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AGRICULTURAL ENTOMOLOGY

Lightening in Fireflies
A. Subash Chandra Bose*, I. Rabeena and T. Manoramya
PhD Scholar, Department of Agricultural Entomology
Agricultural College and Research Institute, TNAU, Madurai

Introduction

Eyes are well developed and contiguous
Forewings are soft and flexible. They do not
fully cover the abdomen
Photogenic organ is found in sixth and
seventh abdominal segment.

Fireﬂies (Coleoptera: Lampyridae) are among
the most charismatic of all insects with more
than 2000 species in 100 genera. It makes
bioluminescent signalling, which is used for
species recognition and mate choice. Different
firefly species and their developmental stages
exhibit different signalling systems, which play
important roles in sexual communication and
defense.

Female
Head is hidden by the pronotum
Eyes are very much reduced
Wings are absent and larviform
Photogenic organ is present in seventh
abdominal segment

Characteristics of firefly
Male
Head
is
concealed
semicircularpronotum
October, 2019
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Flash Signaling and Species Recognition

Nitric oxide(NO) diffuses rapidly and
inhibits
oxygen
use
by
photocyte
mitochondria (red).
Now oxygen delivered by the tracheal
system diffuses through photocytes to the
peroxisomes where it triggers the lightproducing reaction.

Mechanisms of light Production
Quiescent mode (above dotted line), oxygen
delivered through lantern tracheae is
consumed by respiration in photocyte
mitochondria (green) clustered in the
peripheral cytoplasm: little oxygen reaches
peroxisomes that contain the light
producing reactions of the luciferinluciferase.
In quiescent mode, ATP produced by
oxidative
phosphorylation
promotes
formation and accumulation of the
activated luciferin-adenylyl (luciferin*) by
luciferase.
In flash mode (below dotted line), nerve
activity causes octopamine release that
transiently activates lantern Nitric oxide
synthase (NOS).

Fireflies male and female, find and
recognize each other based on timing and
pattern of flashes, the flashes are unique for
each species.

Conclusion
Fireflies ability to produce bioluminescent
ﬂashes is associated with several anatomical
and physiological adaptations of the adult
lantern and involves the signaling molecule
nitric oxide.
Based on the timing and pattern of flash
they recognize each other.

References
Lee, D. W and K. Boo. 1991. Studies on the light
organ of the ﬁreﬂy, Luciolalateralis. Korean J.
Appl. Entomol., 30:29-36.
Lewis, S. M and C. K. Cratsley. 2008. Flash Signal
Evolution, Mate Choice and Predation in
Fireﬂies. Annu. Rev. Entomol., 53:293-321.
https://www.nps.gov/grsm/learn/nature/fireflyflash-patterns.htm
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AGRICULTURAL ENTOMOLOGY

Induced Resistance and Biosynthesis
of Jasmonic Acid
I. Rabeena*, A. Subash Chandra Bose and T. Manoramya
PhD Scholar, Department of Agricultural Entomology
Agricultural College and Research Institute, TNAU, Madurai

Plant resistance

Early Events in the Plant-Insect Interaction

Resistance to pathogens and pests in a plant can
be active and/or passive (Hammer Schmidt and
Nicholson, 1999). Passive resistance depends on
defenses that are constitutively expressed in the
plant, while active resistance relies on defenses
that are induced after infection or attack.

Induced plant resistance
Induced plant resistance is defined as the
“quantitative or qualitative enhancement of a
plant’s defense mechanism against pests in
response to extrinsic physical or chemical
stimuli”Kogan and Paxton (1983). Furthermore,
Kloepperet al. (1992) defined the corollary for
induced plant resistance to disease as “the
process of active resistance dependent on the
host plant’s physical or chemical barriers,
activated by biotic or abiotic (inducing) agents.”
Mechanical damages are also causes woundinduced responses in plants.

(Mithofer and Boland, 2008)

Early events in plants after feeding by insect
herbivores are immediate changes in the
transmembrane potential (Vm) and are tightly
followed by changes in the intracellular Ca2+
concentration and generation of H2O2, Kinases
and the phytohormone jasmonic acid (JA) are
detectable within minutes. After roughly 1 h,
gene activation followed by metabolic changes.

Induced resistance- Three different time scales

Biosynthesis of jasmonic acid

Baldwin (1989) proposed that plant induction
be studied on three different time scales. Preformed induced responses occur immediately
after damage and are restricted to damaged
tissues. Rapidly induced responses occur within
hours or days of plant injury and may be
localized or systemic. Rapidly induced
responses can occur in as little as 1 to 2 hrs and
may remain in effect for a few days to several
days. Delayed-induced responses occur in the
following season’s foliage, and delayed-induced
responses in some tree species may remain in
effect for as long as 3 years.

October, 2019

The primary event in the signalling pathway is
proteolytic cleavage of a precursor polypeptide,
prosystemin, to release the peptide hormone
systemin.Systemine was the first plant peptide
hormone with a characterized role in signal
transduction in plants (Ryan, 2000). The
prosystemin precursor is a polypeptide of 200
amino acid residues.
The signal transduction mediated by the
systemin receptor results in activation of
phospholipase via a MAP kinase, and thus leads
to the release of linolenic acid from membrane
lipids. Further effects such as calcium release
from vacuoles, calmodulin synthesis, and the
6
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opening of ion channels in the plasma
membrane (leading to its depolarization) are
also stimulated by the perception of the signal.
Linolenic acid acts as a precursor for the
synthesis of jasmonic acid, anoxylipidsignalling
molecule involved in stress and developmental

responses in plants, via the octadecanoid
pathway
The reactions are catalyzed by three major
enzymes such as, lipoxygenases (LOX), allene
oxide synthase (AOS), allene oxide cyclase
(AOC).

(Dave and Graham, 2012)

Jasmonates

defense at a lower energetic cost.

The jasmonate hormones, such as JA, MeJA and
JA-Ile, are found in both monocots and dicots.
They are involved in several physiological
activities, ranging from seed germination, over
reproductive development, to senescence.
Furthermore, the jasmonates play important
roles as signaling molecules in plant defense,
particularly against insect herbivores (Koo and
Howe, 2009).

Limitation

Advantages

Kogan, M and J. Paxton. 1983. Natural Inducers of
Plant Resistance to Insects. ACS Symposium
Series. 208, 153-171.
Koo, A. J. K and G. A. Howe. 2009. The wound

It is not always easy to distinguish between
constitutive and induced defense mechanisms
since some defense related compounds are
constitutively synthesized and stored, and also
synthesized de novo as a response to herbivore
damage (Ding et al. 2000; Gatehouse 2002).

References

Induced defenses are only invoked after tissue
damage has occurred.This potentially provides
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HORTICULTURE

Plug plant production techniques and management in
horticultural crops
Arunkumar P1 and Mangaiyarkarasi R2
1Assistant
2PhD

Professor, RVS Padmavathy College of Horticulture, Dindigul
Scholar, Tamil Nadu Agricultural University, Coimbatore

Introduction:

Four stages of plug production:

Plugs - small-sized seedlings grown in trays
from expanded polystyrene or polythene filled
usually with a peat or compost substrate. Used
for vegetables and bedding plants. It may also
refer to small sections of lawn grass sod. After
being planted, lawn grass may somewhat spread
over an adjacent area. Plug plants are young
plants raised in small, individual cells, ready to
be transplanted into containers or a garden.
Plug plants are relatively easy to grow and can
be produced in a small greenhouse or cold
frame. Dormant cold-stored mother plants are
planted in the late spring/early summer to
produce runner tips for propagation

Stage 1 – radicle (root) emerges.
Stage 2 – root system and cotyledons
emerge.
Stage 3 – first true leaves develop.
Stage 4 – seedling is almost ready to
transplant.

Plug technology:
Automatic seeders; Flat fillers; Plug poppers;
Transplanters; Dibblers; Taggers; Conveyors
and other methods of moving; Heating cables;
Growth chambers; Containerized benches;
Boom or flood irrigation

Irrigation:

Advantages:

Mist, fog or high humidity chambers for
germination
Use high quality, low EC water
Never let seedling dry out
Low feed at 25 to 75 ppm N after 2 weeks if
the germination media has no nutrients

Allow for mechanization
Can be automatically transplanted
Shorter production times
Longer holding periods
Reduced disease spread
Increased crop turnover

Transplanting:

Disadvantages:

Transplant seedlings as soon as possible.
Transplant when root balls can be removed
intact. Delay in transplanting can cause stunting
and induce flowering and lower the quality of
the final crop. Growth can be slowed by
lowering temperatures, water and fertilizer, if
necessary. Plugs can be stored in a cooler.

Difficult to grow
Plug size restricts water drainage
Dry out quickly because they don’t hold
much
Rapid EC and pH swings
Require expensive seed sowing equipment
Larger propagation area required
Some species are difficult to sow and
germinate
Require high quality, expensive seeds
Labor saving technology is needed

October, 2019

Cold storage for plugs:
Pansies were successfully stored 12 weeks in
growth chambers. Such long-term storage and
the cost of growth chambers are unrealistic for
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the bedding plant grower. Most growers only
need a week or two of storage to get by the
crunch times, so less precisely controlled cold
storage and cold frames are inexpensive

encourage the emergence of the cotyledons,
and get the seedlings off to a good growth
start. Area temperature - at 65°F to 68°F.
Light levels should be at 2,000 foot candles.
Misting or fogging is necessary to keep the
medium moist. After 2 days in Stage 2, 50
ppm N fertilization every 3 days. Use a
combination of calcium and potassium
nitrates. Turn off mist - 6th day - second
time on the 8th day. Stage 3 (day 10 -35
days): to develop a healthy root system that
can support the already developing shoot
system. Light levels should be at 3,000 foot
candles and temperatures reduced to a 65°F
night temperature. Stage 4 (about 2 weeks):
to maintain the root and shoot systems shipping and transplant. If plugs cannot be
transplanted or shipped immediately when
they are ready, a holding period - 50°F
temperature, light at 300 foot candles, and
low levels of fertility. Dry plugs could be
stored in a cooler.
Plug-Tray nursery on rooftop with tomato
and marigold in off season by Subhadeep
Nath
Performance of Plug-grown Geranium
Seedlings Preconditioned with Nitrogen
Fertilizer or Low-temperature StorageMark et al. 2018

Researches:
Balraj Singh (2011) In India, cucurbits
seedlings cannot be raised through soil beds
are not tolerate against slightest damage to
their root and shoot system during
uprooting and transplanting. Off-season
seedlings were raised in small polyethylene
bags using soil and compost (50:50) as a
media, but this system needs lot of
protected space and is labour intensive.
High damage to root system ant it is also
not very eco-friendly. IARI - cucurbits are
raised in multi-celled plastic plug trays
containing each cell of a volume of 18-20 cc
and inverted pyramid in shape by using
coco-peat, vermiculite and perlite as soilless media in 3:1:1 ratio on volume basis.
Vigorous root development , avoid any
damage to the roots and shoots of the
seedlings at the time of transplanting. This
technology is economical and suitable for
the cucurbits growers in northern plains of
India, The plug tray nursery raising
technology is suitable for Melons, gourds
and squashes for their off season cultivation
in Northern India.
Bridget Behe, The schedule for producing
pansy plugs will depend on the size of the
plug tray. Used Pansy seedlings, size with
288, 392 or 406 plug trays. Transplant
stage is about 6 weeks in 288 trays or 5
weeks in 392 and 406 plug trays. Most plug
growers, sow using mechanical seeder.
Stage 1 (about 2 to 3 days): get highest
percentage of germination - germinated at
68°F. High humidity (90 to 95 percent).
Stage 2 (7th day after emergence):

References:
Bish, E.B., D.J. Cantliffe, and C.K. Chandler. 2001.
A system for producing large quantities of
greenhouse-grown strawberry plantlets for plug
production. HortTechnology 11:636–638.
Crawford, T.D., D.G. Himelrick, J.L. Sibley, and
J.A. Pitts. 1998. Effects of cold storage and cell
pack size on the production of ‘Chandler’
strawberry plug plants. Adv. Strawberry Res.
17:52–57.
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Brassinosteroids: New Emerging Plant Growth
Regulator
Ummeseema1 and Reethu G R 2
Ph.D Scholar1,M.Sc Scholar2, Dept. of Post Harvest Technology,
University of Horticultural Sciences, Bagalkot

the concept of ‘translocation’ in the definition of
plant hormones, brassinosteroids still satisfy the
‘translocation’ property originally attributed to
plant hormones.

Introduction
Plant growth regulators:It is also known as
plant exogenous hormones, are synthetic
substance that is similar to natural plant
hormone. They use to regulate the growth of
plant and are important measures to ensure
agricultural .Plant growth regulators functions
as chemical messengers for intercellular
communication.
Until quite recently, plant growth and
development was thought to be regulated only
by five groups of hormones, namely auxins,
gibberellins, cytokinins, abscisic acid and
ethylene. However, there are compelling
evidences for considering brassinosteroids (A
new class of Phytohormones), a group of
steroidal substances first isolated from the
pollen of rape plant (Brassica napus L.), as the
sixth group of phytohormones.

Natural Occurrence and Distribution in the Plant
Kingdom
As of now, brassinosteroids have been
characterized from 44 plant species, which
include 37 angiosperms (nine monocots and 28
dicots), five gymnosperms, one pteridophyte
and one alga. As brassinosteroids are observed
in all the plants tested so far, Sasse, suggested
that brassinosteroids are probably ubiquitous in
the plant kingdom (Bajguz and Hayat, 2009)
Brassinosteroids are present in plants at
extremely low concentrations (nano-gram
levels). Levels of endogenous brassinosteroids
vary among plant tissues. Young growing
tissues contain higher levels of brassinosteroids
than mature tissues. Pollen and immature seeds
are the richest sources with a range of 1 to 100
ng per g fresh weight, while shoots and leaves
usually have lower amounts, i.e. 0.01 to 0.1 ng
per g fresh weight. It is also present in insect
tissues and crown galls e.g., the galls of
Castanea crenata, Catharanthus roseus
First Indian report on the isolation of
brassinosteroids from the leaves and seeds at
different development stages

What is Brassinosteroids?
A group of steroidal substances which are
naturally occurring plant growth regulators,
first isolated from the pollen of rape plant
(Brassica napus L.), considered as the sixth
group of phytohormones. They are known as
steroidal plant hormones due to their steroid
structure of molecules
Brassinosteroids are highly mobile in the
plant system. Exogenously applied brassinolide
to roots of intact young tomato and radish
plants affected the hypocotyls and petioles. The
treatment of the bases of mung bean hypocotyls
caused elongation of epicotyls. These studies
clearly
demonstrated
the
mobility
of
brassinosteroids in the plant system. Though
there are reservations among scientists to retain

October, 2019

Structure of Brassinolide
Brassinolide (BL), 24-Epibrassinonide (EBL)
and 28-homobrassinolide (HBL) are the most
active BRs.
Formula of brassinolide: C28H48O6
Brassinolide: 480 (MW)
24-epibrassinolide: 480.68 (MW)
10
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28-homobrassinolide: 494.7 (MW)

considered as a Brassinosteroides receptor.
Unlike in animal systems, where receptors for
steroid hormones are intracellular, the
Brassinosteroides receptor (BRL 1) is located in
the plasma membrane, functions at the cell
surface and transduces extra-cellular signals84.
A hypothetical scheme for further signal
transduction is proposed. The binding of
brassinosteroid molecule to the receptor causes
activation of the kinase domain and subsequent
phosphorylation of additional kinases and/or
phosphotases 85. However, there are vital gaps
and several loose ends in the model proposed.
Further research may be able to a bridge the
gaps and tie up the loose ends, and provide a
comprehensive model on the molecular
mechanism of action of brassinosteroids.

Biosynthesis of Brassinosteroids
Brassinosteroids are synthesized from plant
sterols, the precursors of brassinolide being
campesterol and its analogues. Brassinolide
biosynthesis is supposed to take place via two
pathways from campesterol: a) Early C-6
oxidation pathway and 2) Late C-6 oxidation
pathway. The cell cultures of Catharanthus
roseus when fed with radiolabled campasterol
revealed the biosynthetic sequence from
campasterol
to
6-oxocampestanol.
This
biosynthetic pathway via hydroxylation and
epimerization, leading to the synthesis of
brassinolide is called early C-6 oxidation
pathway. In the late C-6 oxidation pathway, 6deoxoteasterone
is
epimerised
to
6deoxotyphasterol via the 3-oxo forms, similar to
the conversion of teasterone to typhasterol.
Both the early and late- C-6 oxidation pathways
operate in cell culture of C. roseus. The cooccurrence of brassinosteroids belonging to the
different pathways in the same plant species
indicates that these pathways could be
ubiquitous in plants.

References
Bajguz, A. and Hayat, S.(2009). Effects of
brassinosteroids on the plant responses to
environmental stresses. Plant Physiol. Biochem.
47: 1-8.
Bishop, G. J. and Koncz, C., (2002).
Brassinosteroids and plant steroid hormone
signaling plant cell. Scientia Horticulturae,
14:97-110.
Li, B., Zhang, C., Cao, B., Qin, G., Wang, W., Tian,
S., 2012. Brassinolide enhances cold stress
tolerance of fruit by regulating plasma
membrane proteins and lipids. Amino43:
2469–2480.
Wang, C.Y., (1993). Approaches to reduce chilling
injury of fruits and vegetables. Hortic. Rev.,
15:63-132.

Physiological effects of Brassinosteroids
Improvement in Fruit quality and
nutritional value
Effect on the protein spectrum and on the
amino acid composition of proteins
Effect on the fatty acid composition and on
the properties of membranes
Activation of protein and nucleic acid
synthesis
Effect on enzyme activity

Mode of action
The molecular mechanism of action of
Brassinosteroides is still in its infancy stage.
Recently, a Lucien-rich protein (BRL 1) has
been identified from A. thaliana, which is
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Ethylene: Source, Biosynthesis and Control of
ethylene biosynthesis and action by chemical means
Ummeseema1, Bharathkumar 2 and Reethu G R3
Ph.D Scholar1,2 and M.Sc Scholar3, Dept. of Post Harvest Technology,
University of Horticultural Sciences, Bagalkot

The simplest olefin present in nature at trace
amounts. It is produced either chemically
through the incomplete combustion of
hydrocarbons and biologically by almost all
living organisms. Ethylene is biologically active
at very low concentration (<1ppm). According to
Kidd & West (1945), the minimum threshold
value for many ethylene dependent responses in
plants was about 0.1 ppm. It has autocatalytic
activity because of which such small quantities
can trigger further release of large quantities of

ethylene by the fruit tissue. Gaseous hormone
that promotes the ripening of fruit. It is also
called ‘Ripening hormone’, as it plays an
important role in ripening process. During the
later stages of fruit development, ethylene gas
fills the intercellular air spaces within the fruit
and stimulates its ripening by enzymatic
breakdown of cell walls.
Sources of ethylene: Ethylene gas,
Ethephon, Ethylene generators and Use of ripe
fruits.

