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Good Organic Agriculture Practices
Darthiya M1, Mude Ashok Naik2 and Kommireddy Poojitha3
1&2

Ph.D. Scholar, Department of Agronomy, Tamil Nadu Agricultural University, Tamil Nadu.
3
Ph.D., Scholar, Department of Agronomy, UAS, GKVK, Bangalore

Soil being the natural medium for plant
growth, is comprised of mineral matter. In
order to exploit these minerals, sufficient
manures are applied to the soil by which
adequate physical condition is provided
favoring the biological changes and naturally,
the chemical composition of the soil gets
changed favorably. Along with these changes,
soil structure will improve and the quantity
of humus content, beneficial micro
organisms and earthworms will also increase
thus ultimately the soil attains fertility. Good
organic practices are aimed at ―Feed the soil;
Soil will feed the crop‖

Multi Variety Cropping
Insitu cultivation of multi variety crops
acts as a good manure to the soil. This
enhances the availability of macro and micro
nutrients. Hence the productivity of the land
gets augmented
Cereals: Sorghum 750 g, Cumbu 250 g,
Thinai 200 g, Samai 250 g, Finger millet 300
g, Kuthiraivali 250 g, Panivaragu 200 g (any
four)
Spice crops: Coriander 1 kg, Mustard 0.5
kg, Fennel 0.25 kg, Fenugreek 0.25 kg
Pulse crops: Red gram 2 kg, Black gram
October, 2021

2 kg, Horse gram 1 kg, Green gram 2 kg, lab-lab 1
kg (any four)
Oilseeds: Sesame 250 g, Groundnut 2 kg,
Castor 3 kg, Sunflower 1 kg, Soya 2 kg (any four)
Green manure crops: Sun hemp 2 kg,
Daincha 1 kg, Tephrosia 1 kg, Sesbania 1 kg,
Sithagathi 1 kg (any four).
Seeds of any four crops of the above
mentioned are required @ 20 kg / acre. 45 days
prior to the cultivation of Paddy, the above
mentioned crops are grown, decomposed for 10
days after which Paddy seedlings can be
transplanted. 60 days prior to the cultivation of
Sugarcane, Banana and Turmeric adequate
quantity of FYM / Poultry manure /
Vermicompost are applied to the field followed by
the sowing of above mentioned crops that can be
ploughed insitu. Through this practice, 25 – 35
tonnes of green manure is incorporated to the
field. This will improve the physical condition of
the soil. During the cultivation of Sugarcane,
Banana and Turmeric the first weeding operation
could be followed by the raising of green manure
crops and insitu mulching is done in alternative
rows. With respect to Banana cultivation, within
5 months of planting, the multi variety crops are
grown twice; they are cut and are evenly spread

4

VOLUME NO.18, ISSUE NO.01

ISSN No.:2321-7405

in between the rows of Banana. This practice
will suppress the weed growth.
In order to enhance the crop growth, 100
litres of cow dung solution is mixed with 50
litres of starter solution and can be applied
for 1 acre twice in a month during irrigating
the crop. This solution will increase the
beneficial microorganisms in the soil through
which, the process of decomposition of the
materials become faster. Hence crop growth
gets enhanced. Moreover consistency of the
soil will increase by which the crops could
obtain all types of nutrients

Mulching
Mulching is the natural or artificial
application of layers of organic residues or
other materials on the surface of the soil.
Materials can be employed for mulching are
coir waste, farm waste, dried leaves, dried
grasses, sugarcane trash, paddy straw and
groundnut husk.
Benefits of Mulching
Reduces the impact of splash erosion
 Reduces the rate of evaporation
 Increase the Infiltration capacity of
the soil
 Suppress the weed growth
 Improve the soil structure
 Conserve the moisture content of
soil
 Increase Irrigation Interval
 Create favorable environment for
multiplication of micro organisms
and earthworms
 Reduce the cost incurred for Inter
cultivation
 All these benefits will ultimately lead
to the increase in yield
Bio-Fertilizer
Micro organisms convert the unavailable
form of Nitrogen, Phosphorus and Potash
present in plants root nodules and
atmosphere into available form. They also
enrich the crops with vitamins, amino acids
and growth promoters. In the fields where
chemical fertilizers are applied, number of
micro organisms gets reduced because
fertilizers are harmful to the survival of micro
organisms.
Bio-fertilizers can be classified under 2
VOLUME NO. 18, ISSUE NO.01

categories
1. Fixes
atmospheric
nitrogen
thereby
enhancing crop growth
2. Converts insoluble form of phosphorus into
soluble form thus making it available to roots
Generally seeds are treated with biofertilizers or are applied to the soil after mixing
with Farm Yard Manure. Bio-fertilizers are mixed
with water in which roots of crops can be dipped
for 10 minutes
E.g.
Azospirillum,
Phospho-bacterium,
Rhizobium

Vermi-Compost
Vermicompost is a method of making
compost with the use of earthworms, which
generally live in soil, eat biomass and excreta in
digested form. This compost is generally called
vermi-compost. It is estimated that 1800 worms
which is an ideal population for 1 sq.m. can feed
on 8 tonnes of humus per year.
Benefits of Earthworms
The upward and downward movement of
earthworms (tunneling) improves the aeration of
soil and facilitates the easy draining of water
during rainy season. This increases the
infiltration capacity of soil
 It absorbs soil residues adding fertility to
the soil
 Prevents soil erosion
 When vermicompost is applied to the
soil, earthworms number will increase
 Increases the water holding capacity of
soil by which irrigation interval is also
increased
 Tunnels made by the earthworms are
helpful in withholding the water which
increases the ground water level
 Maintains bacterial population since
nitrogen fixing bacterias and bacterias
solubilizing insoluble phosphorus are
present in large number in vermi waste
 It contains all micro nutrients hence
micro nutrient deficiency gets rectified
 Contains growth promoters such as
Cytokinin, Auxins and several enzymes,
harmones and vitamins
 Controls nematodes multiplication
Growth Promoters
1. Starter Solution: 20 kg of cow dung, 20
5
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litres of cow urine, 3-4 kg of Jaggery are
to be mixed in 200 litres of water. After
24 hours, the solution is applied to crops
by mixing it with irrigation water (1:10).
This solution could convert the infertile
soil into a productive one. This solution
is applied 2-3 times for 3-4 months old
crop and for long duration crops, this
applied twice in a month. Along with this
solution, water may also be mixed and is
sprayed over the crops
2.

3.

4.

