
function and specific gene expression pattern
during morphogenesis and differentiation
may be determined very efficiently. A
particular gene’s expression pattern at
different environmental stress levels and
among
different
tissues,
organs,
developmental stages may be analyzed

Abstract
Northern blotting or RNA blotting is a very
important and useful technique used in the
field of molecular biology to study gene
expression by detection of RNA in a sample.
This technique involves RNA isolation from a
sample, separation by electrophoresis,
immobilization on membrane and detection
by either a RNA or DNA probe. These days
April, 2019
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successfully following this technique. Thus, it
is a very useful method which can be used to
analyze a sample of RNA from a particular
tissue or cell type in order to measure the RNA
expression of particular genes and being used
in diagnostics as well as cell-line analysis at a
large scale.

samples are separated by electrophoresis
based on size which is further detected with a
hybridization probe complementary to part of
or the entire target sequence. The key to this
method is hybridization during which a hybrid
molecule is formed between a single-stranded
DNA probe and a single-stranded target RNA.
It is based on the fact that there actions are
specific so the probe will bind only to one
molecule of target having complementary
sequence in a mixture of millions of related
molecules which are non-complementary
(Kevil et al., 1997).

Introduction
Northern blotting is an important technique
which was first developed and described by
James Alwine, David Kemp and George Stark
at Stanford University in 1977 and it was
named such by analogy to Southern blotting. It
is a technique based on detection of specific
RNA sequence which may be used to study
gene expression by analyzing the RNA of an
organism. This method is used to detect
specific RNA molecules among a mixture of
RNA. In actual, the term 'northern blot'
particularly defines the capillary transfer of
RNA from the gel to the blotting membrane.
However, the entire process is commonly
referred to as northern blotting (Alwine et al.,
1977). The first step in a northern blot is to
denature, or separate, the RNA within the
sample into single strands, which ensures that
the strands are unfolded and that there is no
bonding between strands. The RNA molecules
are then separated according to their sizes
using a method called gel electrophoresis.
After separation, the RNA fragments are
transferred from the gel onto a blotting
membrane which carries all the RNA bands
originally on the gel. Next, the membrane is
treated with a small piece of DNA or RNA
called a probe, which has been designed to
have a sequence that is complementary to a
particular RNA sequence in the sample; this
allows the probe to hybridize, or bind, to a
specific RNA fragment on the membrane. In
addition, the probe has a label, which is
typically a radioactive atom or a fluorescent
dye. Thus, based on hybridization, probe
allows the RNA molecule of interest to be
detected from various different RNA
molecules on the membrane.

Steps of northern blotting

RNA extraction
The general blotting procedure starts with
extraction of total RNA from a homogenized
tissue sample or from cells. RNA can be
isolated from different biological samples (e.g.
various tissues, various developmental stages
etc.). Further, eukaryotic mRNA can be
isolated later using oligo (dT) cellulose
chromatography to isolate only those RNAs
with a poly (A) tail.

Separation of strands
RNA samples are loaded on agarose gel and
are separated according to their sizes which
are further transferred to a nylon membrane
as the gels are fragile and the probes are
unable to enter the matrix.

Transfer on nylon/nitrocellulose
membrane
The fragments are transferred on a nylon
membrane or a nitrocellulose filter paper by
creating the sandwich arrangement through a
capillary or vacuum blotting system. Positively
charged nylon membrane is the most effective
for use in northern blotting because of high
affinity of these membranes for negatively
charged nucleic acids. Formamide is usually
present in the transfer buffer as it lowers the
annealing temperature of the probe-RNA
interaction used for the blotting which in turn
eliminates the need for high temperatures and
protects RNA from degradation (Schlamp et
al., 2008). After transfer of RNA on the
membrane, it is usually immobilized to the
membrane via covalent linkage using UV light

Principle
Its principle is based on the fact that RNA
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or heat.

•

Hybridization
After a probe has been labeled, it is hybridized
to the RNA on the membrane by using
hybridization buffer which will hybridize to
the RNA on the blot corresponding to the
sequence of interest. Ionic strength, viscosity,
duplex length, mismatched base pairs and
base composition are some of the factors
which can affect the efficiency and specificity
of the hybridization.

Advantages
•
•
•

Washing
The membrane is washed to remove unbound
probe and to prevent background signals from
arising keeping in mind that the probe has
bound specifically.

•

Detection of signal

•

The hybrid signals are detected by X-ray film
and quantification is done using densitometry.
Samples which don’t display the gene product
of interest can be used as control after
determination by microarrays or RT-PCR.
Autoradiography
or
chemiluminescence
reaction (in case of chemically labeled probe)
is used to detect the labeled probe. The
formation of a dark band on an X-ray film can
be analyzed and the expression patterns of the
sequence of interest in the different samples
can be compared.

•
•

•
•
•
•

•
•
•
•
•

To observe a particular gene's expression
pattern
between
tissues,
organs,
developmental stages etc.
To study over expression of oncogenes and
down regulation of tumor-suppressor
genes in cancerous cells.
To determine the function of a specific
gene by studying different expression
patterns obtained under given conditions
(Streit et al., 2009).
To study up and down regulation of genes
and detect novel gene.
To study alternative splice products of the
same gene or repetitive sequence motifs
and study its expression.
To detect mRNA transcript size.
To study RNA degradation and RNA half-

April, 2019

It is a widely accepted and straightforward method.
It is a gold-standard and generally used as
confirmation or check.
It is a versatile procedure which allows the
usage of many types of probes such as
radiolabeled and non-radiolabeled, in
vitro
transcribed
RNA
or
even
oligonucleotides such as primers.
It can even detect small changes in gene
expression which may not be possible by
other methods.
In this method, membranes can be stored
and used for further analysis even after
many years.

Disadvantages

Applications
•

life.
To study IRES (internal ribosomal entry
site) to remove possibility of RNA
digestion vs. 2nd cistron translation.

•

It includes radioactivity thus preventing
ease of performance, use and disposal.
Northern blotting has a low sensitivity.
It needs longer time to carry out the whole
process.
If RNA samples are even slightly degraded
by RNases, the quality and quantity of the
data is negatively affected.
The chemicals used in northern blotting
such as formaldehyde, radioactive
material, ethidium bromide, DEPC and
UV light are all harmful under certain
exposures
It usually involves detection of one or a
small number of genes at a time
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Seabuckthorn (Hippophae spp. L.) is an
ecologically and economically important plant
that belongs to the family Elaegnaceae. The
species is a wind pollinated dioecious shrub. It
has silvery deciduous leaves and colourful red,
orange or yellow berries that remain on the
shrub throughout the winter. Long considered
a humble shrub of the Himalayas, every part of
the Seabuckthorn plant – fruit, leaf, twig, root
and thorn – has been traditionally used for
medicine, nutritional supplements, fire-wood
and building fences. It is a Hardy, drought
resistant and tolerant shrub to extreme
temperatures from – 43º C to + 40º C.
Legend goes like this. Once, Greek soldiers
released their war-tired horses to free grazing
to die a natural death in cold deserts. After a
few days, horses returned, full of health and
with a shining skin from the patch of
Seabuckthorn.Since then it is also called as life
oil. Seabuckthorn is mentioned in the writings
of ancient Greek scholars such as
Theophrastus and Dioscorides. The plant is
known as a remedy for horses. Leaves and
branches were added to fodder to induce rapid
weight gain and shiny coat, and in fact, the
generic name Hippophae is classical Latin for
'shinning horse'. It is considered as god sent
medicine for local ayurvedic practitioners in
the Himalayas. . The medicinal value of
Seabuckthorn was recorded as early as the 8th
century in the Tibetan medicinal classic
rGyud Bzi. Seabuckthorn grows naturally in
Ladakh without much of human interference.
Today, Sebuckthorn is available in the
form of tea, juices and many forms of oils..It
tastes sour and not so pleasant taste. But
looking at its rich nutritions who cares for
taste. It has many Omega fatty acids. High in
Vit-C, multiple times richer than orange and
VOLUME NO. 15, ISSUE NO.7

many more fruits. It’s not easy to pluck it eat it
as it is so thorny that you need an extra eye
while eating.
Nutritional Attributes:
Seabuckthorn berries are among the most
nutritious of all fruits. Fruit juice is rich in
sugar, organic acids, amino acids, essential
fatty acids, phytosterol, flavonoids, vitamins
and mineral elements. Vitamin C represents a
nutrient of major importance in Seabuckthorn
because of its presence in large quantities
ranging from 53-3,909 mg/100g. Considering
that fresh orange juice contains 35-56
mg/100ml and Aonla contains 478.5 mg/100
ml, the value of Seabuckthorn as a source of
vitamin C is apparent. It is estimated that
there is enough vitamin C in the berries of
Seabuckthorn plants across the world to meet
the dietary requirements of the entire human
population. Besides vitamin C, the juice also
contains vitamin A, vitamin E, Riboflavin,
Niacin, Pantothenic acid, vitamin B and
vitamin B . 6 2 Concentration of vitamins B , B
, B , B , B , C and E is much higher than other
fruits such as 2 3 5 6 12 apricot, banana,
mango, orange and peach. Presence of these
vitamins in high quantity indicates its strong
antioxidant property. Seabuckthorn juice is
rich in various free amino acids, 18 kinds of
free amino acids have been detected in juice of
which eight are essential for human body.
Seabuckthorn seed is a source of valuable oil
characterized by high oleic acid content and
one to one ratio of omega-3 and omega-6 fatty
acids. Besides, it also contains omega-7 and
omega-9 fatty acids. Seabuckthorn leaves
contain many nutrients and bioactive
substances such as carotenoids, free and
esterified sterols, triterpenols, and isoprenols.
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It contains approximately 15-20% proteins.
Flavonoids content in leaves ranges from 3122100 mg/100 g of air-dried leaves. It serves as
a valuable ingredient in animal feed,
therapeutic agent having antiviral activity
against a wide spectrum of viruses and can be
used as a source of unconventional protein for
human food.

used for laying new orchards. 3300 plants
(female 2970 and male 300) will be required
for planting of one hectare in the spacing
1Mx1M (plant to plant) and 3M between the
rows.
Popularity of Seabuckthorn as a source of
income can be judged from the appreciation in
price of the fresh berry from Rs 8 per kg in year
2001 to Rs 45 per kg in 2017. Currently, the
demand for Seabuckthorn far exceeds the
supply capacity of the region. Large scale
cultivation of Seabuckthorn has the potential
to be a key means of sustainable development
for trans-Himalayan Ladakh. Potential of
Seabuckthorn in India has been recognized by
several
R&D
organizations.
However,
Seabuckthorn industry is still in its nascent
stages. Total area under Seabuckthorn is
13,000 ha. Approximately 600 tons of berry is
harvested annually. Ladakh remains the major
site for natural Seabuckthorn resource with
over 70% of the total area (13,000 ha) under
Seabuckthorn in the country.
With the joint effort from central ministry
and local administration, various R&D
institutes this crop is heading towards a path
breaking approach to be the “wonder berry” of
Himalayan belt in near future with an
estimated earning of whopping 446 Cr.
(Approx.) by 2030.

Seabuckthorn in Inida
Our country holds tremendous potential in
respect of Seabuckthorn fruit production and
diverse varieties which have health-promoting
properties and can play a crucial role in
preventing soil erosion and help nitrogen
fixation in cold and desert areas. This is the
most important environmental benefit of the
Seabuckthron. Seabuckthorn fruit grows in the
cold deserts of Ladakh region of Jammu and
Kashmir, Lahul-Spiti in Himachal Pradesh
and some parts of Arunachal Pradesh.
In 2010, the then Minister of Environment
and Forests (MoEF), Jairam Ramesh had
launched
the
National
Mission
on
Seabuckthorn in Leh. The minister stresses the
need for creation of National Consortium of
Seabuckthorn to integrate functioning of
Defense Institute of High-Altitude Research
(DIHAR), Leh, which is one of the laboratories
of Defense Research & Development
Organization (DRDO) located at Leh (11,500
ft) and allied institutions for promoting its
impact at national level. The Mission sets a
target for increasing the area under
Seabuckthorn to 50,000 hectares of land by
2020 under phase one in four districts of Leh,
Kargil, Kinnour and Lahoul and Spiti through
a
concerted
effort
by
researchers,
academicians, self help groups and MoEF. Rs
25 crore was sanctioned in principal to initiate
Seabuckthorn program under the Mini
Mission on Cold Desert Ecosystem under the
mega project Green India Mission. DIHAR
(DRDO) has been appointed as the nodal
centre of National Seabuckthorn Mission in
view of the pioneering Research and
Development and commercialization of
Seabuckthorn based products in India.
As per the propagation study pencil thick
hardwood rooted cutting reccomnded to be
April, 2019
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number of characteristics. However, it is
recognized that there are inherent differences
in the ability of various species to effect
pollination in spite of their abundance.
Therefore, efficiency of an insect species as
pollinator has also been attributed to its
foraging behaviour and the amount of loose
pollen grains adhered to its body. Pollination
indices calculation on the basis of relative
abundance, foraging behavior, foraging speed,
amount of loose pollen carried on the body has
been found as an alternate parameter to
evaluate the pollination efficiency.

Introduction
Crop pollinators are external agents that help
in the pollination of crop. There are two types
of crop pollinators found in nature: abiotic and
biotic. Example of abiotic pollinating agents is
wind, water and gravity. Many agricultural
crops, especially those that produce dry pollen
such as rice, wheat, maize, millet, chestnuts,
pecan nuts, and walnuts are successfully
pollinated by wind. Biotic pollination agent
(animal pollinators) includes insects, birds
and various mammals. Biotic pollination (also
called zoophily) occurs when animals visit
flower to obtain their food (nectar and pollen)
and incidentally pollinate them by transferring
pollen grains from one flower to another. More
than 75% of the world’s crops depend on biotic
pollinators. Many species of insects, birds,
bats and some non- flying mammals play an
important role in the pollinators of various
plants including cultivated crops. Among
insects bees, flies, beetles, butterflies, moths
and wasps are important pollinators of many
crops. One third of our total diet is dependent,
directly or indirectly, upon insect pollinated
crops. In the world of insects, different species
of bees including honeybees, bumble- bees
sting less bees, are reported to pollinate over
70% of the worlds cultivated crops and about
15% of the world’s 100 principal crops are
pollinated by manageable species of honey
bees, bumble-bees, and solitary bees, while at
least 80% are pollinated by other naturally
occurring insect pollinators.

Role of insect pollinators in seed set
Estimates of increased seed set due to
pollinators have been made in different parts
of the world. An increase of 22-100 per cent;
100-300 per cent, 100-125 per cent, 91 to 135.4
per cent and 353.5 to 9878 per cent in the seed
yield has been reported due to assured
pollination by bees in radish, cabbage, turnip,
carrot and onion crops, respectively (Singh,
1997). The results of such studies on important
vegetable crops is given below:
1. B. oleracea: An increase of 300 per cent
in seed crop of cabbage was reported due
to insect pollination by Radchenko (1966).
Effects of insect pollination are much
greater from India, Pakistan and
Bangladesh. Sihag (1986) found that
plants caged to exclude insects and plants
not caged produced 13 and 978 pods per
plant
2. Abelmoschus esculentus: A positive
correlation between the number of seeds
in a pod and its weight, and insect
pollination increased the number of seeds

Pollination Efficiency
Pollination efficiency of different insect
pollinators has been evaluated on the basis of
VOLUME NO. 15, ISSUE NO.7
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present in a pod (Free, 1976 & 1993).
Mishra et al. (1987) found that the weight
and length of capsules and seed number
per capsule were significantly higher in
open pollinated than in bagged flowers.
3. Allium spp.: In India, Kumar et al.
(1989) found greater set and yield and
better seed germination from plots caged
with bees, than from plots caged without
bees and open plots (61, 90, 72 % and
estimated seed yield of 73, 275, 97 kg/ha
respectively on plots caged without bees,
caged with bees and not caged). Rao and
Suryanarayana (1989) have reported
higher seed yield in onion due to
placement of bee colonies.
4. Pollination in Green Houses/cages:
Honeybees, bumble bees, solitary bees,
syrphids and blowflies have been used to
pollinate flowers in the green houses, glass
houses or cages. Bumble bees are valuable
for use in small enclosures and can be
readily obtained from flowers or by
collecting their nests. They forage at low
temperatures at which honeybee activity is
limited.
5. Maintaining
Insect
pollinators
population:
Insect
pollinators
population including honey bees can be
maintained and enhanced on agricultural
crops following ways:
a) Increasing
Pollination
visitation:
Insect
pollinator
visitation can be increased by either
enhancing local populations of native
pollinators or by supplementing
pollinator
populations
with
commercially managed species.
b) Enhancing populations of native
pollinators : Pollinators visitation to
flowering crops in particular area can
be
enhanced
through
habitat
management. These strategies should
be directed towards the member of
pollinator guild that are most efficient
with low annual variation in
population. Pollinators can also be
provided with appropriate nesting
materials and site for overwriting and
mating. Cropping practices can also be
April, 2019

altered which suit the characteristics
of pollinators. Timing of planting
dates so that flowering periods
coincide with peak population of
pollinators is also helpful.
c) In commercial crop pollination under
Indian scenario honeybees are being
managed
effectively
and
economically. The honeybees large
population, transportability, year
round availability and broad dietary
preferences at the colony level along
with floral constancy of individual
foragers make it the pollination of
choice for a wide range of crops.
d) Maintaining
pollinators
population on target crops:
Pollination of the target crop can be
reduced if crops weeds blooming in
proximity provide greater rewards in
terms of nectar and pollen to the bees.
This can be managed or reduced by
following methods :
i) Timing
of
pollinator
Introduction:
Managed
pollination can be conditioned to
a particular crop in a particular
area by moving bee colonies to
crops after the initiation (5-10%)
of flowering. Shifting honeybees
too late can be detrimental
because flowers produced early in
the season are not pollinated,
which can reduce yields. Shifting
bees too early to the target crop
may condition foragers on some
other crop blooming prior to
target crop. This can also have
direct impact of pollination of the
target crop.
ii) Plant
Breeding
and
Agronomic
practices:
Honeybees and other insect
pollinators forage on the most
attractive source available under
long term selective breeding
programmes. Characters of crop
responsible for making it more
attractive to bees should be taken
into consideration. Most insect
22
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pollinators forage on flowers to
collect nectar, pollen or both.
Thus, selection of plants with
enhanced quality and quality or
accessibility of nectar or pollen
rewards
will
improve
the
attractiveness
of
plant
to
pollinators. Pollinators visits also
depend on other characters like
floral colour, the number of
flowers per inflorescence and
odours. Thus enhancing visual
and olfactory cues are also
effective. Nectar production is
influenced by external factors
affecting photosynthesis and
plant growth. Thus proper
fertilization can increase the
attractiveness of crops. Watering
increases nectar production in

crops such as radish, cauliflower
which will have direct impact on
the insect visitation.
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Introduction
Soil Health Card (SHC), a revolutionary
scheme, was initiated for farmers and it has
made a huge difference to farming and farm
productivity. It has helped in increasing the
productivity and reduced the cost of
production. Hon’ble Prime Minister Shri
Narendra Modi had inaugurated the scheme
on February 19, 2015, in Suratgarh, Rajasthan.
Soil Health Card provides information to
farmers on nutrient status of their soil along
with recommendations on adequate dosage of
nutrients for improving soil health and its
fertility. This also gives farmers information
about the properties of the soil.