ETHYLENE BIO-SYNTHESIS

ETHYLENE BIO-SYNTHESIS

Ethylene (ripening hormone) is synthesized
from methionine via S-adenosyl-L-methionine
(SAM) and 1-aminocyclopropane-1-carboxylic
acid (ACC). Two major enzymes are involved in
the biosynthetic pathway, namely, ACC synthase
(ACS), which converts SAM into ACC, and ACC
oxidase (ACO), which converts ACC into
October, 2019

ethylene. SAM is common precursor for
synthesis of ethylene and
polyamines
(spermidine/spermine). Polyamines synthesis
diverts the ethylene synthesis so that ripening
process is controlled.

12
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of stems and leaves. Free radical
scavengers, like propylgallate, acetyl
salycilate, and Na benzoate also inhibit the
conversion of ACC into ethylene. Amino
isobutyric, a competive inhibitor of ACO is
capable of inhibiting ethylene
Inhibition of Ethylene Action: One of
the most powerful inhibitors of ethylene
action is Ag+. When applied as a complex
with thiosulphate, it rapidly migrates into
plant tissues and can prevent senescence
and abscission. It is being used
commercially for extending the vase life of
cut flowers. However, being a heavy metal,
its use may be banned because of the risks
of toxicity to the environment. Cyclic
olefines
like
norbomadiene
and
diazocyclopentadiene (DACP) are strong
inhibitors of ethylene action that are
capable to inhibit senescence and fruit
ripening. However, the most powerful
inhibitor of ethylene action is I-methylcyclopropene (1-MCP).

Two systems of ethylene production
System 1
System operates and functions during normal
growth and development and in response to
various stresses. It is responsible for the basal
level of ethylene production in vegetative tissues
and unripe fruit. Auto-inhibitory manner exogenous ethylene inhibits further synthesis of
ethylene.

System 2
Operates during floral senescence and fruit
ripening. This system represents the large
increase in ethylene production associated with
fruit ripening and gynoecium of some senescing
flowers such as carnation. It is regulated in an
auto inductive manner - exogenous ethylene
when applied to climacteric fruits (at mature
stage) stimulates ethylene biosynthesis and
generally induces rapid fruit ripening

Control of ethylene biosynthesis and action by
chemical means
Ethylene-ReleasingCompounds: Most
of them include a chloroethyl residue bound
to phosphate, silicium or sulfur. The first
major
commercial
ethylene-releasing
compound
is
(2-chloroethyl)
phosphonicacid (ethrel).
Inhibitors of ACC Synthase : Analogs of
L-vinylglycine, a competitive inhibitor of
the enzyme. It includes rhizobitoxine and
aminoethoxy
vinyl
glycine
(AVG).
Applications of AVG by infiltration in pears
or by spraying on apples result in a slowing
own of ethylene synthesis and in a delay of
ripening. A commercial development
program is currently being developed for
the use of AVG in reducing preharvest fruit
drop and loss of firmness in apples. AVG
and AOA are also effective in in increasing
the vase life of cut flowers
Inhibitors of ACC Oxidase : ACO
activity is strongly inhibited by Co2+ and
Ni2+. Co2+ have been shown to delay
flower senescence and stimulate the growth

VOLUME NO. 16, ISSUE NO.1

Reference:
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Synthetic Seeds: A New Conception in Vegetable Seed
Production
Samapika Dalai
Assistant Professor, Department of Horticulture,
Centurion University of Technology and Management, Paralakhemundi, Odisha-761211

Introduction

Natural seed Vs Synthetic seed

Now a days, artificial (synthetic) seed
technology is one of the most important tools to
breeders and scientists of plant tissue culture.
Synthetic seeds (Manufactured seed or
Synthetic seed) are artificial encapsulated
somatic embryos, shoot buds, cell aggregates, or
any other tissue that can be used for sowing as a
seed and that possess the ability to convert into
a plant under in vitro or ex vitro conditions and
that retain this potential also after storage
(Capuano et al., 1998). It has offered powerful
advantages for large scale mass propagation of
elite plant species. The term “Synthetic seed” is
coined by Murashige.

Natural seed

Need of synthetic seeds in vegetable production
This technique is used for variety of crops,
especially for crops which true seeds are not
used readily for multiplication (potato), or true
seeds are expensive (cucumber), and in
vegetatively propagated plants which is more
prone to infections (sweet potato). Natural
seeds are usually genetically heterogeneous and
much time is needed to produce seeds that are
homogeneous in terms of their genes. In carrot
(male sterile lines are highly unstable), tomato
and egg plant, production of synthetic seeds is
needed in order to maintain proper genotype of
resultant plant and its preservation. In
Cabbages the production of synthetic seed is
useful since this species naturally produce very
tiny seeds (Kumar, 2000).

October, 2019

Synthetic seed
Natural seed - In natural seed formation, the
mature pollen comes on the stigma surface and
starts germination and enters into ovule via
style, releases two sperm nuclei and double
fertilization occurs i.e., one sperm nuclei
combines with polar nuclei to form endosperm.
Another sperm combines with egg cell to from
embryo. Whereas, synthetic seed contains an
embryo produced by somatic embryogenesis
enclosed within an artificial medium that
supplies nutrients and is encased in an artificial
seed covering.
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Encapsulation methods for synthetic seeds

Types of synthetic seeds
Desiccated: In dessicated type, the somatic
embryos are first hardened to withstand
dessication and then are encapsulated in a
suitable coating material to yield desiccated
artificial seeds. Somatic embryo may be
hardened either by treating or coating mature
somatic embryos with a suitable polymer
followed by drying or treating them with ABA
during their maturation phase ABA treatment
also improves germination of somatic embryos.
Hydrated: Hydrated seeds are sticky and
difficult to handle on a large scale and dry
rapidly in the open air. These problems can be
resolved by providing a waxy coating over the
beads. However it is not possible to store, except
at low temperature.

Fig.2: Encapsulation procedure

The embryos are dipped in sodium alginate
solution.
Individual embryos are transferred to
calcium chloride solution through pipette
and placed for 20 to 30 minutes.
Bead or capsule formation occurs and
embryo germinate.

Procedure of synthetic seed production (Kumar,
2000)

Now a days automated encapsulation
process used for quick production of artificial
seeds. In this process Alginate solution with
embryo is feed from supply tank.

Advantages of synthetic seeds






Fig 1: Flow diagram presenting the procedure of
synthetic seed production

Conclusion
Synthetic seed technique is a rapid tool of plant
regeneration because of its wide use in
conservation and delivery of tissue cultured
plants. But commercial scale production of
synthetic seeds was restricted to few species due
to several major problems, such as:
asynchronous
development,
improper
maturation, poor conversion rate and limited
production of viable mature somatic embryos.
Such investigations need a lot of efforts to
perfect this technology and to make it available

Encapsulation or coating of synthetic seeds
Encapsulation is necessary for protection of
synthetic seeds. The encapsulation is done by
hydrogels which are water soluble. Alginates are
widely used due to moderate viscosity, low
toxicity, quick gellation, low cost and biocompatibility.

VOLUME NO. 16, ISSUE NO.1

Uniform seed size
Germplasm conservation
Large scale propagation
Hybrid production
Maximum storage life
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on a commercial scale.

obtained from encapsulated apical and axillary
micropropagated buds. J. Hort. Sci., 73: 299305.
Kumar, 2000, Synthetic seeds for commercial crop
production. new Vishal publication. 3-12.
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sharp leaflet hooks are quire rigid and
cannot be straightened out without tearing
the leaflets. Leaves have a serrated zigzag
appearance.
The basal part of the petiole may be without
leaflets. Gradually, the spear shortens and
the leaves are reduced to an embryonic
mid-rib without leaflets. This is the socalled ‘little-leaf’ stage
Crown Rot disease or Crown Choke disease
is due to Boron deficiency.
Inflorescence and nuts shows necrosis
symptom.
In the ultimate stage, the palm has only a
central bulbous bud that does not develop
any more, surrounded by some petioles
without leaflets, and finally, the palm dies
The death of the affected palm is not
sudden, but it slowly loses vitality and
finally succumbs within 3-4 years. Roots of
affected palms remain healthy and normal
The critical stage at which the palms will
not respond to treatment is when the leaves
are withered and have a severely stunted
apical leaf, crinkled leaves, and when some
leaves lack leaflets
Button shedding and production of barren
nuts are the common symptoms associated
with boron deficiency
Other associated symptoms include ‘Hen
and Chicken’ symptom (few under
developed nuts / small sized nuts along
with full developed nuts), partial filling of

Introduction
Boron (B) is an essential micronutrient for
coconut, which helps in the multiplication of
meristematic tissues. It has an important role in
metabolism of protein, synthesis of pectin,
maintenance of water relation, translocation of
sugars, fruiting process, growth of pollen tube
and in the development of flowers and fruits.
Boron deficiency mostly occurs in coarse
textured leached sandy soil than in heavy soils.
As the element is immobile in plants, deficiency
symptom first appears in the growing points of
palms. The deficiency of boron results in the
reduction in the elongation of young leaves.
Button shedding and production of barren nuts
also associates with boron deficiency. Therefore,
checking the soil for boron content and adopting
appropriate management strategy based on soil
test based fertilizer recommendation is very
much important for producing quality nuts.

Deficiency symptoms
The first symptom of boron deficiency is the
reduction in the elongation of young leaves.
The leaflets when unfolding are crinkled
and shorter than normal, sometimes
showing
yellow
or
yellowish-orange
discoloration.
In more advanced stages, terminal leaflets
remain fused. The tips of these leaflets may
be ‘knife-shaped’, with or without a brown
solution oozing out through the hook. This
symptom is also called ‘hook-leaf’. These
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endosperm, nut cracking etc,.

disease affected areas, it has been
recommended to apply Borax @ 300
g/seedling and Borax @ 500 g/ adult tree.

Diagnostic Techniques
Boron deficiency symptoms are quite distinctive
and are usually sufficient for diagnosis by
themselves. Manganese deficiency produces
symptoms similar to those of B deficiency, but
no other common deficiency produces
symptoms that could be confused with those of
B deficiency. Because B deficiency is so
transient in nature, the element is immobile
within the palm (cannot move from one leaf to
another) and deficiencies affect only leaf
primordial developing within the bud area, leaf
analysis is not particularly useful.

The first figure shows the leaf fail to open
properly, second reveals leaf wrinkling and
Distortion. Figure third depicts Necrotic
Inflorescence and the figure four demonstrates
Severe Leaf Distortion

Management
Foliar Spraying and soil drenching are
commonly practiced when coconut palms
are at the nursery stage (seedling). Foliar
spray of 0.2 % (2g in 1 lire of water) borax at
the rate of 75 – 100 ml of spray solution is
recommended per seedling.
For 1 year old coconut palm, soil application
of Borax @ 5-10 g/plant per year is
recommended.
For 2-3 years old, soil mapplication of
Borax @ 15- 20 g/plant per year is
recommended.
For 4 years old and above that application
of Borax @30 -50 g/plant once in 2 years is
recommended.
If the B deficiency is in severe condition,
apply Borax @ 50 g/tree around basin twice
at monthly intervals upto 3 years or till the
deficiency disappears. In the root (wilt)
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with a diazotrophic cyanobacterium. The shape
of Indian species is typically triangular
measuring about 1.5 to 3.0 cm in length and 1 to

Introduction

Azolla

is a genus of small floating fern and
known as pteridophyte that lives in symbiosis
VOLUME NO. 16, ISSUE NO.1
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2 cm in breadth. It is a multibranched rhizome
generating, on the ventral surface, adventitious
roots hanging down into the water to absorb
nutrients directly. The rhizome bears small
leaves consisting of an aerial chlorophyllous
dorsal lobe and a partially submerged colourless
ventral lobe which is cup-shaped to provide
buoyancy. Each dorsal lobe contains a
specialized cavity housing the cyanobiont
permanently. It grows naturally in the stagnant
water of drain, canal, pond, rivers, harbor and
marshy lands. These species of Azolla have been
spreads by man or natural means to various
parts of the world. Some are strictly tropical or
subtropical in nature, while others grow and
thrive in either temperate or tropical climates.
Azolla has been of interest to botanists and
agriculturists for years because of its symbiotic
relationship with a nitrogen-fixing, blue-green
alga, Anabaena. The aquatic fern Azolla
provides nutrients and a protective leaf cavity
for the Anabaena, which in turn provides
nitrogen for the fern. Under suitable field
conditions, the fern/alga combination can
double in weight every 3 to 5 days and fix
atmospheric nitrogen at a rate exceeding that of
the legume/Rhizobium symbiotic relationship.
Azolla can accumulate up to 2 to 3 kilograms of
nitrogen/ha/day in a growing cycle (approx. 40
days) with the association of Azolla-Anabaena;
it can provide a potential nitrogen source for
flooded crops such as rice. Azolla is also a very
rich source of proteins, essential amino acids,
vitamins (vitamin A, vitamin B12 and Beta
carotene), growth promoter intermediaries and
minerals like calcium, phosphorus, potassium,
iron, copper, magnesium etc. Because of high
nutritional quality it becomes as an ideal feed
for livestock.

3.

4.

5.

6.

Azolla is a very rich source of proteins,
essential amino acids, vitamins (vit. A, vit. B12
and Beta carotene) and minerals (Ca, P, K, Fe,
Cu, Mg etc.). The comparison of nutritional
value and biomass production of Azolla with
other sources of fodder are given in Table 1.
Table 1. Comparison of biomass and protein content of
Azolla with other fodder

Uses of Azolla
1.

2.

Azolla is used as a biofertilizer and
produces around 250 to 300 tonnes of
green biomass per hectare per year under
normal subtropical climate and used as
green manure in the crop cultivation.

Azolla

in
symbiosis
with
the
cyanobacterium Anabaena azollae, under
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optimum conditions, can fix substantial
amounts of nitrogen through biological
nitrogen fixation and release as much as 70
per cent of the fixed nitrogen to the rice
crop upon incorporation.
The reclamation of salt affected soils, Azolla
works faster than Sesbania and also
reduced the electrical conductivity through
water leaching in saline soil, whereas pH of
alkali soil decreased due to enhancement of
calcium content in soil.
Azolla can be used as bioremediation, some
species of Azolla found that have tolerance
and phytoaccumulation of chromium and
biofiltration of toxic elements by Azolla
biomass.
A mixture of Azolla and rice straw can be
used for production of methane gas by
anaerobic fermentation which can be
utilized as fuel and remaining effluent can
be used as organic fertilizer.
Azolla is used as food supplement for
variety of animals including pigs, rabbits,
chickens, ducks and fish. Azolla is harvested
in large quantities and utilised as fodder for
cattle and pigs.

Sr.
No.

Item
Name

Annual
Production of
Biomass
(MT/ha)

Dry
Matter
Content
(MT/ha)

Protein
Content
(%)

1

Azolla

730

56

20

2

Hybrid
Napier

250

50

4

3

Lucerne

80

16

3.2

4

Cowpea

35

7

1.4

5

Sorghum

40

3.2

0.6

Source: Kamalasanam et al. (2005). Azolla - A
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ponds are generally used to supply a large
enough volume to a wetland field to ensure
quick coverage.

sustainable feed for livestock, Leisa Magazine.

Advantage of Azolla
1.
2.

3.

4.
5.
6.

7.
8.

It easily grows in wild and can grow under
controlled condition also.
It can easily be produced in large quantity
of required as green manure in both the
seasons – Kharif and Rabi.
It can fix atmospheric carbon dioxide and
nitrogen to form carbohydrates and
ammonia,
respectively
and
after
decomposition, it adds available nitrogen
for crop uptake and organic carbon content
to the soil.
Azolla suppresses some weeds in a paddy
field.
Azolla releases plant growth regulators
which enhance the growth of the rice plant.
Azolla can be a substitute for chemical
nitrogenous fertilizers to a certain extent
(20-25 kg/ha) and it increases the crop
yield and quality due to enhancement of use
efficiency of chemical fertilizers.
It reduces evaporation rate from the
irrigated rice field.
Azolla increases water holding capacity,
organic carbon, ammonium nitrogen,
nitrate-nitrogen
and
its
available
phosphorus, potassium, calcium and
magnesium, while it decreased pH and bulk
density, such incorporation significantly
raised the yield when applied in a rotating
rice-wheat cropping system.

Production Method
1.

2.

3.

4.

5.

Production Technology for Azolla

An artificial water body is made, under the
shade of a tree or using shade net, with the
help of plastic sheet that spreads’ on the
surface of pit or water proof cemented
structure of bricks can be prepared on the
land surface.
The pit or trench or structure size
approximately 3 m length, 2 m width and
0.3 m depth is prepared as a first step.
About 15 to 20 kg of sieved fertile soil is
uniformly spread over the surface of the pit.
Slurry made of 3 kg cow dung and 50 g of
single super phosphate (SSP) in 10 litres
water, is poured onto the fertile soil then
adds more water to make the water level up
to 10 cm.
About 1 kg of fresh and pure culture of
Azolla is inoculated in the pit. Azolla will
rapidly grow and fill the pit within 10-15
days, thereafter about 600 to 700 g of
Azolla can be harvested daily.
A mixture of 30 g of SSP and about 1 kg of
cow dung should be added once in a week.
This is done to keep the Azolla in rapid
multiplication phase and to maintain the
daily yield. For enhancement of quality and
biomass of Azolla can be used other
fertilizers mixture that containing sulphur,
magnesium, iron, copper, etc., at weekly
intervals.

Environmental Suitability

Other Requirements

It is found in ponds, ditches and wetlands of
warm temperate and tropical regions of the
world. Its necessity to grow in water or wet mud
and it dies within a few hours under dry
conditions. Azolla can survive a water pH range
of 3.7–10, whereas optimum growth occurs
when the water is between pH 4.5 and 7.5. The
optimum temperature for Azolla is between 20
to 30 ºC. The growth rate gradually declines as
salinity increases. It grows in full to partial
shade (100–50% sunlight). The Azolla is
established by vegetative propagation. Nursery

1.
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Suitable plant nutrients should be supplied,
as and when, nutrient deficiency is noticed.
Plant protection measures against pests and
diseases should be taken as and when
required
About 7 kg bed soil should be replaced with
fresh fertile soil, once in 30 days, to avoid
nutrient deficiency as well as toxicity of
elements. Approximately 30 per cent water
also needs to be replaced with fresh water,
once in 10 days, to prevent toxic level of
elements in the bed.
October, 2019
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4.

After replacement of water and soil should
be followed by fresh inoculation of Azolla,
at least once in six months.
A fresh bed has to be prepared and
inoculated with pure culture of Azolla,
when contaminated by pest and diseases.

5.

soil. Thus it is used as biofertilizer for wetland
paddy. Azolla is a rich source of proteins,
essential amino acids, vitamins and minerals so
it can be used as an ideal feed substitute for
cattle, fish, pig and poultry etc.
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Azolla should be harvested with a large size
sieve of one sq.cm mesh size to drain the water.
Azolla should be washed to get free from bad
smell. The washing also helps in separating the
small plantlets which drain out of the sieve. The
plantlets along with water in the container can
be poured back in to the original bed. Thus
collected fresh Azolla should be mixed with
commercial feed in 1:1 ratio to feed livestock.