Amara Leaf Extract: 1 kg of leaf is
to be mixed with 5 litres of
buttermilk and is kept for 7 days. 1
litre of this solution is mixed with
10 litres of water and can be
applied to the crops as foliar spray.
Fermented Buttermilk & Coconut
milk Solution: 5 litres of fermented
buttermilk and 5 litres of coconut
milk are mixed and kept in a mud
pot or plastic drums for 1 week
during which period it has to be
stirred often. Then the solution is
mixed with water @ 1 litre solution
in 10 litres of water. This also is
applied as foliar spray.
Panchakavya:Ingredients:






Cow dung 5 kg
Cow urine 5 litres
Curd 2 litres (fermented for 15 days)
Ghee 0.5-1 litre
Jaggery 1 kg or Sugarcane juice 2 – 3
litres
 Tender Coconut water 2 – 3 litres
 Well ripened Banana (Poovan
variety) 12
 Yeast 50-100 gm or toddy 2 litres
Method of Preparation
5 kg of cow dung is to be mixed with 5
litres of cow urine, sufficient quantity of
water is also added and kept in mud pot or
plastic drum and the mixture is stirred
clockwise and anticlockwise (50 times each)
every day.
On the 16th day, following ingredients
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are added.
Curd fermented for 15 days, milk 2 litres,
Ghee 0.5-1 litre, Jaggery 1 kg or sugarcane juice
2-3 litres, Tender coconut 2-3, Poovan banana
and yeast 50 gm or toddy 2 litres. This mixture is
kept for 7 days. On the 22nd day, Panchakavya
will be ready for use. This can be used for 6
months.
Note: 2kg of cow dung is mixed with 0.5-1
litre of Ghee and is kept for 15 days which will
facilitate the decomposing of ghee
Depending upon the growth of crops, the
solution is sprayed once in 7 – 10 days by which
the plant growth gets enhanced. Following are
the effects of the solution,
Rectifies the Micro Nutrient Deficiency
 Acts as growth promoter
 Acts as pest repellent
 Provides immunity power to crops
Method of Application


For short duration crops, it is sprayed
twice – before and after flowering
 For flowering plants, it is sprayed once.
 The solution can also be used for seeds
and seedling treatment.
Spraying Duration for Fruit Trees





I time – one month before flowering
II time – 15 days after flowering
III time – fruit attains pea size
V time – After harvesting, it is applied to
all fruit trees once.
The solution is sprayed twice or thrice for
each crop. For 1 litres of water, 25-30 ml of
Panchakavya is mixed and sprayed.

Crop Protection
a. Pest Repellent
Method of selection of herbal pest repellents:
1. Leaves that could not be eaten by cattle e.g.
Lantana camera
2. Plants with milky latex e.g. Calotropis
3. Leaves with bitter taste e.g. Neem, Aloe vera
4. Leaves with sour taste e.g. Jatropha
5. Leaves with bitter & sour taste
Method of Preparation
 Soaking method
 Boiling Method (Fastest method)

6
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Soaking Method
Leaves of any 5 of the following species
are selected






2.

Neem, Parthenium, Vitex negunda,
Tobacco, Sweet flag(Acorus curcus),
Garlic, Bogainvillea flower and
leaves, Jatropa, Custard apple leaves
& seeds, Adathoda, Calotropis,
Lantana camera, Palathalai, Aloe
vera,
Pirandai
(Cissus
quadrangularis).
2 kg of each plant leaves are cut into
pieces and mixed with 1 part of cow
dung solution, 4 parts of cow urine
and kept in a mud pot. This is placed
in a shady place.
The solution is stirred well every
day. After 1 week, the mixture is
filtered and is applied at the rate of 1
litre solution in 10 litres of water.

This solution acts as pest repellent as
well as growth promoter. Depending
upon the pest infestation, the solution is
sprayed twice or thrice once in 7-10 days.
Boiling Method
Above mentioned leaves are cut into pieces
and is taken in a mud pot to which 10 litres of
water is added and is boiled till 5 litres of solution
is obtained. After cooling the leaf extract, 1 kg of
turmeric powder is added and is kept for 24
hours. Then 1litre of solution is mixed with 10
litres of water and sprayed.

References
Khush, G.S. 1977. Disease and insect
resistance in rice. Advances in Agronomy
29:265–341.
Lorenz, K., Lal, R. Soil organic carbon
sequestration in agroforestry systems. A review.
Agron. Sustain. Dev. 34, 443–454 (2014).
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Soil Health Management System (SHMS)
Darthiya M1, Mude Ashok Naik2 and Kommireddy Poojitha3
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Ph.D. Scholar, Department of Agronomy, Tamil Nadu Agricultural University, Tamil Nadu.
3
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Soil is the fundamental to crop
production. Without soil, no food could be
produced on a large scale, nor would
livestock be fed. Therefore, soil is a precious
resource that requires special care from its
users. In some cases, the term ―soil quality‖
may be used; the two terms (Soil quality and
Soil health) have the same meaning. Many of
today‘s soil and crop management systems
are unsustainable. At one extreme, overuse of
fertilizer has led to nitrogen (N) deposition
that threatens the sustainability of an
estimated 70 percent of nature. At the other
extreme, the under-use of fertilizer means
that soil nutrients exported with crops are
not being replenished, leading to soil
degradation and declining yields.

How did the Current Situation
Arise?
The main driver was the quadrupling of
world population over the past 100 years,
which demanded a fundamental change in

VOLUME NO. 18, ISSUE NO.01

soil and crop management in order to produce
more food. This was achieved by intensive use of
mineral fertilization, along with improved
germplasm and irrigation (Green Revolution1960‘s). Before the discovery of mineral N
fertilizers, it took centuries to build up nitrogen
stocks in the soil. After green revolution, mineral
fertilizers were massively used in indiscriminate
quantities, especially of nitrogen, since N
availability is the most important determinant of
yield in all major crops.

Components of Soil
 Minerals
 Organic matter and
 Air
With the correct proportions of each of these,
it makes for a habitable environment for living
organisms like worms and fungus. These living
organisms, called soil life, are essential to plant
health. They break down nutrients found within
the soil into a form that can be consumed by
plants‘ roots.
7
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Soil health – Definitions
Soil health is defined as ―the capacity of a
soil to function within ecosystem boundaries
to sustain biological productivity, maintain
environmental health, and promote plant
and animal health.‖
Soil health has been defined as: ―the
capacity of soil to function as a living system.
Healthy soils maintain a diverse community
of soil organisms that help to control plant
disease, insect and weed pests, and form
beneficial symbiotic associations with plant
roots, recycle essential plant nutrients,
improve soil structure with positive
repercussions for soil water and nutrient
holding capacity, and ultimately improve
crop production‖.
A healthy soil does not pollute the
environment; rather, it contributes to
mitigating climate change by maintaining or
increasing its carbon content.
Soil properties that Determine Soil
Health
Soil properties (physical, chemical, and
biological) that determines soil health
includes soil texture, depth of soil, soil
organic matter, water-holding capacity,
infiltration, electrical conductivity, bulk
density, microbial biomass, pH, carbon and
nitrogen,
soil
respiration,
potentially
mineralizable nitrogen. Soils with poor
health often have inferior tilth, lower organic
matter content, few living organisms, and
show signs of soil erosion, crusting, and soil
compaction. Eventually, poor soil health
results in problems with crop establishment,
root growth, and crop yields. Increasing
amounts of fertilizers, pesticides, and tillage
are needed to maintain yields on poorquality soil. That is why it is so important to
maintain high soil quality.

pores for air, water and organisms to circulate
throughout the soil. t‘s full of nutrients, which are
broken down by the soil life and consumed by
your plants. It also absorbs water and retains it
until your plants can utilize it. The key to healthy
plants is healthy soil. By improving the quality of
your soil you can quickly improve the health of
your plants.