•
•

•

Launch of SHC portal
This application software was developed by
national informatics centre (NIC). The
software has three modules:
•
•

Objectives of the scheme
•
•

To provide a basis to address nutrient
deficiencies in fertilization practices
To diagnose soil fertility related

VOLUME NO. 15, ISSUE NO.7

constraints with standardized procedures
To develop and promote soil test based
nutrient management for enhancing
nutrient use efficiency
To build up capacities of district and state
level staff and of progressive farmers for
promotion
of
balanced
nutrient
management practices
To strengthen functioning of soil testing
laboratories.

•

23

Registration of soil samples
Testing of samples in soil testing
laboratories
Fertilizer recommendation based on soil
test crop response equations
April, 2019

ISSN No.:2321-7405

•

Publicity for awareness of the scheme
The government is promoting SHCS through
various programme as indicated below:
•
•
•
•
•
•
•

•

Krishi darshan- DD Kisan/DD national (1
DD national channel)
Krishi darshan- DD Regional (18DD
regional channel)
Krishi darshan- DD narrow casting
channels, 36 narrow casting channels
Kishan vani- AIR FM (96 FM AIR local
stations)
Production of audio video spots/film and
publicity through print media
Poster and hoardings
A campaign has been launched on SHC in
consultation for wider awareness and
publicity. Month-wise advertisements
have been prepared on SHC.

Conclusion
The widening of nutrient demand-supply gap,
affects nutrient use efficiency, productivity
and profitability of crop. Therefore, it becomes
necessary to have an improvement in soil
health monitoring system on one hand and
enhancing farmers’ awareness about soil
health and its management.
References
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Major challenges of the scheme
•

Inadequate soil testing laboratories
infrastructure with respect to both
number and ability to test
The SHC scheme is decentralized and field
oriented in nature, as it operated at
farmers’ field level

Requirement of manpower for collection
of samples from farmers’ field
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What is DNA Sequencing?
The determination of base sequence of a DNA
fragments is called DNA sequencing. DNA
sequencing become feasible due to the
availability
of
restriction
enzymes,
development of electrophoresis techniques,
gene cloning and PCR techniques. Initially,
two methods, a chemical method and an
enzymatic method of DNA sequencing were
developed; these methods are popularly
termed as first generation DNA sequencing
procedures. Soon the second or next
generation methods were developed, which
use PCR for in vitro cloning in the place of in
vivo cloning and are much faster and cheaper
(Padey et al. 2008; Schendure and Ji 2008;
Edward 2013).

April, 2019

Next Generation DNA Sequencing Methods (NGS)
NGS methods also called massively parallel
sequencing (MPS) technologies. NGS use PCR
amplification for template preparation (invitro
library preparation) and they are amenable to
very high throughput. Further, they allow
simultaneous sequencing of hundred of
millions of different DNA fragments
(Schendure and Ji 2008). There are five NGS
methods, namely, (1) 454 pyrosequencing, (2)
Solexa Method, (3) Ion Semiconductor
Sequencing, (4) Polony method, (5) Massively
parallel signature sequencing (MPSS). The
first three methods use DNA for synthesis
(sequencing by synthesis), while the polony
and MPSS methods employ oligonucleotide
hybridization to the template followed by
24
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ligation to the growing chain.

mixture. For this reason, dNTP addition is
performed one at a time (Gharizadeh et al.,
2007). Because the added nucleotide is known,
the sequence of the template can be
determined (Ronaghi, 2001). A schematic
representation of pyrosequencing is shown in
figure 1.

Why Next Generation Sequencing
One can sequence hundreds of millions of
short sequences(35-120 bp) in a single run in
a short period of time with low per base cost.
The 454 DNA Sequencing Method
The method was the first NGS technology to be
commercialized in 2005 by 454 Life Sciences.
Pyrosequencing technique is based on
sequencing by-synthesis principle (Hyman,
1988; Melamede, 1985) and on the detection
of released pyrophosphate (PPi) during DNA
synthesis (Ronaghi, 2001). In Pyrosequencing,
the reaction mixture contains the DNA
template,
sequencing
primer,
DNA
polymerase, ATP sulfurylase, luciferase and
apyrase, and the substrates adenosine 5′
phosphosulfate
(APS)
and
luciferin
(Gharizadeh et al., 2007). The nucleotides
dATPαS, dTTP, dCTP and dGTP are added to
the this reaction mixture sequencially one
after the other. The dATPαS is used in the
place of dATP because it can be used by
luciferase for light generation only after it has
been used for DNA synthesis. When a dNTP,
say, dGTP, is added to the 3’ end of primer or
the growing chain, one inorganic PPi is
released as a result of nucleotide incorporation
by polymerase. This released PPi is used by
ATP sulfurylase to convert APS into ATP,
which is then used by luciferase to generate
visible light (Ronaghi et al. 2001). The light in
the luciferase-catalyzed reaction is then
detected by a photon detection device such as
a charge coupled device (CCD) camera and the
template nucleotide at this position is
deduced(it will be C in this case). The intensity
of light generated is proportional to the
amount of PPi generated. However, if the G
from the dGTP was not added to the growing
chain, no light will be generated. The
enzymeApyrase is a nucleotide-degrading
enzyme, which continuously hydrolysednonincorporated dNTPs in the reaction mixture
and degrades ATP (produced by the ATP
sulfurylase action). As a result, soon the ATP is
exhausted and light production ceases; the
next dNTP can now be added to the reaction
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FIG. 1 The various reactions catalyzed by the four
enzymes used in pyrosequencing (Based on Ronaghi
et al. 2001)

Application of 454 pyrosequencing
•
•
•
•

De novo sequencing and assembly
Genome sequencing and mapping
Transcriptome analysis
Analysis of epigenetic changes

Drawback of 454 pyrosequencing
•

•

The 454 method does not use chain
terminators, a base will become
incorporated as many times in a single
cycle as its complementary base occurs
consecutively in the template strand.
When the same base occurs several
(usually, >6) times consecutively (e.g.,
TTTTTTT) in the template, occasionally it
is read one base less than the actual
number, i.e., n -1 times in the place of n
times. This may lead to errors in base
sequences of those stretches of template
DNA, in which a base occurs more than
once in tandem.
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suppress plant disease through at least one
mechanism; induction of systemic resistance
and production of siderophores or antibiotics.
Nitrogen fixing biofertilizers provide only a
modest increase in crop nitrogen uptake. The
elemental sulphur present in the soil must be
transformed or oxidised into sulphate by the
bacteria before it is available for plants. The
inoculation of sulphur-oxidizing bacteria
(Thiobacillus) onto the seeds of high Sdemanding crops has proved to be quite
successful in making sulphur more available
for the plants. The rock phosphate is an
approved source of phosphorus but its
availability to plants is limited under most
growing conditions. Phosphorus oxidizing
bacteria help in making this phosphorus
available to the plants.
The phytohormones they produce include
indole-acetic acid, cytokinins, gibberellins and
inhibitors of ethylene production. PGPR also
help in degrading organic pollutants.
Azospirillum sp. shows osmoadaptation and
can survive under salinity/osmolarity due to
the accumulation of compatible solutes. The
bacteria like P. fluorescens can survive under
dry conditions and hyperosmolarity. The use
of PGPR offers an attractive way to
supplement chemical fertilizer, pesticides, and

Introduction
Plant growth in agricultural soils is influenced
by many abiotic and biotic factors. The thin
layer of soil immediately surrounding plant
roots is an extremely important and active
area for root activity and metabolism is known
as rhizosphere. A large number of
microorganisms such as bacteria, fungi,
protozoa and algae coexist in the rhizosphere.
Microorganisms that colonize the rhizosphere
can be classified according to their effects on
plants and the way they interact with roots,
some being pathogens whereas other trigger
beneficial effects. The microorganisms
inhabiting the rhizosphere and beneficial to
plants are termed PGPR. Various species of
bacteria like Pseudomonas, Azospirillum,
Azotobacter,
Klebsiella,
Enterobacter,
Alcaligenes, Arthrobacter, Burkholderia,
Bacillus and Serratia have been reported to
enhance the plant growth. There are several
PGPR inoculants currently commercialized
that seem to promote growth through at least
one mechanism; suppression of plant disease
(Bioprotectants),
improved
nutrient
acquisition (Biofertilizers), or phytohormone
production (Biostimulants).
The biological control agents they
April, 2019
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supplements; most of the isolates result in a
significant increase in plant height, root
length, and dry matter production of shoot and
root of plants (Gupta et al., 2015).
PGPR as a component in integrated
management systems in which reduced rates
of agrochemicals and cultural control practices
are also used as biocontrol agents. Such an
integrated system could be used for
transplanted vegetables to produce more
vigorous transplants that would be tolerant to
nematodes and other diseases for at least a few
weeks after transplanting to the field.

phytopathogens do so by a variety of
mechanisms (Glick, 2012). These include
the ability to produce: Antibiotics and
Lytic
Enzymes,
Siderophores,
Competition,
Induced
Systemic
Resistance.
PGPR Application Methods
PGPR based formulation are of two types:
solid based and liquid. Liquid are easy to
apply, applied at rate of 250 ml per acre. These
have very good shelf life 12 months from the
manufacture with cell count 1 x 109, cells
protected with additives from biotic stress.
Whereas, carrier based formulations are
applied at rate of 5Kg per acre with cell count
1 x 107 but usually have a short life of 3-6
months. Cells are not protected and moisture
loss is there. PGPR are delivered through
several means based on survival nature and of
infection of the pathogen. It is delivered
through seed, soil, foliage, rhizomes, or
through combination of several methods of
delivery.

Historical Background Of PGPR/ Biofertilizers
Inoculation of plants with beneficial bacteria
can be traced back for centuries. From
experience, farmers knew that when they
mixed soil taken from a previous legume crop
with soil in which non-legumes were to be
grown, yields often improved. By the end of
the 19 century, the practice of mixing
"naturally inoculated" soil with seeds became
a recommended method of legume inoculation
in the USA. A decade later, the first patent
("Nitragin") was registered for plant
inoculation with Rhizobium sp. eventually; the
practice of legume inoculation with rhizobia
became common. For almost 100 years,
Rhizobium inoculants have been produced
around the world, primarily by small
companies. Inoculation with non-symbiontic,
associative
rhizosphere
bacteria,
like
Azotobacter, was used on a large scale in
Russia in the 1930s.
In recent years, various other bacterial
genera, such as Bacillus, Flavobacterium,
Acetobacter, and several Azospirillum- related
microorganisms have also been evaluated to
be used as Biofertilizers/bioprotectants.

Various methods and mode of application of PGPR:
Sr.
Method
Rate
no
750g/ha of
1 Seed
inoculation seed

2

3

Mechanisms of Action
•

•

Direct mechanisms: It involves
providing plants with resources/nutrients
that they lack such as fixed nitrogen, iron,
and
phosphorus,
Manganese
and
production
of
Cytokinins
and
Gibberellins, Indoleacetic Acid, Ethylene.
Indirect method: PGPR that indirectly
enhance plant growth via suppression of
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Method of application

Inoculant is mixed with
10% jaggery and slurry
is prepared and poured
on the seeds to form a
thin coating on the
seeds.
Root and 1Kg/10Litre Dip the root portion of
seedling
of water
the seedlings in this
treatment /ha
suspension for 15-30
minutes and transplant
immediately. Generally,
the ratio of inoculant and
water is 1:10.
Soil
5kg /100kg 5 kg Azotobacter and 5
application FYM/ha
kg PSB are mixed with
50-100 kg of well
decomposed cattle
manure for an area of 1
ha. The mixture of biofertilizer and cattle
manure sprinkled with
water is kept for 24
hours and then
broadcasted into soil at
April, 2019
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Sr.
no
4

5

Method

Rate

Sets or
tuber
treatment

1kg/ 4050lt
water/ha

Standing
crop
treatment

Sr.
no

Method of application
the time of sowing.
Prepare culture
suspension by mixing 1
kg of inoculant in 40-50
litres of water. The cut
pieces of planting
material required for
sowing one acre are kept
immersed in the
suspension for 30
minutes. Bring out the
cut pieces and dry them
in shade for some time
before planting. After
planting, the field is
irrigated within 24 hours.
Apply a mixture of
inoculants and FYM by
incorporating it into the
soil followed by
irrigation.
Foliar application is also

Method

Rate

Method of application
applied in standing
crops.

References
Ahemad M and Khan MS. 2012. Productivity of
greengram in tebuconazole-stressed soil, by
using a tolerant and plant growth promoting
Bradyrhizobium sp. MRM6 strain. Acta
Physiology Plant 34: 245–254.
Glick BR. 2012. Plant Growth-Promoting Bacteria:
Mechanisms and Applications. Scientifica.
http://dx.doi.org/10.6064/2012/963401
Gupta, S., Kaushal, R., Spehia, R.S., Pathania, S.S.
and Sharma, V. 2017. Productivity of capsicum
influenced by conjoint application of isolated
indigenous PGPR and chemical fertilizers.
Journal of Plant Nutrition, 40(7):921-927.
Manoj Kaushal and Rajesh Kaushal. 2013. Plant
growth promoting rhizobacteria- impacts on
cauliflower yield and soil health. The Bioscan
8(2): 549-552, 2013.

13. AGRICULTURAL BIOCHEMISTRY

Antifungal Defensins for Plant Defense
Krupali Ramanuj
Anand Agricultural University, Anand.

•
•
•

Introduction
Fungal pathogens severely limit agricultural
production worldwide. It is estimated that
approximately 10% of crop yields are lost due
to these pathogens. Many cultivated crops
have minimal resistance to these pathogens
and require intensive inputs of chemical
fungicides for disease management. In order
to protect themselves from invading
pathogens, plants have developed numerous
counter measures which result in the
activation of a plethora of defense mechanisms
both locally at the infection site and
systemically throughout the plant.
These plant defense mechanisms include:
•
•

Synthesis of antimicrobial metabolites
Pathogenesis - related (PR) proteins
Antimicrobial peptides
These defense mechanisms are part of the
innate immunity of plants and successful
pathogens overcome them to colonize plants
and establish disease. Plant defensins are
small (~5kDa, 45 to 54 amino acids), basic,
cysteine-rich
(typically
eight
cysteine
residues)
peptides
with
antimicrobial
activities. These defensins are cationic
peptides which provide a first line of defense
against potential pests and pathogens. The
first member of this family was isolated from
the endosperm of barley and wheat in the year
1990 and was proposed to form a novel
subclass of the thionin family (γ-thionins) that
was distinct from α and β-subclasses. Most
plant defensins isolated in the first half of the

Cell wall reinforcements
Production of reactive oxygen species
(ROS)
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1990s were seed-derived. Plant defensins are
also expressed in vegetative tissues where they
accumulate in the cell layers of cotyledons,
hypocotyls, endosperms, tubers and floral
structures. They are either constitutively
expressed in storage and reproductive organs
or produced upon pathogenic attack or injury
as part of a systemic defense response. In
addition, production of plant defensins is also
induced in response to environmental stress,
such as drought, and signalling molecules,
including methyl jasmonate, ethylene and
salicylic acid. Plant defensins are present in all
plant families, including:
•
•
•

Function
•

In addition to their roles in plant defense
against fungal pathogens, plant defensins
have also been shown to play other roles
which include antibacterial activity, zinc
tolerance, salt tolerance, drought stresses,
cold tolerance, proteinase inhibitory
activity, α – amylase inhibitory activity,
ion channel blocking activity, protecting
vulnerable germinating seeds against
pathogens.
• Antifungal plant defensins are also
involved in the defense against parasitic
plants and insects
• Plant defensins mediate resistance against
abiotic stress
• In addition to their roles in plant defense
against fungal pathogens, plant defensins
have also been shown to play other
biological roles which include:
– Antibacterial activity
▪ Zinc tolerance
▪ Proteinase inhibitory activity
▪ α – amylase inhibitory activity
▪ Ion channel blocking activity
• Effect of defensins on root developmentAccumulating evidence suggests that plant
defensins and defensin-like peptides not
only play a role in defense response
against phytopathogenic fungi but that
they are also involved in plant growth and
development
• Role in symbiotic interactions-Recent
data indicate that plant defensins and
defensin-like peptides are involved in
symbiotic
interactions
with
both
mycorrhizal fungi and nitrogen-ﬁxing
bacteria.
Along with antibacterial activity the
defensins possess other biological activities
shown in table.