Conclusion
Azolla is good source of biomass production
for green manuring so it can be used for
enhancement of soil nitrogen status by its
symbiotic biological nitrogen fixation behaviour
as well as reclamation of salt affected soils and
improvement of physico-chemical properties of
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Wheat is the second major staple food in India
after rice. Wheat blast, a new biotic stress, is a
devastating
disease
caused
by
the
fungus, Magnaporthe
oryzae
pathotype Triticum (MoT). In India, it was
introduced
from
Bangladesh
in
2017.
Bangladesh shares a border of 4,096 km with
India and 2,217 kilometers only with West
Bengal. Around 1000 hectare area has been
affected in Nadia and Murshidabad districts of
West Bengal. It is a spike disease because spike
infection is the most notable symptom but can
be found on all the aerial plant parts of wheat. It
attacks individual spikelets and conferring a
salmon or pinkish tint to flames. It also blast
October, 2019

attacks the rachis, leading to bleached spikelets
above the point of infection and bright black
spots on the rachis. Grains from blast-infected
heads are usually small, shriveled, deformed,
and have low-test weight.
It was first reported in the Parana state of
Brazil in 1985. Later it spread to the humid and
warmer zones of Bolivia (1996), Paraguay
(2002) and north-eastern Argentina (2007). In
2016, it was reported in Bangladesh, affecting
nearly 15,000 ha (3.5% of the total 0.43 million
ha of wheat area in Bangladesh), with wheat
yields in the affected fields reduced by 5–51%.
The spores float in the area and it is difficult
to control. Cattle that stray into India from
20
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Bangladesh also act as the carriers. It can result
in a total wheat crop failure. Fungicide
application is not completely effective in
controlling the disease. Therefore, the
agriculture department of Bengal is burning the
standing crops as soon as the symptoms
appear. However, in most of the parts of Bihar
and Bengal, farmers sow the HD 2967 variety,
which has in-built capacity to deal with the
fungus. A term “wheat holiday” is also used to
avert this disease in West Bengal. In
this, farmers would stop wheat cultivation for at
least two years and grow legumes and oilseeds.
Also, wheat cultivation has been banned in the
border districts of West Bengal, India, within
five kilometers of the Bangladesh border.

from
Bangladesh,
ICAR
official
says
damage contained.
Available
online
at:
https://www.financialexpress.com/indianews/wheat-blast-disease-enters-india-frombangladesh-icar-official-says-damagecontained/576247/
Mottaleb, K.A., Singh, P.K., Sonder, K., Kruseman,
G. and Erenstein, O. 2019. Averting wheat blast
by implementing a ‘wheat holiday’: In search of
alternative crops in West Bengal, India. PLoS
ONE,
14(2):
e0211410.
https://doi.org/10.1371/journal.pone.0211410
Mottaleb, K.A., Singh, P.K., Sonder, K., Kruseman,
G., Tiwari, T.P., Barma, N.C.D., et al. 2018.
Threat of wheat blast to South Asia’s food
security: An ex-ante analysis. PLoS ONE, 13(5):
e0197555.
https://doi.org/10.1371/journal.pone.0197555.
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leaching of these products and environment
contamination. Precision agriculture is also
known as precision farming, precision
horticulture, site-specific farming (SSF), sitespecific management (SSM), site-specific crop
management (SSCM), and variable rate
application (VRA) etc.
Precision Agriculture (PA): “is an
integrated information and production based
farming system that is designed to increase long
term, site specific and whole farm production
efficiency, productivity and profitability while
minimizing unintended impacts on wildlife and
the environment”.
Site-specific
crop
management
(SSCM): “A form of precision agriculture
whereby decisions on resource application and
agronomic practices are improved to better
match soil and crop requirements as they vary
in the field”.

Introduction
Precision agriculture can be defined as a
comprehensive system designed to optimize
agricultural production through the application
of crop information, advanced technology and
management practices. To be a truly
comprehensive system, it must begin during the
planning stages of the crop and continue
through the post harvest-processing phase of
production. Information, technology and
management are the keys to success in this
production system (Arora, 2005). It remained
forgotten for quite a long time, until the
availability of microcomputers, sensors and
positioning systems that became available at
reasonable cost. According to Goering (1993)
the increasing concern with environmental
factors, brought back that concept since the
application of agricultural chemicals in a site
specific basis would decrease the chances of
VOLUME NO. 16, ISSUE NO.1
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Precision agriculture vis-à-vis traditional
agriculture Precision agriculture distinguishes
itself from traditional agriculture by its level of
management. Instead of managing whole fields
as a single unit, management is customized for
small areas within fields. This increased level of
management emphasizes the need for sound
agronomic practices. Unlike traditional crop
management, which assumes uniform field
conditions and recommends average input
application rates, precision agriculture is
information intensive.
Objectives of precision farming : 1.
Increased profitability and sustainability, 2.
Optimizing production efficiency, 3. Optimizing
product quality, 4. Most efficient chemical and
seed use, 5. Effective and efficient pest
management, 6. Energy, water and soil
conservation, 7. Surface and ground water
protection, 8. Minimizing environmental impact
and 9. Minimizing Risk .

development of SSCM as a form of PA.

Potential benefits of precision farming Precision
agriculture:

Steps involved in precision agriculture adoption

Elements of precision farming:
1.

2.

3.

1. Purchase a mapping programme , 2. Collect
spatial data , 4. Keep records, 5. Obtain remote
images, 6. Purchase a yield monitor, 7. Purchase
a DGPS receiver, 8. Generate yield maps, 9. Use
yield maps for scouting, 10. Generate profit
maps, 11. Use yield and profit maps for land, 12.
Take site-specific soil fertility samples 13.
Manage subfields and 14. Adopt variable rate
technology (VRT)

Increased profits through increased efficiency ,
Reduced agronomic inputs, Better record
keeping, Improved production decisions, Onfarm research, Reduced environmental impact,
Property advantages and More ground farmed:

Constraints involved in precision agriculture:
Small land holdings, High cost technology,
Heterogeneity of cropping systems, Lack of local
technical expertise and knowledge and
Technological gaps (Moran MS,1997).

Precision farming development centres (PFDC) in
India There are about Precision Farming
Development centres (PFDC) in india namely:

Misconceptions carried by precision agriculture
Like many new concepts,

1.
2.
3.
4.
5.
6.

PA is often confused with yield mapping. Yield
mapping is a tool that is one of the first steps
towards implementing a SSCM strategy. PA is
sometimes misinterpreted as sustainable
agriculture. PA is a tool to help make agriculture
more sustainable however, it is not the total
answer.PA aims at maximum production
efficiency with minimum environmental impact.
Initially it was the potential for improved
productivity (and profitability) that drove the
October, 2019

Information: Crop characteristics like
stage of crop, crop health, nutrient
requirement etc. Detailed soil layer with
physical and chemical properties, depth,
texture, nutrient status, salinity and
toxicity, soil temperature, productivity
potential etc
Technology: PA is an integrated
agricultural
management
system
incorporating several technologies. The
technological tools often include:
a. Global positioning system (GPS)
b. Geographical
information
system
(GIS),
c. Yield monitors GPS,
d. Variable Rate Technology and
e. Remote Sensing.
Decision support (management)

PFDC Jorhat Assam.
PFDC Samastipur Bihar.
3.PFDC HAU Hissar
PFDC Bikaner Rajasthan.
PFDC Raipur Chatisgarh.
PFDC Hyderabad. 7. PFDC IARI.

Conclusion
A truly comprehensive approach to precision
agriculture must cover all phases of production
from planning to post harvest. Information,
technology and management are combined into
22
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a production system that can increase
productivity, improve product quality, allow
more efficient chemical use conserve energy and
provide for soil and ground water protection.
Technology and management practices such as
field scouting, field mapping, variable rate

control, yield mapping and post harvest
processing can readily be adapted to vegetable
crop production. However, the technology
related to precision farming needs refinement to
realize benefits (Kalia, 2005).
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Brinjal also known as Eggplant (Solanum
melongena L.) is one of the most common
vegetable grown throughout the country for its
purple,green or white pendulous fruit. It is
member of the solanaceae family and is closely
related to tomato and potato. Brinjal affected by
many Fungi, Bacteria, and virus diseases that
causes yield losses to a greater extent.

tissues may lead to the collapse of the plant.
Near the ground surface on the stem may be
seen the mycelia and brown to black color
sclerotia.
Seed treatment with 4g Trichoderma viride
per kg of seed will help in reducing the disease.
Soil drenching with mancozeb @0.2% also
reduce the disease after infection. Collection
and destruction of diseased parts and portions
of the plant.

Bacterial wilt:Pseudomonas solanacearum
Characteristics symptoms of the disease is
mainly on the leaf surface.The affected leaves
shows wilting,stunting, and yellowing of the
foliage and finally collapse of the entire
plant.The vascular system becomes brown
bacterial ooze comes out from the affected plant
parts. The presence of root knot nematode
Meloidogynejavanicaalso increases the wilt
incidence.
Crop rotation with cruciferous vegetables
such as cauliflower help in reducing the disease
incidence. Spray copper fungicide to control the
disease. The disease is more prevalent in the
presence of root knot nematodes will suppress
the disease spread using of Bacillus
thuringiensis.

Cercospora leaf spot:Cercosporasolani,C.
melongena
The leaf spots are characterized by chlorotic
lesions, angular to irregular in shape, later turn
greyish brown with profuse sporulation at the
center of the spot. Severely infected leaves drop
off prematurely, resulting in reduced fruit yield

Collar Rot: Sclerotiumrolfsii
The disease occasionally occurs in serious form.
The lower portion of the stem is affected by the
soil borne inoculum (sclerotia), decortication is
the main symptom. Necrosis of underlying
VOLUME NO. 16, ISSUE NO.1
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The disease is controlled by following
method adopting good field sanitation,
destruction of infected plant material crop
rotation help to reduce the spread of the
disease. Seed treated with Thiram 2g/kg seed
protects the seedlings in the nursery stage.
Spraying with Diathane Z-78 @o.2%or
Bordeaux mixture @1% effectively controls the
disease in the field.

Alternaria leaf spot: Alternariamelongene,A.solani
The
pathogen
commonly
causing
the
characteristic leaf spots with concentric rings.
Cracks appearing in leafspot. The spots mostly
irregular, 4-8 mm in diameter &may coalesce to
cover large areas of the leaf blade. It is also
infects the fruits causing deep seated spots.
Severely affected leaves may fall off. The
infected fruits are turn yellow &drop off
prematurely.

Little Leaf of Brinjal- Phytoplasma
This is a phytoplasma disease of brinjal. The
disease is transmitted by Brown leaf hopper
(Hishimonusphycitis). It was first reported from
Coimbatore. The characteristic symptom is the
reduction in size of leaves. Both the petiole and
lamina are involved in the reduction the leaves
become almost sessile. The plant producing
bushy appearance. Flower parts are deformed
leading the plants to be sterile. Infected plants
do not bear any fruit is formed it becomes hard
and tough and fails to mature.
The disease was controlled by following
measures adopting sanitary measures including
the eradication of susceptible volunteer crop
plants from a previous planting can reduce the
damage.
Use
of
barrier
crops
also
recommended. The sowing time can be adjusted
to avoid the main flights of the beet leaf hopper.
Spraying Malathion (2ml /liter of water)
starting with the leaf hopper controls their
population.

Management practices
Spraying of 1%Bordeux mixture or 2g copper
oxychloride for 1 liter of water or 2.5g Zineb per
liter of water effectively control the leaf spot
diseases.

Damping off: Pythium aphanidermatum, P. indicum
Damping off disease is most common in
nursery. The pathogen causing sudden
collapsing of the seed lines occur in the seed
bed. It is producing two types of symptoms pre
emergence &post emergence damping off. The
pathogen affecting seed itself the affected seeds
are decayed before germination. In post
emergence damping off the seedlings are
toppled down. Finally entire seedlings will be
death. The disease can be controlled by seed
treatment
with
captan/Agrosan/ceresin
&2gm/kg of seed.In cultural method raised bed
nursery effectively manage the disease. Soil
solarization by spreading 250 gauge polythene
sheet over the bed for 30 days before sowing
and application of Trichoderma viride in soil
@1.2 kg/ha is also found effective control of
damping off disease.

Phomopsisblight:Phomopsisvexans
It is a serious disease of brinjal infecting the
foliage and the fruits. Leaves are infected small
circular spots appear with irregular blackish
margin lesions may also develop on petiole and
stem causing blighting of affected portion of the
plant. Symptoms on the infected portion of the
plant. Symptoms on the infected fruits appear as
minute, sunken dull, dusky spots which later
merge to form rotten areas. The flesh of severely
infected fruits rots.
October, 2019
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This is a major virus viral disease caused by
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Potato virus Y and transmitted by aphids (Aphis
gossypi). The typical symptoms of the disease
are mosaic mottling of the leaves and stunting of
plants are deformed, small and leathery. Plant
show stunted growth when in the early stages.
The virus perpetuates/survive on weed host like
solanum nigrum&solanum xanthocarbum. The
disease minimized by reducing the population
of aphids, removal and destruction of infected

plants and eradication of susceptible weed
hosts. It can be controlled by application of
carbofuran (1kg a.i/ha) in the nursery bed at the
time of sowing seeds followed by 2-3 foliar
sprays of phosphomidan (0.05%) at an interval
of 15 days interval starting from 15-20 day after
transplanting effectively controls the aphids in
the field.

12. GENETICS AND PLANT BREEDING

Selfing and Crossing Technique in Maize (Zea mays)
Vrinda Joshi*
*Ph.D. Scholar MPUAT, Udaipur--

spekelets starts after the completion of tassel
opening and extends up to 2-5 days. The stigma
is receptive throughout its length for 14 days.

Introduction
Maize is predominantly cross pollinated which
belongs to family poaceae and having the
chromosome number 2n = 20. Corn or maize
(Zea mays L.) producers are constantly
questioning variables such as hybrids and plant
populations that play an important role in yield
and subsequently the net returns they receive.
The demand is constantly increasing for food,
fuel, and feed, and corn is a common crop
grown both in the US and globally that is often
used to meet these demands. The current world
population is 7.6 billion people in 2018
(Worldometers, 2018), and although the rapid
population growth has slowed, continuously
decreasing mortality due to improved health,
increased access to education, and economic
growth coupled with slower birth rates
guarantee continued growth for years to come
(Bremner et al., 2010). In this crop wind
pollination (Anemophily) is the general rule.
Pollination by insects also takes place to certain
extent. The following are the adaptations for
cross pollination, i.e., Monoecious inflorescence,
unisexual flower, differences in the time of
maturity of the male and female inflorescences,
silk receptive on entire length and abundant
pollen production. It has protoandry and the
tassel anthsis extends 2-14 days. Pollen viability
remains for 24 hours. Anthesis of female

VOLUME NO. 16, ISSUE NO.1

Selfing method
Bag the tassel before anthesis with a paper
cover. Bagging of tassels should be done in
the previous day evening to avoid
contamination from foreign pollen.
Cut the tip of the cob before the silks
emerge and cover with a paper cover.
After 3-4 days, the silks will emerge in the
form of a ‘saving brush’ in which the silks
will be of same height and stand erect.
Remove the cover of the tassel containing
pollen and insert it over the cob after
removing the cob-cover. The inserted cover
is then tied.

Crossing technique
It is done
detasseling

by

Manual

emasculation

by

Female parent
Detasseling is the removal of tassel from female
parent. Detasseling is done when the tassel
emerged out of the boot leaf, but before anthesis
have shed pollen. Anthers take 2-4 days to
dehisce after complete emergence. Only in few
cases, the anthers start dehisce before its
complete emergence. In such case detasseling
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should be done earlier. Detasseling is done
every day from the emergence of tassel upto 14
days.

incomplete detasseling.

Male parent
Cover the tassel before anthesis begins or as
soon as the tassel emerges.

Method
Hold the stem below the boot leaf in left
hand and the base of the basal in right hand
and pull it out in a single pull.
Grasp entire tassel so that all the pollen
parts are fully removed.
Do not break or remove leaves as removal
will reduce yields and will result in lower
quality of seed.

When the silks emerges in the female
parent in the form of a brush, pollination is
done by transferring the freshly shed pollen
cover form the male parent and inserting it over
the cob of the female parent after removing the
cover from the cob.
The details like date of pollination,
parentage and breeding programme to be
carried out are clearly written by water proof
pencil. The date or pollination will be one day
later than the date of tasselling. Pollination
should be completed within one week of silk
emergence. Isolation distance for maize =
400M.
(http://agritech.tnau.ac.in/crop_improvement/
crop_imprv.html)

Precautions to be adopted during
detasseling
No part should be left on the plant as it
causes contamination.
It should be uniform process done daily in
the morning in a particular direction.
Donot break the top leaves as the field may
be reduced due to the earning of source
material to accumulate in sink [seed ] as
removal of 1 leaf course 1.5% loss 2 leaves
5.9% loss and 3 leaves 14% loss in yield.
Detassel only after the entire tassel has
come out and immature detasseling may
lead to reduced yield and contamination.
Mark the male rows with marker to avoid
mistake in detasseling
Look out for shedders [shedding tassel] in
female
rows
as
the
may
cause
contamination.
After pulling out the tassel drop it there
itself and bury in soil. Otherwise late
emerging pollen from detasseled tassel may
cause contamination.
Do not carry the tassel through the field as
any fall of pollen may lead to
contamination.
Do not practice, improper, immature and

Conclusion
Adoption of proper selfing and crossing
technique will help in increased production of
maize which can meet the need of food for
increasing population.
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photosynthesis, which can prompt the
development of responsive oxygen species
(ROS).
Active oxygen species can follow up on
unsaturated fats and release the films, and
ﬁnally influence the DNA. Drought stress
may cause damage to cells either directly or
indirectly, through the formation of ROS
such as superoxide radicals and H2O2

Introduction
Plants which remain established in the soil are
exposed to shifting sorts of abiotic stresses for
the duration of their life expectancy and they
need to create systems for adapting to such
stresses so as to endure. Plants are amazingly
delicate to ecological changes, for example, high
temperatures, dry spell, flooding, saltiness,
solidifying, change in pH, solid light, UV and
substantial metals. Such unfriendly ecological
conditions negatively affect crop generation,
which can possibly turn into a noteworthy issue
for sustenance security, especially in tropical
districts. Abiotic stress the executives in plants
should be taken up on a need premise,
remembering that the innovation received ought
to be eco-friendly and economical as well.
Microorganisms which are in charge of
stress resistance in plants are called stress
tolerant microorganisms that cause wounds in
defenceless plants can prompt postponement in
blooming under extreme conditions, it prompts
the demise of the plant.