Soil Health Care Technologies
 Increasing soil organic matter in soils
 Biological nitrogen fixation to enrich Npoor soils
 ―Urea deep placement‖ for rice
 Site-specific nutrient management in
intensive cropping
 Sustainable agriculture
 Less soil disturbance
 Crop diversification
 Growing living roots throughout the
year, and keep the soil covered as much
as possible.
Six Components of Soil Quality / Soil
Health Management:
Choosing specific practices within each
component depends on the situation since
different types of soil respond differently to the
same practice. Each combination of soil type and
land use calls for a different set of practices to
enhance soil quality.
1. Enhance organic matter
2. Avoid excessive tillage
3. Manage pests and nutrients efficiently
4. Prevent soil compaction
5. Keep the ground covered
6. Diversify cropping systems

Soil Organic Matter
Improvement of organic matter can be
greatly improved by adding organic matter
through manure application and maintaining
the sustainability of the soil health. Organic
Matter is partially decomposed plant matter.
Although it accounts for only a small
percentage, it is vital to the composition of
healthy soil. It adheres to the minerals in the
soil, forcing them to separate and creating

Soil Health Management Systems
(SHMS)
SHMS are a collection of soil conservation
practices that focus on maintaining or enhancing
soil health by addressing the four soil health
planning principles: Less soil disturbance; crop
diversification; grow living roots throughout the
year; and keep the soil covered as much as
possible. SHMS are cropping system specific and
contain practices that are considered ―must-do‖
or are key practices that achieve the greatest
impact on soil health by creating a synergistic
effect as a system.
Soil Quality Benefits of Legumes

October, 2021
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includes, increasing soil organic matter,
improving soil porosity, recycling nutrients,
improving soil structure, decreasing soil pH,
diversifying the microscopic life in the soil,
and breaking disease build-up and weed
problems of grass-type crops.
Conservation Tillage or Residue
Management is a conservation practice
that gives efficient, effective control to
erosion and can improve soil properties and
soil quality. Additionally, improves organic
matter content and soil aggregation; reduces
soil temperature and lack of germination;
reduces root and plant diseases; increases
soil density/compaction.
Conservation,
Crop
Rotation
Effects on Soil Quality helps to maintain
the sustainability and the efficiency of
cropland over long periods of time. It is a
systematic sequence of crops grown in
combination with other crops or with grasses
and legumes. There are fewer problems with
weeds, insects, parasitic nematodes, diseases
caused by bacteria, fungi, and viruses when
using rotations compared to monocultures.
When legumes are part of the rotation,
nitrogen is supplied to the succeeding crop.
With forage rotations, soil organic matter
will increase as a result of longer rotations.

3.

Practices such as conservation tillage in
combination with rotations will benefit soil
quality by maintaining or increasing soil organic
matter.
Cover and Green Manure Crops as a
Conservation Practice can improve soil
health. Soil quality benefits such as increased
organic matter, biological activity, aggregate
stability, infiltration, and nutrient cycling accrue
much faster under no-till than other tillage
practices that partially incorporate the residue.
Therefore in a nutshell, a combination of
ecosystem processes and wise use of mineral
fertilizers forms the basis of a sustainable soil
health management system that has the capacity
to produce higher yields while using fewer
external inputs.

References
Diacono, M., and F. Montemurro. 2011.
Long-term effects of organic amendments on soil
fertility. In E. Lichtfouse, M. Hamelin, M.
Navarrete, and P. Debaeke (Eds.), Sustainable
Agriculture Volume 2 (pp. 761–786). Dordrecht,
The Netherlands: Springer.
Lloyd Miner, Grace & Delgado, Jorge &
Ippolito, James & Stewart, Catherine. (2020).
Soil health management practices and crop
productivity. Agricultural & Environmental
Letters. 5. 10.1002/ael2.20023.

GENETICS AND PLANT BREEDING

“Breeding for Cooking Quality Traits in Rice”
Umesh Babu B S1, Afsanabanu Manik2, Manjunath S3 and Surekha S2
Ph.D. Research Scholar, 1 Department of Genetics & Plant Breeding, 2 Department of Crop physiology 3
Department of Seed science & technology UASR, Raichur, Karnataka-584104

Introduction
Rice is the most important source of
calories for at least 50% of the world‘s
population. Breeding for consumer-preferred
grain qualities have thus become a major
goal for breeding programs around the
world. The rice grain is basically composed of
the lemma and palea which form the hull, the
bran, embryo and the endosperm (white
rice). These characteristics are controlled by
starch
physicochemical
properties
comprising of apparent amylose content
(AAC), gelatinization temperature (GT), gel

consistency (GC) and paste viscosity properties.
Starch makes up about 90% of the rice grain.
Rice starch is composed of two classes of glucose
polymers—amylopectin and amylose. Amylose
content is usually referred to as apparent amylose
content (AAC) in literature because the iodinebased assay used for measuring it often detects
long-chain amylopectin in addition to the ‗true‘
amylose. The AAC of rice is known to play a
crucial role in determining its cooked texture. It
is directly related to water absorption, volume
expansion, fluffiness and separability of cooked
grains and inversely related to cohesiveness,
tenderness and glossiness.

VOLUME NO. 18, ISSUE NO.01
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Gelatinization temperature (GT) is the
range of temperature wherein at least 90% of
starch granules swell irreversibly in hot water
with loss of crystallinity and birefringence.
Amylose content is the primary measure of
the texture of cooked rice, but it fails to
describe precisely the texture of certain types
of rice. Gel consistency (GC) is, therefore,
used to complement AAC.

Genetics of Amylose Content
AAC is the most important element
influencing the cooking, eating and
processing
characteristics
of
rice.
Conventional genetic studies have revealed
that AAC is controlled by one major gene
with several modifiers. High amylose content
was reported to be dominant over low and
intermediate amylose content. AAC is
reported to be mainly controlled by the waxy
gene locus (Wx) on chromosome 6, which
encodes the granule- bound starch synthase
(GBSS). Minor QTLs for AAC have also been
detected on chromosomes 1, 3, 4, 7, 8 and 11.
Genetics of Gelatinization
Temperature
Monogenic, digenic and polygenic
inheritance for gelatinization temperature or
ASV, have been reported. The inheritance of
GT was found to fit into additive-dominance
with dominance effects being predominant.
GT is reported to be mainly under the control
of the alk locus on chromosome 6 that
encodes soluble starch synthase II (SSIIa).
Four minor genes including the Wx gene—
Wx, SBE3, ISA and SSIV-2—have been
reported to act additively with SSII-3 (also
referred to as SSIIa by other authors), the
major for GT, to affect the trait.
Genetics of Gel Consistency
Some conventional genetic analyses have
reported that GC is under the control of one
major gene, several minor genes and
monogenic control. GC was found to fit into
an additive-dominance model of inheritance
with
dominance
being
predominant.
Transgressive segregation has been observed
for GC. Many QTLs for GC have been
mapped using molecular markers. A single
locus in the Wx region and some modifier
genes control GC.