Brassicaceae
Fabaceae
Solanaceae

Structure
Plant defensins exhibit a conserved tertiary
structure that consists of a triple-stranded
antiparallel β-sheet and one α-helix that are
stabilized into a compact shape by the disulﬁde
bridges. These bridges form a cysteinestabilized α-helix β-sheet motif (CSα/β). Apart
from the cysteine - stabilized αβ (CSαβ)
structure,
the
two
most
important
characteristic features of plant defensins that
are evolutionarily conserved include net
cationic charge (+2 to +11) and the presence of
disulfide bonds. Most plant defensins are
stabilized by four intramolecular disulfide
bonds. In addition, hydrophobic amino acid
residues distributed in such a way that the
functional protein attains an amphipathic
structure, which might aid in protein solubility
in the aqueous as well as lipid environments.
Also, sequence comparison studies revealed
that all antifungal plant defensins studied to
date have a highly conserved cationic and
hydrophobic patch of amino acids in the
interposed loop region between β2 and β3
strands strongly suggesting that these
conserved patches are most likely important
for binding to the fungal membranes and / or
translocation into the cell. Despite the low
level of amino acid sequence identity between
defensins, their three dimensional structures
are remarkably similar between different plant
defensins.
VOLUME NO. 15, ISSUE NO.7

Biological
activity
Antifungal

Antibacterial
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Examples

Plant source

Rs-AFP1-4
Ah-AMP1
AlfAFP
Pth-St1
Fabatin-1
and -2

Raphanussativus
Aesculushippocatanum
Medicago sativa
Solanumtuberosum
Viciafaba
Spinaciaoleracea
April, 2019
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Biological
activity
Insecticidal
Protein
synthesis
inhibitor
α-amylase
inhibitor
Proteinase
inhibitor
Sodium channel
inhibitor

Examples

Plant source

SoD1-7
VrCRP
γ1-H
γ1-P
ω-H
HvAMP1
SIα1-3

Vignaradiata
Hordeumvulgare
Triticumturgidium
Hordeumvulgare
Hardenbergiaviolacea
Sorghum bicolor

CfD2
Cp-thionin
γ1-Z and γ2Z

•

Cassia fistula
Vignaunguiculata
Zea mays

Future thrusts
•

Conclusions
•

•

•

speciﬁc heterologous plant defensin.
Research during the past decade revealed
that plant defensins bind to speciﬁc
membrane receptor targets in order to
exhibit antimicrobial action.
The antimicrobial activity and high
stability of plant defensins make them
ideal tools for applications in the
biological control of fungal pathogens for
organic agriculture.

Plant defensins are small (~ 5kDa, 45 to 54
amino acids), basic, cysteine-rich peptides
which act by different mechanisms and
exhibit a complicated and sophisticated
mode of action resulting into fungal
growth arrest. Defensin functions are not
only limited to antimicrobial activity but
they also appear to be involved in cellular
signaling and growth regulation
The diversity and widespread occurrence
of defensins in the plant kingdom suggests
that they are rich source of peptides with
antimicrobial activities
The involvement of plant defensins during
the plant defense response has been
established based on (i) their stressrelated
induction
(ii)
in
vitro
antimicrobial activity and (iii) the
increased resistance of plants expressing a

•

•

•

Plant defensins correspond to a world of
possibilities for defense mechanisms and
new peptides with different activities are
still to be discovered, as well, studies with
thousands of plant species need to be
performed.
Molecular tools can be deployed to
develop transgenic crops that not only
exhibit effective long-term resistance to
plant pathogens but also provide normal
yields when grown under different
environmental conditions.
Better understanding of the structureactivity relationships and modes of
antifungal action of plant defensins will
facilitate engineering crops for more
robust and durable resistance to fungal
pathogens in future
In the near future, antifungal defensinbased commercial agro-products be
targeted which can play crucial role in
Integrated Disease Management for
increased crop production.

14. SOIL SCIENCE

Importance of Rootstock in Imparting Tolerance to
Drought and Flooding in Vegetable Crops
Basavarajeshwari R. Mathapati *, Manjugouda I. Patiland Shivalingappa Bangi
Department of Crop physiology, UAS, GKVK, Bengaluru, Karnataka- 560065 *Corresponding
Author Email: rajeshwari.cph@gmail.com

environmental extremities, which results in
substantial yield losses. Also due to limited
arable land and high market demand
vegetables are continuously cultivated under
unfavourable conditions in some countries.

Introduction
Agriculture has highly been influenced by
climate patterns and variations. Similarly,
vegetable crops are very sensitive to
April, 2019
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These conditions cause various biotic and
abiotic stresses leading to severe crop loss.
Developing the tolerant crop varieties to such
stresses would be one method among the
various approaches to meet the challenges of
these abiotic stresses. Various breeding
programmes in this direction have failed to
address this issue due to low genetic variability
in relation to tolerance in vegetables and lack
of rapid selection tools like genetic markers,
making breeding a slow and inefficient
process. The immediate approach to impart
tolerance to vegetables from various stresses
would be implementation of management
practices to overcome the drought and flood
conditions.
Hinging
completely
upon
management practices under severe stress
conditions would fetch limited success. Hence
a potentially environmentally friendly
technique for avoiding or reducing losses in
production resulting from drought and flood
in vegetables would be to graft these plants
onto rootstocks capable of ameliorating stress
induced damage to the shoot, thereby reducing
the effect of water stress. Grafting is currently
regarded as a rapid alternative to the relatively
slow breeding methodology used to increase
the environmental stress tolerance of
vegetables.

and ultimately the photosynthetic rate(Li et
al., 2015). In both the stresses, the root system
plays important role and thus grafting offers
an opportunity to change the susceptible root
system of a high yielding vegetable crop with a
tolerant rootstock system.
Rootstocks as tool to increase drought tolerance
One way to reduce losses in production and to
improve water use efficiency under drought
conditions in high-yielding genotypes in
vegetables would be grafting them onto
rootstocks capable of reducing the effect of
water stress on the shoot. Since eggplants are
more effective to water uptake than tomato
root systems, it would be interesting to see
their grafting potential under water-stress
conditions.
Whereas
grafted
miniwatermelons onto a commercial rootstock
(Cucurbita maxima × Cucurbita moschata)
revealed a more than 60% higher marketable
yield when grown under conditions of deficit
irrigation compared with un-grafted melons
(Simona et al., 2008).
Mechanisms involved in rootstock performance
under drought
The higher marketable yield recorded with
grafting was mainly due to an improvement in
water and nutrient uptake, indicated by a
higher N, K, and Mg concentration in the
leaves, and higher CO2 assimilation. In
addition, Bhatt et al., 2002 reported that the
higher yield of the grafted plants was mainly
due to an improvement in CO2 assimilation
and
stomatal
conductance.
Grafting
experiments with ABA deficient mutants of
tomato illustrated that stomata can close
independently of the leaf water status
suggesting that a chemical signal produced by
the roots controls the conductance of stomata
(Holbrook et al., 2002).

Effect of drought and flood on root system
Plants take minerals and water through roots
to maintain life and struggle for nutrition.
When plants are grown under excess or deficit
water, the competition is more distinct and
roots describe the tolerance of plants against
stress. Roots in waterlogged soils frequently
die of anoxia (oxygen deficiency).Due to
anoxia there is immediate drop in root
respiration and energy rich adenylates leading
to sharp decrease in ion uptake also there is
increased production of an ethylene precursor,
1-aminocyclopropane-1-carboxylic
acid
(ACC), in the roots and increased ethylene
cause damage to the plants(Huang et al.,
2003). In contrast the root system in drought
conditions are the first to sense the deficit soil
moisture and regulate synthesis of more ABA
in roots, ABA signals roots and closes their
stomata affecting the gas exchange process
VOLUME NO. 15, ISSUE NO.7

Rootstocks as tool to increase flood tolerance
In a study by Liao and Lin, 1996, grafting
improved flooding tolerance of bitter melon
(Momordiacharanthia L.) when grafted onto
luffa (Luffa cylindria).A very recent study on
using
brinjal
rootstock
[BPLH-1,
ArkaNeelkanth (AN), MattuGulla(MG) and
ArkaKeshav (AK)] to impart flooding
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tolerance to tomato has come out with
successful results of using ArkaNeelkant as
tolerant rootstock in grafting Arka Rakshak
tomato cultivar. The ArkaRakshak and
ArkaNeelkant graft unions have showed better
survival and plant yield after experiencing
flooding (Bhatt et al., 2015).

breeding of appropriate rootstocks is still a
matter of trial and error. Future research
programmes should focus on identification of
physiologically root specific traits that will aid
in appropriate rootstock selection. The
identified physiological and biological
biomarkers can be used as generic tools to
develop an effective method for the selection
of rootstocks, which improve the adaptability
of vegetables crops to water stress and other
abiotic stresses.

Mechanisms involved in rootstock performance
under flood
Thus the main mechanism supporting the
growth of the grafted plants under flood is the
development of adventitious roots and
arenchyma cells for better O2 supply to
roots(Colmer, 2003)and reduction in ethylene
production (Bhatt et al., 2015).The greater
stomatal conductance(gs) under flooding
could be due to the adaptive mechanism to
sustain higher gas exchange in leaves
(Rodiyatiet al.,2005).In a study there was no
significant change in Fv/Fm under flooding in
eggplant rootstock grafted plants indicating
that, flooding did not affect photosystem II
reactions in the grafts (Bhatt et al.,
2015).Increased sugar levels and starch
following flooding has been reported in many
plants (Bhatt et al., 2015).The role these sugars
play inconferring flooding stress tolerance
needs to be further investigated, though their
role as osmolytes, signalling molecules or
carbon-energy sources (Bolouri-Moghaddam
et al., 2010).
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15. SEED SCIENCE AND TECHNOLOGY

Seed Polymorphism and its Effect on Seed Quality and
Productivity
Sivakalai R* and C. Tamilarasan
Ph.D Scholars Department of Seed Science and Technology,
TNAU, Coimbatore – 641003.

Introduction
Successful seed performance is an essential
component in the ecology and evolution of
plant life histories as well as modern
agriculture. It is reflected in seed life history
such as seed size, seed number, germinability,
dormancy, dessiccation tolerance and
longevity. Among the various external and
internal factors, seed development and seed
position are the two intrinsic factors that
determine seed performance.

dispersal, germination and dormancy. Some
previous studies on members of the Asteraceae
have differentiated between germination in
dimorphic ray and disc achenes. Reduced
dispersability and delayed germination are
characteristic of the outer (typically associated
with the ligulate ray floret) achene’s,
conversely, distance dispersal and quick
germination are characteristic of the central
(typically associated with the tubular disc
floret) achene’s.

What is seed polymorphism?
The word "polymorphism" means many
morphologies, so "seed polymorphism" means
many sizes, shapes, or colour of seeds.
However, it does not necessarily refer to the
continuous range of variations in sizes, shapes,
or colour of seeds found on an individual plant
or in a population of a species. According to
Harper et al. (1970), seed polymorphism is the
production of two or more distinctly different
types of seeds by a species. Furthermore, these
types of seeds differ in their dormancy
breaking and germination requirements.
Many examples of seed polymorphism,
that is, the production of seeds with differing
morphologies and or behaviours occur within
the
Asteraceae,
Brassicaceae,
Chenopodiaceae, and Poaceae. The production
of dimorphic achenes has facilitated the
evolution of alternative strategies relative to

Types of polymorphism:
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1.Somatic Polymorphism
Seeds produced on the same plant may vary in
size, shape, or colour, and these variations may
be associated with different germination
responses. Seed size, shape and colour
frequently are changed by the conditions
under which the mother plant is grown. Thus,
the preconditioning environment is one of the
major causes of seed polymorphism. Of all the
preconditioning
factors
causing
seed
polymorphism, season and position on the
mother plant seem to be the most likely to
result in polymorphic seeds being produced on
the same plant. Numerous species have seeds
that are polymorphic with respect to size
because of position on the mother plant or
season of the year in which they were
produced.
Seeds vary in size as a consequence of the
33
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Environment
Species
Beta vulgaris
Brassica napus
Glycine max
Hordeum vulgar
Lactuca sativa
Phaseolus sp.
Pisum sativum
Sesbania
macrocarpa
Sorghum bicolor
Triticum sp.
Zea mays

•
•
•
•

Environmental Factor
Temperature
Position, Predation
Moisture, Nutrition, Position,
Predation, Season, Temperature
Position
Season, Temperature
Position
Temperature
Defoliation

Factors influencing seed performance
1. External factors
a) Environment -Temperature, Light,
RH and wind
b) Edaphic factors - Soil status,
nutrition,
2. Internal factors
a) Seed development
b) Seed position
Initially, seed performance is determined
during seed development and maturation. In
many cereals and legumes, seed quality peaks
at physiological maturity and declines
thereafter and is associated with the distinct
dehydration of the maternal plant and the fruit
tissues.

Predation, Position
Irradiance, Position, Predation,
Temperature, irradiance
Position

2.Genetic Polymorphism
•

•

•

•

Shape
Size
Colour
Physiological parameters

Senecio vulgaris - produce heads with disc
and ray flowers (radiate morph), only disc
flowers (nonradiate morph), and short ray
flowers (intermediate morph) (Abbott et
al.1986).
Glycine soja - branching growth form higher
percentage
of
dormant
(impermeable) seeds than the twining
growth form (Ohara and Shimamoto,
1994).
Tephrosia purpurea - either short or long
leaves, and seeds from plants with short or
long leaves vary in their dimensions and in
the length of the acid scarification
treatment required to make the seed coats
permeable (Mishra and Sen, 1986).
Trianthema portulacastrum - two forms
(rubra and flava) , flava are more
dormant than rubra (Mohammed and
Sen, 1990).

Conclusion
Large variations are observed in the content as
well as quality of seeds borne on the same
plant at different position/within the fruit.
Heterogenity in the seed quality is because of
indeterminate flowering, sequence of pod
setting,
differential
maturity,
internal
environment and supply of nutrients.
Therefore, the best seeds with regard to quality
and subsequent plant productivity were
obtained from early produced fruits on lower
internodes of the main and lateral stem.
Further, application of growth regulators,
physical removal of other reproductive sinks
such as flowers/seeds increase the size and
quality of remaining seeds on or in the
inflorescence.

Effect of seed polymorphism on seed quality
•

Seed weight

Subscribe
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16. SOIL SCIENCE

Biological Nitrogen Fixation
Prava Kiran Dash
Ph.D. Scholar, Department of Soil Science and Agricultural Chemistry, OUAT, Bhubaneswar

that more than 140 Tg of N is fixed per year by
the N-fixing microorganisms in natural
terrestrial ecosystems.

Introduction
Nitrogen is the most important nutrient for
plant growth, yield, quality and the
environment. It is an important component
and integral component of many essential
plant compounds. It is a major part of all
amino acid, which are the building blocks of all
proteins-including the enzymes which control
virtually all biological processes. Other critical
plant nitrogenous plant components include
the nucleic acid, in which hereditary control is
vested, and chlorophyll, which is at the heart
of photosynthesis. Nitrogen is also essential
for carbohydrate use within the plants. A good
supply of nitrogen stimulates root growth and
development, as well as the uptake of other
nutrients. Plants respond quickly to increased
availability of nitrogen, their leaves turning
green in colour. Nitrogen increases the
plumpness of cereal grains, the protein
content of both seeds and foliage, and the
succulence of such crops as lettuce and
radishes. It can dramatically stimulate plant
productivity. Healthy plant foliage generally
contains 2.5 to 4 % nitrogen depending upon
the age of the leaves.