Mechanism of plant drought tolerance induced by
PGPR
Modification of phytohormonal activity in
imparting drought tolerance in plants
Phytohormones, for example, indole acetic
acid, gibberellins, ethylene, abscisic acid,
and cytokinin are produced by plants,
which are significant for their development
and advancement
PGPRs can orchestrate phytohormones that
invigorate plant cell development and
division to be resistant against ecological
stresses

Role of volatiles in inducing drought tolerance

Drought stress

Induction of volatiles happens when plants
are exposed to various ecological stresses
These stress-instigated volatiles fill in as a
sign of preparation and foundational
reactions
inside
the
sameand
in
neighbouring plants
Volatiles are a promising possibility for a
quick non-obtrusive method to survey crop
dry spell stress and its relief during stress
advancement.
Root colonization with Pseudomonas
chlororaphis anticipates water loss by
stomatal closure interceded by 2R, 3Rbutanediol, an unstable metabolite created
by P. chlororaphis.

Soil moisture is the natural variable since
its accessibility relies upon atmosphere and
soil conditions, while the dry spell is a
significant choice power on natural life
forms and can definitely adjust plant
network structure and capacity.
Drought prompting water stress is a
noteworthy issue in decreasing rural
profitability particularly in tropical, semidry and arid regions of the world.
Water scarcity results from low and
sporadic precipitation, poor soil water
stockpiling and when the pace of water
transpiration surpasses water take-up.
Drought stress influences plant hormone
balance by decreasing the endogenous
cytokinin level and expanding the degrees
of abscisic acid (ABA) content in the leaves,
consequently evoking stomatal conclusion.
Drought lessens the accessibility of CO2 for
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Role of ACC deaminase synthesizing rhizobacteria
in dry season stress resilience
Plant metabolism is controlled by ethylene
levels and the biosynthesis of ethylene is
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directed by biotic and abiotic stresses
In the biosynthetic pathway of ethylene, Sadenosylmethionine (S-AdoMet) is changed
over by ACC synthase to ACC, the prompt
precursor of ethylene

EPS gives a microenvironment that holds
water and evaporates more gradually than
the encompassing condition consequently
securing the microbes and plant roots
against drying up.

Osmolytes in bestowing dry season resilience in
plants

Modifying the cell reinforcement defence system
Plants create cell reinforcement defence
frameworks containing both enzymatic and
non-enzymatic segments that serve to avoid
ROS aggregation and lighten the oxidative harm
happening during drought stress.
Enzymatic parts incorporate superoxide
dismutase (SOD), catalase (CAT), ascorbate
peroxidase (APX), and glutathione reductase
(GR).
Non-enzymatic
segments
contain
cysteine, glutathione, and ascorbic acid.
Thus, microbes play a vital role in
mitigating abiotic stress by various mechanisms
as discussed earlier. Application of these
organisms as biofertilizers to crop can
significantly improve the performance of the
crop during unfavourable environmental
conditions.

Plants adjustment to dry spell stress is
related with metabolic modifications that
lead to the aggregation of a few good
osmolytes like proline, sugars, polyamines,
betaines, polyhydric alcohols and other
amino acids
PGPR emit osmolytes in the time of drought
stress, which acts synergistically with plant
delivered osmolytes and animate plant
development
Trehalose, a non-lessening disaccharide
goes about as osmoprotectant by settling
dehydrated catalysts and membranes
Choline assumes a basic job in plant stress
resistance, essentially for improving glycine
betaine (GB) blend and accumulation.
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The EPS discharged into the soil as capsular
and ooze materials by soil organisms can
shape a defensive capsule around soil
aggregates.
EPS creation by organisms shields them
from ungracious conditions and empowers
their survival.
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paddy is called khaira, little leaf in cotton, and
white bud in maize.

Zinc as a Micronutrient
Zinc is one of the basic micronutrients and a
significant constituent of a few catalysts and
proteins which is required in the arrangement of
chlorophyll and a few carbohydrates. It is
fundamental in the development of auxins,
which help with regulation of growth and stem
elongation and to withstand cold temperatures.
It is significant in a few plant metabolic
procedures, for example, catalyst initiation like
RNA polymerases, superoxide dismutase,
alcohol dehydrogenase, and carbonic anhydrase.
It additionally assumes a noteworthy job in
chloroplast function which most significant is
the repair procedure of photosystem II by
turning over photodamaged D1 protein. Zn is
required for the production of tryptophan,
which is the forerunner for the synthesis of IAA.
The normal range for zinc in plant tissue is 1560 ppm and in the developing medium between
0.10-2.0 ppm.

Overcoming zinc deficiency by zinc solubilizing
inoculants
The quantitative and subjective yield of the
plants is firmly reliant on this micronutrient.
Supplementation of zinc as manufactured
chemicalfertilizers is demonstrated to be
insignificant because of its inaccessibility to
plants. This emergency can be forestalled by the
recognizable
proof
of
rhizospheric
microorganisms which can possibly change
different inaccessible types of the metals to
accessible structures. Exogenous utilization of
some potential Zn solubilizing microflora
improves bioavailable Zn content in soil and its
take-up by plant roots. Utilization of natural
corrections alongside potential bio-inoculants is
a superior method to beat issues related to Zn
deficiency.
Target Crops: Crops raised between pH
range of 5 to 8 ought to be connected with zinc
solubilizing inoculants particularly in rice,
wheat, pulses, citrus, pomegranate, ginger, etc.

Zinc deficiency
Despite the fact that Zn is required by the plant
in miniaturized scale, its accessibility in the soil
is exceptionally low because of different soil
factors. A few soils have poor bioavailable Zn.
Around 30% of the total soil in the world is Zn
lacking. Mineral manures are a decent
wellspring of Zn;however, it gets fixed rapidly
on soil grid. About 90% of the complete soil Zn
exist in the leftover portion

Mode of action:
Zinc solubilizing microscopic organisms
produce natural acids and change over the
insoluble zinc sulfide, Zinc oxide, and Zinc
carbonate into accessible Zinc through bringing
down the soil pH and separating the intricacy
and boost the harvest yield and soil fertility.

Symptoms of Zinc deficiency

Mechanism of zinc solubilization by
microorganisms.

The majority of the zinc-insufficient plants show
low degrees of auxin, interveinal chlorosis,
Brown spots on upper leaves, diminished plant
height and distorted leaves. The lack of zinc in
VOLUME NO. 16, ISSUE NO.1

Organic matter deterioration
Soil organic matter increases the solvency of Zn
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and decreases fixation, which results in its more
take-up by plant roots. Organic matter boosts
the dissolvability of Zn in soils. With an increase
in organic carbon, extractable Zn likewise
increases.

Decrease in pH
It has been accounted for that the accessibility
of Zn diminishes multiple times with one-unit
increment in pH. Inoculants have been
accounted to bring down the soil pH to a decent
degree because of discharge of some organic
acids and protons expulsion. Glucanoactobacter
diazotrophicus produces 5 ketogluconic acid,
Aspergillus niger produces citrus and oxalic
acid and Pseudomonas fluorescensemits
gluconic acid and 2-ketogluconic acid during
solubilization of Zinc.

Zn-chelation
The chelates of microflora are the metabolites,
structure edifices with Zn2+, which lessens their
response with the soil. These Zn chelates in this
way move towards the roots and discharge
chelating ligand (Zn2+) at the root surface.
Pseudomonas sp. and Agrobacterium sp.
activate Zn by creating chelating agents like
ethylene diamine tetraacetate (EDTA).

Requirements

Base

Carrier-based in form of
moist/dry powder or granules,
or liquid-based

Viable cell count

CFU minimum 5x107 cells/g
of powder, granules or carrier
material on dry wt basis or
1x108 cells/ml of liquid.

Contamination level

No contamination at 105
dilution

pH

6.5-7.5 for carrier based in
form of powder or granules
and 5.0 – 7.5 for liquid-based

Particles size in case of
carrier-based material

Powdered material shall pass
through 0.15-0.212mm IS
sieve

Moisture percent by
weight, maximum in case
of powder-based

30-40%

Efficiency character

Minimum 10 mm
solubilization zone in
prescribed media having at
least 3 mm thickness

Bacterial Inoculants
Pseudomonas and Bacillus can solubilize
different Zinc compounds like Zinc sulfate, Zinc
oxide, and Zinc carbonate to a decent extent.it is
seen
that
practically
5.6-time
higher
bioavailable Zn in immunized soil contrasted
with uninoculated soil.
A portion of the bacterial inoculants include
Pseudomonas aeruginosa Stenotrophomonas
maltophilia,
Mycobacterium
brisbanense,
Enterobacter
aerogenes,
Xanthomonas
retroflexus, Gluconacetobacter diazotrophicus,
Pseudomonas
fluorescens,
Bacillus
sps.,
Rhizobium
leguminosarum,
Azotobacter
chrooccoccum, Azospirillum brasilense etc.
Advantages to the crop: Control khaira
sickness in paddy, increment in harvest yield
and the nature of the produce, improve soil
productivity and enact hormones, improve root
and
plant
development
and
improve
photosynthetic action.

Changes in root architecture
Because of low exogenous supply, depletion
zones are fixedfor the roots. Mycorrhizae can
defeat this, that can gain Zn from a distance of
40 mm away from the root surface. Ex. Glomus
intraradices - removes Zn 50 mm from the
roots. Without Zn treatment, mycorrhizal fungi
essentially boost root length, spread and volume
of roots. This builds the Zn focus in the plants
up to 4%.

Production of Zinc solubilizing inoculants
Zinc solubilizing isolates are isolates by serial
dilution and plating method. The rhizosphere
soils are serially diluted and plated in TRIS
minimal media containing inorganic zinc
sources as supplement and incubated in room
temperature. The bacteria showing highest zone
of solubilization around the colonies after 3 days
are selected for bio-inoculum production.
October, 2019
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Microbial surface-active compounds are a group
of fundamentally diverse molecules delivered by
various microorganisms and are basically
characterized by their concoction structure and
origin. They are comprised of a hydrophilic
moiety, containing an acid, peptide cations, or
anions, mono-, di-or polysaccharides and a
hydrophobic moiety of unsaturated or saturated
hydrocarbon chains of fatty acids. These
structures give a wide scope of properties,
including the capacity to lower surface and
interfacial pressure of fluids and to form
micelles and microemulsions between two
unique stages. These compounds can be
generally separated into two primary classes.
Low-molecular-weight
compounds
called
biosurfactants, for example, lipopeptides,
glycolipids, proteins and high-molecular-weight
polymers
of
polysaccharides,
lipopolysaccharides proteins or lipoproteins that
are all in all called bioemulsans or
bioemulsifiers. The previous group incorporates
molecules which can proficiently lessen surface
and interfacial pressure, while the last is
amphiphilic and polyphilic polymers which are
normally increasingly successful in settling
emulsions of oil-in-water, however, don't bring
down the surface tension to such an extent.

to be hydrocarbon degraders.
Fungal
biosurfactants:
Bacterial
biosurfactant synthesis has been investigated
widely but extremely fewer organisms are
known to deliver biosurfactants like Aspergillus,
Dietzia sp., Gordonia sp., Williamsi sp.,
Tsukamurella sp.

Classification of biosurfactants
Biosurfactants obtained from organisms are
grouped by their chemical synthesis and the
microbial source, sorts of biosurfactants and
particular
synthesizing
microorganisms.
Depending on the mass, the biosurfactants are
partitioned into two groups, the low mass
biosurfactant include glycolipid, phospholipid,
lipopeptides, lipoproteins and fatty acids and
the high mass biosurfactant involves polymeric
and particulate surfactant.

Biosurfactant production
Bushnell Haas broth is used as production
medium and inoculated with 24-48h old
bacterial culture arranged in Nutrient broth
medium or 144-168h old fungal culture
arranged in potato dextrose and broth medium
incubated at room temperature in a shaking
condition. Enable the culture to develop under
ideal condition for 7-10 days. Centrifuge the
culture broth at 10000 rpm for 15 min to
evacuate the cells so as to acquire clear clean
supernatant.

Sources of biosurfactants
Bacterial biosurfactants: Several bacterial
species
viz.,
Pseudomonas
aeruginosa,
Mycobacterium sp., Arthrobacter sp., are
biosurfactant makers and furthermore observed
VOLUME NO. 16, ISSUE NO.1
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1.
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2.

3.

three volumes of chilled acetone added to
the unrefined biosurfactant solution and
permitted to stand for 10 h at 4°C. The
precipitate is collected by centrifugation at
10,000 rpm for 20 min and the subsequent
pellet is filled in as halfway sanitized
biosurfactant which is additionally to
dryness to expel residual acetone after that
dissolved in sterile water.
Acid precipitation technique: Biosurfactant
can likewise be hastened by managing pH of
the cell-free broth to 2.0 pH with 6 N HCl
and incubating at 4°C for medium-term.
Hastened pellets collected by centrifugation
(8000 rpm for 15 min at 20°C) and
dissolved
germ-free
distilled
water.
Afterward, pH is brought to 8.0 and
maintained for subsequent utilization.
Ammonium sulfate precipitation: This is
utilized for precipitation of biosurfactants of
high-sub-atomic weight like emulsan, bioscattering (protein-rich mixes). According
to the type of biosurfactant, an alternate
centralization of ammonium sulfate is being
utilized. If there should arise an occurrence
of ammonium sulfate precipitation, the
rhamnolipid is hastened by salting out
procedure and the item is additionally
cleaned by a dialysis methodology and
lyophilized.

2.

a)

3.

4.

5.

Utilization of Biosurfactant
1.

biopesticide
Application in microbial improved oil-slick
clean-ups.

Applications in horticulture.
a) The biosurfactants have antimicrobial
property can be utilized generally in the
regions identified with horticulture for
the administration of various malady
brought about by organisms.
b) Several microscopic organisms produce
lipopeptide biosurfactants which show
insecticidal action against natural
product fly Drosophila melanogaster
and subsequently can be utilized as

Certain organisms, for example,
Pseudomonas aeruginosa, Bacillus
subtilis, and Torulopsis bombicola have
been accounted for to use hydrocarbons
and unrefined petroleum as a sole
carbon source and can likewise be
utilized for oil spill clean-ups.

Application in the food production industry.
a) Due to their capacity to diminish the
surface and interfacial pressure, they
are utilized as food formulation
ingredient to advance the development
and adjustment of emulsions of milk,
margarine, dessert.
b) Enhance timeframe of realistic usability
of starch-containing items, alter
rheological properties of wheat batter
and improve consistency and surface of
fat-based items.
Can be utilized as clothing detergents,
rather than engineered surfactants which
are dangerous and non-biodegradable.
Application in the cosmetic industry: In the
arrangement of shower items, in creepy
crawly anti-agents, skin inflammation
cushions, against dandruff items, infant
items, toothpaste, contact lens, lipsticks,
and dentine chemicals.
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PusaMeghali: This variety wasalso
developed at IARI, New Delhi. It has orange
flesh, self-colouredcore and short top. It is
suitable
for
sowing
from
AugustSeptember. Average yield is 25-30 t/ha.
Selection 223: It was developed by PAU,
Ludhiana. Its roots are orange in colour
with light orange flesh.
No. 29: It is also a carrot variety which was
developed by PAU, Ludhiana. Roots are
long tapering and light and this variety is
red in colour.

Carrot [Daucus carota (L.)] also known as
“gajar” in Hindi belongs to family Umbelliferae.
Carrot is a cool season crop and it will develop a
good colour when grown at 15°C to 20°C. The
soil required for crop is deep loose loamy soil. It
requires a pH which is ranging from 6.0 to 7.0
for higher production. On hills, carrot can be
grown throughout the year at an elevation
above 1500 metres with assured irrigation. But
at elevations between 1000-1500 metres, it can
be grown during July – February. On plains,
planting can be done during August. Seed rate
required in case of carrot is about 4 kg/ha.The
yield is generally25 – 30 t/ha in 100 – 120 days.
When there is a sudden increase in soil
moisture after prolonged drought, splitting of
roots occur which is a physiological disorder
usually seen. Another phenomenon,forking
occurs in the hard soil which does not allow the
straight growth of tap root which results in
formation of forked root. Forked roots and split
roots fetch poor price in market. Keeping the
soil moisture at optimum condition will help to
keep the soil loose, thereby help to avoid splits
and forked roots.Carrots also come in
several Types that vary in size and shape, as well
as a range of colors, from the classic deep
orange to purple, white, yellow and red.
Some of varieties with their characteristics
are as follow:

Temperate Types
Nantes Half Long: It has cylindrical
stumpy roots, orange-scarlet with selfcolouredcore. The crop matures in 110-120
days.
Early Nantes:It is an European cultivar. It
has
almost
cylindrical
roots
terminatingabruptly in small thin tail. This
variety has excellent quality but has a weak
brittletop due to which pulling is difficult.
Due to thin skin and finetexture, it can be
stored for a limited period. Crop matures
within90-100 days.
Chantenay: This is an excellent cultivar
used for canning and storage. Its roots
areattractive orange smooth, thick at the
shoulders with gradualtapering. It is juicier
with less fibre content.
Imperator: It is a mid-season to latematuring cultivar.It has white deeporange
roots. Roots are 15-17.5 cm long and 2.4-4.5
cm indiameter.It has tapering to slightly
rounded end.
Zeno: This variety is popular in Nilgiri
hills. It is a high yielding variety.It is
famous for its quality andflavour.

Tropical types
PusaKesar: This variety was developed at
the IARI, New Delhi. It has red-coloured
roots andself-coloured core. It can tolerate
higher temperatures. This variety of carrot
can be grown from August to early October
and crop matures in 90-110days with
average yield 30 t/ha.
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maturing variety and crop matures early by
7-10 days than Early Nantes.

PusaYamdagini:
This variety was
developed at RRS, Katrain. It has orange
flesh with self-colouredcore. It is an early
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Conservation agriculture can be defined as “a
concept for resource-saving agricultural crop
production that strives to achieve acceptable
profits together with high and sustained
production levels while concurrently conserving
the environment” (FAO 2007).
Agriculture is one of the most important
sectors in the economies of most nations (New
Standard 1992). At the same time, conservation
may be defined as the use of resources in such a
manner that safely maintains a resource that
can be used by humans. Today, conservation
has become critical because as we know the
global population has increased over the years
and more food needs to be produced every year
(New Standard 1992). Sometimes conservation
agriculture may be referred to as agricultural
environmental management.
Key principles: Conservation agriculture
has three principles that producers (farmers)
can proceed through, as defined by The Food
and Agriculture Organization of the United
Nations (FAO). These three principles define
clearly what conservationists and producers
believe can be done to conserve what we use for
a longer period of time.
1.

2.