October, 2021

Inheritance of Aroma
The use of molecular markers to study the
inheritance of fragrance appeared to favor
monogenic recessive inheritance of fragrance. A
gene associated with fragrance was originally
mapped to rice chromosome 8, where it was
associated with the RFLP marker, RG28.
Scientist identified a gene encoding betaine
aldehyde dehydrogenase 2 (BADH2) as the likely
cause of aroma in Basmati and Jasmine styled
rices.
Marker-Assisted Breeding for Grain
Quality in Rice
The scientific community has map/clone
many QTLs/genes for various quality traits and
developed molecular markers to facilitate
selection for specific grain quality types. Most
fragrant rices including Jasmine and Basmati
types have the 8-bp deletion on exon 7 of the
BADH2 gene and an allele-specific marker has
been developed for selecting rice with this
mutation. This marker is being used widely for
selecting for aroma. It is a co-dominant marker
and thus very useful for marker-assisted
backcrossing for recessive trait such aroma
because selection of lines carrying the aroma
gene can done in the heterozygote state without
progeny testing.
Functional markers for a waxy gene SSR
called RM 190, and waxy SNPS on intron (In1),
exon 6 (Ex6) and exon 10 (Ex10) are used to
select for AAC and RVA around the world. The
haplotype across these three SNPs in the waxy
gene (waxy SNP haplotypes) have been found to
be more efficient in selecting for AAC and RVA
than the RM 190. Across the waxy SNP
haplotypes (In1-Ex6-Ex10) TAC, GCC, GAC and
GAT is highly associated with low AAC,
intermediate AAC, high AAC and high AAC
accompanied with high RVA paste viscosity.
The alk gene has been cloned and validated
as being the major gene for GT through genetic
transformation. Two SNPs (GC/TT and G/A) in
the alk gene was found to be highly associated
with GT. These two functional SNPs have been
used to develop DNA markers for selection of GT.
Functional markers have also been developed for
grain size. These markers are very highly
associated with the C-A SNP mutation in exon 2
of the GS3 gene which is responsible for 80–90%
of the variation in kernel length. These validated
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markers will facilitate marker-assisted
breeding for grain quality in rice. Various
alleles of these important genes can be
pyramided together to obtain the different
consumer preferences for grain quality
across countries and regions.

Conclusion
Since rice is eaten mainly by humans as
whole grain in cooked form, its grain quality
is extremely important. Breeding for these
specific consumer demands can be
challenging because grain quality is
phenotyped using subjective, biochemical
analyses that can be very expensive. Marker
assisted selection is thus a very good option
for breeding for grain quality. Functional
molecular markers have been developed that
are highly efficient in selecting for grain size,
aroma, AAC, GT and paste viscosity
parameters. Modern genome-wide marker

4.

technologies which will take care of genes with
small effect and allow breeders to simultaneously
select for grain quality, yield and stress tolerance
are recommended for future rice breeding work.
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MINT – An Important Dollar Earning Aromatic Crop
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India is the world leader in mint oil in
2014 -15 and our production is around
35,000MT and exported over 25,000MT.
Price – 1110 (Mentha.arvensis.) 2760
(Mentha.piperita.) 2040 (M.spicta.) 2280
(M.citrata.) (CIMAP, 2017). A good crop
can give as high as 48000 kg of fresh herb
per hectare. However, the average yield from
three cuttings is 20,000 to 25,000 kg which
in turn may yield about 50-70 kg oil per
hectare

Total Availability of Natural Mentha
Oil

Origin
Mint has a long history, possibly originating
in Europe and the Mediterranean, where it was
regarded as the symbol of hospitality. Greek legend of the nymph Minthe, who attracted the
attention of Hades. The Romans brought mint
and mint sauce to Britain; they strewed mints in
feasts and banquets as a token of welcome to
their guests. Mint was then taken to the USA by
the pilgrims aboard the Mayflower. Early
descriptions and analyses of the menthol
in mint were carried out in the nineteenth
century (Atkinson and Yoshida, 1882)
Distribution
In Asia, the Japanese had distilled
peppermint oil for several centuries and the oil
was used to produce menthol (Simonsen, 1947).
During that time, the product was called Japanes
emint and Japan was the only commercial
producer. The cultivation of mint also began in
other countries such as China and India in
around 1960. Initially, India was an importer of
menthol but, after the green revolution in
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1986, mint took
commodity.

off

as

an

agricultural

(pipene, limonene and camphene). Generally, it
is higher in tropical regions It is industrially used
in the cosmetics, pharmaceuticals, food,
confectionery and beverages. Medicinally, it is an
excellent carminative and gastric stimulant when
applied externally; it acts as a mild analgesic

Economic Importance
Japanese mint is a primary source of
menthol. The fresh leaves contain 0.4-6.0%
oil. The main constituents of the oil are
menthol (65-75%), menthane (7-10%) and
menthyl acetate (12-15%) and terpenes
Cultivated Species

Mint Revolution
In 1952,RRL-few stolons from Japan.
Handa et al (1954)-introduced to Jammu.
DRL-jammu-Commercial farm-Chakrohi. In
1963, 26 kg. stolon of Mentha arvensis was
raised from 0.2 ha of the land. The area was
extended to 8ha by 1964. Material worth Rs.
45,000/- was sold to M/s Richardson
Hindustan,
Bilaspur,
Rampur
(Uttar
Pradesh). Besides producing 220 kg with this
start, oil of Japanese mint to the tune of 150
tons is being produced in Tarai since 1972.
An estimated production of about 15 tons of
Mentha oil (Worth about Rs. 13.0 lakhs) was
achieved during 1972. The Kosi variety
developed the increase in mint cultivation
from 15 hectares in seventies to 1, 50,000
hectares in the beginning of 21st century in
the country.
Development of Interspecific
Hybrids
The Japanese mint has very smaller
flower, crumpled all in a cluster which makes
emasculation for controlled hybridization
very difficult. It does not produce (viable)
seed under tropical condition, even under
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controlled crossing. Neerkalka' developed by
sexual crossing between improved Mother plant
Mentha arvensis (cv Kalka) and pollen plant
Mentha spicata (cv Neera). The hybrid is
propagated vegetatively by suckers or stems
cuttings and is stable for commercial cultivation.

Oil Recovery
The recovery of oil from the herb is 0.5-0.8%
through steam distillation (2-2.5hr‘s). Golden
yellow colour containing not less than 75%
menthol, about 80% of the oil is received in the
receiver in about one hour‘s time. The oil that is
received later is richer in menthol. PVC drums of
good quality (20-200l capacity) and galvanized
iron (GI) drums or aluminium containers are
suitable for short and long term storage
respectively. The containers should be kept in
cool and dark place.
Menthol Production
The process involves the progressive chilling
of mentha oil resulting in the separation of 6365% menthol in crystalline form; the crystals are
further processed to obtain bolder crystals. The
left over dementholised oil is hydrolysed and
fractionated Terpenes, menthone (90-93%
purity) and liquid menthol are separated.
12
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Menthol crystals are further recovered
tthereby improving the overall yield and
economics.