Types of nitrogen fixation
Biological nitrogen fixation is of two types:
•
•

Symbiotic N-Fixation
Non-symbiotic N-fixation
Nitrogen fixing organisms: Mostly
some prokaryotes (bacteria species) are
involved in N-fixation which ispresented in
Table 1. Some of them live independently of
other organisms (free living organisms) while
others live in intimate symbiotic associations
with plants or with other organisms. But,
besides bacteria species some heterotrophs
mostly fungi have also been reported to fix
atmospheric N.
TABLE. 1. Examples of N fixing bacteria:
Free living
Aerobic
Azatobacter
Beijerinckia
Klebsiella(so
me)

Biological nitrogen fixation
Biological nitrogen fixation is the conversion
of unreactive dinitrogen (N2) gas to ammonia
(NH3) by micro-organisms, which can readily
undergo
chemical
reactions.
Mostly
leguminous plants are able to fix atmospheric
nitrogen, through which large amounts of
nitrogen can be available to plants from
atmosphere ultimately decreasing the need of
inorganic fertilizers. Nitrogen fixing legumes
can be utilized as a seed crop, a green manure
or as the main N input a pasture by growing it
in association with grasses. Micro inoculants
applied externally to enhance N fixation are
called as Biofertilizers. BNF is an important
source of agriculture and it has been estimated
VOLUME NO. 15, ISSUE NO.7

Cyanobacteri
a (BGA)
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Symbiotic with plants
Legumes
Other
plants
Frankia
Clostridium Rhizobium
Desulfovibri Bradirhizobiu Azospirill
o
m
um
Purple
Azirhizobium
sulphur
(root and
bacteria
stem
nodulating in
Sesbaniarost
ata)
Purple nonsulphur
bacteria
Green
sulphur
bacteria
Cyanobacte
rial
association
(Azolla)
Anaerobic
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cortical cells in large numbers, where
they cause cortical cells to multiply
and ultimately result in the formation
of nodules on the upper surface of the
roots. After their release into cortical
cells, the rhizobia stop dividing and
enlarge.
3. Basic requirements for nitrogen fixation:
a) Molecular nitrogen (N2)
b) Hydrogen releasing system or electron
donor(pyruvic
acid
or
glucose/sucrose)
c) Nitrogenase and hydrogenase enzyme
(Nitrogenase enzyme play a key role in
BNF which is consisted of made up of
two protein subunits: Smaller
contains Fe and Larger contains Fe &
Mo)
d) Protective mechanism against oxygen
(Nitrogenage
enzyme
becomes
inactive with exposure to oxygen; on
the other hand oxygen scavenging
pink
coloured
Leghaemoglobin
pigment having strong affinity for
oxygen binds oxygen in such a way
that it protect the nitrogenase from
oxygen & making oxygen available to
other parts of the root)
e) Ferrodoxin(provides electron)
f) Constant supply of ATP and reducing
power (Breaking of N-N triple bond in
N2 gas requires a great deal of energy
in form of ATP).
The overall reaction of Nitrogen fixation
can be given as:

Mechanism of Biological Nitrogen Fixation
1. Formation of root nodules in
leguminous plants: The rhizobia occur
as the free living organisms in the soil
before infecting their respective host
plants to form nodules. The symbiosis
between rhizobia and leguminous host
plant is not always obligatory. However,
under conditions of limited nitrogen
supply in the soil, there is elaborate
exchange of signals between the two
symbionts for development of symbiotic
relationship. There are separate host
specific genes and rhizobial specific genes
which are involved in nodule formation.
The host plant genes are called as nodulin
or Nod genes while rhizobial genes are
called as nodulation or nod genes. Some
Nod factors produced by rhizobia act as
signals for symbiosis.
2. Nodulation process:
a) Chemical recognition of roots
and
rhizobium-The
rhizobia
migrate & accumulate in the soil near
the roots of the legume plant in
response to the secretion of certain
chemicals such as flavonoids and
betaines by the roots.
b) Root hair curling-Root hairs of
legumes produce specific sugar
binding proteins called lectins. These
lectins are activated by Nod factors to
facilitate the attachment of rhizobia to
the root hairs whose tips in turn
become curved.
c) Invasion of roots by rhizobiaRhizobia now secret enzymes which
degrade the cell walls of root hairs at
the point of their attachment for entry
into the root hair. From root hairs, the
rhizobia enter into the cells of inner
layers of cortex through infection
threads(tubular extensions of the in
folded plasma membrane produced by
fusion of Golgi-derived membrane
vesicles).
d) Cortical
cell
division
and
formation of nodule tissue-The
rhizobia continue to multiply inside
infection thread and are released into
April, 2019

N2+8H+`+8e-+16ATP------->2NH3+H2+ 16ADP +16Pi

4. Mechanisms involved: The overall
biochemical process involves stepwise
reduction of nitrogen to ammonia. The
enzyme ‘nitrogenase’ is a Mo-Fe
containing protein. It binds with molecule
of nitrogen (N2) at its binding site. This
molecule of nitrogen is then acted upon by
hydrogen (from the reduced coenzymes)
and reduced in a stepwise manner. From
reduced Fe-Mo protein, the electrons are
finally transferred to molecular nitrogen
and 8 protons so that two ammonia and on
hydrogen molecule are produced. The
36
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electrons are transferred from reduced
ferredoxin or flavodoxin to Fe-protein
component which gets reduced. From
reduced Fe- protein, the electrons are
given to Mo-Fe protein component which
in turn gets reduced and is accompanied
by hydrolysis of ATP into ADP and
inorganic phosphate. Two Mg++ and 2 ATP
molecules are required per electron
transferred during this process. Because
nitrogenase enzyme complex is sensitive
to O2, biological nitrogen fixation requires
anaerobic conditions. Substantial amount
of energy is lost by the microorganisms in
the formation of H2 molecules during
nitrogen fixation. NH3 is not liberated by
the nitrogen fixers. It is toxic to the cells
and therefore these fixers combine NH3
with organic acids in the cell and form
amino acids.
The reactions occur while N2 is bound to
the nitrogenase enzyme complex. The Fe
protein is first reduced by electrons donated by
ferrodoxin. Then the reduced Fe protein binds
ATP ad reduces the molybdednum-iron
protein, which donates electrons to N2,
producing HN-NH. In two further cyclesof this
process (each require electrons donated by
ferrodoxin) HN-NH (Diamide) is reduced to
H2N-NH2 (Hydrazine), and this in turn
reduced to 2NH3.

Conclusion
Among legumes, alfalfa and clovers have
potential to fix more than 200 kg N and 120135 kg ha-1yr-1, respectively. Cowpeas and
soybean have potential to fix 100-115 kg N ha-1
and peanuts fix 45-50 kg N ha-1. Rhizobium
accounts for the largest proportion (40%) of
the total production in India. Biological
Nitrogen Fixation helps to utilise the huge
amount of atmospheric nitrogen which
ultimately reduces the fertilizer need of the
crop. By this, cost of cultivation also reduces
which sustains the farm income. Promoting
BNF by application of bio inoculants
(biofertilizers) externally can help in optimum
crop production along with sustaining soil
health in a long term basis.
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Irradiation Seed Treatment
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hormetic effect.

Introduction
All living organisms evolved and exist in a sea
of ionizing radiation, much of which is
internal. It is a general belief that low doses of
ionizing radiation produce detrimental effects
proportional to the effects produced by highlevel radiation. Over the past decades,
however, some pioneer scientists reported that
low-dose ionizing radiation is not only a
harmless agent, but often has a beneficial or
VOLUME NO. 15, ISSUE NO.7

Irradiation Treatment
Pre-sowing irradiation of the seeds is a novel
measure which enables to harness atomic
energy in the form of ionizing radiations to
increase the yield potential. The enhancement
of a desirable biological process by the
administration of low doses of irradiation is
called Hormesis. The word "hormesis" is
37
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derived from the Greek word "hormaein"
which means "to excite". Experiments have
indicated two possible mechanisms for
radiation hormesis, the enhancement of
cellular DNA repair and the stimulation of an
organism’s immune system. Exposure of
plants to ionizing radiations or pre-sowing
irradiation of seeds may induce mutants
through
cytological,
morphogenetic,
biochemical and physiological changes in cells
and tissues (Gunkel and Sparrow,1961).
During the 1950`s, Luckey, a pioneer
researcher indicated that hormesis could be
induced effectively by low doses of ionizing
radiation. Irradiation experiments of dry seeds
with fusion(D-T) neutron, fission neutron,
cobalt-60 gamma-ray and investigated
existence of the radiation hormesis effects by
measuring germination, the length of a stalk
and the total weight of a seed and leaf on the
7th day after starting cultivation.
The stimulatory effects of radiations
especially with ionizing radiation, ultraviolet
radiation, ultrasonic vibrations and other
sources of energy have been reported in seeds
(Ovcharov, 1977) on germination, vigour and
productivity of the plant. Thus irradiation is a
technique to improve seed germination and
vigour potential, to enhance ripening and to
increase the yield potential as well as the
quality of the produce. Earlier x-rays were
used to study the stimulation effect of
radiation. Now, 137 Cs are widely used in
practice apart from 60Co as gamma sources of
irradiation. In the process of the growth and
development of plants raised from irradiated
seeds, beginning from seedling emergence and
ending with the ripening, there appears new,
quite diverse changes manifested in the
acceleration of the cell division rate,
enhancement of growth and development,
change of organogenesis, yield increase and its
quality change, i.e. there emerges a very
complicated sequence of changes which has
been termed as the effect of distant irradiation
action (Feinendegen,2005).

has a stimulating or hormetic effect on the
development of seed. Irradiation of seed
before planting can stimulate early plant
growth, leading to advanced maturity and
increased yield. The unreliability of this
response has limited its application. However,
the technique has been extensively studied and
now is practiced on a large scale on some farms
in certain countries. This suggests that the
hormesis phenomenon in seeds may be quite
common and 9is not reliably manifest in
advanced maturity or yield increases because
of environmental effects. Storage time after
irradiation must be minimized to gain the
greatest response. There is little evidence to
suggest that the photon energy or dose rate of
the radiation source is an important factor
(Abu, 1998).
Effects of irradiation
Sen and Mishra (1985) irradiated seeds of four
wheat varieties with five doses of gamma
radiation (0, 3, 6, 9 and 12 kr) to investigate
their effect on crop physiology under rainfed
condition. Upto 6 kr there was an increase in
the value of relative turgidity, stomatal
frequency and chlorophyll content, there after
they were reduced. Radiation induced
stimulation of plant growth that had been
observed by several investigators, but there is
considerable disagreement on the magnitude
and reproducibility of these effects (Anon,
1966).
Ramasamy (1973) and Mujeeb (1974)
found that the germination commenced
earlier in irradiated seeds at lower doses in
blackgram and greengram respectively. Speed
of germination was more in seeds subjected to
low dose radiation (Nargis, 1995) and its
showed significant increase of 37 – 55 % at a
lower dose of 10 kr over control. In contrast,
Patel and Shah (1974) found that germination
was slow in irradiated seeds of brinjal than non
irradiated seeds.
Detrimental effect of radiation will
increase with the dose (Khamankar and Singh,
1988). The decrease in seed germination with
increase in dose might be due to the lethal
combination of mutant genes manifesting the
lethal effects at the germination stage itself

Factors controlling the hormesis response in
irradiated seed
Ionizing radiation at very low doses frequently
April, 2019
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(Khader Mohidee, 1988). However, in seeds
where germination did take place, seedlings
died after showing poor growth. The initial
inhibition of mitosis and cell elongation affects
the seedling emergence and growth due to
gamma radiation (Khamankar and Singh,
1988). Selvaraju (2001) observed that the low
dose of gamma irradiation at one kr improved
the germination in all the three rice varieties
when compared with untreated control and
the effect was more pronounced in two year
old seeds than fresh and one year old seeds
(Lakshmiet al., 2010)

tumorigenesis and is initiated at only few mSv.
The activation of enzymatic DNA repair
mechanisms around 10 mSv. Modern DNA
microarray studies which show that numerous
genes are activated at radiation doses well
below the level that mutagenesis is detected.
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Conclusion
Irradiation actively repairs the damage caused
via a number of different processes, including:
Mechanisms that mitigate reactive oxygen
species generated by ionising radiation and
oxidative stress. Apoptosis of radiation
damaged
cells
that
may
undergo
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Amygdalin: Apricot Kernels for Curing Cancer
Panchaal Bhattacharjee
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Going back in to the history, In the 1930s,
Major Sir Robert McCarrison wrote about a
tribe called the Hunzas who lived in the remote
countryside near Northern Pakistan. He
encountered this hardy community while he
was working with the Indian Medical Service.
According McCarrison’s written observations,
the Hunzas seemed to enjoyed near-perfect
health. Some lived to be over 135 years old and
no one in their clan had any of the conditions
so common in the modern world, such as
diabetes, obesity, heart attack, and cancer.
Then, twenty years later, Dr. Ernest Krebs,
a biochemist with a desire to understand what
makes cancer cells work, discovered
McCarrison’s writing about apricot kernels.
Krebs also began studying the lifestyle habits
of the Hunzas.
What became clear to Krebs was that the
Hunzas’ vitality had a lot to do with their
overall lifestyle and diet. Their diet consisted
of raw milk, the occasional meat and bone
VOLUME NO. 15, ISSUE NO.7

broth, fresh grains and veggies. They ate little
sugar and, as nomads and herders, they
naturally got plenty of exercise. The other
characteristic that was unique about the
Hunzas is that they ate massive quantities of
apricot seed kernels.
Intrigued, Krebs continued his research
until he found what he thought was the secret
weapon inside the humble apricot kernel when
it came to tumor eradication – the glycoside
amygdalin.
What is Amygdalin?
Amygdalin is a powerful phytonutrient that is
found in apricot kernels, along with many
other seed-bearing natural foods (estimates
range from 1,200 to 1,500 foods). It is found in
the highest concentrations and with the most
effective accompanying enzymes in apricot
seed kernels.
Amygdalin is a nitriloside and its structure
most resembles that of a B complex vitamin, so
39
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Krebs named it “B17.” Not surprisingly,
amygdalin is largely missing from the
Standard Diet. Unfortunately, “vitamin B17” is
yet another natural substance that has fallen
victim to misinformation and bad press. The
truth is apricot kernels have been consumed
for their nutritional and healing properties for
hundreds, perhaps thousands, of years,
especially in the cool, arid areas where apricot
trees naturally grow.
The substance laetrile was created by Dr.
Krebs as a concentrate of amygdalin and is
created by extracting it from apricot kernels.

enzyme, whose job is to “catch” any free
cyanide molecules that may have escaped and
render them harmless.
Anti cancerous mechanism of amygdalin activity:
Cancer cells, on the other hand, are not normal
cells; they contain a substance called betaglucosidase (which healthy cells do not
contain). Beta-glucosidase is the enzyme that
“unlocks” cyanide and benzaldehyde in
amygdalin molecules. When the betaglucosidase in a cancer cell unlocks an
amygdalin molecule, a toxic synergy is created
that specifically targets cancer cells and leaves
healthy cells untouched and unharmed.
It seems that nature has created the
perfect cancer-targeting mechanism in
amygdalin − and science as well as antecdotal
evidence since the mid-1850s has proven this.
It also seems a little odd that the National
Cancer Institute itself decided to conduct
human clinical trials with laetrile in the early
1980s, suggesting a precedent of at least some
prior scientific evidence as to the cytotoxic (i.e.
cancer-targeting) effects of the substance.
And very recent research is beginning to
coming out that again sheds light on the antitumor effects of cyanide in the specific form
that it presents itself within naturallyoccurring substances. This new research
includes a 2017 Bulgarian study that found
evidence of “higher cytotoxic effect” for
amygdalin in fast-developing tumors.

Compounds in apricot kernels that make them
cancer killers:
Amygdalin found in apricot kernels and in
laetrile (a concentrate of amygdalin) contains
benzaldehyde and cyanide, two potent
compounds against cancer. You heard that
right! Cyanide is actually one of the substances
that make apricot kernels a potentially
effective modality for cancer.
Unfortunately, the presence of cyanide in
Laetrile was also the excuse the FDA used to
ban it in the US in 1971. Prior to this time,
laetrile was readily obtainable in the United
States.
In fact, scandal surrounds the reasons why
laetrile is still banned in this country, and
discerning eyes point to the deep pockets of
Big Pharma and its bought-and-paid for
partner research institutions. In the mid-70s,
investigative journalist G. Edward Griffin did
in-depth research into the circumstances
surrounding around the FDA ban. What he
discovered was shocking. He uncovered
documents buried by Sloane-Kettering Cancer
Institute which proved that laetrile was “highly
effective” against cancer.
The fact is that many healthy foods such as
bitter almonds, millet, sprouts, lima beans,
spinach, bamboo shoots, and even apple seeds
have quantities of cyanide in them, yet they are
still safe to eat. This is because the cyanide
remains “locked” within the substance in these
plants. The cyanide is harmless when bound
within other molecular formations. In
addition, the body has its own safety
mechanism in the form of the rhodanese
April, 2019

Contradictory informations:
According to Lerner (1984), Since the early
1950s, both amygdalin and a modified form
named laetrile have been promoted as
alternative cancer treatments, often using the
misnomer vitamin B17. But studies have found
them to be clinically ineffective in the
treatment of cancer, as well as potentially toxic
or lethal when taken by mouth, due to cyanide
poisoning. The promotion of laetrile to treat
cancer has been described in the medical
literature as a canonical example of quackery,
and as "the slickest, most sophisticated, and
certainly the most remunerative cancer quack
promotion in medical history".
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Making a door for potential use of amygdalin:
Apricot kernels are the easiest way to ingest
amygdalin since Laetrile extraction and use is
still banned by the FDA in the U.S. and by
some competent authorities in different
countries. It’s important to work with a
qualified healthcare practitioner regarding
dosage and potential side effects to make use
of the naturally available substance which may
work against Cancer.
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The direct consequence of the undeniable
success of fungicides in controlling diseases
has been the rise of fungicide resistance due to
continuous exposure of fungal populations to
these compounds. Fungicide resistance is now
common around the world and has become a
serious problem in agricultural systems. It is
widely accepted that the risk of fungicide
resistance is greatest in pathogens with short
latent periods, with high levels of virulence
against prevalent cultivars and when
fungicides with a single mode of action are
used. Though Fungicides are essential for the
maintenance of healthy crops and reliable
yields of high-quality produce however, their
effectiveness has been seriously affected in
some situations by the development of
resistance in target pathogens. Success in
combating crop diseases, and in reducing the
damage they cause to yields and produce
quality, depends greatly on the timely
application
of
fungicides.
Sometimes,
however, target pathogens have acquired
resistance against certain of the fungicides
that normally control them well, and some
serious difficulties in disease management
VOLUME NO. 15, ISSUE NO.7

have ensued.
The term fungicide resistance, as used by
FRAC, refers to an acquired, heritable
reduction in sensitivity of a fungus to a specific
anti-fungal agent (or fungicide). The
Fungicide Resistance Action Committee
(FRAC), an inter-company organization
affiliated to Crop Life International, has as one
of its main aims the communication of
information on the problems of fungicide
resistance, and on countermeasures, to all who
are concerned professionally with crop
protection.
Fungicide resistance can be defined as
when a pathogen population changes from
being sensitive to a fungicide, to one that is
insensitive or less sensitive to a fungicide.
Resistance may not always be complete. When
resistance is not complete in a fungus, that
fungus may sometimes be referred to as having
reduced sensitivity to a fungicide.
For example, resistance of Venturia
inequalis (causal agent of apple scab disease)
against dodine was reported in the late 1960s.
Similar reports on resistance of Pyrenophora
avenae (leaf stripe disease of oats) against
41
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organomercurials, of Botrytis cineria (grey
mold of vegetables and fruits) against
benzimidazole, of Phytophthora infestans
(Potato late blight) against phenylamides, etc
were published in the following years.
Mechanisms
of
Fungicide
Resistance: There are several ways that
populations of fungi can become resistant to
fungicides, these include:
•

•

•

•

transporter that expels a specific fungicide
and the target site of the fungicide.
Multidrug resistance (MDR) develops
when a specific transporter is able to
exclude multiple fungicides from different
target site groups.
Types of fungicide resistance
•

Alteration of the target site so that
sensitivity to the fungicide is
reduced: A fungicide has a specific target
site where it acts to disrupt a particular
biochemical process or function. If this
target site is somewhat altered, the
fungicide no longer binds to the site of
action and is unable to exert its toxic
effect. This is the most common
mechanism that fungi use to become
resistant.
Detoxification of the fungicide:
Metabolism within the fungal cell is one
mechanism a disease pathogen uses to
detoxify a foreign compound such as a
fungicide. A fungus with the ability to
quickly degrade a fungicide can potentially
inactivate it before it can reach its site of
action.
Over expression of the target: As
more and more fungicide enters the cell, it
out-competes the natural substrate for the
target and shuts down critical cellular
processes as a result.
Exclusion or expulsion from the
target site: Efflux pumps exist naturally
within the cell to exclude or expel foreign
substances or to export endogenous
substances. In fungi, the most common
efflux pumps are ABC and MFS
transporters. Despite these efflux pumps
most fungicides can reach effective
concentrations inside the cell and inhibit
cellular processes. Occasionally, these
transporters are successful in expelling
enough of the fungicide such that the
isolate has reduced sensitivity. The
fungicides expelled from the cell by a
specific transporter may or may not be
active at the same target site; i.e. there is
not a direct relationship between the
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•

Qualitative
resistance:
When
fungicide
resistance
results
from
modification of a single major gene,
pathogen subpopulations are either
sensitive or highly resistant to the
pesticide. Resistance in this case is seen as
complete loss of disease control that
cannot be regained by using higher rates
or more frequent fungicide applications.
This type of resistance is commonly
referred to as “qualitative resistance”.
Quantitative
resistance:
When
fungicide
resistance
results
from
modification of several interacting genes,
pathogen isolates exhibit a range in
sensitivity to the fungicide depending on
the number of gene changes. Variation in
sensitivity within the population is
continuous. Resistance in this case is seen
as an erosion of disease control that can be
regained by using higher rates or more
frequent
applications.
Long-term
selection for resistance in the pathogen by
repeated applications may eventually
result in the highest labeled rates and/or
shortest application intervals not being
able to adequately control the disease.
This type of fungicide resistance is
commonly referred to as “quantitative
resistance”.