The first key principle is practicing
minimum soil disturbance which is
essential to maintain minerals within the
soil, stopping erosion, and preventing water
loss from occurring within the soil. In the
past, soil tillage was the main process in the
introduction of new crops to an area as it
was believed that tilling the soil would
increase fertility within the soil through
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mineralization that takes place in the soil.
But it was also believed that tilling of soil
can cause severe erosion and crusting that
leads to a decrease in soil fertility. But now,
tillage is seen as the process that destroys
organic matter that can be found within the
soil cover. Zero-tillage farming has caught
on as a process that can save soil organic
levels for a longer period and still allow the
soil to be productive for longer periods
(FAO 2007) and as a result, minimum soil
disturbance also reduce destruction of soil
micro and macro-organism habitats that is
common
in
conventional
ploughing
practices.
The second key principle also dealing with
protecting the soil. But here, the principle is
to manage the top soil to create a
permanent organic soil cover which can
allow for growth of organisms within the
soil structure which will break down the
mulch that is left on the soil surface. The
breaking down of mulch will produce a high
organic matter level which will be beneficial
for plants as it will act as a fertilizer for the
soil surface. If conservation agriculture
practices were used for many years,enough
organic matter will built up at the surface
and then a layer of mulch would start to
form. This layer of mulch would help
prevent soil erosion from taking place and
ruining the soil's profile or layout. This
mulching will also reduce the velocity of
runoff and the impact of rain drops and
thus reducing soil erosion and runoff.
The third principle behind conservation
VOLUME NO.16, ISSUE NO.1
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agriculture is practicing diverse crop
rotations or crop interactions. The
conservation agriculture and sustainable
agriculture, crop rotation can be used as a
disease control against other preferred
crops and this process will not allow pests
such as insects and weeds to be set into a
rotation with specific crops. In this case,
rotational crops will act as a natural
insecticide and herbicide against specific
crops. This will help to eliminate problems
with yield reduction and infestations within
fields (FAO 2007). Crop rotation can also
help build up soil infrastructure. Crop in a

rotation allows for an extensive buildup of
rooting zones which will allow better water
infiltration. Also, organic molecules present
in the soil break down into phosphates,
nitrates and other beneficial elements
which are thus better absorbed by plants.
Due to plowing,there is an increasein the
amount of oxygen in the soil and this will
also increases the aerobic processes,
hastening the breakdown of organic
material. Thus, more nutrients are available
for the next crop but, at the same time, the
soil is depleted more quickly of its nutrient
reserves.
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Glomalin is a fungal protein that is operationally
quantified from soil asglomalin-related soil
protein. Glomalin was thought to be exuded by
the living fungus. Glomalin is only release by an
AMF into the soil environment during hyphal
turnover and after the death of the fungus. AM
adds to small scale aggregate development in
soils due the creation of glycoprotein called
"glomalin". Glomalin that acts as glue for soil
structure.Hyphae form a frame for soil particles
to collect into aggregates which are coated with
glomalin.
Glomalin is an N-linked glycoprotein
whichcontains 0.8 to 8.8 % iron which may be
responsible for the reddish colour of glomalin
extracts.Iron concentrations protect glomalin
from degradation. Fe in glomalin may increase
the thermal stability and antimicrobial
properties of glomalin.

Because it is gluelike in nature andattaches to
soil surfaces, glomalin islikely hydrophobic in
its native state. Glomalinis extremely “tough”. It
is resistant to microbial decay (lasting at least 10
to 50 years) and does not dissolve easily in
water. Glomalinis soluble at high temperatures
(121 ºC or 250 ºF). These properties make
glomalina good protector of hyphae and soil
aggregates. The unusual extraction conditions
remove high quantities of the rich organic
material i.e. glomalin leaving soil a mineral grey
color. Glomalinaccounts for a large amount
(about 15 to 20%) of the organic carbon in
undisturbed soils. It is insoluble and resistant to
acid hydrolysis.

Functions of glomalin
Soil aggregation is a significant and complex
procedure in soil environments, which depends
on soil organisms to give cementing effect for
soil particles together. This procedure is
profoundly subjected to the development and
steadiness of soil aggregates. Soil aggregation is

Properties of glomalin
Glomalin is a stable compound, insoluble in
water and resistant to heat degradation.
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an important and complex process in soil
ecosystems, which relies on soil microbes to
provide adhesive effects on soil particles
together. This process is highly dependent on
the formation and stability of soil aggregates.
Soil aggregate stability plays an important role
in soil quality, which protects soil organic
materials from microbial decomposition and
also prevents the degradation of soil structure.
AMF are considered to stabilise soil aggregates,
because mycelium and GRSP of AMF have a
positive correlation with soil aggregate stability
in natural systems.GRSPs stabilise the
macroaggregates (> 0.25 mm) to improve soil
structure through their glue function and the
function is more significant under drought
stress than under salt stress.

Reduction of greenhouse gases
Through land use change, the farming area has
turned into a noteworthy supporter of an earthwide temperature boost. Poor management
practices that destroy the soil structure and
increases CO2 emissions from soil any practice
that promotes aggregate formation and
stabilization will reduce soil C losses. Glomalin
can contribute immensely in reducing the
release of N2O into the atmosphere. Apart from
being a N pool, glomalin may diminish N losses
by the indirect influence on nitrification and
denitrification. For example, at saturation, a
poorly aggregated soil becomes anaerobic,
which stimulates denitrification.

Role in Carbon sequestration

Glomalin can diminish water loss within soil
aggregates under drought stress as they appear
to frame a hydrophobic membrane on the soil
aggregate surface. In addition, large polymers
can be formed from fine soil particles as
glomalin can cement the polymers in the
diameter of <0.25 mm size to finally stabilize
soil unit. Glomalin can bind diversely measured
soil aggregates to upgrade soil solidness for
storing water or improving soil physical and
concoction properties.The glomalin permit the
soil to retain water, reduce soil erosion and
compaction, facilitate better root penetration
and improves soil physical properties.

Glomalin accounts for 4 to 5 % of total C and N
in soils and the contributions of the glycoprotein
to total carbon were greater than microbial
biomass carboncan be because of the slow
turnover rate of glomalin and its ability to
accumulate in soil. Reductionsin soil C and N
content due to AMF suppression andrelated it to
significant decreases in AMF hyphae andGRSP
concentrations. They speculated that decreases
inAMF hyphae and GRSP concentrations led to
the lossesof C and N protected in macro
aggregates by reducing aggregatestabilization.
Nevertheless, not much is known about
thedirect influence of glomalin on organic C
storage, since mostof its relation to C storage is
by virtue of stabilizing aggregates.

Provides protection from stress tolerance

Assumes real job in heavy metal seizure

Glomalin has been linked with heat shock
protein 60 (hsp60), which are proteins
produced by eukaryotic and prokaryotic cells
when under environmental-related stress
conditions, such as increased temperatures, pH
change, and starvation. The amino acid
sequences of glomalin are related to hsp60,
thereby confirming that glomalin may be
serving a protective function for AMF as a
stress-induced protein. Glomalin production
decreases as AMfungal growing space increased.
The unfavorable growing conditions may
enhance glomalin production by AMF.

Soil is contaminated with various heavy metals
from many industries like tanning, textile, and
other types. Toxic metals accumulate in the soil,
which negatively affects plant growth and crop
yield and even harms human health through
enlarged food chain. Toxic metals are related to
the behavior of plants in the soil and their
bioavailability. AMF are critical to the
establishment of sites and the adaptability of
plants in serious destruction, including soils
contaminated by toxic metals. AMF reduce the
toxicity of toxic metals to plants by converting,
accumulating and transferring them. The cell

Decrease in soil and water erosion
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wall of AM fungi has many cations which bind
with the toxic metals like Cu, Pb, Cd and Cr.
Under heavy metal medications, the
convergence of glomalins fundamentally
increases with increasing grouping of toxic
metals under mycorhizal conditions, indicating
that glomalin may have a filtering impact on
toxic metals. Root total glomalin content of
Sophoraviciifoliawas increased with the
increase of soil Pb concentration under
mycorrhizal conditions, indicating that AMF
alleviate Pb stress by adsorption of GRSPs. It
seems that GRSPs have the buffer capacity on
toxic metal release to protect the host plant. The
GRSPs secreted by AMF had a high binding
capacity for certain toxic metals (Cu, Cd and

Pb). Possibly, GRSPs can stabilise toxic metals
and reduce the availability of toxic metals,
thereby reducing the impact of toxic metals on
other soil microorganisms and plants. In
addition, GRSP can combine Cu, Ni, Pb and Co
by 2.3%, 0.83%, 0.24% and 0.24%, respectively,
thus reducing the bioavailability of toxic
elements.
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utilization
of
manufactured
compound
fertilizers has prevalently expanded all through
the world. Also, utilizing the extreme amount of
fertilizers break down the different soil
characteristics and spoil the water body. So,
utilizing VAM as a biocontrol agent in presentday sustainable farming, as far as different
parameters like reduction of damage brought
about by different pathogens, cost viability,
energy sparing and eco-friendly are concerned.

Introduction
The arbuscular mycorrhizal (AM) interaction is
a mutualistic affiliation framed between the
underlying foundations of higher plants and
soil-borne organisms. As all the mutualistic
beneficial co-activities, the two accomplices
(fungi and plant) havethe advantageous
interaction. Mycorrhizal organisms’ form
symbiotic associations with plant established in
a same way of root nodulebacteria. The AM
growths take up a huge amount of all plant
photosynthetically fixed carbon, while the
mycorrhizal plant gets supplements, for
example, inorganic phosphate by means of the
AM fungal hyphae.
Biological control utilizing AM organisms
has exceptional importance being a sustainable
and financially significant system for the
constructive outcomes on plant development
and sustenance.

Mechanism of VAM
Change in root growth and morphology
The colonization by AM organisms brings about
morphological changes to the root, prompting
an expanded surface region of root. Roots offer
auxiliary support to the plants and improve the
capacity in the retention of water and supply
mineral supplements for a wide scope of
microorganisms. AM fungi colonized roots
being all the more exceptionally spread, i.e., the
root framework contains shorter, increasingly
extended, extrinsic underlying foundations of

Why VAM as Biocontrol agent
In the present rural framework, the improper
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bigger distances across and lower explicit root
length. The AM immunized plants have a solid
vascular framework, which gives more
noteworthy mechanical solidarity to decrease
the impacts of pathogens and AM parasitic
colonized plant would give fewer contamination
locales to a pathogen to create.

The rivalry of colonization locales and
photosynthates
AM fungus and soil-borne plant pathogens
involve same root tissues and there will be an
immediate challenge for space if colonization is
happening simultaneously. In the event that AM
organisms and plant pathogens are colonizing
similar host tissues, there will be rivalry for
space because of the fact that both typically
create inside various cortical cells of roots.

Physiological and biochemical changes
Phenolic mixes created from mycorrhizal
colonization assume a role in systemic
resistance to biotic stress. Generation of
phytoalexin and flavonoids is more noteworthy
on mycorrhizal roots than on non-mycorrhizal
roots and which assumes a significant role in the
host protection framework against a pathogen.
lignin and phenols generation by mycorrhizal
plants decrease nematode propagation. Increase
in phenylalanine, arginine and serine fixations
in roots because of vaccination with AM
organisms known to be inhibitory to root-knot
nematodes. The improved lignification of
endosperm cell walls, vascular tissues and
increased concentration of antifungal chitinase
in AM roots.

Enactment of the protection system
The enactment of explicit plant defence
mechanism as a reaction to AM colonization is a
conspicuous reason for the defensive conduct of
AM growths. In connection to plant protection
applicable compounds include phytoalexins,
compounds of the phenylpropanoid pathway,
chitinases,
1,
3-glucanases,
peroxidases,
pathogenesis-related (PR) proteins, callose, and
phenolics. Phytoalexins are low-sub-atomic
weight, toxic compounds for the most part
amassing with pathogen assault and are
discharged at the locales of contamination. Both
phenylalanine ammonium-lyase (PAL), the
primary compound of the phenylpropanoid
pathway, and chalcone isomerase, the second
protein explicit for flavonoid/isoflavonoid
biosynthesis, increased amount and action
during early colonization of plant roots by AM
fungi. These outcomes recommend that AM
growths start a host guard reaction which is
accordingly stifled.The increased lignification of
root endodermal cells induced by AM
colonization plays an important in the plant
defencemechanism.
In mycorrhizal roots, development of the
pathogen was normally limited to the epidermis
and cortical tissues, while in non-mycorrhizal
roots the pathogen grew further, tainting even
the vascular stele.

Changes in host nourishment
Mycorrhizal plants contain higher convergences
of phosphorus than the non-mycorrhizal plants.
Improvement of phosphorus sustenance
following AM colonization of phosphorusinsufficient roots brings about a decline in
membrane penetrability and decrease in root
exudation. Increment in plant development
after root colonization by AM organisms is
because of progress in the mineral supplement
status of host plant. Susceptibility of host to
disease can likewise be affected by the nutrient
status of the host and fertility status of the soil.
Increasednutrient take-up made conceivable by
the AM beneficial interaction brings about
increasingly vigorous plants, the plant itself may
consequently be progressively impervious to or
tolerant to pathogen attack. Improved Psustenance could represent the higher resilience
of mycorrhizal plants to pathogens
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Mycorrhizosphere
AM fungal colonized plants vary from nonmycorrhizalcolonisations as far as microbial
network arrangement of the rhizosphere. These
distinctions have been credited to adjustments
in root aeration rate and quality and quantity of
38
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exudates. Plant root frameworks colonized by
AM growths contrast in their impact on the
bacterial organization inside the rhizosphere
and rhizoplane. The quantity of facultative
anaerobic
microorganisms,
fluorescent
pseudomonads, Streptomyces species and
chitinase
delivering
actinomycetes
vary
contingent upon the host plant and the
disconnect of AM growth. Moreover, additional
radical hyphae of AM growths give a physical or
wholesome
substrate
for
microscopic
organisms.
Changes in microbial populaces initiated by
AM arrangement may prompt incitement of the
microbiota which might be hostile to root
pathogens. The decrease in pathogen populaces
in mycorrhizosphere soil and a relating decrease
in root-decay in AM plants contrasted and nonAM plants, most likely because of the expanded
opposition in the AM mycorrhizosphere. AM
growths and PGPR may collaborate in
symbiosis, improvement in plant growth,

enhancement of plant development and
nourishment,biological
control
of
root
pathogens, improved nodulation on account of
vegetables.

Damage compensation
AM organisms increase host resistanceto
pathogen assault by making up for the loss of
root biomass brought about by pathogens.This
speaks to a backhanded commitment to
biocontrol through the preservation of rootsystemfunction, by parasitic hyphae becoming
out into the soil and expanding the surface of
the roots, by the upkeep of root cell action
through arbuscular development.
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aquatic culture systems and the diversity of
culture species and pathogens, few antibiotics
maybe given license for efficient and safe use.
Currently, very few numbers of governmentapproved antibiotics and chemotherapeutic
agents are used for the prevention and curing of
infectious aquatic diseases. At present, there is
an urgent need to discover new alternatives or
approaches for the abuse of antibiotics. The use
of probiotics, which suppress the pathogens
through a variety of mechanisms, is increasingly
viewed as an alternative to antibiotic treatment.
Characteristics
of
effective
probiotics:Able to survive the passage through
the digestive system, attach to the intestinal
epithelia and colonize, maintain good viability,
utilize the nutrients and substrate in a normal

Introduction
The aquaculture industry is rapidly growing and
is now considered a major contributor to global
food production. The growth of the aquaculture
sector is higher than any other types of animal
food production systems as given by the United
Nations Food and Agriculture Organization. To
meet the global demand, aquaculture
production practices have been intensiﬁed to a
greater extent both in technological and
practical measures.
The occurrence of antimicrobial residues in
products of aquaculture threat human health.
Thus, the excess and improperutilization of
antibiotics for fish has increasingly become a
matter of public concern. the complex nature of
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diet. They should beNon-pathogenic and nontoxicand capable of exerting a beneficial effect
on the host

6.

Modes of action of probiotics
1.

2.

3.

4.

5.

Production
of
inhibitory
compounds:Probiotic bacteria secretea
number of chemical compounds that are
inhibitory to both gram-positive and gramnegative
bacteria.
These
include
bacteriocins,
siderophores,
lysozymes,
proteases, hydrogen peroxides, etc. Lactic
acid bacteriaproduce a few compounds such
as bacteriocins that are inhibitory to other
microbes and result in the reduction of pH
in the gastrointestinal lumen, thus
preventing
growth
of
opportunistic
pathogenic microorganisms
Competition for nutrients:Probiotics
use nutrients which are otherwise utilized
bypathogens. Competition for nutrients
plays a significant role in the composition of
the microbiota of the intestinal tract or
surrounding environment of the cultured
aquatic
organisms.
Hence,
successfulapplication of the principle of
competition to the natural situation is not
easy and this remains a major task for
microbial ecologists.
Competition for adhesion sites:
Probiotic organisms compete with the
pathogens for the adhesion sites and food in
the gut epithelial surface and finally prevent
their colonization. The capacity to adhere
and grow on or in intestinal or external
mucous has been shownin vitro for fish
pathogens
like
Vibrio
anguillarumandAeromonashydrophila.
Enhancement of water quality:
Probiotics also help improve the water
quality in aquaculture ponds. This is
because of the probiotic bacterial ability to
participate in the turnover of organic
nutrients in the ponds.
Interaction
with
phytoplankton
:Probiotic bacteria have a significant
algicidal effect on many species of
microalgae, particularly of red tide
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plankton.
Enhancement of immune response:
The non-specific immune system can be
stimulated by probiotics. It has been shown
that
oral
administration
of
Clostridiumbutyricumbacteria to rainbow
trout enhanced the resistance of fish to
vibriosis, by increasing the phagocytic
activity of leucocytes

Probiotics

Aquatic species in
which probiotics are
used

Beneﬁcial
effects

Pseudomonas
aeruginosa

Penaeus
latisulcatus(Western
king prawns)

General
health and
immune
status
improved

Bacillus subtilis

Labeorohita(Indian
major carp white
shrimp)

Immunity
increased
and
decreased
the mortality
rate

Lactobacillus
acidophilus

Oreochromis niloticus
(Nile tilapia)

Immunity
increased

Streptococcus
faecium

Oreochromis niloticus
(Nile tilapia)

Improves the
growth and
intestinal
micro ﬂora

Different species of probiotics used in
aquaculture and their beneﬁcial effects

40

Probiotic strain Source

Used on

Method of
application

Bacillus
megaterium

Commercial
product
(Biostart)

Channel
catﬁsh

Addition to
pond water

Aeromonas
hydrophila

Digestive
Rainbow
trout
tract of
rainbow trout

Addition to
diet

Pseudomonas
ﬂuorescens

Iced
freshwater
ﬁsh

Rainbow
trout

Addition to
culture water

Enterococcus
faecium

Commercial
product
(Cernivet)

Anguilla
anguilla

Addition to
diet
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negative impacts such as residual toxicity,
emerging drug resistance, immune suppression
and reduced consumer preference for drugtreated aquatic products in the market.
Hence,the demand for non-antibiotic-based,
environmentally friendly agents is highly
desired for health management in aquaculture.
Use of probiotics is an effective alternative
sustainable source of beneﬁcial microbes with
bactericidal effect on pathogenic bacteria, with
anti-bacterial, anti-viral and anti-fungal activity.