Demand and Supply
The mint oil is obtained from M.a, M.p,
M.c and M.s. Mint oil and menthol are
exported, others meet home requirement.
India is the leading producer in the world
market even replacing china and US due to
low price. At present there is a need for
increasing area
Problems
 The cost of raw materials used for
this industry is increasing day by day
 Plant cultivation largely depends on
climatic conditions and yield vary
year after year
 Price fluctuation is rampant
 The use of synthetic substitutes for
natural products are also increasing
Future Thrust
At present, Cis – 3 hexanol is
fractionated from DMO and exported at a
high price. Its production started in 1994-95
and this pushed price of DMO from Rs.50 to
90 in that year itself. There is scope for
producing L-limonene, 3–octonol, pure
menthone and isomenthone. Similarly, L-

5.

menthol, neo-menthol, isomenthone can be
converted into high value menthol and esters of
menthol, like methyl isovalerate, menthol lactate,
methyl salicylate which fetches better price in
trade. All this can sustain a high level of
cultivation and support export trade. The market
demand for pure L-menthol, iso-menthone, Llimonene, neo-menthol and pinene is high.
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Introduction
One of the most successful techniques
for increasing the production of beneficial
secondary metabolites has been elicitation.
Elicitors have been used to accelerate
secondary metabolite product production in
plant cell cultures by shortening the process
time to accommodate larger culture volumes
and higher product concentrations. To
produce biotic and abiotic stresses on plants,
several elicitors such as chitosan, ß-glucan,
and yeast extracts, as well as plant hormone
VOLUME NO. 18, ISSUE NO.01

compounds such as jasmonic acid (JA) and
methyl jasmoic acid (MeJA), have been
employed. An important component of evaluating
productivity-boosting solutions is to ensure that
all challenges are viewed holistically. In any case,
significant progress has been achieved in
increasing secondary metabolite synthesis from
plant cell cultures in recent years. These new
technologies will help to extend and improve
higher plants' continuing usefulness as renewable
suppliers of chemicals, particularly therapeutic
molecules. We believe that continued and
13
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increased efforts in this field will result in the
controlled and effective biotechnological
synthesis of unique, valuable, and hitherto
unknown plant compounds.
Though elicitation increases secondary
metabolism in plant cells/organs cultured in
vitro, the specific mechanism of elicitation is
yet unknown. Furthermore, the molecular
and biochemical pathways of secondary
metabolites
must
be
studied,
and
considerable study must be conducted to
discover the best circumstances for each
medicinal plant to boost secondary
metabolites. As part of many mechanisms of
induced
resistance
in
plants,
viral
attenuation, and cross protection for plant
viruses, most elicitors interfere with
pathways, signalling, cross-talk, plant
defensive signalling Pathways, and plant
immune system, as well as gene silencing.

What is Elicitors?
 Elicitors are chemicals that cause
physiological changes in plant cells.
 Plant cells respond to these stresses
by activating a variety of pathways,
comparable to pathogen infections
or environmental influences.
 They influence metabolism and
increase
the
production
of
phytochemical/plant
secondary
metabolites.
Plant Hormones as Elicitors
Several plant hormones function as
Elicitors. Common plant hormones such as
Salicyclic acid and Jasmonic acid are key
signals for defence gene expression. SA
regulates resistance to pathogens such as
bacterial, fungal, and viral pathogens. JA
regulates protein production via the
octadecanoid pathway. SA and JA are both
synthetic mimics that can be applied
externally to induce the same metabolic
changes that regulate resistance against
pathogens.
Use of Elicitors
 Ecological safety because the
method is based on inducing the
native immune potential of genes
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A systemic and prolonged protective
effect
Involvement of multiple defence systems
in induced resistance, making pathogen
adaptation to protected plants nearly
impossible
Induction of nonspecific resistance to a
variety of fungi, bacteria, viruses, and
nematodes

Elicitors Have Unique Properties
 The chemicals that accumulate in plant
cell cultures as a result of elicitation may
be antibacterial in nature. Elicitors can
be used as a replacement for
manufacturing media.
 In suspension cultures, cells may
respond to elicitation in the following
ways:
o Various
products
may
accumulate at higher levels in a
particular cell line at different
times
and
stages
of
development.
o Product buildup may be found
in cell lines when the synthesis
region
and
process
are
unknown.
o When given to cells in
production medium, elicitation
may not have an additive
impact.
 In growth medium, product buildup
owing to elicitation has also been
reported.
Why Should We Pay Attention to
Elicitors?
1. There is no danger of developing resistant
pathogen strains.
2. Fruit phenolic content is increased.
3. Plants and fruits are protected from biotic
and abiotic stressors.
4. There is no environmental impact.
5. Pre-harvest spraying can also help to reduce
post-harvest losses.
Effect of Elicitors
 The effect of ABA in the regulation of
lateral root development in three plant
species, Arabidopsis thaliana, Medicago

14
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truncatula, and Oryza sativa (Harris,
2015).
 Nitrogen-mediated legume root
architecture includes local and
systemic regulation by various Nsources, as well as modulation by
phytohormones
and
small
regulatory molecules. The nitrogenmediated root development process
begins with soil nitrogen sensing,
followed by signal transduction
pathways including phytohormones,
microRNAs, and regulatory peptides
that together control the root
system's growth and form (MohdRadzman et al., 2013).
 Auxin transport system is a directed
and active pathway from cell to cell
employing membrane integrated
transport proteins. Therefore, this
method is better appropriate to the
fine-tuning
of
the
auxin
concentration in individual cells.
This system's regulation of auxin
transportation is known colloquially
as "polar auxin transport." The flow
starts at the shoot apex, travels to
the plant's base, and eventually
reaches the root tip (Overvoorde et
al., 2010). Auxin is reversely
delivered in a shootward manner
through the lateral root cap and
epidermis, allowing for loop flow.
The auxin flow is recycled into the stele
just below the start of the elongation zone.
The concentration of auxin in these fluxes is
highest in the quiescent centre, lowest in the
endodermis and cortex, and weakest in the
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epidermis (Blilou et al., 2005 and Petersson et
al., 2009). Elicitors bind to a particular receptor,
which is most likely found in the plasma
membrane. The elicitor receptor contacts create
signals, which then activate nuclear genes
involved in plant defensive responses including
phytoalexin production. Local and systemic
signal molecules, as well as potential plasma
membrane receptors, begin the process.
Polygalacturonic acid, chitosan, physical
signals, abscisic acid, and systemin are all wound
signal molecules. A -glucan-elicitor-binding
protein, a systemin binding protein of 160 kDa,
and an undiscovered oligosaccharide elicitor
receptor are all plasma membrane receptors. A
lipase converts the wound signal and releases
linolenic acid from membrane phospholipid, a
process aided by ABA, volicitin, and - glucosidase
from insect oral secretion is transformed to
jasmonic acid via the octadecanoid pathway.
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Introduction
γ-amino butyric acid (GABA), a four
carbon non protein amino acid is a
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significant component of the free amino acid pool
in most prokaryotic and eukaryotic organisms.
The stressed plants recorded increased GAB
synthesis. GABA plays multiple functions under
15
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non- stressed and stressed.
GABA is a well recognized protein and
was reported in potato tuber and after one
year it was identified in mammalian brain. It
is synthesized in vivo by a metabolic pathway
known as GABA shunt pathway. It is a crucial
metabolite intermediate of nitrogen and
amino acid biosynthesis. The important role
of GABA in plants and microorganisms are
pH regulation, TCA cycle, C:N balance, acts
as a osmoprotectant, helps as a signaling
molecule, plant defense system, abiotic and
biotic
stress
tolerance,
glutamate
metabolism, survival metabolism.
GABA stimulates plant growth and
alleviates stress via up regulating antioxidant
defense system. Therefore it contributes to
enhancing shelf life due to higher antioxidant
activity and quality of the crop during
storage. It also significantly increased the
germination of the seeds, fresh weight and
biomass of the seedlings. The total fatty acid
content including saturated and unsaturated
fatty acid content also enhanced due to the
application of exogenous GABA. The crop
yield and quality of the crop were also good
by applying GABA to the crops.