Fungicide resistance management strategies
Fungicide resistance can be difficult to
prevent, but using certain management
practices to help retain the efficacy of
fungicides for a long period of time is possible.
These management practices include the
following:
•
•
42

Utilize non-chemical methods of disease
management (this includes planting
resistant cultivars and crop rotation).
Apply products that contain mixtures of
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•
•

•

•

•

different fungicide classes or rotate
fungicide classes if more than one
application is used in a season.
Maintain manufacturers’ recommended
dose.
Use integrated pest management (IPM)
practices and only apply a fungicide when
warranted based on disease scouting
observations and disease risk.
Do not use the product exclusively. Apply
it as a mixture with one or more fungicides
of a different type, or as one component in
a rotation or alternation of different
fungicide treatments.
Restrict the number of treatments applied
per season, and apply only when strictly
necessary. Use other fungicides both
beforehand and subsequently.
Chemical diversity: The availability of a
number of different types of fungicide for
the control of each major crop disease is
highly beneficial both environmentally
and in order to overcome resistance
problems.

Concluding remarks
•
•
•

•

Misuse of fungicides and poor disease
management practices have an impact on
everybody.
Overuse of fungicides with the same mode
of action will speed up fungicide
resistance.
We can limit the development of fungicide
resistance by using the lowest doses that
give good control, appropriate MOA
rotations and employing IDM practices
including
crop
rotation,
stubble
management and selection of resistant
cultivars.
Fast (and cheap) monitoring of pathogen
populations for fungicide resistance is
central for the sustainable chemical
management of diseases.
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Soil enzymes are the group of enzymes that
plays important role in maintain physical and
chemical properties and fertility. Soil enzymes
are quantitatively very small due to fact that,
each soil has different amount of organic
matter, composition, and activity of living
organisms as well as causticity of biological
processes. They play very important role in
decomposition of organic matter and release
plant available nutrients. All biochemical
reactions are dependent on soil organic matter
because they serve as energy source for
microorganisms. Different soil having unique
characteristic pattern of specific enzymes and
VOLUME NO. 15, ISSUE NO.7

some enzymes are immanent, they found in
genuinely all the soils. In biochemistry, an
enzyme substrate is the material upon which
an enzyme acts. Enzymes are specific to a
substrate and have active site that binds with
the substrate to form a complex. They are
important in catalyzing several vital reaction
necessary for the life processes of
microorganisms in soil and they stabilizes soil
structure, organic substance formation, and
nutrient cycling, hence playing an important
role in agriculture (Dick et al. 1994; Dick
1997).
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Types of soil enzymes
Mainly two types;
1. Constitutive: These enzymes existing all
the time in cell with constant amount and
not affected by addition of any substrate.
E.g. Phosphatase
2. Inducible: These enzymes exist only in
trace amount and highly affected by
addition of any substrate and increase its
concentration. E.g. Amidase

State of soil enzymes
Generally three states of enzymes appear in
soil like;
Role of clay: Most soil enzyme activity is
associated with them because they association
impart enzyme stability with increased
resistance to microbial attack as well as they
also increase temperature for inactivation.
Role of organic matter: Organic substance
provides stability to soil compounds and those
enzymes which are bounded with insoluble
organic substance they express pH and
temperature change.
Role of clay – organic matter complex:
These complexes gave protection to soil
enzymes against proteolitic and microbial
attacks. In complex formation process
enzymes first bound with organic matter and
then bound with clay.
Substrate

βglucosidase

Carbon
compound
s
Organic
matter

•
•
•
•
•
•
•

Hydrolysis

Amidase

Urease
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Carbon &
nitrogen
compound
s
Nitrogen

Ammoniu
m (NH4+)
NH3 & CO2

nutrient

Carbon &
other
nutrients

Phosphate
(PO4+)
Sulphate
(SO4+)

Function
cycling
nutrient
cycling
nutrient
cycling

Increase microbial activity
Correlation with biochemical cycling of
various elements in soil (C, N, and S).
Increase soil fertility and productivity by
releasing some nutrient (e.g. N, P, and S)
Degree of pollution of heavy metals and
agrochemicals like SO4
Rapid degradation of pesticides
Forensic purpose
To assess the successional stage of an
ecosystem

Conclusion
Soil enzymes are constantly playing vital roles
for the maintenance of soil ecology and soil
health and enzymatic activities in the soil are
mainly of microbial origin so, it is very
important to understand the role of soil
enzymes. On the other hand, soil enzymes are
the direct mediators for biological catabolism
of soil organic and mineral components.
Enzymatic activities can be used as the
measures of microbial activity, soil
productivity, and inhibiting effects of
pollutants. Significant effect of soil enzymes
found on soil biology.

Function
O. M.
decompositio
n
O. M.
decompositio
n and nutrient
cycling
nutrient
cycling

Phosphatas
e
Sulphatase

from urea
phosphoru
s
Sulphur

End
product

Application of soil enzymes

Important soil enzymes
Enzymes

Substrate

Importance
Soil enzymes play important role in organic
matter decomposition and nutrient cycling.
Among different enzymes, some of them work
as breakdown of complex organic matter
simple form (e.g. hydrolase, β-glucosidase),
while other are involved in mineralization of
nutrients like Nitrogen, phosphorus, sulphur
etc. and make it available to plant/crop (e.g.
amidase, urease, phosphatise, sulphatase).
Different soil having unique characteristic
pattern of specific enzymes, so that,
identification of soil should be done. It is
sensitive indicator of ecological changes.

Origin of soil enzymes
Although the general origin of soil enzymes are
(i) living and dead microorganisms, (ii) plant
roots and its residues, and (iii) soil animals.

End
product
Glucose

Enzymes
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In 2000,Tjalsmaet al coined the term
“Secretome” in their study of the eubacterium
Bacillus subtilis. They defined the secretome
as all of the secreted proteins and secretory
machinery of the bacteria. Secretome is
defined as a group of proteins secreted into the
extracellular matrix from a cell, tissue,
organelle or organism by some known or
unknown mechanism at a particular
time.Plant often produce, accumulate and
excrete into the environment special
compounds, which are indirectly beneficial for
it.It includes proteins and metabolites into the
extracellular space presumably to sense the
environment.
The APF (Apoplastic fluid) is composed of
secreted proteins like digestive enzymes,
metabolites and ions. These secrets will
control their growth and development and
response to biotic and abiotic environmental
factors (Agrawal et al., 2010). Deciphering
fungal secretomes has become an important
goal ever since secreted proteins were
identified as the main effectors responsible for
interactions (pathogenic or symbiotic)
between plants and fungi (Van and
Vries,2011). The versatility of oomycetes,
fungi, and bacteria allows them to associate
with plants in many ways depending on
whether they grow as a biotroph,
hemibiotroph, necrotroph, or saprotroph.
When interacting with a live organism, a
microbe will invade its plant host and
manipulate
its
metabolism
either
detrimentally if it is a pathogen or beneficially
if it is a symbiont. Typically, secreted proteins
contain an N-terminal signal peptide and are
VOLUME NO. 15, ISSUE NO.7

directed
through
the
endoplasmic
reticulum/Golgi pathway.
Fungi have attracted the interest of
scientists and commercial companies due to
their ability to secrete large amounts of
enzymes. In hyphae, protein secretion mainly
occurs at hyphal tips but the understanding of
vesicular trafficking remains fragmentary.
Whatever the fungus, the basic unit of a
secretome consists of a panel of degradation
enzymes necessary for the production of
nutrients from the environment and for the
nonsaprophytes, to the penetration of host
tissues.
Overall, the basal secretome contains two
pools of proteins: a large majority represented
by the polysaccharide-degrading enzymes and
a minor part including the proteases.
Carbohydrates such as cellulose and lignin
being the most abundant polymer in nature,
the first pool accumulates dependently on the
nature of encountered polymers and on their
structure through time. Also, the amino acid
growth requirement of the fungus imposes all
azimuth secretion of proteases. Italso seems to
exist a significant difference between these two
pools for nonsaprophyte fungi. Thus, whatever
the type of interaction with host plants genetic
or correlative and biochemical studies suggest
that polysaccharide-degrading enzymes, in
particular pectinases, play a substantial role in
symbiosis or pathogenesis establishment
Secreted proteins in the APF(Apoplastic
Fluid) could be a mixture of two different
populations – the one being constitutively
secreted into the ECS (Extracellular Space)
and the other being secreted upon
45
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environmental signals. Constitutive secretory
organelles (or constitutive secretory pathway)
are able to release their content independently
of any extracellular or intracellular stimuli. In
contrast, the secretion process of regulated
secretory organelles (or ‘‘regulated’’ secretory
pathway) is controlled by extracellular and/or
intracellular stimuli that are cell-type specific.
Proteomics is the branch of functional
genomics which deals with the study of
proteins along with analysis that have genetic
read out (Neerajet al., 2018). Protein
component of cell varies from cell to cell even
under different stress conditions. Therefore,
by studying the proteome of individual cell, we
can identify and analyze the proteins actually
present therein. Genome sequence tells us
about the sequence of proteins, but there are
many post translational modifications that are
taking place in eukaryotic cells. Genomics fails
to explain these modifications. Post
translational modifications, the biological
relevance of such modifications and transcript
advances can only be interpreted through

proteomics. Modern techniques of proteomics
allow us to study the protein content of cells
which are differentially synthesized under
diverse physiological and stress related
conditions.
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applications as antimicrobial, antipathogen,
mosquitocidal agents, cosmetics and medical
appliances.
Applications of nanotechnology in
agriculture: Delivery of pesticides as
nanocapsules, Targeted delivery of fertilizers
and other agrochemicals, single molecule
detection to determine enzyme and substrate
interaction, delivery of growth hormones in
controlled fashion, nanochips for identify
preservation and tracking, nanosensors for
detection of animal and plant pathogens,
targeted genetic engineering, nanocapsules to
deliver vaccines and nanosensors for
monitoring soil conditions and crop growth.

Introduction
Nanotechnology, study of nanosize (10-9)
materials has become one of the most
promising technologies applied in all areas of
science
including
energy,
medicine,
agriculture, electronics and space research.
National Nanotechnology initiative (2007)
defined nanotechnology as “the understanding
and control of matter at dimensions of roughly
1 to 100 nanometers, where unique
phenomena enable novel applications”.
Nanoparticles have distinct chemical, physical
and biological properties depending on its size
and shape. Properties like high surface area,
high chemical activity, biocatalytic activity and
magnetic properties make nanoparticles
unique. Nanoparticles have commercial
April, 2019

Biosynthesis of nanoparticles
Nanoparticles are synthesized by various
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physical, chemical and biological methods.
Physical methods are expensive and need of
high pressure and temperature. Chemical
methods are low-cost for high volume;
however,
their
drawbacks
include
contamination from precursor chemicals, use
of toxic solvents, and generation of hazardous
by-products.
Due
to
the
growing
environmental concern and the adverse effects
of physical and chemical synthesis, most
researches are looking to the biological
protocols
for
nanoparticle
synthesis.
Biosynthesis of nanoparticles is relatively
recent addition to the nanoparticles synthesis
methods which employ microbial cells or plant
extracts for nanoparticles production. It is cost
effective, rapid, stable and green approach of
nanoparticle synthesis. A vast array of
biological resources available in nature
including plants and plant products, algae,
fungi, yeast, bacteria and viruses could all be
employed for the synthesis of nanoparticles.
Best known examples of microorganisms
naturally producing nanoparticles are
magnetotactic bacteria which produce
magnetite nanoparticles, S-layer bacteria
which produce gypsum and calcium carbonate
layer and Diatoms which produce silicacious
materials. Apart from these, simpler
organisms such as bacteria, yeast and fungi
have also developed highly specialized
strategies for biomineral synthesis over the
course of evolution. This feature of microbes
encourages their use in nanoparticle synthesis
as a potential alternative.

highly controlled synthesis. Microorganisms
are provided with the asset of natural
occurrence of inorganic nanomaterials, either
intra or extracellularly. The main reasons for
bacteria
producing
nanoparticles
are
chemolithotropic growth, use of metal ions for
specific
function,
e.g.
synthesis
of
magnetosomes or terminal electron acceptors
and detoxification mechanisms.
Steps involved are
1. Trapping of metal ions by microbial cells.
2. Reduction of metal salt solution into
nanoparticles.
3. Stabilization by capping.
4. Recovery of nanoparticles.
Trapping of metal ions by microbial
cells: Trapping happens by electrostatic
interactions between positively charged metal
ions and negatively charged bacterial cells,
Secretion of adhesive materials by cells,
nutrient exchange and substance diffusion and
metal binding proteins.
Reduction of metal salt solution into
nanoparticles: Provision of electron is
needed for the conversion of metal ions into
elemental metals. Microorganisms produce
reducing agents, which are involved in
nanoparticles synthesis. Interaction for
reduction occurs by various reductase
enzymes like nitrate reductase, sulfur and
sulfate reductase, NADPH/ NADH dependent
reduction reactions, membrane bound
oxidoreductase and other biomolecules like
proteins, aminoacids and lipids.
Stabilization by capping: Capping
agents produced by microorganisms like
proteins, polyphosphate and lipids are
involved in stabilization of synthesized
nanoparticles.
Recovery of nanoparticles: Bionanoparticles can be obtained intra or
extracellularly from the microorganisms
depending upon their site of bioreduction and
subsequent precipitation of metal ions
precursor. Surface trapped nanoparticles or
those which are formed inside the cell require
an additional processing step, such as
ultrasonication, cell disruption techniques
using detergents or lysis buffer for their

Mechanisms of nanoparticle synthesis
Numerous microorganisms have the ability to
synthesize nanoparticles from heavy metals
through bioreduction process, which act as a
detoxification mechanism. The role of
microbes in the remediation of toxic metals is
well documented, but their use in the synthesis
of nanoparticles has come into sight quite
recently. Several microorganisms are capable
of producing nanomaterials naturally through
biomineralization. The biomineralization
processes exploit biomolecular templates that
interact with the inorganic material at the
nanoscale, resulting in extremely efficient and
VOLUME NO. 15, ISSUE NO.7
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release into the surrounding medium. The
released particles in suspension need further
clarification followed by concentration steps to
obtain cell-free nanoparticles.

Nanoparticles
Synthesized

Pd
Se

Te
Cyanobacteria
Au, Ag and Pt
ActinobacteriaAu
Yeast - Ag
Fungi
Ag

TABLE 1: Examples for microorganisms on nanoparticle
synthesis
Nanoparticles
Synthesized
Bacteria
Au

strains, Ralstoniametallidurans.
Pseudomonsastutzeri AG259, Bacillus
licheniformis, Bacillus subtilis,
Lactobacillus fructivorans,
Pedicoccuspentosaceus,
Desulfovibriodesulfuricans
Sulfurospirillumbarnesii, Bacillus
selenitireducens,
Selnihalanaerobactershriftii,
Pseudomonas alkaliphila
Sulfurospirillumbarnesii, Bacillus
selenitireducens

Ag

Conclusion
The properties of the nanoparticles change
with size, shape, and monodispersity of the
particles. The type of microorganism, growth
medium, and synthesis conditions like
temperature, redox condition, pH, incubation
time and type of parent component are
important factors in controlled synthesis of
nanoparticle (Gurunathan et al., 2009).
Despite several advantages of a biological
synthesis approach for nanoparticles, the poly
dispersity of the nanoparticles formed and
exact mechanism of nanoparticle synthesis
and developing a protocol for synthesis
remains
a
challenge.
Additionally,
investigations into the biocompatibility and
bioavailability of nanoparticles are still at early
stages and considerable research is needed in
this direction.