Benefits of probiotics in aquaculture








Live microbial feed supplement which
beneficially affects the host animal by
improving its intestinal microbial
balance
The benefit of the supplement includes
improving feed value, inhibition of
pathogenic microorganisms,
Improves the growth and increase
immune response
Reduction in mortalities
Use of bacillus species improves water
quality, survival, growth rate and health
status of the organism
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Conclusion
Antibiotics used in aquaculture pose some
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rootstocks have been mentioned and are used in
breeding programs. Identification of stress
tolerant root stock and scion that have the
capacity to reduce the use of water or can absorb
the water from deep soil layer are very
important in grafting. Following are the steps
involved in grafting,
1. Vertical Incisions on the root stock:
Make 3 inch vertical incision on root stock
to attach the scion.
2. Prepare the scion: Prepare the scion by
trimming 1/2 inch off the bottom to show
fresh, green wood.
3. Connect scion and root stock: Place the
cut end of the scion inside the root stock,
lining up the cut surface with a flap.
4. Secure the graft: Use the rubber band to
hold the flaps in place. Make sure the
cambium tissue of the scion is seated
against the cambium tissue of the rootstock.
5. Protect the graft: Protect the graft by

Introduction
Water is the central molecule of all physiological
processes of plants by being the major medium
for transporting metabolites and nutrients.
Grafting is a popular method of plant
propagation where in tissues of the plants are
joined so as to continue their growth together.
The upper most part of the drafted plants is
called ‘scion’ and the lower part is called
rootstock. Success of any grafting requires the
compatibility of vascular tissues thereby joint
growth of tissue to make it as a perfect plant.
Many of the researchers studied scope of
enhancement of water stress tolerance in plants
through grafting.

Grafting for water stress tolerance
The stionic effect (effect of root stock on scion
and vice versa) has been used for various
prospects of biotic and abiotic tolerant breeding
programme for a long time. Several effective
VOLUME NO. 16, ISSUE NO.1
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wrapping it with a piece of heavy-duty
aluminum foil, then a piece of plastic.

Drought accelerated abscisic acid (ABA)
accumulation in roots, xylem sap and leaves,
and induced the transcript of ABA signaling
genes, leading to a decreased stomatal aperture
and transpiration in the plants grafted onto luffa
roots as compared to plants grafted onto
cucumber roots (Liu et al., 2016). Luffa plants
with luffa as rootstock have intrinsically
increased water use efficiency, decreased
transpiration
rate
and
less
affected
CO2 assimilation capacity following drought
stress over those with cucumber as rootstock.

Response of grafted plants under water stress
Scion transpiration rate and its acclimation to
water deficit are controlled genetically by the
rootstock,
through
different
genetic
architectures of rootstock in case of grafting.
Drought-induced inhibition of growth was
significantly alleviated in rootstock-grafted
plants, as was evidenced by the physiological
indexes, such as much higher SOD (superoxide
dismutase) and CAT (Catalase) activities, higher
levels of proline accumulation and lower levels
of lipid peroxidation. Grafting with rootstock
genotypes tolerant to drought could improve
drought stress tolerance in tobacco by
regulating antioxidant enzyme activities and
stress-responsive gene expression (Liu et al.,
2014).

Effect of rootstock on the tolerance to
drought stress with different growth
substrate water content in cucumber (CsCucumber, Lc- Luffa)

In citrus, the tetraploid clones show
increased tolerance to drought over diploid
clones, which is evidenced by modified
expression of the genes in the roots that regulate
long-distance ABA signaling and adaptation to
stress (Allarioet al., 2013).
Importance
of
selecting
grafting
combinations that are able to develop a deep
and vigorous root system, and of increasing the
root to shoot ratio. Moreover, root anatomical
characteristics (e.g., vessel size and density) and
rooting hydraulic conductance may also play a
pivotal role in increasing drought resistance of
grafted plants.
Drought resistance of grafted plants can
October, 2019

bring by following modifications: (Kumar et al.,
2017)
Root traits: a deeper and more extensive
root system, higher root hydraulic
conductance, faster induction of hormone
accumulation (like ABA)
Scion-rootstock
communication:
water, nutrient and hormonal flow
Scion
morpho-physiological
characteristics: increase in harvest index,
decrease in leaf growth, reduction in
stomata density, better osmoregulation,
higher antioxidant activity.
The main limitation in grafting is non-
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availability of stress tolerant root stock and
incompatibility of scion and rootstock may leads
to the failure.

Efficiency.Front. Plant Sci.
Liu, J., Li, J., Su, Z. and Xia, Z. 2014. Grafting
improves drought tolerance by regulating
antioxidant enzyme activities and stressresponsive gene expression in tobacco. Environ.
Exp. Bot. 107:173-179
Liu, S., Li, H., Lv, X., Ahammed, G.J., Xia, X.,
Zhou, J., Shi, K., Asami, T., Yu, J. and Zhou, Y.
2016. Grafting cucumber onto luffa improves
drought
tolerance
by
increasing
ABA
biosynthesis and sensitivity. Sci. Rep.6
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Water Stress Response Mechanism in Plants
Arun Chacko and Shahiba A M
Department of Plant Breeding and Genetics, College of Agriculture, Vellayani (KAU

Introduction
Water stress on arable plants in different parts
of the world disrupt agriculture and food supply
with the final consequence i.e, famine. 54% of
India faces high to extremely high water stress.
In Kerala there has been 33.7% deficit in SouthWest monsoon and 61.5% deficit in North-East
monsoon during 2016 (IMD, 2016). Factors
controlling stress conditions alter the normal
equilibrium and leads to a series of
morphological, physiological, biochemical and
molecular changes in plants which adversely
affect their growth and productivity. In case of
vegetables water stress drastically reduces the
production and the productivity because of their
requirement of water throughout the life cycle.

2.

Water stress
Plants experience water stress either when the
water supply to their roots becomes limiting or
when the transpiration rate becomes intense.
Water stress is primarily caused by the water
deficit, i.e. drought or high soil salinity (Lisaret
al., 2012)

Water stress response mechanism (Kumar et al.,
2012)
1.

3.

Stress escape:The ability of a crop plant
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to complete its life cycle before
development of serious soil and plant water
deficits is called as stress escape. This
mechanism involves rapid phonological
development i.e. early flowering and
maturity, variation in duration of growth
period depending on the extent of water
scarcity.
Stress avoidance: It refers to the ability
of a crop to endure periods without
significant rainfall even as maintaining a
high plant status at high plant water
potential, i.e., dehydration postponement or
stress
avoidance.
Improving
the
mechanisms of water uptake, storing in
plant cell and reducing water loss confer
stress
avoidance.
Stress
avoidance
mechanisms
are
associated
with
physiological whole-plant mechanisms such
as canopy tolerance and leaf area reduction,
stomatal closure and cuticular wax
formation, and adjustments of sink-source
relationships through altering root depth
and density, root hair development and root
hydraulic conductance.
Stress tolerance: The ability of a crop to
endure moisture deficits at low tissue water
potential
or
dehydration
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tolerance.Osmoregulation,
osmotic
adjustment, stomatal regulation, ABA, ROS
scavenging are the processes occurring in
plants.

glycinebetaine), amino acids (proline), soluble
sugars (glucose, sucrose, trehalose), and polyols
(mannitol, sorbitol and inositol. Nodulated
plants that accumulate only small amounts of
trehalose were poor drought tolerant, whereas
those accumulating higher concentrations were
more tolerant to drought stress (48- fold)
(Rodriguez et al., 1998).

Genetic mechanism for stress tolerance
Morphological traits: Earliness, reduced
leaf area, leaf molding, wax content,
efficient rooting systemand stability in yield
and number of branches.
Physiological
traits:
Transpiration,
water-use efficiency, stomatal activity and
osmotic adjustment
Biochemical traits: Accumulation of
proline,
polyamine,
trehalose
etc.,increasing of nitrate reductase activity
and storage of carbohydrate.

Stomatal conductance and Photosynthesis
One of the basic mechanims for reducing the
impact of drought is early stomatal closure at
the beginning of the period of water deficit.
Stomatal closure has been reported in tomato at
leaf water potential between -0.7 to 0.9 MPa
(Duniway, 1971), however eggplant can
withstand a greater drought than the most other
vegetables. Drop in photosynthesis of eggplant
with decreasing leaf was less than tomato and
capsicum (Rao and Bhatt,1992).

Osmotic Adjustment
It is the active accumulation of organic solutes
in plant tissues in response to an increasing
water deficit.These compounds benefit stressed
cells in two ways: (1) by acting as cytoplasmic
osmolytes, thereby facilitating water uptake and
retention and (2) by protecting and stabilizing
macromolecules and structures from damage
induced by stress conditions. Active OA occurs
when the osmotic potential decreases due to net
increase in the active solute while passive OA
results from the reduction of osmotic potential
due to a decrease of water volume with in cell.
Higher osmotic adjustment extracted
relatively more water from the deep soil layer
(90-180 cm) than genotypes with lower osmotic
adjustment (ranging from 50 mm to 69 mm) in
Brassica genotypes (Kumar and Singh
1998).Better OA in tomato cvs.ArkaSaurabh,
Pusa Early Dwarf and Sioux, thereby relatively
higher yields in these cultivars under moisture
deficit condition (Rao and Bhatt 1992).
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Accumulation of Osmoprotectants and Stress
Related Proteins
Osmoprotectants
preserve
the
cellular
apparatus from the damage caused by
dehydration, without interfering with the
normal metabolic processes at the cellular level.
These solutes include amines (polyamines and
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23. PLANT BREEDING

Plant Breeding Innovation: CRISPR-Cas9
Dr. Satyapal Singh, Dr. Parmeshwar Sahu and Richa Sao
Department of Genetics and Plant Breeding, Indira Gandhi Krishi Vishwavidyalaya, Raipur,
Chhattisgarh

The CRISPR-Cas9 system is a plant breeding
innovation that uses site-directed nucleases to
target
and
modify
DNA
with
great
accuracy developed in 2012 by scientists from
the University of California, Berkeley, CRISPRCas9 has received a lot of attention in recent
years due to its range of applications, including
biological research, breeding and development
of agricultural crops and animals, human health
applications. These include gene silencing,
DNA-free
CRISPR-Cas9
gene
editing,
homology-directed repair (HDR) and transient
gene silencing or transcriptional repression
(CRISPRi).

3.

Scientists make use of the CRISPR-Cas9
systems’ recognition of specific DNA sequences
and apply it in the process of development of
improved crops. Instead of viral DNA as
spacers, scientists design their own sequences,
based on their specific gene of interest. If a
gene’s sequence known, it can be easily used in
CRISPR. It will then act just like a spacer for the
system and guide the Cas9 protein to a DNA
matching sequence.

What is CRISPR and how it works
CRISPR or Clustered Regularly Interspaced
Short Palindromic Repeats, is an integral part of
a bacterial defense system. It is also the basis of
the CRISPR-Cas9 system. CRISPR molecule is
made up of short palindromic DNA sequences
that are repeated along the molecule and are
regularly-spaced. Between these sequences are
“spacers”, foreign DNA sequences from
organisms that have previously attacked the
bacteria. The CRISPR molecule also includes
CRISPR-associated genes, or Cas genes. These
encode proteins that unwind DNA, cut DNA,
called helicases and nucleases, respectively.
CRISPR immune system protects the bacteria
from repeated virus attacks thru three steps:
1. Adaptation – When DNA from a virus
invades the bacteria, the viral DNA is
processed into short segments and is made
into a new spacer between the repeats.
These will serve as genetic memory of
previous infections.
2. Production of CRISPR RNA – The
CRISPR sequence undergoes transcription,
VOLUME NO. 16, ISSUE NO.1

including spacers and Cas genes, creating a
single-stranded RNA. The resulting singlestranded RNA is called CRISPR RNA, which
contains copies of the invading viral DNA
sequence in its spacers.
Targeting – The CRISPR RNAs will
identify viral DNA and guide the CRISPRassociated proteins to them. The protein
then cleaves and destroys the targeted viral
material.

Fig 1. The steps of CRISPR-mediated immunity
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transient gene silencing or transcriptional
repression can also be done. The modified
Cas9, led by a guide RNA, targets the
promoter region of a gene and reduces
transcriptional activity and gene expression.
Transient activation or up regulation of
specific genes can be effectively done.
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Fig 2. Mechanism of Gene Editing of CRISPR/Cas96

CRISPR-Cas9 allows researchers to perform
the following:
Gene Knock-Out : Gene silencing using
CRISPR starts with the use of a single guide
RNA (sgRNA) to target genes and initiate a
double stranded break using the Cas9
endonuclease. These breaks are then
repaired by an innate DNA repair
mechanisms, the non-homologous endjoining (NHEJ). However, NHEJ is errorprone and results in genomic deletions or
insertions, which then translates into
permanent silencing of the target gene.
DNA-Free Gene Editing: CRISPR can be
used for DNA-free gene editing without the
use of DNA vectors, requiring only RNA or
protein components. A DNA-free gene
editing system can be a good choice to avoid
the possibility of undesirable genetic
alterations due to the plasmid DNA
integrating at the cut site or random vector
integrations.
Gene Insertions or “Knock-ins”:
CRISPR-induced double-strand break can
also be used to create a gene “knock-ins” by
exploiting the cells’ homology-directed
repair. The precise insertion of a donor
template can alter the coding region of a
gene. Previous studies have demonstrated
that single-stranded DNA can be used to
create precise insertions using CRISPRCas9 system.
Transient Gene Silencing: By modifying
the Cas9 protein so it cannot cut DNA,
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Tepary Bean - A Magical Bean for The World
N.Vairam and S.Anandhi Lavanya
Department of Plant Breeding and Genetics, Agricultural College and Research Institute, TNAU,
Madurai.

plants together, known as Three Sisters
agriculture, both enhances their growth and
provides more balanced nutrition. This part of
the world, between southwestern United States
and Guatemala, is marked by its high climatic
variability that has been further aggravated in
recent years by the presence of long periods of
drought. These problems are particularly severe
in the Dry Corridor of Guatemala, a semi-arid
region characterized by frequent periods of
drought, heat and poor soil. With increasing
climate change stress in southern Africa, tepary
beans may prove to be a valuable and well
adapting crop.

Introduction
Underutilized crops are domesticated plant
species that have been used for centuries or
more for their food, fibre, fodder, oil or
medicinal properties, but have been reduced in
importance over time. A wide range of
terminology is used to describe these crops,
including:
orphan,
abandoned,
lost,
underutilized,
local,
minor,
traditional,
alternative, niche, or underdeveloped, in recent
fashion, these are often referred to as forgotten
or smart food.
Tepary bean (Phaesolus acutifolius L. Gray)
is well-adapted to arid conditions, exhibiting a
high level of drought, heat and cold tolerance.
The beans mature quickly and are very
nutritious, full of fiber, protein, iron and
carbohydrates. Tepary beans are lower in
polyunsaturated fat and in the anti-enzymatic
compounds which make common beans hard to
digest. They are helpful in controlling
cholesterol and diabetes. Generally white tepary
beans have a slightly sweet flavor and brown
tepary beans have an earthy flavor. In
comparison to the common bean, the tepary has
shown greater tolerance to common bacterial
blight and outperforms the common bean by at
least 50% in hot environments.

History
Tepary bean is a short life cycle annual desert
legume native to south-western United States of
America and North-western Mexico. Once upon
a time, between the southwestern United States
and the northern border of Guatemala, tepary
beans were widely consumed. Many say they
were used since ancient times as a vegetable, dry
bean and a fodder crop. It was often grown
alongside squash and corn. Growing these
VOLUME NO. 16, ISSUE NO.1
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Nutritious
They come in two varieties – brown and white.
While the brown has more of an earthy flavor,
the white variety is slightly sweet. With its high
nutritional content and disease fighting powers,
tepary beans have been suggested as an ideal
food choice for people with various diseases like
diabetes and cancer. Tasty and easier to digest,
they are one of the healthiest beans you can find
on the planet. In India, tepary beans are an
ingredient in the snacks 'bhujia' and Punjabi
Tadka by Haldiram's.

Current status of bean

Conclusion

The production and consumption of tepary
beans in this area have been decreasing due to
the erosion of traditional food cultures, and lack
of consumer familiarity and knowledge of the
bean. Consumers are unattracted to the beans’
colour, wrinkled surface and different taste.

Tepary Beans is regarded as an underutilized
crop and has received limited research focus
with regards to genetic improvement and
cultivar development, the future focus is on
more research on this highly nutritious crop to
the World. It could be the magic beans of the
future for the drought areas of the world.

Focus by Biodiversity International
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Role of Pulses in the Farming System
Anjali Jingar
Department of Agronomy, COA, Agriculture University, Jodhpur, India.

India has key place in global pulses production
and contributes about 25% tothe total pulse
basket. During 2016-17, the total pulse
production was 22.40 million tonnes from
October, 2019

29.28 million ha area. About a dozen of pulse
crops, namelychickpea, pigeonpea, mungbean,
urdbean,
lentil,
fieldpea,
lathyrus,
cowpea,common bean, mothbean, horsegram
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and ricebean are cultivated in differentagroecological regions. The major pulse producing
states in the country are MadhyaPradesh, Uttar
Pradesh, Maharashtra, Rajasthan, Karnataka
and Andhra Pradesh,which together contribute
for 75% of the total pulses production in the
country.During 1991-2007, area under pulses
ranged between 20.35 and 24.66 millionha
while production and productivity varied from
11.15 to 15.11 million tonnes,and 533 to 635
kg/ha, respectively. At national level, area under
all the pulses exceptchickpea and pigeonpea
observed positive trends during the past 15
years. Thearea and production of minor pulses
together, which have regional importanceviz.,
horsegram, mothbean, lathyrus, cowpea and
rajmash, showed negative growth rate. The area
under chickpea has remained almost stagnant
around 6.5 million haduring the period 1991-93
to 2015-17 but a significant shift has been
witnessed fromNorth to South. The area of
chickpea has increased significantly in Andhra
Pradesh,Karnataka, Madhya Pradesh and
Maharashtra, whereas declined in the states
ofBihar, Haryana and Rajasthan during 1972-74
to 2015-17.
Pulses are valuable break crops in all Indian
cropping systems, and their role has increased
in importance over the past 50 years as
cropping programs intensify. Farming systems
are unique, having evolved on acidic soils under
a ley-farming system involving pastures,
livestock and cereals. Recently, more intense
cropping, focusing on sequences of cereals,
oilseeds and pulses. These changes follow huge
investments into plant breeding, agronomy,
marketing and education by state agencies, the
Grains Research and Development Corporation
and private enterprise. Increased cropping
intensity has been supported by new herbicide
technologies, soil liming, mechanization, direct
drilling and stubble retention, and more
recently GPS guidance and controlled traffic
farming.
Crop sequences in northern India need to
be dynamic, diversified, flexible, profitable and
sustainable, incorporating balances of cereals,
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oilseeds, pulses or forages best suited to the
local producer.
The pulse component (lupin, field pea, faba
bean, chickpea and lentil) brings many
advantages including:
Disease breaks: Different sequences of
crops/species interrupt most disease cycles
of the crop out of phase, thereby
diminishing or eliminating the causal
pathogens.
Symbiotically fixed nitrogen: Rhizobia
colonise root nodules of pulses and
biologically convert N2 gas (80% of the
atmosphere) into a more available plant
form (ammonia – NH3). This process
benefits N-farming in three ways:
– The pulse is independent of applied
fertiliser N;
– Soil mineral N is “spared” during the
pulsesgrowth; and
– Residual N fixed by the pulse is
available foruptake by following crops.
This organic formof fixed N has the
advantage of being morestable and
“slow release” in nature compared
tofertiliser N.
Reduced dependence on the use of
fertiliser: Fertiliser N fluctuates greatly in
price as its production is linked directly to
fuel price and worldwide demand. In
addition, its utilisationefficiency is often
poor due to challenges with the timing of
application and losses from volatilisation.
Weed management opportunities:
Alternate herbicide groups and weed
control tactics can be employed in pulse
crops to tackle hard to kill weeds and
herbicide resistant populations.
Soil moisture conservation: Shallow-rooted
and early maturing pulses such as field pea
and faba bean are less exploitative of soil
moisture and often leave some moisture for
following crops. This is improved further by
crop-topping and brown manuring.
Efficient utilisation of machinery: Different
developmental patterns of diverse crops
allow the same sowing, spraying and
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harvest machinery to be used more
efficiently over longer periods.
Efficient utilisation of time: Sowing,
management and harvest windows are
widened when a diversity of crops are
adopted.
Marketing: Marketing a wide range of crops
can open additional markets and reduce
price risk exposure.