Morphological Responses of Plants
to Exogenous GABA:
 It improves the root, shoot and fresh
weight of the seedlings
 Net photosynthesis rate, SPAD, antioxidant
enzymes,
nitrogen
metabolism enzymes is enhanced.
 Number of male flowers per plant
will be increased.
 Positive effect on coiling of the
tendrils.
 It improves the growth and quality
of the crop
Physiological Responses of Plants to
Exogenous GABA:
 Carbon and nitrogen metabolism
 Responses to biotic stress factors
 Improvement of shelf life and
storage quality
 Responses to abiotic stress factors
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Quantification of γ-aminobutyric Acid
(GABA):
There are different methods such as:
1. High performance liquid chromatography
(HPLC)
2. Amino acid automatic analyzer is the most
commonly used method
3. Biosensors
Transporters of γ-aminobutyric Acid
(GABA)
 GABA can be transported across the
plasma membrane
and organelle
membranes.

GABA transporters were first identified
in animals and then identified in plants
in 1999.
2 Types of Transporters
Low Affinity GABA Transporters:
 Aminoacid permease 2
 Aminoacid permase 3
 Proline transporters 2
 Proline transporters 3
2. High Affinity GABA Transporters:
 AtGAT 1
Protective Role of GABA Under Heat
Stress: Improves the plant dry mass and growth,
it maintains membrane integrity and decreased
cell damage, level of organic acids, sugars and
amino acids will be enhanced, net photosynthetic
rate and antioxidant enzymes will be increased
and also enhances the growth and quality of the
crop.
Protective Role of GABA Under
Chilling Stress: The Quality of the crop will be
increased, energy level enhances and antioxidant
enzyme activity will be increased.
Protective role of GABA under drought
stress: It decreases the lipid peroxidation and
membrane damage and antioxidant enzyme
activity increased.
Protective Role of GABA Under Heavy
Metal Stress: The saturated, unsaturated and
total fatty acid content has been increased and
also enhances the growth and quality of the crop.
The intracellular GABA can induce the expression
of signaling and metabolism associated genes
involved in the regulation of plant growth, plant
vigor and increased stress tolerance. The positive
16
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effects finally may also influence the quality
and quantity of yield. Exogenously applied
GABA can enhance endogenous GABA, thus
providing beneficial effects on plant
development and plant growth. The positive
impact on plants and the ability to induce
stress tolerance in plants suggests that GABA
could be considered as a tool to improve the
quality of agricultural crops. However, for a
better understanding of the potential of
GABA more work in a broad range of crops
and especially under field conditions is
necessary.
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Citrus fruit (Acid lime) is one of the four
commercially important citrus fruits grown
in India among citrus species which are
grown commercially. India ranks fifth among
major lime and lemon-producing countries
in the world. India is perhaps the largest
producer of acid lime in the world. It is
cultivated in almost all the states,
Maharashtra, Tamil Nadu, Karnataka,
Gujarat, Bihar, and Himachal Pradesh being
major producing states. There are two
important
species
of
lime
namely,
C.aurantifolia and of C.latifolia .Acid lime
trees are small, bushy with small but sharp
spines. Leaves and small with narrowly
winged petioles. Flowers and fruits are small.
Flowers are borne on two types of
shoots Fruits mature irregularly throughout
the year, greenish yellow in colour and juice
is highly acidic. Seeds are small, smooth and
cotyledons whitish. Acid lime is appreciable
not only for its beautiful appearance and
pleasing flavour but also for its excellent fruit
qualities. Limes are used as fresh fruit,
preparation of pickles and beverages. Lime is
a good source of vitamin C and has a good
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antioxidant property.

Medicinal value of Acid Lime – COVID
19
Low Calorie Content:
The fruit is less in calories, carrying just 29
calories per 100 g, and the value being one of the
lowest for the citrus fruits group.
Dissolve Kidney Stones:
Lemon's acidic taste is because of citric acid.
Citric acid constitutes up to 8% in its juice. Citric
acid is a natural preservative, aids in smooth
digestion, and helps dissolve kidney stones.
Vitamin C:
Lemons are an excellent source of vitamin-C
(ascorbic acid); provides about 88% of daily
recommended intake. Ascorbic acid is a potent
water-soluble natural anti-oxidant. This vitamin
is helpful in preventing scurvy, develop resistance
against infectious agents and scavenge harmful,
pro-inflammatory free radicals from the blood.
Vitamin C is helpful for preventing the
development and progression of atherosclerosis
and diabetic heart disease and also vital to the
function of a strong immune system against
COVID 19. A little extra vitamin C may be useful
17
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in conditions like colds, flus, and recurrent
ear infections.
Bioactive Effect:
Lemons
contain
a
variety
of
phytochemicals. Hesperetin,
naringin, and naringenin are
flavonoid
glycosides commonly found in citrus fruits.
Naringenin is found to have a bioactive effect
on human health as antioxidant, free radical
scavenger, anti-inflammatory, and immune
system modulator against COVID 19 viral
infection.
Antioxidant Property:
Additionally, they also compose a minute
levels of vitamin A, and other flavonoid
antioxidants such as α, and ß-carotenes, ßcryptoxanthin, zeaxanthin, and lutein. These
compounds are known to have antioxidant
properties.
Protect Lung And Oral Diseases:
Vitamin A also required for maintaining
healthy mucosa and skin and is also essential
for vision. Consumption of natural fruits rich
in flavonoids helps the body to protect from
lung and oral cavity cancers.
Control Heart Rate and Blood
Pressure:
They carry a healthy amount of minerals
like iron, copper, potassium, and calcium.
Potassium in an important component of cell
and body fluids helps control heart rate and
blood pressure.
Cures Rheumatoid Arthritis:
Vitamin C - rich foods, such as lemons
and limes, provide humans with protection
against inflammatory polyarthritis, a form of
rheumatoid arthritis involving two or more
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joints.

Conclusion:
Acid lime represents a commercially
important tropical crop distributed in subtropical
tropical and temperate regions of the world. The
formulated value added products using citrus
fruits like acid lime will enhance the nutritional
profile of the community against COVID 19
especially vulnerable groups like children,
pregnant women‘s and old age peoples. The
developed products will be cost effective and it
will be economically feasible to all consumers.
The value addition of citrus fruits like acid lime
will reduce the production loss and improve the
product quality which will improve farmer‘s
income and it makes the product availability
throughout the year. The developed products will
be highly suitable for commercialization and
alleviate nutritional deficiency and viral infection
(COVID -19) problems among the community.
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Systematic Position of Root Grubs
Scarabaeoidea is one of the largest
superfamilies of Coleoptera that include
largest family Scarabaeidae. Scarabaeoidea
October, 2021

includes approximately 31,000 species worldwide
of which the family Scarabaeidae is comprised of
27,800 species (Jameson and Ratcliffe, 2001).
Scarabaeidae consist of 13 subfamilies, of which
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Melolonthinae and Rutelinae are the largest
that are widely distributed throughout the
world. More than 2000 species of white
grubs are known from the Indian
subcontinent, of which over 40 species cause
severe damage to a wide range of agricultural
and horticultural crops, turf, meadows, lawns
and forest trees (Veeresh et al., 1991).