Au

Species used
Bacillus subtilis, Shewanella algae,
Rhodopseudomonascapsulata,
Pseudomonas aeruginosa, Lactobacilli

Species used

Zirconia, CdS,
Si, Pt, Ti

Plectonema boryanum
Thermomonospora sp., Rhodococcus
sp., Actinobacter sp.
Yeast strain MKY3
Verticillium sp.,
Fusariumoxysporum,Trichoderma
asperellum,Aspergillusflavus,
Penicillium sp., Phomaglomerata,
Coriolus versicolor
Verticillium sp., Fusariumoxysporum,
Colletotrichum sp., Rhizopusoryzae,
Colletotrichum sp., Trichothecium sp.,
Verticiliumluteoalbum,
Fusariumoxysporum
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Value addition in Onion and Garlic: Economic
Benefits from its Oil
Souvick Banik and C. S. Karthik
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According to Mani et al., (2017). value-added
agriculture allows farmers to capture as much
as 80 percent of the value of most of their
agricultural produce.

Introduction
Value-added agriculture refers most generally
to manufacturing processes that increase the
value of primary agricultural commodities.
Value-added agriculture may also refer to
increasing the economic value of a commodity
through particular production processes.
April, 2019

Importance of value addition in Onion & Garlic
•
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It will help to reduce the market glut at the
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time of harvest.
Help to reduce the post- harvest losses of
garlic (about 7.5-12%) and onion (about 25
to 40%) during storage.
• Help to increase the economic return of
the farmer by minimising the storage loss.
• It will help to increase the employment
opportunity also.
Onion is another important bulbous crop
in India earning foreign currency through
export. It plays an important role in Indian
economy also. Both immature and mature
bulbs are used as vegetable and condiment.
India is the second largest producers of onion
(Allium cepa L.) in the world next to China
with 20 m t annual bulb production from 1.17
m ha (2015-16). Allyl propyl disulphide is an
organosulpher compound with the chemical
formula C3H5S2C3H7. It is a volatile paleyellow liquid with a strong odour. It is a major
component of onion oil and is used in food
additives and flavours. Because of clinging
odour of fresh garlic, and onion there is a
preference of value addition like in garlicDehydrated garlic, Garlic powder, Garlic oil,
etc and in onion it will be Onion paste, Onion
Vinegar, Onion powder, Onion sauce,
Dehydrated onion flakes, Onion essential oils
etc. Golubkina et.al (2015) reported that onion
seed contains 10.7-16.5% oil.
Similarly, Garlic an important hardy,
bulbous crop of India mainly used as a spice. It
is native to Siberia. The most important part of
garlic is its compound bulb having medicinal
properties. It has a strong characteristic odour
and acrid taste. It is a rich source of
carbohydrate, protein, phosphorus. In foods
and beverages fresh garlic, garlic powder, and
garlic oils are used to add flavour. Eric (2010)
reported that garlic contains an antibiotic
principle "allin" (inactive form) which is
converted to allicin (active form) by the
enzyme allinase. Allicin further breaks down
to Diallyl disulphide, which is responsible for
characteristic flavour. Garlic contains volatile
oils of allin, allinase (the enzyme that converts
allin to allicin when garlic is crushed), and
allicin, sulphurous compounds (like diallyle
disulphide), selenium, and vitamins A, B, C,
and E. The volatile oils and sulphurous

compounds are responsible for both its
pungent odour and its medicinal properties.
Organically grown garlic tends to have a higher
sulphur level, and therefore, a stronger
medicinal effect. Garlic has antioxidant and
anti-inflammatory effects that fight a variety of
ailments.
Advantages of value addition: (1) It
will help to reduce the farmer’s loss by earning
more money. (2) Help to reduce the postharvest losses of garlic (about 7.5-12%) and
onion (about 25 to 40%) during storage. (3) It
will also promote the growth of backward and
forward linkages, and in the process will create
employment opportunity for the youths. (4)
Value addition will provide additional foreign
exchange earnings through export of agroprocessed products.(5)It will also promotes
the agribusinesses into the numerous value
and supply chains that drive it, and this
catalyses ultimately the growth and
productivity of agriculture which is the present
goal of the day.

•
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Economic benefit of value addition in garlic
•
•
•

Bulb yield- 4-10 Tons/ha. Return from
bulbs will be @ Rs. 70000/ha at the time
of harvest.
12% storage loss means @ Rs. 8400/ ha
loss
If oil is produced from 12% bulbs then
from oil (0.1%) extra Rs. 6000/ can be
earned.

Economic benefit of value addition in onion
•
•
•
•

49

Bulb yield- 20 Tons/ha – Return from
blubs will be @ Rs100000/ha
25-40% storage loss means @ Rs. 25000/
ha loss.
If oil is produced from 25% bulbs then
from oil (3.2-3.8%) extra Rs. 80000/ can
be earned.
Seed yield /ha 550-600kg/ha. If 15% of
seed is used for oil production then oil
yield from seed will be minimum 9.63
litre/ha @ Rs. 9000/litre e.g. additional
return of Rs. 86670 /ha from seed oil can
be earned.
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We are all aware that, black pepper known as
‘King of spices’ and ‘Black gold’, is one of
the most important, highly valued and most
widely used spice in the world occupying a
position of supreme and unique. It is also an
earliest known spice to the history of mankind
which is being produced and exported from
India. The black pepper of trade is the dried
mature berries of the tropical perennial
climbing vine Piper nigrum belongs to family
Piperaceae. Whereas, White pepper is
prepared from ripe berries of black pepper by
removing its outer pericarp. As like the black
pepper, white pepper is also preferred and
having high demand in most of the European
and middle eastern countries mainly because
of its pleasant attractive color and fermented
flavor. Most commonly, pepper powder is
usually incorporated to food at the end of its
preparation to impart its unique flavor and
taste. This particular flavor and taste of white
pepper is also very much similar to that of
black pepper. However, its volatile content
(which imparts aroma) and some of the other
flavoring compounds like pinene and sabinene
are available in less volume in white pepper as
compared with black pepper. In general, 25 kg
of white pepper is recovered from 100 kg of
ripe berries of black pepper. Therefore,
recovery percentage of white pepper varies
from 22-27% of the green pepper.
Interestingly, a berries loss of about 20-25% is
incurred
due
to
mishandling
and
inappropriate method of processing.
Now, let us know about some of the critical
differences between black and white peppers:
April, 2019

1.

Difference in Processing: White and
black peppers, both are fruits of Piper
nigrum or pepper plant found in Southern
Asia. But they differ in the way they are
processed. Black peppercorns are plucked
when they are almost ripe. Then, they are
sun dried to be shrivelled. This process
makes the outer black layer of black
pepper. On the other hand, white
peppercorns are left to ripen on the plant
itself. Then they are left in bags containing
water for a few days to make their outer
layer soft. After that, they are left under
the sun to be bleached white.
2. Difference in Aroma: Both white and
black peppers are close siblings in some
regard. But the conflicting difference in
their aroma sets them truly apart from
each other. Most of the chefs agree that
black pepper has an intense aroma when
compared to the subtleness of white
pepper.
3. Difference in Hotness: White pepper
offers instant hot flavour. Black pepper
may also be equally hot, but you can
realize its hotness slowly after chewing it.
As a matter of fact, it depends on your
personal taste preference as well.
4. For the sake of Aestheticism: White
pepper lends an aesthetic touch to white
sauces, soups, and mashed potatoes. It is
overtly done to give a finer look to light
coloured dishes where visible black flakes
may not be so appealing.
5. Amount of Essential Oils: It is a
proven fact that black ground pepper is
50
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rich in essential oils when compared to
white ground pepper. It has nearly 3%
essential oils in its composition.
6. Preferred in different Cuisines: Their
origin may be same but white and black
peppers are preferred differently in
various cuisines. Most of the international
and intercontinental cuisines use black
pepper. But in Chinese, Thai, and French
cuisines, white pepper is used more often.
Their aromatic and tingling taste enhance
the flavour of these cuisines.
7. Difference in Odour: As black pepper
has its outer fruit layer intact, it contains
odour-forming terpenes in it. These
compounds give the floral and woody
flavour to it. However, in white pepper,
these scents are found missing due to the
removal of this outer layer. White pepper
has a mushy odour developed during its
fermentation.
8. Medicinal Values: White pepper carries
more medicinal values when compared to
black pepper. In ancient Ayurveda and
Chinese therapies, white pepper is widely

used for treating arthritis, malaria,
constipation, joint pain, nasal congestion,
food poisoning, nausea, and cholera, to
name a few.
9. Extent of Allergies: It is found in some
studies that people allergic to pepper as a
whole, react more badly to black pepper.
This is primary because white pepper is
only the seed of the plant while black
pepper is the whole fruit. As such, the
composition of black pepper is intense and
causes allergic reactions.
10. Difference in Shelf Life: Black pepper
has a longer shelf life when compared to
white pepper. It can be stored in your
kitchen without getting its aromatic
flavour spoiled. But in the case of white
pepper, you can’t store it for a longer
period as it will develop a bitter taste on
rotting.
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Land and water are the basic needs of
agriculture and economic development of any
country. The demand for these resources
continuously increasing. It is possible to
increase the intensity of cultivation in lands
upto 300 % or more provided water is
available as that of sunshine throughout the
year in countries like, India. Hence, rain water
is recognized as a vital resource for life and
human/social.

frequency, timing, duration and intensity of
the water deficit. In arid zones, not only the
total amount of water but also the distribution
in time and space is much less predictable than
temperate and tropical zones.
The productivity of water under such
situations dryland conditions depends on the
crop and its ability to withstand drought.
Water use efficiency of various dryland crops
under dryland conditions are presented in
Table.1. WUE of finger millet was 64 times
greater than the WUE of red gram under the
same situation.

Water productivity under dryland production
systems
Water limited environments differ not only in
the total amount of rainfall but also in the
VOLUME NO. 15, ISSUE NO.7

TABLE. 1. Moisture use efficiency of different agriculture
crops
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Crops
Sorghum
Pearl millet
Finger millet
Cotton
Sunflower
Red gram
Cowpea

Hash, 1982).

Water use efficiency (kg/ha/mm)
4.4
2.4
6.5
4.1
1.5
0.1
0.5

TABLE.2. Yield performance of various land configuration for
rainfall usage
Land configuration
Compartmental bunding
BBF
Ridges and furrows
Tied ridges
Vegetative barrier
Furrow across the slope

Increasing rainfall use efficiency in dry lands –
Management opportunities
Because soil and crop management factors
affect rainfall use efficiency, adoption of
improved management practices should lead
to more efficient use of rainfall for crop
production under dry land conditions.
Under rainfed condition, soils are refilled
with water from the top. On swelling clay soils,
fully wetting the soil profiles is difficult,
especially when a high clay content layer in
near the surface. Another problem soils are
tillage and clay pans. The practices such as
profile modification, deep ploughing, para
ploughing and vertical mulching can increase
water infiltration, deeper and more uniform
soil wetting, subsequent root proliferation and
growth of crops.
Contour furrowing for crops is an effective
runoff control and conservation practice. By
combining contour furrows with level
terracing, water can often be stored in the
furrows during most storms, while terraces
protect against erosion from heavy rains that
may overflow furrows.
Order certain climate and types of soils,
excess water runoff is necessary to provide
optimum conditions for crop growth and
development. In such cases, graded furrows
are effective to conduct excess water from
fields to prevent ponding and soil aeration
problems. A graded broad bed and furrow
(BBF) system was developed at ICRISAT has
been successful in controlling erosion and
improving drainage, soil aeration and yield of
crops in vertisols during rainy season cropping
(Table. 2.). Rain water conservation is also
altered by planting method. Crops with
uniform row could conserve 134 mm of
rainfall, while paired row intercropping
system could store 330 mm (Stewart and
April, 2019

Rainfall use efficiency (%)
41.0
40.5
36.7
20.6
35.3
26.3

Nutrient and water use efficiency in drylands
In drylands, the rate of crop growth is limited
by the availability of the nutrients and it takes
longer time to cover the soil surface. Water
that enters the soil through rainfall is lost
through evaporation and cannot contribute to
crop growth. In dry conditions, only15 to 20%
of the rainfall is used and the crop growth is
nutrient limited i.e. production is determined
by the quantity of nutrients that can be taken
up by the crops. If the availability of nutrient
elements in the soil is increased by adding
organic materials or by applying fertilizers, the
early growth of the crop is stimulated and the
soil is covered rapidly by plant leaves,
protecting the water in the soil from
evaporation and saving it for the crop.
Mulching effects
Mulching is practiced to reduce the
evaporation component of the crop water
requirement.
Under
poorly
managed
condition as much as 60% of the total water
requirements is being wasted as evaporation.
The similar situation is also applicable to the
crops grown under dryland conditions with
poor canopy coverage. During the earlier
stages of the crop growth period evaporation is
the major factor while under well-developed
canopy transpiration is much higher than the
evaporation (>90%). The favourable effects of
mulching.
•
•
•
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Loss in rain drop impact mediated soil
dispersion and runoff
Reduction in soil temperature induced
curbs on water loss
Increase in soil microbial population
Water storage efficiency is increased by
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46% under mulched plot. Low density rice
straws, are much effective on a weight basis
than sorghum or cotton stack in reducing
evaporation. Compared to wheat straw, twice
as much sorghum stubble and four times as
much cotton stack was needed to achieve
decrease in evaporation.
Maintaining a crop residue mulch on soil
surface usually will increase soil water through
improved
infiltration
and
decreased
evaporation. The mulch dissipates raindrop
energy, thus preventing or reducing soil
particle detachment. Mulches can retard
runoff, permitting more time for infiltration.
Soil erosion by wind and water is also reduced
when mulch is present. Mulches can be
maintained on the soil surface with stubble
mulch tillage (sweeps or chisel plough).

Sandy soils have low water holding
capacity but are readily refilled because
infiltration rates usually quite high. The water
holding capacity of coarse textured soils can be
improved by spreading on the soil surface.
Increasing the water holding capacity of sandy
soils also has advantages of reducing deep
percolation. Effect of mulching on pod/grain
yield of crops at different dryland locations in
India is furnished in Table.4.
Conclusion
Thus the water scarcity is specific to a region
or location and also by reason and needs.
Although India is blessed with adequate water
resources yet about 55 per cent of the total
cultivable lands are at the mercy of rainfall.
The overall challenge to improve water use
efficiency and water productivity in dry land
crop production system can be contemplated
with the above soil management strategies.

TABLE.4. Effect of mulching on grain yield of crops (Singh
et al., 1990)
Grain
Annual
Treatment yield
rainfall
(q/ha)
Groundnut
625
Control
10.9
Rajkot
12.4
Organic
mulch
23.7
1000
Control
Ludhiana Maize
28.2
Organic
mulch
6.7
570
Control
Anantapur Pearl
millet
8.6
Organic
mulch
Place
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26. SOIL SCIENCE

Biofortification of Maize through Zn and Fe
Hemraj Jat
Rajasthan College of Agriculture, Maharana Pratap University of Agriculture and Technology,
Udaipur, Rajasthan

Maize (Zea mays L.) is one of the most
important cereals, next to wheat and rice in the
world as well as in India. It is one of the most
versatile crops and can be grown over diverse
environmental conditions and also diversified
uses in human food, animal feed and raw
materials for a large number of industrial
products. It is a source for a large number of
industrial products viz., maize corn, corn
VOLUME NO. 15, ISSUE NO.7

starch, corn oil, baby corn, pop corn, dairy
feed, poultry feed and piggery. The huge
potential for export has added the demand for
maize all over the world. Maize is a miracle
crop called as “Queen of Cereals” due to high
productiveness, easy to process, low cost than
other cereals. In India, at present, about 35 per
cent of the maize produced in the country is
used for human consumption, 25 per cent each
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in poultry feed and cattle feed and 15 per cent
in food processing (corn flakes, popcorn etc.)
and other industries (mainly starch, dextrose,
corn syrup, corn oil etc.). Maize is the main
source of calories and minerals for most rural
populations in southern Rajasthan. But
unfortunately, maize is inherently poor in the
content of protein and minerals particularly
zinc and iron. It is a high nutrient demanding
crop which is sensitive to micronutrient
deficiency especially zinc and iron. Further,
the introduction of the green revolution, with
high yielding crop cultivars/hybrids has
aggravated this situation. Maize is known as
an indicator plant for the evaluation of Zn
deficiency
of
a
soil.
Micronutrient
malnutrition is one of the attention drawing
problems in the developing world. In India,
about 230 million people are estimated to be
undernourished, that account for more than
27 % of the world’s undernourished
population.

Fe and Zn in human nutrition
Iron (Fe) is required in humans for basic
cellular functions, proper functioning of
muscle, brain, red blood cells, and is an
integral part of various enzymes. Zinc (Zn) is
an essential mineral for many biological
functions and is part of more than 300
enzymes responsible for the synthesis and
degradation of various biomolecules, viz.,
carbohydrates, proteins and lipids. Over 60%
and 30% of the world’s populations are
deficient in Fe and Zn, respectively. These
deficiencies affect people of all ages but are
more prominent in pregnant women and
children. Fe-deficiency anaemia leads to onefifth of perinatal mortality and one-tenth of
maternal mortality particularly in developing
countries like Africa and Asia. Besides, it
causes mental retardation, goiter and eye
problems,
reduction
in
reproductive
performance and work productivity. Zndeficiency leads to growth retardation, delayed
sexual- and bone-maturation, increased
susceptibility to infections and behavioural
changes like depression and psychosis. It
further results in short stature, hypogonadism,
impaired immunity, skin disorders, cognitive
dysfunction, anorexia, altered reproductive
biology and gastrointestinal problems.