Rhizobia inoculants are available in a
number of formulations:
Moist peat, the traditional and most commonly
used form of inoculant in Australia, applied as
slurry directly to the seed or diluted and filtered
slurry directly injected into the seeding furrow.
granular, made from peat or clay, applied
directly into the seeding furrow using a
separate bin on an airseeder.
liquid, a water-suspension of rhizobia.
Diluted product is used for direct injection
of inoculant into the seeding furrow into
moist soil only, within six hours of mixing
with water.
freeze-dried powder, a concentrate which is
reconstituted prior to application, allows for
direct injection of inoculant into the seeding
furrow or coating the seed immediately
(less than five hours) prior to sowing into
moist soil.

Opportunities for weed management
Adding diversity to cropping sequences creates
additional opportunities for weed control tactics
such as using herbicides from different mode of
action groups, crop-topping to stop weed seed
set, and pre-sowing double knock treatments in
later sown crops (two separate applications,
applied a week or so apart of two knockdown
herbicides with different mode of action
groups). For example field peas, with a late
sowing window and early harvesting relative to
weed maturity, assist weed management by
giving longer periods for control before sowing
and crop-topping options prior to harvest.
Pulse crops can be used specifically to target
grass weeds in the system, particularly annual
ryegrass and wild oats. A well planned program
beginning prior to sowing the pulse crop and
finishing with crop-topping and windrow
burning greatly reduces the weed seed bank.

The proven method of slurry inoculating the
seed through an auger just prior to sowing still
appears to be the cheapest and most reliable
method. Alternative delivery methods using
clay-based granules or water injection through
micro-tubes
are
equally
effective
but
considerably more expensive. These latter
methods are best used when using sowing
fungicide-dressed seed, to separate the rhizobia
from the chemical.

Pulse inoculation

Nitrogen fixation

Each pulse has its own specific strain of rhizobia
which colonise legume roots to form nodules.
The rhizobia convert atmospheric gaseous
nitrogen (N2) to plant available ammonia
(NH3). Most pulses and their rhizobia have
evolved under alkaline soil environments and
the acidic soils of southern NSW can be hostile
to their survival, with numbers declining rapidly
after the pulse phase. Therefore it is essential to
inoculate at each new pulse sowing. Natural
populations of rhizobia do exist for field pea,
faba bean and lentil, but generally result in less
effective nodulation than inoculum rhizobia.
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Symbiotic nitrogen fixation is the mutually
beneficial relationship between the pulse (or any
legume) host and Rhizobium bacteria. These
bacteria colonise roots during seed germination
then multiply rapidly to form root nodules
within 4 to 10 weeks. They are dependent on the
host plant for water, nutrients and energy, but
in return supply the plant with nitrogen (
ammonium, NH4+) for direct uptake. This
“fixed” nitrogen is derived from the enormous
N2 gas resources of the earth’s atmosphere
(around 80%) – the same source used by the
Haber and Bosch process to manufacture
compound N fertiliser.
Pulses (and pasture legumes) play an
50
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essential role in the nitrogen supply chain of
field crops, especially since nitrogen is one of
the most limited plant nutrients worldwide. By
fixing their own nitrogen during growth, pulses
become independent of soil mineral nitrogen
and thereby conserve or spare it. When
combined, these two sources (fixed and spared
N) produce large amounts of residual nitrogen
for following crops, boosting both their grain
yield and grain protein. Compared to
manufactured nitrogen fertiliser, biologically
fixed nitrogen is:

result in more scattered nodules.
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less volatile;
more stable;
“slow release”;
environmentally sustainable;
less energy demanding to manufacture;
cost effective;
not subject to supply restrictions or price
fluctuations; and
not subject to the challenges of application
timing and utilisation efficiency.

Assessing Nodulation
Nodules will have developed and be easily
located from 8 to 10 weeks after sowing. Nodule
assessment should occur any time from this
point through to the end of flowering. For
practical reasons, crops are more easily
traversed when plants are young, and it is best
to dig when the soil is moist and friable,
allowing it to be easily crumbled from the roots.
Select four to five representative sites in the
crop. At each site dig up four individual plants
from separate locations, to a depth of 10 to 15
cm, remembering the majority of nodules are
found in the surface soil. Carefully shake and
remove soil from the roots, leaving nodules
intact. Washing roots can help but is not
essential.
Well nodulated pulses will have nodules in
the crown region (where the root meets the
shoot) or along the tap root and lateral roots, or
in both locations. Slurry inoculated seed
generally produces nodules in clusters around
the crown, while water injected, granular
applications or natural background infections
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Introduction: Hydroponics is defined as “the
cultivation of plants in water”. But the definition
of hydroponics has been converted to “the
cultivation of plants without soil” by applying
artificial nutrient medium. It was first promoted
by William Frederick Gericke of the University
of California at Berkeley for agricultural crop
production. He first termed it as aquaculture
but later found that aquaculture was applied to
culture of aquatic organisms. He termed it as
hydroponics or water culture, in 1937. He first
used this water culture for growing tomato vines
in mineral nutrient solutions rather than
soil.Plants are grown with only their roots
exposed to the mineral solution, or the roots
may be supported by an any medium like perlite
or gravel. The nutrients used in hydroponic
systems can come from different sources those
can
include,
but
are
not
limited
to, byproduct from fish waste, duck manure, or
purchased chemical
fertilizers.It
is
used
worldwide due to the lack of a large water
supply or fertile farmland. Home gardeners
have used hydroponics on a smaller scale to
grow fresh vegetables around the year and to
grow plants in smaller spaces. Greenhouses and
nurseries grow their plants in a soilless, peat or
bark based growing mix. The nutrients then are
applied to the growing mix through the water
supply.
Water culture process: In water culture,
water is enriched with balanced nutrients,
required for plant growth, development and
yield.pH of the nutrient water medium should
be maintained for better growth and yield. In
this type of farming, plants take nutrients from
the water and by using sunlight so as produce
theoutput. The basic functions of soil which
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have to be provided to the water based farming
due to absence of soil and they areas follows:

Hydroponics System

Plant root system support- For
supporting plant root system, generally
mediums like sand or gravels or plastics are
used.
Nutrient supply-Unlike soil culture,
nutrients or fertilizers are supplied to water
for providing well balanced nutrition in
hydroponics.
Supply of oxygen- In hydroponics, plants
get their oxygen from water.
Supply of water- In soil based farming,
water is applied to soil and plants absorb
water from soil, but in hydroponics, water is
directly supplied to plants.

Advantages
1.

2.
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Since sterile mediaare used, there are no
weeds to remove and soilborne pests and
diseases are minimized, if not eliminated
completely.
Properly grown hydroponic plants are
healthier and more vigorous because all of
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3.

4.

5.

6.

7.

the necessary nutrients are readily
available.
In hydroponics, plants utilize all the
nutrients provided to water without any
wastage leads to less pollution farming.
The plants can mature faster, yielding an
earlier harvest of vegetable and flower
crops.
Hydroponic gardeninguse less space since
the roots do not have to spread out in
search of food and water. This small space
requirement makes hydroponics ideal for
home gardeners.
Hydroponic techniques also allow for
precise water and nutrient application
directly to the roots of each plant.
Water is reused in these systems and less is
lost through evaporation and run-off.

plays an important role in the success or failure
of a hydroponic system. The growing media
usually provides many of the necessary
nutrients for growth of the plant. Hydroponic
plants receive nutrients from a different source;
so it is necessary to use a fertilizer specifically
for hydroponic systems. Hydroponic fertilizers
are available from many mail order companies
and a few specialty garden centers. It is
important to be sure that the pH is between 5
and 6. Simple pH test kits and pH modifiers are
used to measure the pH. Depending on the stage
of plant development, some elements in the
nutrient solution will be depleted more quickly
than others. So, it is important to change the
nutrient solution in every two weeks. The old
solution can be used to water other houseplants
or outdoor plants. The nutrient solution is kept
at the original volume as the evaporation of
water from the nutrient solution; the fertilizer
becomes more concentrated and can burn plant
roots.
Sometimes, the nutrients in a hydroponic
system are used up faster than they can be
replaced and the plants will show a nutrient
deficiency. A quick fix for most of the
deficiencies is to spray the leaves with an allpurpose foliar fertilizer. The best remedy is to
change the nutrient solution every week instead
of every two weeks. In some cases, it may be
necessary to switch to a different type of
hydroponic fertilizer, if the same deficiencies
persist. There are several books on hydroponics
that give other remedies for a nutrient
deficiency problem.

Plant Requirements
Growth Requirements: As plantsare grown
in soil or a soilless medium, there are many
factors affecting plant growth and productivity.
All plants require nutrients, water, light, and air
to grow. A plant grown in soil obtains nutrients
and water from the soil, when available. With
hydroponics, because water and nutrients are
always available, the plant is never stressed.
Sunlight and air are readily available in an
outdoor hydroponic system. For an indoor
system, one must provide an adequate light
source and good air circulation. Metal halide
lamps, sodium vapor lamps or fluorescent lights
used in conjunction with incandescent light
bulbs provide adequate light. Plant roots must
have oxygen available to keep them alive.
Healthy roots (white in color) are involved in
the uptake of all nutrients for the plant. If the
roots die, it is impossible for the plant to
survive, even if the plant growth requirements
are met. Air circulation around leaves is
important since it mixes the air and allows the
plant to draw out the carbon dioxide necessary
to carry on photo synthesis. Air circulation also
helps prevent fungal diseases caused by moist,
stagnant conditions. Indoor units often have a
small fan to circulate the surrounding air.
Nutrient Solution: The nutrient solution
VOLUME NO. 16, ISSUE NO.1
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Introduction

Ragged appearance to leaves

Fall armyworm (FAW), Spodoptera frugiperda
(J.E. Smith), (Lepidoptera: Noctuidae) is native
to tropical and subtropical regions of the
Western Hemisphere, and regularly migrates to
cooler regions in summer. FAW has a very wide
host range, with a preference for grasses. The
most frequent crop hosts are field corn, sweet
corn, rice, sorghum, sugar cane, and
Bermudagrass. It is also a serious pest in
soybean,
cotton,
peanut/
groundnut,
Brassicaceae, Cucurbitaceae, alfalfa/lucerne,
onions, sweet potatoes, tomatoes and other
Solanaceae, and various ornamental plants. In
2016, it was reported for the first time in West
and Central Africa and now it threatens Africa,
Europe and more recently Asia. In summer,
adults migrate towards northward from
overwinter sites along gulf coast region.

Characters
Eggs- Spherical gray, clustered with 50 to
150 eggs
Egg masses- Covered with coating of moth
scales
Larva- Hatch in 3 to 5 days
– Light tan to black
– Have 3 light yellow stripes down the
back
– Presence of wider dark stripe and wavy
yellow-red blotched stripe on each side
– Brown head with a dark honey combed
markings
– Four dark spots arranged in a square
on top of eighth abdominal segment
Adult- Nocturnal and active during warm
and humid evenings
– Wingspan of 32 to 40 mm
– In male moth, forewing is shaded gray
and brown with triangular white spots
at tip and center of wing. While in
females less distinctly marked ranging
from grayish brown to mottling gray
and brown.

Crop damage
Crop damage results from larvae consuming leaf
tissue, but larvae will also burrow into the
growing point (bud, whorl, etc.), destroying
potential future plant growth. Yield loss can
reach 30-60%.

Life cycle

ETL

The life cycle is highly temperature dependent
and lasts about 30 days in summer to 90 days in
winter, resulting in multiple generations per
year. There is no diapause in thicies. FAW has a
high reproductive rate. Females can produce up
to 2000 eggs, which are deposited on plant
leaves in masses of 900-1000 eggs. The egg
stage lasts 2-3 days in the summer months. The
larval stage lasts 14-30 days and there are
usually 6 instars. Pupation takes place in the soil

Egg masses present on 5% of plants
25% of plants showing symptoms

Susceptible stage
Late planted fields (Not been silked)
Late maturing hybrids

Symptoms
Small holes and window pane feeding in
leaves emerging from whorl
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and lasts 8-30 days. Adults are nocturnal and
are most active during warm, humid evenings.

exposure to insecticides.

Always follow the directions for use on the
label of each product.
Consult product label or IRAC’s website
(www.irac-online.org) to determine the
mode of action (MoA) of each product.
Do not treat successive generations with
products of the same MoA.
Follow the “treatment windows” approach
A “treatment window” is the period of
residual activity provided by single or
sequential applications of products with the
same mode of action. This “treatment
window” should not exceed approximately
30 days (generally used as the length of an
insect pest generation) but can be less and
should not exceed more than 2 applications
of products from the same MoA.
Following this treatment period rotate to an
approximate 30 day “window” of effective
insecticides with different modes of action if
needed.
Apply insecticides only when needed based
on economic thresholds.

Figure 1 Egg mass, Figure 2 Larva figure 3 Pupa and
Figure 4 Adult

Life Cycle

Known insecticide resistance in FAW
Resistance results from the repeated exposure
of multiple pest generations to the same
insecticide Mode of Action. Several biochemical
mechanisms are known to contribute to the
evolution of insecticide resistance in FAW.
These mechanisms may act separately or in
concert. Known resistance has occurred to the
following MoA groups: Carbamates (Group 1A);
Organophosphates (Group 1B); Pyrethroids
(Group 3); Bacillus thuringiensis and Cry1F

Damage
Leaf feeding
Direct injury to ear

Strategies for Sustainable Control of Fall
Armyworm, Spodoptera frugiperda – By IRAC
To prevent the development of insecticide
resistance, use a combination of all
available pest management and resistance
management tools to decrease FAW
VOLUME NO. 16, ISSUE NO.1
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protein (Group 11A).

A. and Tamo, M. 2016. First report of outbreaks
of the fall armyworm Spodoptera frugiperda
(JE Smith) (Lepidoptera, Noctuidae), a new
alien invasive pest in west and Central Africa.
PLoS ONE, doi:10.137/journal.pone. 165632..
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Biology

Guava,
Psidum
guajava
L.
(Family
Myrtaceae) is an important tropical fruit by
virtue of its commercial and nutritional values.
The apple of tropics claims to be the fourth
important commercial fruit crop of India after
mango, banana and citrus. It is consumed
mostly as a fresh fruit and processed into a
variety of toffee, juice, squash, jelly, cheese,
nectar and canned products. In India, mealy
bug, Cryptolaemus spp. Scale insect, Pulvinaria
psidii Maskelt, fruit fly, Dacus dorsalis Hendel,
D. zonatus Saunders; Bark eating caterpillar,
Indarbela tetraonis Moore, I. quadrinotata
Walker, shoot and capsule borer, Dichocxosis
ponctiferalis Glover, Aphid, Aphis gossypii
Glover, white grub, Holotrichia consanguinea
Blanch; Castor semilooper, Achaea janata
Linnaeus, pests has been recorded on guava
(Saha, 1994).
The
spiraling
whitefly,
Alevrodicus
disperses Russell (Aleyrodidae :Homoptera) is
believed to have introduced in India from Sri
Lanka in 1994-95 (Ranjith et al., 1996). It is a
native of caribben and central America and was
first collected in Florida from coconut (Cocos
nucifera L.). In India, A. disperrus was first
collected on cassava at Thirovananthapuram,
Kerala in November 1993 (Palaniswami et al.,
1995). Due to feeding of A. dispersus, resultant
sooty mould reduces yield of guava trees and
marketability of the fruits (Abraham et al.,
2003).
October, 2019

Female of A. dispersus laid eggs singly and
deposited large quantities of wax around the
eggs in the form of loose spiral, freshly laid eggs
were pale yellowish in colour and elliptical in
shape, eggs are covered with white powder and
prior to hatching, eggs appear reddish brown in
colour. Duration of egg stage varied from 7 to 9
days. A. dispersus pass through three nymphal
stages. The pupa became yellowish in colour,
nearly oval in appearance. The adults are white
in colour and covered with white waxy secretion
all over the body and wings. The forewings had
two characteristic dark spots and the eyes were
dark reddish brown.

Nature of damage
Nymphs and adults of A. dispersus suck the cell
sap on the under surface of leaves on guava
plants. On heavily infested plants, the nymphs
secrete honeydew and white waxy flocculent
materials. The honeydew serves as a substrate
on which sooty mould grows. Sooty mould
blackens the leaf thereby affecting the
photosynthetic activity.

Management
Removal of alternate host plants
Installation of yellow sticky traps.
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Entomopathogenic

fungi

Beauveria

bassiana,
Metarhizium
anisopliae,
Lecanicillium
lecanii and Isaria
fumosorosea have the potential to
manage A. dispersus infestation.
Release of predators viz. Nephaspis
oculata, Lacewings.
Release of parasitoid viz., Encarsia noyesi
Hayat, Aleuroctonus spp.
Some chemicals such as tobacco extract
(4%), neem oil (2%), fish oil rosin soap (4%)
and detergent soap solution (5%),
malathion (0.1%) and carbaryl (0.1%),
dichlorvos (0.08%), triazophos (0.08%)
were found to be effective in suppressing
the nymphal and adult whitefly population.
Spaying of buprofezin, which is Insect
growth regulator effective to control against
whitefly.
Foliar application of insecticide such as
triazophos 0.04 per cent and methyl-odemeton 0.05 per cent.
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Fig. 1 Damage of spiraling whitefly, A. disperses
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Introduction
The challenge of today’s agriculture is to
produce more and more from diminishing land
water resources. The steep rise in food
production in India during the period of ‘green
revolution’s has been attributed to uses of high
yielding varieties, chemical fertilizers and
pesticides. Indiscriminate uses of chemical
fertilizers and pesticides for food production
caused environment pollution which was
harmful for human and other animal’s health
leading to ecological imbalance. It is now well
understood that with the growing population in
the world it is not possible to provide food
security to all without the efficient use of natural
resources for increasing productivity. However,
there is a growing concern worldwide for
reduction of use of chemicals in farming system
and people are more concerned about use of
more and more organic resources. The need of
the hour is thus green productivity with efficient
management of natural resources and minimal
or no use of chemicals.