Taxonomic Characters of Root Grub
Larvae
The root grub larvae exhibit great
similarity, usually sub cylindrical resembling
‗C‘ shaped structure with three pairs of
thoracic legs and these are difficult to
identify at species level. The anal slit and
raster pattern (last abdominal ventral
portion) with pallidium which form species
specific characters at field level in order to
delineate the third instar larvae of
Holotrichia sp. (Sreedevi et al., 2014).
Kumar et al. (2017) conducted survey on
diversity of root grub and recorded twelve
major species of root grubs associated with
groundnut crop in Andhra Pradesh and
Rajasthan and these are identified by
illustrative keys that can be used at field
level, where the identification of the species
is very important from management point of
view. Among twelve species, six species
belonged to Melolonthinae, five species to
Rutelinae and one species to Dynastinae.
Distribution of Root Grubs
A total of 16 species were recorded
during the study period under eight genera
distributed in three sub families viz.,
Melolonthinae, Rutelinae, Dynastinae and
five tribes. The collected beetles were
identified at All India Network Project on
White Grubs and Other Soil Arthropds,
Banglore, Karnataka. The results show that
beetle emergence was started after receiving
first pre monsoon showers in May and June
month onwards. The present findings were in
conformity with the results of Kumar et al.
(2009) and Shivanna et al. (2014). Among all
the genera, Holotrichia was found to be most
abundant and dominant. The results were in
agreement with Theurkar et al. (2013). The
species
Adoretus
versutus,
Anomala
ruficapilla, Sophrops karschi was newly
observed in Western Maharashtra. The white
VOLUME NO. 18, ISSUE NO.01

grub species Leucopholis lepidophora was
observed to cause damage to sugarcane near the
rivers bank of Western Maharashtra.

Management of Root Grubs
Rakesha (2007) conducted the experiment
on evaluation of bioagents and plant products
against arecanut root grub Leucopholis
lepidophora. The mixture of soap nut and neem
oil 5% and Metarrhizium anisopliae 2x108
conidia per gram @ 20 g per palm recorded 50
per cent and 26.67 per cent mortality of third
instar grubs respectively after 60 days of
treatment. Patel et al. (2018) evaluated different
methods of insecticides application (Seed
treatment,
Drenching,
Chemigation
and
Broadcasting) in groundnut against the white
grub, seed treatment of clothianidin 50% WDG @
250 gm per ha and chlorpyriphos 20% EC @
4000 ml per ha were found most effective
treatments against white grub in groundnut.
Root grub is a nationwide pest, detailed
knowledge about their taxonomy, biology,
distribution and their host plants is very much
necessary for better management. Owing to the
polyphagous nature, subterranean habit, high
species richness and diverse feeding habits of
immature and adult stages, management of white
grubs is a hard task. The integrated management
strategies that include community basis
collection and destruction of root grub beetles,
seed treatment, soil application, foliar application
of chemical insecticides, entomopathogens and
entomopathogenic nematodes (EPNs) widely
followed to lessen the white grub menace
becomes futile at times in severe cases.
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Green houses are structures where in the
plants are maintained at controlled
environmental conditions. Green houses
helps to protect the plants from global
warming or GHG‘s. Green houses have to be
monitored regularly to control from
parameters like soil moisture, temperature,
Relative humidity, Air quality (or) CO2
concentration,
Light,
soil
pH,
etc.,
Greenhouse not only shields plants from
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frosts and rains, it can also be fully automated.
We can control a smart greenhouse remotely
from your iOS or Android device. We should
have sensors inside our greenhouse.
IoT is Internet of things which describes the
network of objects which are embedded with
sensors, softwares and technologies for the
purpose of connecting and exchanging data with
other devices and systems over the internet.
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A Greenhouse model

Sensors are key components of
greenhouse monitoring systems. Each sensor
continually measures a specific condition in a
specific location and reports
those
measurements to the system. A sensor is
connected to one of the base unit‘s input
terminal strips. As every condition requires
its own input, we have to match our needs
with the number of inputs available.

Types of Sensors
1. Soil Moisture Sensor
Soil moisture sensors help in assessing
the efficiency of the irrigation system.
Sensors report the fluctuations in soil
humidity levels and help to adjust the
irrigation system to water the plants
according to the actual water use. Thus we
save water and accelerate the plant growth
using the soil moisture sensor. Most of the
times we need to take probes 3 – 4 inches
deep in soil along the area where we are
going to plant. Thus we will estimate the
average soil moisture level.Ideally, soil
moisture should be around 40 to 79 per cent.
If our soil moisture content is 0 – 39 per
cent, it is dry and 80 – 100 per cent is
overwatered soil. Soil moisture monitoring is
both accurate and long-lived as sampling has
to be done few times per week. Soil Moisture
Sensors are ideally installed in multiple areas
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for best coverage.
2. Temperature Sensors
It is extremely important to maintain ideal
temperature in a greenhouse. The temperature
has to be maintained in both the extremes during
cold days or hot ones in summer. As the
temperature directly affects plant growth, so
having temperature sensors in a greenhouse is a
must.
3. Air Quality or Carbon Dioxide Sensors
Air quality sensor is a must for any
greenhouse grower who is using a gas or paraffin
heater. Paraffin and gas heaters produce carbon
dioxide (CO2) which stimulates plant growth,
although we need to monitor that the levels of
CO2 don‘t go above or below the critical
threshold.
4. Humidity Sensors
We have to maintain a relative humidity of
60-80 per cent. Humidity encourages fungus in a
greenhouse and pest problem. Hence, a wireless
hygrometer or humidity sensor will allow us to
monitor humidity levels on a daily basis so we
always know when to open vents.
There are Long Range Wireless Temperature
Humidity Pressure Air Quality Sensors which is
referred as an all-in-one sensor and is ideal for
indoor greenhouse monitoring applications, as it
samples Temperature, Pressure, Humidity, and
Air Quality.
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5. Light Sensor
Light sensor is a tool to assess the plant‘s
exposure to light. Most of the meters have
the light sensor on the top of the meter and
can display the following readings: Relative
Light: 0-2000 lux (0-200 Low, 200-500
Low+, 500-1000 Normal, 1000-2000 High).
Light intensity can be measured by
placing the meter next to the plant and orient
the center of the meter top toward the light
source. The instant measure is helpful to
know when to use the shade clothor when we
need to change the position of the plant to
receive more light. Long Range Wireless
Light Sensors have life time silicon sensors.
6. Soil pH Sensors
Soil pH sensor helps to determine and to
reclaim the acidity or alkalinity of the soil.
The pH scale ranges from 0 to 14 helps to
differentiate between acidity and alkalinity.