What is Biofortification ?
Biofortification is a recent approach aimed at
increasing the bioavailable nutrients, such as
Fe and Zn, in the staple crops rather than using
fortificants or supplements. Producing
micronutrient
enriched
cereals
(biofortification), either agronomically or
genetically and improving their bioavailability
are considered promising and costeffective
approaches for diminishing malnutrition.
Varieties of maize developed through
biofortification process must have the trait
combinations which encourage adoption such
as high yield potential, disease resistance, and
consumer acceptability. When defining
breeding
strategies
and
targeting
micronutrient levels, researchers need to
consider the desired micronutrient increases,
food intake and retention and bioavailability
as they relate to food processing,
antinutritional factors and promoters.
Bioavailability can be defined as the
proportion of the total amount of mineral
element that is potentially absorbable in a
metabolically active form.
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Genetic and molecular bases of Fe and Zn
accumulation in maize
In maize, concentration of minerals such as Fe
is reported to be highest in the pericarp and
scutellum, however due to the greater
proportion of endosperm in the grain, the total
content of them is higher in the endosperm
(60-80%), followed by scutellum (15-35%) and
seed coat (8-12%). Major proportion of Fe and
Zn is deposited in the aleurone, which in maize
kernel is made up of single layered cells.
Multiple aleurone layers (MAL; 2.0-3.7 layers
per kernel) due to occasional doubling of
individual aleurone layer have been reported
in maize (Wolf et al. 1972). MAL genotypes are
reported to have 19% and 39% higher Fe and
Zn, respectively, over the single aleurone layer
genotypes (Welch et al. 1993). Thus, MAL
mutants can be explored for enhancement of
kernel Fe and Zn in maize. As per estimated
54

VOLUME NO.15, ISSUE NO.7

ISSN No.:2321-7405

average requirement (EAR), human requires
1460 μg/day of Fe, while it is 1860 μg/ day for
Zn. Considering bioavailability (5% for Fe;
25% for Zn) and 90% retention after
processing, 60 μg/g of Fe and 38 μg/g of Zn
(on dry weight basis) have been fixed as the
target level in maize. Sufficient genetic
variation for kernel Fe and Zn in maize has
been reported worldwide. The presence of
ample variability for kernel Fe and Zn
indicates
the
possibility
of
genetic
enhancement of these micronutrients in
maize.
Kernel Fe and Zn are also reported to be
significantly influenced by the environments.
They are mainly affected by soil type, soil
fertility, soil moisture, and interactions among
nutrients. Despite significant Genetic ×
Environmental interactions, many studies
have reported that the major proportion of
variation is due to genetic factors, thus it is
possible to identify Fe and Zn rich maize
genotypes. Accumulation of Fe and Zn in
maize kernel is governed by polygenes.
Genome-wide analyses of transporters could
also provide insight into the key genes that are
responsible for accumulation of minerals in
maize kernel. Nature of genetic variance
governing these traits is important to select
appropriate breeding procedures for genetic
improvement.

Phytic acid in grains reduces the availability of
phosphorus to poultry since monogastric
animals cannot digest it, and the undigested
phytic acid when released into environment
causes environmental pollution. Thus,
breeding for low phytate maize offers several
advantages both as food and feed. On the other
hand, lysine, carotenoids and vitamin C are
reported to enhance the absorption of
micronutrients in human. Therefore, besides
increasing the per se concentration of kernel
Fe and Zn, breeding approaches must also be
undertaken to reduce the anti-nutritional
factors and/or to enhance the promoting
factors to increase bioavailability.
Factors promoting enhancement of bioavailability
of Fe and Zn
Dietary substances that promote/enhance the
absorption of kernel Fe and Zn, can be
increased in maize by combining these genes
through suitable breeding strategy. Zndeficient rats showed an increase in
absorption of Zn from 64% to 69% with the
supplementation of lysine. Thus, breeding for
QPM has immense potential to enhance the
kernel-Zn concentration and its absorption in
digestive system. Yellow/orange maize
contains higher amount of carotenoids and
plays a vital role in enhancing bioavailability of
minerals. β-carotene increases the Feabsorption level up to 1.8 fold. Besides,
addition of lutein in maize based diet
increased the bioavailability of Fe by two fold.
Thus addressing anti-nutrients and promoter
substances in crops could be an effective
approach for biofortification of Fe and Zn, as
fewer genes with profound effects have been
found to operate in their biosynthesis and
metabolism as compared to the complex
mechanism of uptake, transport, and
deposition of Fe and Zn in kernels, where it
involves large number genes with minor
effects. An increase of bioavailable Fe from 5
to 20% would in turn relate to four fold
increase in total Fe. Already available QPM
and recently developed β-carotene rich maize
hybrids thus possess great potential to
enhance the bioavailability of kernel Fe and
Zn.

Enhancement of Fe and Zn bioavailability
Various factors, viz., type of food,
physiological status of the body, level of antinutritional and promoting factors play a vital
role in making Fe and Zn bioavailable to the
humans. Of which the anti-nutritional
component, phytic acid/ phytate plays a major
role in reducing the bioavailability of Fe and
Zn, thus an important target for
biofortification in maize. Nearly 80% of the
total phosphorus in the maize grain is present
as phytic acid and the primary function of the
phytate in the seed is to store phosphorus as
energy source and antioxidants essentially
required for the germinating seeds. But the
negative charge of the phytic acid chelates the
positively charged minerals like Fe and Zn,
and makes them unavailable in the animal gut.
VOLUME NO. 15, ISSUE NO.7
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27. HORTICULTURE

Major Diseases and Physiological Disorders of Carrot
Somashekar Gajjela and Eggadi Ramesh
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Banga Krishi Viswavidyalaya, Pundibari, Cooch Behar, West Bengal, India.

Disease is an abnormal condition in an
organism produced by an organism or an
environmental factor. A plant disease can be
told as the continuous invisible and visible
responses of plant cells and tissues to a
pathogen
or
microorganism
or
an
environmental abnormality that causes severe
changes in function, form and integrity of
plants and may lead to partial loss or death of
the plant or its parts (Agrios, 1997).

where leafhopper populations are high.
Crown Rot- Rhizoctonia carotae
Symptoms- On carrot roots, early symptoms
are horizontal dark brown lesions; as the crop
matures the tops may die in patches in the
field. It is believed that infections can occur
early in the growing season during wet
periods, however, symptoms may not be
detected until later in the season. Near harvest
the lesions join to form large, deep, rotten
areas on the top part of the root.
Control- Control of this disease is nearly
impossible if late summer and fall conditions
are wet. Earlier harvests, planting on ridges,
crop rotation, careful handling during harvest,
storage sanitation and extremely good storage
conditions might reduce losses to the disease.
Reducing the spread of infected soil on
cultivation and harvesting equipment is also
important.

Leaf Blights (Alternaria Blight and Cercospora leaf
spot)-Alternaria dauci and Cercospora carotae
Symptoms- Dark brown to black spots along
the leaf margin and petioles. In severe
infections the leaves shrivel and die. The
pathogen survives in and on the seed and also
in diseased plant debris in the soil. Floral parts
also shrivel.
Control- using fungicide treated seed,
following a two to three year rotation with
other vegetables and avoiding fall plowing of
infected crop residue is recommended. Seed
treatment with hot water (50ºC) for 15
minutes. Destruction of infected crop material
from the field. Foliar spray of Foltaf (0.2%) or
copper oxychloride (0.3%).

Violet Root Rot- Rhizoctonia
Symptoms-This
Rhizoctonia
disease
generally shows up in patches in the field and
is characterized by soil sticking to the carrot
root in a leathery-textured and purplishcoloured mass. Foliar symptoms include
wilting tops and dead patches in the field.
These symptoms may not always appear until
the disease is serious. The fungus causing this
disease persists for several years and affects
primarily carrots.
Control- The best control is to rotate with
other crops, such as onions or crucifers. Avoid
spreading soil from infested areas to noninfested areas.

Aster Yellows- Mycoplasma
Symptoms-The symptoms of aster yellows
on carrots first appear as a reddening of
several leaves. Crown growth becomes yellow
and brittle, followed by hairy root
development.
Control- Leafhoppers that spread the
phytoplasma are controlled. Avoid growing
carrots near forage legumes or other areas
April, 2019
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Black Root Rot (Black Mold)- Chalara elegans
Symptoms- It is a post-harvest disease
associated with carrots stored at high
temperatures and humidity. The symptoms
typically develop after the carrots have been
washed and packaged in plastic and not stored
at proper temperatures. Field symptoms are
not seen. When temperatures are above 25°C,
dark, irregular lesions will develop on the
surface of the root. Carrots damaged during
packaging are more likely to become infected.
Control- Careful harvest handling and
storage at proper temperatures from harvest
to sale are the key management suggestions.

Control: It can be corrected by reducing
the moisture from the field, by balanced
irrigation and also by sowing the radish and
carrot in sandy loam or light soil having soils
of loose and friable in nature.
Root splitting: Splitting or cracking of
carrot roots is a major problem in many carrot
growing areas. It is reported that this tendency
towards is controlled by genetic factors but a
number of other factors are also involved.
•

As clear by its name, roots get splitted
making it unfit for market.
• Earlier cultivars split more readily than
late ones.
• In soils with high content of N, splitting of
roots
is
increased.
High
soil
concentrations of ammonium compounds
caused more serious splitting than by
other forms of nitrogen. Heavy sidedressings with NH4NO3 when the roots
were 6.5 cm in diameter increased
splitting, especially when nitrogen applied
to widely spaced roots.
• Wider the spacing, the greater chance of
splitting
• If roots are large, there are chances of
splitting as compared to small ones.
Control: Follow proper management
practices like right spacing and optimum
amount of N application.

Physiological disorders of carrot:
Any kind of abnormality in economically
important part of vegetables or other parts
that contribute to yield and quality of
vegetable is termed as physiological disorder.
Reasons of physiological disorders:
Physiological disorders are caused because of:
•
•
•
•

Deficiency of micronutrient
Sudden fluctuation in temperature
Poor soil conditions and
Improper moisture availability during
cultivation.

Elongated root or Forking
Symptoms- There is secondary elongating
growth in the roots that gives a look of fork like
structure to the root.
Reasons: Intervarietal variation are
being considered to result from the degree of
secondary elongating growth. Elongated root
relates closely to soil adaptation. Varieties
with vigorously elongated root, short root or
round root have been selected in areas of
shallow arable soil and varieties with poorly
elongated root, long root and huge root have
been cultivated in areas with deep soil
conditions.
The disorder is due to the excess moisture
during the root development of radish and
carrot.
•
•

•

Cavity spot
Symptoms: This disorder appears as a cavity
in the cortex, in most cases the subtending
epidermis collapses to from a pitted lesion.
Reasons: The cavity spot disorder is
induced by deficiency of Ca.
This is associated with an increased
accumulation of K which leads to a decreased
accumulation of Ca.
•

It also occurs in heavy soil due to the soil
compactness.
Un-decomposed organic manure favours
elongated root in radish.
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Prefer other forms of N fertilizer source
than ammonium compounds.
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Maynard et.al., 1963 reported that the
cavity spot disorder of carrot roots is a
manifestation of Ca deficiency, which may
be induced by excess K uptake during the
ontogeny of carrot plants.
Control: Increase in Ca level in the
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growing medium leads to significant reduction
in the incidence of cavity spot.
Jakobsen and Jorgensen (1986) suggested
that application of fertilizer should be kept
minimum and only be done in spring or early
summer when the crop requires it the most.
This would avoid a build up of K in the plant.
References
Agrios, G.N. 1997. Plant pathology, 4th edn.

28. HORTICULTURE

Mulching and its Effects in Crop Production
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Agriculture is a back bone of Indian economy.
Soil is a primary resource for agricultural
production and the most important possession
and input crops of farmers. With decreasing
availability of well-watered agricultural farms,
existing cropland with limited irrigation such
as those in rain-fed, arid and semiarid areas
will need to be used more effectively to attain
the required food production levels. But for
increasing population production of food with
these limited productive soils was difficult.
Farmers and horticulturists use mulch to
improve the condition of agricultural soils
which can helps in controlling the
microclimate around the plants.
Mulch is referred as the process or practice
of covering the soil or ground to make more
effective condition for plant growth,
development and efficient crop production.
Mulches are either organic (derived from plant
and animal materials) or inorganic (plastic
film). The most commonly used organic
materials include plant originated residues
such as straw, hay, peanut hull and compost;
wood products such as saw dust, wood
chips/shavings
and
animal
wastes.
Development of polyethylene plastic film and
using it as plastic mulch which revolutionized
the production and led to high value of
vegetable crops. They can grow through slits or
April, 2019

holes in thin plastic sheeting. Plastic
(polyethylene) mulches have been used in
vegetable production in the United States
since the 1950s. The colour of mulch
determines its energy-radiating behaviour and
its influence on the microclimate around the
vegetable plant. Colour determines the surface
temperature of the mulch and the underlying
soil temperatures. Their different colour
mulches has been used by growers and
researchers in vegetable production like black
plastic mulch, clear plastic mulch, IRT mulch,
Red
mulch,
photodegradable
mulch,
biodegradable mulch (Lalitha et al., 2010)
yellow mulch etc. Black polyethylene plastic
mulch is the standard plastic mulch used in
vegetable production. Our ancients were used
lithic mulch as organic mulch for their dryland
fields for avoid drought and to improve crop
production from long back.
Different types of plastic mulches and its effects
Their effects
Colour of mulch
Soil warming and weed control
Black plastic mulch
greater warming but no
Clear plastic mulch
protection from weed
growth
Attract certain insects act as
Yellow plastic mulch
trap and prevent diseases
Cools the soil
White plastic mulch
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Silver plastic mulch
Infrared Radiation
Transmitting (IRT)
Bio-degradable
mulches

climates globally compared to black plastic.
Silver plastic mulch has resulted in less disease
incidence. The use of red plastic mulch has
been found to result in higher yields in tomato
and to generate a positive phytochrome
compared to the use of black plastic or no
plastic. Beneficial aspects of plastic mulch
include conservation of moisture, weed
control and maintaining moderate soil
temperature for better root growth and higher
crop yield.

Cools the soil and repels some
aphid and thrips
Allows infrared energy and
warm the soil
Disintegrated under natural
environmental conditions

Mulch is generally applied in areas like in
rain fed areas to conserve moisture, in areas
that need irrigation, in polyhouses to maintain
soil temperature, in areas with soil born
diseases, mulching need forsolarization, for
reduce soil erosion in heavy rainfall areas and
in land were high value crops are being
cultivated.
Mulching checks the growth of weeds in
field. It controls or prevents soil erosion from
taking place by prevents the soil from directly
contact by rain drops, organic mulch enriches
the soil by giving it nutrients, mulching
regulates the temperature of the soil. Here,
mulching keeps the soil cool when the weather
is hot and warm when the weather is cold,
mulching promotes the activities of micro
organisms and earthworms that help the soil.
Liu et al. (2014) and Gao et al. (2014) said that
polyethylene mulch increased crop root
growth and root exudates, thus promoting soil
organic carbon accumulation.
Mulching has the capability of introducing
new weed species into field or farm. It was be
more expensive to apply. It is capable of
harboring certain harmful diseases and pests
because of the fact that it can provide a very
conducive breeding environment for harmful
pests and disease causing organisms to live
and multiply. Some mulches can release toxic
to the soil after the decomposes and it may
contain diseases and pests.
When compared to organic mulches,
plastic mulches are completely impermeable
to water, it therefore prevents direct
evaporation of moisture from the soil and thus
limits the water losses and soil erosion over the
surface. White plastic mulch has been shown
to generate cooler soil temperatures than black
plastic (Perez and Batal, 2002). Therefore, the
use of white plastic mulch is preferred during
the summer growing season in warmer
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Thickness of plastic
film (microns)
20-25
40-50
50-100

Crops recommended
Annual to short duration crops
Biennial to medium duration
crops
Perineal to long duration crops

Conclusion
Mulching with suitable materials has a
number of advantages like it increases the soil
temperature, conserves soil moisture, texture
and fertility and controls weeds, pests and
diseases. Various kinds of mulching material
are available for crop production in temperate
regions, depending on their purpose.
However, mulching with plastic film caused an
extreme increase in soil temperature during
summer in the subtropics. Organic matter
such as fresh leaves, fresh grass or straw also
can be used as materials for mulching.
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Taming Soil Microorganisms in Nutrient
Transformations for a Boost in Agriculture
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1. Introduction
Nutrients are required for the growth of all
living beings be it babies, animals, plants or
microbes. The conventional knowledge
indicates farms manured regularly yield
better. Our understanding of nutritional needs
of crop plants begin from the famous five year
willow tree experiment conducted by Johann
Baptista van Helmont (1579-1644). He
observed that willow tree had gained nearly
74.4 kg but the loss of soil was only 56 g and
concluded that the tree drew its nutrients from
water not soil. Now, we are aware that the soil
is the repository for most of the plant
nutrients, hence the concern for its continued
health and sustainability. Seventeen plant
nutrients are essential for proper crop
development. Each is equally important to the
plant, yet each is required in vastly different
amounts. Liebig’s law of minimum explains
effect of limiting factor on crop production.
These 17 nutrients are divided into three
groups such as major, minor and micro
nutrients based on plant requirement. Major
nutrients are nitrogen, phosphorus, and
potassium; minor nutrients are calcium,
magnesium and sulphur and micro nutrients
are boron, chlorine, copper, iron, manganese,
molybdenum and zinc. In addition to the 13
nutrients listed above, plants require carbon,
hydrogen and oxygen, which are extracted
from air and water. Nickel (Ni) is now
considered as seventeenth essential plant
nutrient. Most plants take up nutrients as
inorganic ions irrespective of the form in
which it is applied to soil.

fertilizers to meet the nutrient requirement of
a crop through microbiological means, other
countries use the term microbial inoculants.
These biofertilizers are usually carrier based
microbial preparations containing beneficial
microorganisms in a viable state intended for
seed or soil application, which enhance plant
growth through nutrient uptake and /or
growth hormone production. Important and
popular microbial inoculants in our country
are those that supplement nitrogen,
phosphorus and plant growth promoting
rhizobacteria (PGPR).
Use of biofertilizers is gaining momentum
especially with emphasis on organic farming
and sustainable agriculture. They are an
integral input of organic farming and have the
following benefits.
•

Low cost technology with a high costbenefit ratio
• Improves soil fertility through their
sustained activities in soil
• Increase plant growth and crop yield
through increased nutrients availability
and soil fertility
• Do not cause environmental pollution
• Improves soil health and conditioning
• Protect plants against some soil borne
pathogen
• Help plant to grow under stress conditions
Nitrogen is so vital because it is a major
component of chlorophyll, the compound by
which plants use sunlight energy to produce
sugars from water and carbon dioxide i.e.,
photosynthesis. It is also a major component
of amino acids, the building blocks of proteins.
Without proteins, plants wither and die. Some
proteins act as structural units in plant cells
while others act as enzymes, making possible

2. Soil Microorganisms in Nutrient Transformations
as biofertilizer
The term ‘Biofertilizer’ in India specify
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many of the biochemical reactions on which
life is based. Nitrogen is a component of
energy-transfer compounds, such as ATP
(adenosine triphosphate). ATP allows cells to
conserve and use the energy released in
metabolism. Finally, nitrogen is a significant
component of nucleic acids such as DNA, the
genetic material that allows cells (and
eventually whole plants) to grow and
reproduce. Without nitrogen, there would be
no life as we know it. At any given time, 95 to
99 percent of the potentially available nitrogen
in the soil is in organic forms, either in plant
and animal residues, in the relatively stable
soil organic matter, or in living soil organisms,
mainly microbes such as bacteria. This
nitrogen is not directly available to plants, but
some can be converted to available forms by
microorganisms. A very small amount of
organic nitrogen may exist in soluble organic
compounds, such as urea, that may be slightly
available to plants.
The majority of plant-available nitrogen is
in the inorganic forms NH4+ and NO3(sometimes
called
mineral
nitrogen).
Ammonium ions bind to the soil's negatively
charged cation exchange complex (CEC) and
behave much like other cations in the soil.
Nitrate ions do not bind to the soil solids
because they carry negative charges, but exist
dissolved in the soil water, or precipitated as
soluble salts under dry conditions.