6.

7.

Management Practices in Organic Horticulture
To covert an inorganic farm to organic one,
the land should be kept fallow for one year. In
second year and third year only green manuring
crops (to be incorporated into the soil when they
are still tender) and leguminous crops can be
grown and the crop residues should be
incorporated into soil pr put into compost pit. A
loam soil will get back to the desired stage
usually in 5-6 years with good care; while for a
laterite soil the period is 10-12 years and a rocky
land will require 12-15 years.
The first and essential requirement for
embarking on organic farming is the provision
for sufficient quantity of organic matter. The
common sources are the cow dung, poultry
litters, compost and vermicompost, garbage,
water hycinth, green manuring plants, leaves
and any other biodegradable articles.

Importance of the Organic Horticulture
1.

2.

3.

4.
5.

Organic manure improves the structure of
soil by combining its fine particles into
granular form, thereby helping better root
respiration and growth.
It acts as a buffer for the plants grown in
considerably acidic or alkaline soils, thus
providing a better growing condition.
It improves the water holding capacity of
soils, which is particularly necessary in
rainfed tracts that reduces the cost of
cultivation.
Some organic materials have the property of
acting as pesticide (Neem cake).
Organic manure also supplies some growth
promoting substances to plants necessary
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for healthy growth and improved
physiological functioning of plants.
It provides a good living and working
condition to the microorganism present in
the root zone.
Use of different plant extracts (garlic, chilli,
turmeric, tulsi, etc.) in proportion can
prevent, reduce or check the pests and
disease incidences.

Limitations of Organic Horticulture
1.
2.

3.
4.
5.
58

Lack of adequate supply of organic
manures.
Meager possibility to know whether the
organic manures are free from heavy metals
or any other harmful agents.
Inadequate certifying agencies who may
cerify the product as true organic.
High price and poor purchasing power of
major portion of consumers.
Lack of location and crop specific organic
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6.
7.

production technology.
Lack of proper knowledge on in situ
recycling of crop residue and wastes.
In case of severe pests and diseases attack
there is no other alternative but to use
chemical pesticides.

demand of International market. High value
vegetables are also being grown in organic
methods

Referances
Reddy, P.P. 2008. In : Organic Farming for
Sustainable Horticulture: Principles and
Practices. Scientific Publishers. (India). pp. 1-10.
D. Sanyal and T. K. Chattopadhyay 2012. A Text
Book on Pomology. Kalyani Publishers. pp. 152159.

In modern society, where consumers are
becoming more and more health conscious and
environmentally aware of, there is good scope
for expanding the areas of horticultural crops
under organic culture. In India, now growers are
more interested to grow grapes, pomegranate,
apple, litchi etc. organically for catching the
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canned mango slices, squash, nectar, jam, cereal
flakes, beverages, custard powder, baby food,
leather and toffee. While the acidic unripe fruits
are used in pickles, chutneys, flakes, powder and
culinary purpose.
Mango fruits on ripening become rich
source of carbohydrate. The starch content of
fruits of different varieties on maturity and
ripening ranges between 6.6 to 19 percent which
thereafter hydrolysed to break down to reducing
and non- reducing sugars. On the other hand,
acidity ranges between 0.7 to 0.05 percent.
Ascorbic acid content of ripe fruits varies
between 22-28 mg per 100g of pulp. The ripe
fruits contain fairly good quantity of vitamin A
(2000 I. U. / 100g pulp), vitamin B, Cao, P2 O5
and K2 O in addition to high sugar : acid ratio
(60-200 in different varieties). However, the
fruits are poor in protein and fat content.

Introduction
Mango (Magifera indica L.) is one of the
delicious fruits of commercial importance. In
fact, because of its excellent flavor, attractive
fragrance, beautiful shade of colour, delicious
taste and healthful food values, mango is now
recognized as one of the best fruits in the world
market. Due to its high palatability, excellent
taste and flavor and exemplary medicinal and
nutritive values it is said to be king of tropics
fruits.
Mango being one of the ancient fruits in
India, it has been associated with heritage and
culture of the nation. Due to its importance,
mango has been included in art, music,
sculpture and literature from the ancient times.
According to Puranas, at the time of great
deluge Loard Sive gave shelter to sage
Markandeya on a mango tree named
Amreshwara and Lord of Kanchi is considered
Examparanath meaning the Lord of a mango
tree.
Apart from the use of ripe mango fruits for
desserts, these are also used for preparing
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Problem and their management
1.
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Fruit Drop: Fruit drop is a serious
problems in mango and cause great loss to
the mango growers. A tree producing
several thousand panicles, yields only a few
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hundred fruits. Most of the flowers falling
down after full bloom or at later stage of
development. Only 0.1 percent flower or
even less develop into mature fruit.
Maximum fruit drop takes place in last
week of april or first week of may depends
upon
favourable
condition.
The
phenomenon of fruit drop in North India
has been divided inti three distinct phases
e.g. pin head drop, post-setting drop and
may drop.
2.

The flower drop as well as the fruit-drop is
primarily due to the formation of an
abscission layer at the point of attachment
of the fruit with the twig. Several factors
have been considered responsible for the
formation of abscission layer. It has been
observed that nitrogen retard and reduces
abscission. Low carbohydrate have also
been found to lead to leaf, flower, bud and
fruit abscission. Fruit drop has been
attributed to many other causes e.g.
abortion of embryo, degeneration of ovules,
poor soil, inadequate irrigation water ,
attack of insect – pest and diseases,
depletion of nutrients, hormonal balance,
etc.
Fruit drop may be controlled to some extent
by the spray of 20 ppm of 2,4-D (2g in 100
liters of water) in the last week of april or in
the first week of may in Langra and
Dasehari cultivars. 2,4-D should be
dissolved in a small quantity of ethanol or
methanol and then the required volume f
water be added. Do not repeat the spray of
2,4-D solution.
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Alternate bearing: Alternate bearing is a
very serious and an old problem in mango.
It is the production of a heavy crop in one
year and no crop or very little crop in the
next year. Alternate between good and bad
bearing year’s is not always regular because
after a good crop year, two or more poor
crop years may follow and conversely after a
bad year two or more good crop years may
occurs. Various causes like varietal
differences, growth habit, crop load,
cultural practices, sex – ratio, insects- pests
and diseases, etc. have been attributed to
the occurrence of biennial bearing in
mango. Besides, there endogenous level of
growth hormones, reserve metabolits and
nutrient stastus had also been considerd
responsible for the bienniality in mango.
Biennial bearing is a characterstic of a
variety and some workers emphasised that
this is due to the genomic constitution of
the particular variety.
Most of the commercial arieties of North
India e.g. Dashehari, langra and chausa are
pron to biennial bearing but varieties of
South India like totapuri, red small, neelum
and banglora and regular bearers.
The horticulturists since decades have
worked to control this malady but so far no
concrete control measures have been put
forward.
However,
application
of
deblossoming, pruning, better cultural
practices and exogeneous plant regulators
treatments have shown good results in
recent years. Scientistis are engaged in
hybridizing north Indian irregular bearing
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varieties with comparatively regular bearing
varieties from South India. The experiments
have started yielding encouraging and as an
outcome, highly regular amarpali has been
evoled by crossing “ dasehari x neelum” by
the scientistis of Indian Agriculture
Research Institute, New Delhi.
Recent work to control alternate bearing
has shown possibility of using an ethylene
releasing
compound,
ethephone
in
including flowers every year. The
concentration of ethephone 200ppm
coupled with 0.1 percent urea was found
effective in including regular flowering over
the year. Five sprayes in all are
recommended to be made beginning from
middle of September at monthly interval.
Application of paclobutrazol @5 g per tree
in the tree basin 3-4 months before actual
flowering takes places can be helpful in
checking alternate bearing.
3.

of zeatian, abscisic acid and ethylene.
Involvement of malformin like substances.
Cultural practices, nutritional practices, mites
and fungi.

Control
Deblossoming during January. Spray of NAA
200 ppm during October. Varieties like
bhadauran, alib and illaichi are free from
malformation.

4.

Black tip: Commonly seen in Uttar
Pradesh, Bihar and West Bengal. Blckening
and hardening of the distal ends of fruits
are typical symptoms. Affected fruits show
premature ripening reducing their market
value. Incidence of this disorder was
noticed at a higher rate in orchards near
brick-kilns, the reasons attributed being
presence of carbon dioxide, sulphur dioxide
and acetylene in the fumes from the kilns.
Permitting brick kilns at a reasonable
distances from mango orchards and
suggesting for increasing the chimey height
to at least 15-18 m can be done as
precautionary measures. Spraying with
borax (0.6%) just before flowering, during
flowering and at fruit setting time or
spraying with a sodium carbonate solution
(2%) to the fruits immediately after set
result in reduction of incidence.

5.

Spongy tissue / soft corner: A nonedible sour patch developing in the

Mango malformation: It is of two types,
vegetative and reproductive:
The vegetative malformation is observed at
seedling stage in nursery. On the affected
plant following symptoms is noticed:
Bunching of leaf at terminal portion of leaf.
Shortening
of
intermodal
length.
Shortening of the size of leaf lamina of the
plants. Reduced length of petiole.
The reproductive malformation manifests
following symptoms:
Compactness of panicle. Shortness of
rachis. Greening of panicles. Crowded and
enlargeged flowers with thicker pedicles,
calices and petals. Attachment of panicle
even during off-season.

Causes
Lower level of RNA, DNA, soluble protein and
total nitrogen. Lack of auxin. Malformed
panicles had lower level of all the four fractions
of auxin (free neutral, free acidic bound neutral
and
bound
acidic).
Higher
level
of
carbohydrates
(reducing,
non-reducing,
polysaccharides and total carbohydrates) in
vegetatively malformed shoots. Higher content
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mesocarp of mango fruit is termed as
spongy tissue. Spongy tissue can be
detected only after cutting the ripe fruit.
The fruits become unfit for human
consumption. Alphonso cultivar has been
recorded most susceptible to this malady
and about 30% loss occurs due to this
disorder. Fruits lower in calcium content
the affected with spongy tissue. Calcium
chloride has been found most effective in
reducing the occurrence of spongy tissue in
ripe alphonso fruits.

post – harvest stage. Sod culture, green
vegetation, leguminous crop cover or
mulching at pre-harvest stage helps in
saving the crop from the disorder.

Convection heat arising from the soil is the
main cause of damage as thought by other
school of scientists. It is a physiological
disorder in which fruit pulp remains unripe
because of unhydrolyzed starch due to
physiological and biochemical disturbances
caused by heat in mature fruit at pre- and
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nodosum (L.). Besides A. nodosum, other brown
algae such as Fucus spp., Laminaria spp.,
Sargassum spp. and Turbinaria spp. are used
as bio fertilizers in agriculture. The benefits of
seaweeds as sources of organic matter and
fertilizer nutrients have led to their use as soil
conditioners. Some 15 million metric tonnes of
seaweed products are produced annually, a
considerable portion of which is used for
nutrient supplements and as bio stimulants or
bio fertilizers to increase the productivity.

Introduction
Seaweeds form an integral part of marine
coastal
ecosystems.
They
include
the
macroscopic, multicellular marine algae that
commonly inhabit the coastal regions of the
world’s oceans where suitable substrata exist. It
has been estimated that there are about 9,000
species of macroalgae broadly classified into
three main groups based on their pigmentation
(for example, Phaeophyta, Rhodophyta, and
Chlorophyta; or the brown, red, and green algae,
respectively). Brown seaweeds are the second
most abundant group comprising about 2,000
species which reach their maximum biomass
levels on the rocky shores of the temperate
zones. They are the type most commonly used in
agriculture and, among them, Ascophyllum
October, 2019

Types of seaweed
1.
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Green seaweeds: Green seaweeds are
usually found in the intertidal zone
(between the high and low water marks)
and in shallow water where there is plenty
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of sunlight. About 140 species have been
recorded around the coast. One of the
easiest to recognize is sea lettuce (Ulva
lactuca), which forms bright green sheets
up to 30 centimetres in diameter. Another
common green seaweed is sea rimu
(Caulerpa brownii), also edible, and
looking very much like the foliage of the
large tree rimu.

Red Seaweeds

Seaweed: Why is it so beneficial for plants?
Sea weed extract is one of the vital source to give
plants their green color. By upping the level of
chlorophyll the plant is able to efficiently
harness the suns energy. Along with this
seaweed contains a complex range of biological
stimulants, nutrients, and carbohydrates. To
date more than 60 different types of nutrients in
seaweed have been confirmed. However
seaweed in itself is not a plant food, rather it is
classified as a "bio-stimulant." Seaweed extracts
have been proven to accelerate the health and
growth
of
plants
(Kamaladhasan
and
Subramanian 2009). The actions of it are many.
Seaweed stimulates beneficial soil microbial
activity, particularly in the pockets of soil
around the feeder roots resulting in a
substantially larger root mass. where the
beneficial fungi and bacteria known as
"mycorrhizae" make their home. This area of the
soil is known as the "rhizosphere."
1. The rhizosphere activity improves the
plants ability to form healthier, stronger
roots. Having many actions it also enhances
the plants own natural ability to ward off
disease and pests. At the same time it works
within the soil to make more nutrients
available to the plant. The rhizosphere
forms a nutrient food bank for the plant it
can draw on in times of stress. Another
action seaweed has on the roots in the
rhizosphere is due again to the increased
mass and depth of the roots the plant is able
to draw more moisture from the soil
increasing the drought tolerance level.
2. The root mass also allows the plant to more
effectively absorb and use fertilizers that are
applied to the plant and soil. The overall
stronger root structure may help plants

Green Seaweed

2.

Brown seaweeds: Its branching chains of
water-filled bladders help it withstand
periods of exposure when the tide goes out.
Many seaweeds produce mucilage or slime
to protect against drying out. Of the brown
group, Gummy weed (Splachnidium
rugosum) takes mucilage production to the
extreme – its swollen tubes ooze profuse
quantities of sticky slime when touched.
The largest brown seaweeds are known as
kelps, and are prominent in the cooler
coastal waters of southern New Zealand.

Brown Seaweed

3.

Red seaweeds: There are 550 species of
red seaweed, making them the largest
group. In the clear waters around the
Kermadec Islands red seaweeds may be
found at depths greater than 200 meters. In
the nutrient-rich coastal waters of New
Zealand’s main islands very few survive
below 25 meters.
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3.

4.

physically resist certain types of root
diseases. Modes of Action of Growth
Stimulatory Factors in Seaweed Extracts
Seaweed
products
exhibit
growthstimulating activities, and the use of
seaweed formulations as biostimulants in
crop production is well established(
Biostimulants are defined as ‘‘materials,
other than fertilizers, that promote plant
growth when applied in small quantities’’
and are also referred to as ‘‘metabolic
enhancers’’).
Seaweed components(SWC) such as macroand microelement nutrients, amino acids,
vitamins, cytokinins, auxins, and abscisic
acid (ABA)-like growth substances affect
cellular metabolism in treated plants
leading to enhanced growth and crop yield.
Chemical Components of Seaweed that
Affect
Plant
Growth Carbohydrates,
Minerals, and Trace Elements Seaweeds,
particularly the red and brown algae, are a
source
of
unusual
and
complex
polysaccharides not present in land plants.
Seaweed extract helps in root formation
(Plant
hormones,
Polyphenols,
Carbohydrates). It Increases yield Plant
hormones, Amino acids, Minerals. It
provides better resistance to stress (Sugars,
Plant hormones, Antioxidants, Minerals) It
also promotes better shelflife of harvested
fruits or vegetables (Antioxidants, Minerals)

3.

4.

5.

Effect on Soil Health
1.

2.

Soil Structure and Moisture Retention
Besides eliciting a growth-promoting effect
on plants, seaweeds also affect the physical
chemical, and biological properties of soil
which in turn influence plant growth.
Seaweeds and seaweed extracts enhance
soil health by improving moisture-holding
capacity and by promoting the growth of
beneficial soil microbes.
Brown seaweeds are rich in polyuronides
such as alginates and fucoidans. The gelling
and
chelating
abilities
of
these
polysaccharides
coupled
with
their
hydrophilic
properties
make
these
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compounds important in food processing
and in the agricultural and pharmaceutical
industries
(Kamaladhasan
and
Subramanian 2009).
Alginate occurs in the cell walls of seaweeds
as a mixed salt with the major cations being
Na, Ca, Mg, and K together with a number
of minor metal counter ions. The molecular
mass of alginate isolated from A. nodosum,
F. vesiculosus, and S. longicruris varies
between 106.6 and 177.3 kDa (Zodape et al.,
2011). Alginates possess unique and
valuable properties attributable to the
varying proportions of their two monomeric
units (D-mannuronic acid and L-guluronic
acid) that are arranged in block copolymer
structures.
The free acid form, alginic acid, is insoluble
in water, as are alginates of certain divalent
and polyvalent metal ions. The widespread
interest in alginate is due in part to its
biodegradable nature and the relatively non
toxic nature of this natural compound.
Salts of alginic acid combine with the
metallic ions in the soil to form highmolecular-weight complexes that absorb
moisture, swell, retain soil moisture, and
improve crumb structure. This results in
better soil aeration and capillary activity of
soil pores which in turn stimulate the
growth of the plant root system as well as
boost
soil
microbial
activity.
The
polyanionic properties of seaweeds and
unicellular algae have proved valuable in
remediation of soils, especially those
contaminated with heavy metals.

Effect on Rhizosphere Microbes
Application of seaweeds and seaweed extracts
triggers the growth of beneficial soil microbes
and secretion of soil conditioning substances by
these microbes. As mentioned, alginates affect
soil properties and encourage growth of
beneficial fungi. Alginate oligosaccharides,
produced by enzymatic degradation of alginic
acid mainly extracted from brown algae,
significantly stimulated hyphal growth and
elongation of arbuscular mycorrhizal (AM) fungi
64
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and triggered their infectivity on trifoliate
orange seedlings.
Extracts of various marine brown algae
could be use as an AM fungus growth promoter
(Rathore et al., 2008). Indigenous AM fungi
demonstrated a 27% improvement in root
colonization, while spore number was increased
about 21% over the controls when liquid
fertilizer containing tangle extracts was applied
via a sprinkler system in a citrus orchard.

draw on in times of stress. Another action
seaweed has on the roots in the rhizosphere is
due again to the increased mass and depth of
the roots the plant is able to draw more
moisture from the soil increasing the drought
tolerance level. The root mass also allows the
plant to more effectively absorb and use
fertilizers that are applied to the plant and soil.
The overall stronger root structure may help
plants physically resist certain types of root
diseases.

Conclusion
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