Plants acquire P from soil solution as
phosphate anions, however, these are
extremely reactive and may be immobilized
through precipitation with cations such as
Ca2+, Mg2+, Fe3+ and Al3+, depending on the
particular properties of a soil. In these forms,
P is highly insoluble and a large portion of
soluble inorganic phosphate applied to the soil
as chemical fertilizer is immobilized rapidly
and becomes unavailable to plants. Hence, the
amount available to plants is usually a small
proportion of this total application.
4. Some important microorganism in P
transformation

Biofertilizers are low cost inputs with high
benefits in agriculture. There is a need to
popularize this low-cost technology with the
farming community to reap higher dividends
by adopting biofertilizers augmenting
phosphorus and nitrogen nutrition in
agriculture. A concerted effort from soil
chemists, microbiologists and agronomists is
the need of the hour for judicious use of
inorganic and microbiological inputs for
realizing better yield in sustainable
agriculture.

3. Role of microorganism in N transformation

References
Birch, H.F. 1958. The effect of soil drying on humus
decomposition and nitrogen availability. Plant
Soil 10, 9-31.
Broadbent, F.E., Tyler, K.B. 1962. Laboratory and
greenhouse
investigations
of
nitrogen
immobilization. Proceeding of the Soil Science
Society of America 26, 459-46
Kobus J 1962 The distribution of microorganisms
mobilizing phosphorus in different soils. Acta
Microbiology Polonica, 11, 255–264.

Phosphorus is second only to nitrogen in
mineral nutrients most commonly limiting
growth of crops. Phosphorus is an essential
element for plant development and growth
making up about 0.2 % of plant dry weight.
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30. REMOTE SENSING

Remote Sensing and its Application in Agriculture
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infrared observing satellite (TIROS) was
launched April 1960.
Methodologies are being developed to
make estimates of rainfall. The meteorological
satellites are useful to estimate precipitation,
Insolation,
maximum
and
minimum
temperature, soil moisture, ET and snow cover
etc.

What Is Remote Sensing?
Remote sensing is the science and art of
obtaining useful information about an object;
area or phenomenon through the analysis of
data acquired by a device is not in physical
contact with the object, area or phenomenon
under investigation or it is estimating an
object/phenomenon without being in physical
contact with it.

Crop Acreage Estimation
The first systematic attempt towards crop
inventorying
through
remote
sensing
techniques was carried out under a joint
ISRO–ICAR experimental project.
Remote sensing from earth orbiting
satellite can provide information with an
accuracy and timeliness significantly better
than that of the conventional system.
By using remote sensing data crop
inventories were prepared and the acreages
under various crops were estimated.

Principles of Remote Sensing
•

•

The principle in which the whole remote
sensing techniques is developed, is that
“All objects on the surface of the earth
have their own characteristic spectral
signature”
The responses of materials on the earth
surface to incidence radiation are the
energy emitted by all objects is a function
of their temperature and structure. Hence,
all objects have their own reflectivity
depending on their own temperature and
emissivity. Hence, by utilization of
different reflectivity and emissivity of
objects we can identify and classify them.

Use of Remote Sensing Data
Remotely sensed data must be analyzed to
extract useful information.
The following principal steps may be used
to analyze all the remotely sensed data.

Applications in Agriculture
The major applications related to agriculture
in the Indian context, are in Agrometeorology,
in the management of land and water
resources, in the crop production forecasting
and in the assessment of the ravages brought
by disasters such as floods, drought, crop
epidemics, etc., which seriously affect the
agricultural production.

•
•
•
•
•
•

Agrometeorological Information
Weather satellites are providing invaluable
synoptic information on cloud formation,
cloud top temperature, winds at cloud levels,
seas surface temperature, snow cover etc.
since the first weather satellite Television
April, 2019

Definition of information of needs.
Collection of data using remote sensing
technique.
Data analysis
Verification of results.
Reporting of results to appropriate users
who will use the information.
Taking action based on the information.

Crop Production Forecasting
Crop production forecasting is of vital
importance for the country as the agricultural
production is highly susceptible to vagaries of
monsoon. The following remote sensing
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techniques have been developed to estimate
crop production

•

•
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1.

Ratio Vegetation Index
Where, Near IR= Near IR band spectral
reflectance
Red = Red band spectral reflectance
2. Normalized Difference Vegetation index
(NDVI)
3. Transformed Vegetation Index (TVI) =
4. Perpendicular Vegetation Index (PVI)

Region of water
absorption

•

Region of high
reflectance

•

Spectral Indices
Spectral vegetation indices which are
primarily combinations of red and near
infrared band reflectance are utilized for crop
yield forecasting, crop condition assessment
and also crop identification.
Some of the commonly used spectral
incidences are given below.

Multispectral sensors capable of scanning
the earth surface and producing a
radiometric map at different spectral
regions.
Reorganization techniques in order to
identify crops on the basis of differences in
spectral reflectance.
Development of high speed computer
systems and sophisticated digital image
processing systems.
Sun synchronous polar orbiting satellites
like LANDSAT, SPOT, IRS, NOAA etc. as
platforms for the multispectral sensors
making it possible to monitor crops every
few days,
Development of models capable of relating
crop canopy vigour and weather to crop
yields.
Region of pigm
absorpption

•

land area.

Where,Reds and NIRs are reflectances of
soil in red and NIRbands, respectively.
Redv and NIRv are reflectances of
vegetation in red and NIRbands, respectively.
5. Differential Vegetation Index (DVI) = NIR
– RED
Where, NIR and RED are the observed
reflectance values in near infrared (4) and
red (3) bands, respectively.
6. Greenness Vegetation Index (GVI) =0.63
R(1) + 46 R(2) – 0.29 R(3) – 0.56 R(4)
Where, R(1), R(2), R(3), R(4), are
reflectance in 1,2,3,4, bands respectively.
These indices are used to study the crop
species and their nature.
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FIG.: Spectral response of green vegetation

Important steps involved in forecasting of
crop production (acreage × yield) are:
•
•
•
•

Identification of crops
Evaluation of crop quality (vigour,
maturity, density, and disease)
Measurement of acreage under different
crops/ crop qualities
Evaluation of the yield of crops per unit
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31. ENTOMOLOGY

Management of Yellow Mite,
Polyphagotarsonemus latus Banks
C. Chinniah, A. Ravikumar and B. Poovizhiraja
Department of Entomology, AC&RI, Madurai, TNAU

Introduction
Chilli Capsicum annuum L. is an important
spice cum vegetable crop. It's cultivated
over an area of 0.17 million hectares across
the globe, with a production of 0.71 million
tonnes and in India, it is cultivated in an
area of 8.31 lakh ha with a production of
dried chillies (18.72 lakh tonnes). It is one
of the major commercial crops grown under
irrigated as well as rainfed conditions in
Andhra Pradesh, Orissa, Maharashtra,
West Bengal, Karnataka, Rajasthan and
Tamil Nadu. India is the largest producer of
chillies in the world with a contribution of
25% to the world production. Tamil Nadu
stands fifth in terms of area (44,200 ha)
with a production of 2, 15, 000 tonnes of dry
chillies (Anonymous, 2017). The major
tracts of chilli cultivation in Tamil Nadu are
Ramanathapuram,
Tuticorin,
Virudhunagar, Perambalur, Sivagangai,
Tirunelveli, Trichy, Coimbatore, Dindigul
and Madurai districts. About 1, 00,000
tonnes of chillies are exported to United
States, Sri Lanka, Bangladesh, Canada and
Singapore in different forms like fresh
chillies; stalk less chillies; green chillies;
chilli powder and also as oleoresin and it
fetches 366.80 crores of rupees as foreign
exchange. Chilli crop suffers attack by more
than 51 pests of which the sucking pests
viz., yellow mite Polyphagotarsonemus
latus (Banks), thrips Scirtothrips dorsalis
(Hood.), aphids Aphis gossypii (Glov.) have
been reported as the most serious pests in
all stages of the crop growth in India
(Hosamani et al., 2005). Among these
sucking pests, chilli mite P. latus belonging
to the family Tarsonemidae, (Acarina)
which is also known as yellow mite or broad
mite or tropical mite or muranai mite, is
April, 2019

one of the regular pests of chillies that causes
considerable damage to the crop in almost all the
chilli growing areas of the country. Feeding injury
of this mite usually results in petiole elongation
(rat tail symptom); followed by curling and
crinkling of leaves. If the mite infestation starts
from flowering to fruiting stage, the crop fails to
yield more than one or two pickings instead of 8
to 10 rounds of pickings in healthy crop which
results in upto 75% yield reduction. The severely
attacked plants cease to grow leading to outright
death coupled with total yield loss. Besides
chillies, this mite also attacks more than 100
species of horticultural, ornamental and wild
plants.
Distribution
The yellow mite has been reported as a serious
pest of chilli in several countries across the world
viz., Sri Lanka, South Africa, USA. In India, the
severity of this mite on chilli was reported from
Tamil Nadu, South India, Maharashtra, Punjab,
Andhra Pradesh, West Bengal and Karnataka.
Biology
The life cycle of the mite consists of egg, larva,
pupa and adult stages. The white, translucent and
oval eggs of P. latus are laid singly on the lower
surface of terminal leaves, tender stems, fruits,
flowers and peduncles. The egg of P. latus is
broadly oval with six rows of round, white
tubercle like spots. Seven longitudinal rows of
tubercles on the eggs and sculptured on the
dorsal surface. Majority of the oviposition activity
was confined nearer to mid-rib and lateral veins
on the undersurface of the leaf. Gadd (1946)
reported that the fecundity of a female was 6 eggs
per day. The incubation period of P. latus varied
from 24 to 72 hrs. Ahmed et al. (2000) recorded
an egg period of 36.04 hrs. The larvae are
sluggish and the larval stage lasted for 13 to 17 hrs
and 24 to 48 hrs. Ahmed et al. (2000) found that
64
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mite required 28.61 hrs for its larval
development. Pupae are whitish, smooth
and it requires 48 to 72 hrs for adult
emergence. Ahmed et al. (2000) found a
period of 21.67 hrs and 19.5 hrs for the
completion of pupal stages of the female
and male, respectively. The adult female is
oval and shiny yellow, with a distinct dusky
white band, constricted in the middle, along
the mid-dorsal region. The male is much
smaller and very active. The longevity of
adult male and female is 3.5 and 4.4 days,
respectively. Sex ratio of male and female
ranges from 1:2.5 to 1:4.2. According to
Ahmed et al. (2000) the pre-oviposition
and oviposition periods lasted for 20.56 hrs
and 7.9 days, respectively. However
Srinivasalu et al. (2002) reported that preoviposition and oviposition period lasted
for 1.15 and 6.3 days, respectively. The total
life cycle from egg to adult varied from 6.5
to 8.0 days (including adult longevity).
Host range
The crops such as green gram, potato,
tomato, egg plant, beetroot, citrus, avocado,
peach, mango, tea and geranium were
reported to be serve as alternate host plants
for P. latus (Moutia, 1959). Choudhary et al.
(1986) observed this mite to occur on
sesame from flowering stage to the harvest.
The breeding of the mites was reported on
alternate hosts viz., cowpea, greengram,
horse gram, mulberry, gingelly, marigold
and potato during the off-season. P. latus
causes leaf curl symptom on vegetables,
jute, cotton, and tea besides various
ornamental plants and fruit trees. P. latus is
the most important pest of Corchorus
olitorius L. and causes appreciable yield
loss as high as 60.5 per cent.
Nature of damage
The first attack of P. latus is noticed in the
terminal or axillary tender leaves of the
plants. The leaves then show much
distortion and wrinkling and reduction in
size. The emerging leaves are also attacked
and the growth of the plant is arrested. If
the plants are attacked in the flowering
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stage, the flowers wither and drop down. The
fruits of attacked plants are much smaller and
stunted than the normal ones. The internodes of
the attacked branches are shortened and the
leaves appear like clusters. The plants infested
with murda complex exhibited dark green
mottling, crinkling, stunting, chlorosis along the
edges of the apical leaves, reduction of leaves to
boat shape, curling of leaf margins without
roughened lamina, great reduction of leaf size
and malformation of fruits. The nymphs and
adults actively feed on the under surface of apical
tender leaves causing elongation of leaf lamina
and petiole (Rat tail symptom), downward
bending of leaves (inverted boat shape curling of
leaves). Reproductive buds are damaged
resulting in heavy loss in yield. Manjunatha et al.
(2001) reported that yellow mite on chilli causes
72% of downward leaf curling. It was found to be
high in plots intercropped with cotton. Leaves
with deposits of carbon emissions from sugar
factories found to favour mite incidence, besides
abaxial and adaxial curling of leaves accompanied
by puckering and swelling of leaves.
Yield Loss
The mites cause yield loss to an extent of 20-50
per cent. Interspecific competition was more
pronounced between mites and thrips and their
combined incidence accounts for a yield loss of
34.14 per cent. P. latus cause a yield loss of 60.5
per cent. In Tamil Nadu 69% of yield loss was
reported in chilli crop due to P. latus. However,
Thusaliram et al. (2005) has reported that the
yield loss may go up to 96 per cent in extreme
conditions.
Management
•
•
•
•
•
•
•
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Mites are more numerous in damp and shady
places. So improve the drainage and allow more
sun light.
Growing tolerant varieties like Guntur types
Management of nutrients and water will also
help in reducing the mite population.
Conservation of potential predator like,
Amblyseius ovalis in chilli ecosystem.
The fungus Hirsutella sp. is pathogenic to
mites.
Abamectin (Avermectin) (Vertimec 1.9 EC) is
effective @ 25 g ai/ha.
Spiromesifen 240 SC @ 100 g ai/ha
April, 2019
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•

•

Spray of the following insecticide viz.,
Propargite 57 % EC@2.5 ml/lit,
Buprofezin 25 % SC@8.0 ml/10 lit,
Chlorfenapyr 10 % SC @1.5 ml/lit,
Diafenthiuron 50 % WP@8.0 g/10 lit, can
be recommended.
Spraying of Fenazaquin 10 EC @ 2 ml/lit
for management of mites.
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32. FOOD SCIENCE

Prebiotic Functional Food:
A New Way of Health Promotion
Dr. S. Naganandhini
Post-Doctoral Fellow, Tamil Nadu Agricultural University, Coimbatore -3

The human colon is one of the body’s most
metabolically active organs because of its dweller
microbiota. It is now well established that this
colonic microbiome has a profound influence on
health (Steer et al., 2000). The use of diet to
fortify such a gut flora components is a popular
current aspect of functional food sciences, in that
prebiotics have a significant role (Wang, 2009).
Prebiotics are short chain oligosugars that are
non-digestible by digestive enzymes in humans
and animals and selectively fermented
ingredients by host colonic microbiome that
allow specific changes, both in the composition
and/or in its activity that confers to benefits upon
host well-being and health. Prebiotics also
render many other health benefits in the large
intestine such as reduction of cancer risk and
increase calcium and magnesium absorption
(Quigley et al, 1999; Al-Sheraji et al., 2013).
Some important criteria for selection of any
prebiotics include 1) Resistance to the upper gut
tract 2) Fermentation by intestinal microbiota 3)
Selective stimulation of probiotics 4) Stability to
food processing treatments 5) Beneficial to the
host health. Examples of ingredients that are
commonly regarded as human prebiotics.
Examples of ingredients that are commonly
regarded as human prebiotics are Inulin-type
fructans, Lactulose, Isomaltooligosaccharides,
Lactosucrose,
Xylooligosaccharides,
Glucooligosaccharides, Fructooligosaccharides
and Galactooligosaccharide (Wang et al., 2009)
April, 2019

Present day, the demand for functional foods
has been on the rise due to consumer interest in
the link between diet and health. Other factors
fueling the increase in demand for functional
foods include the growth in the cost of healthcare, individual interest in living a healthy life,
and the aging population interested in finding a
diet that will help them retain optimal health
longer. Probably more than any other
nutrient/food ingredient, a ‘‘prebiotic” is
essential to human (and mammals) nutrition
and, in the context of dietary guidelines, it should
be considered to include a recommended daily
intake.
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