An environment is neutral when pH is 7. If the
pH value is below 7, then the environment is
acidic and pH value above 7 is alkaline. Soil‘s pH
affects the plant growth. The alterations of soil‘s
pH lead to nutrient deficiencies.Hence, soil pH is
one of the important parameter and has to be
monitored regularly.
7. Equipment Monitors
All the sensors that are available inside the
greenhouse are connected to a controller and all
the equipments are scanned using an equipment
monitor.
The sensors are usually maintained by
internet clouds. So the soil moisture sensor,
temperature sensor, humidity sensor, air quality
(or) CO2 monitor, Light sensor and soil pH sensor
have to be maintained in a greenhouse and all
these sensors are maintained by automation
techniques, machine learning techniques and AI
techniques.
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Introduction
Immature insects adaptations for finding
the highest quality food and optimal
environmental conditions are critical to
maximizing a species success. Optimal food
and environmental conditions during
immature development increase the insects
survival and shorten their development time.
These conditions also result in earlier
reproduction and more rapid growth of the
insect population. Immature-stage mobility
is important in finding suitable food and
environment,
building
shelters,
thermoregulating behaviour and evading,
escaping or defending against natural
enemies. The immature stages can move
distances ranging from a few centimetres to a
few hundred meters, whereas adult that can
fly, can move distances of a few hundreds or
even thousands of kilometres. Mobility gives
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immature insects greater access to available food.
Neonate larvae often must move large distances
to find their first meal or they perish.

Biodiversity and Number of Species of
Insects
Approximately 15 lac species have been
described during the period from 1758 to 1940
(Metcalf and Maynard, 1940). This would make
the insect occupy almost 80% of the species of
the whole animal kingdom (Zhang, 2011). We do
not know the exact number of all species on
earth, but the estimated number of species is 5-15
million species (Dirzo and Raven, 2003).
Arthropods have existed for more than 400
million years and survived the Permian and
Cretaceous mass extinctions (Kim, 1993). There
are about 1 million species of known insects, but
only around 7-10% of insects are scientifically
described. Since many insect species are not yet
identified, it is estimated that there could be
22
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around 8 million species of insects on earth
(Samways, 2005).

Immature Stage of Insects
Immature stages occupy a large part of
the life cycle. The egg stage usually lasts but a
few days, sometimes even shorter or the egg
may hatch before it is laid, as is the case in
the aphids. Many insects hibernate in the egg
stage and it egg period may last several
months. The growing stage is usually much
longer than the other stages. The nymph of
the
periodical
cicada,
Magicicada
septendecim (L.) lives underground from 13
to 17 years as compared with the 30 to 40
days of its adult life and 6 to 7 weeks of its
egg stages. While some May flies live as adult
for only a few hours, their nymphal stage
believed to occupy three years. Many insects
spend their winter time in the pupal stages.
In general, insects spend considerably more
time in their immature stages than they do as
adult. Larva and nymph are heavier feeders.
When a survey of the feeding habits of
insects is made, the nymphs are usually
found to take the same kind of food as their
adult. Larvae on the other hand, usually feed
differently and consume much more than
their adult. Take the order lepidoptera as a
good example, the caterpillars eat a large
quantity of food while a good number of
moths do not feed at all.
Identifying Windows of Opportunity
for Insect-Pest Management
All types of pests have a life cycle or set
of developmental events that occur during
their life time. The type of life cycle is varying
with the pest. However, most pests have
certain weak points or ―windows of
opportunity‖ during their life cycle when they
are the most vulnerable to manage. For
insects, these windows are often during the
immature life stages.
Immature Insect as Predators
In the insect orders Odonata (dragon
flies) and Neuroptera (lacewings and ant
lions) all the insect species are predators,
while a large percentage of species in the
orders
Hemiptera
(bugs),
Coleoptera
(beetles), Diptera (flies) and Hymenoptera
(wasps, bees and ants) are predators, either
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as larvae or in both larval and adult stages.
Lady Beetles (Family: Coccinellidae): It
is very common and voracious predators of
aphids. The adult and larvae are predacious. It
also feed on caterpillars, moth eggs, scales, mites,
and they may also be cannibalistic if prey is
scarce. Tiger Beetles (Family: Carabidae):
Generally, they have large eyes, long legs and
large powerful jaws for grabbing prey. The adult
and larvae are predacious, but larvae live in the
soil and have a smaller search range. Green
lacewings (Family: Chrysopidae): Adult
feed on nectar, pollen and honeydew and they are
commonly observed flying around lights after
dark. The larvae are wingless, therefore, they
crawl around on plant leaves in order to search
for prey. They are mainly predators of aphids, but
will also eat small caterpillars or beetle larvae.
Green lacewing larvae can eat between 100 and
150 aphids in their lifetime. Robber flies
(Family: Asilidae): Its larvae develop in the
soil, but are also predacious, feeding on insect
eggs, other larvae and soft bodied, soil dwelling
insects. Syrphid flies (Family: Syrphidae):
Its larvae voracious predators of aphids, scales,
thrips, and small caterpillars. Once the blind and
legless larvae hatch, they go to work crawling
around and sucking the body fluids out of their
prey.

Decomposition of Agriculture Waste by
Insects
The decomposition of organic waste, such as
dung and carrion are an important ecosystem
process which is largely provided by insects.
There are about 4000 documented dung beetle
species which play an important role in the
decomposition of manure. Dung beetles
contribute to soil health by increasing nitrogen,
phosphorous,
potassium,
calcium
and
magnesium or total proteins content (Macfadyen
et al., 2015). Dung beetles also contribute to the
carbon cycle, reducing GHG emissions by
between 7 and 12% (Nichols et al., 2008). Soil
insects such as ants, beetles, larva of cutworms,
crickets, collombolans, make tunnels in soil and
facilitate aeration in soil. They become good
manure after death and enrich soil. Beetle, larvae,
flies, ants and termites clean up dead plant
matter and break it down for further
decomposition by microbes. Ants and termites,
the soil macrofauna in dry and hot regions, play
an important role in the increase of mineral
23
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nitrogen in the soil (Evans et al., 2011).
Wood beetles are nature‘s recyclers. Huhu
beetle (Prionoplus
reticularis) larvae
contribute to the decomposition of dead pine
wood. Larvae of longhorn beetle feeding on
pine stump (Hunt and Bergsten, 2007).

Insect as a Delicious Food
Insect can be used as food for animals
and human being. For animals- aquatic
insects used as fish food. Grasshoppers,
termites, pupae of moths have been used as
food by human beings in different parts of
the world. In the European Union, the use of
seven insect species viz., Black soldier fly
(Hermetia illucens), House fly (Musca
domestica), Mealworm (Tenebrio molitor),
Lesser mealworm (Alphitobius diaperinus),
House cricket (Acheta domesticus), Tropical
house cricket (Gryllodes sigillatus), as well
as Field cricket (Gryllus assimilis) as feed in
aquaculture has been permitted since 1st July,
2017. The inclusion of black soldier flies in
the feed of farmed fish had positive results
and showed no differences in taste or texture
of the fish (Dicke, 2017). Mealworms have
become the first insect approved in
Europe Union as a human food after the
regions food agency said that they are safe to
eat. Mealworm are nutritious insect that are
high in protein and fat. Despite their name,
mealworms are beetle larvae rather than
worms and are already used in Europe as a
pet food ingredient.
Silk Farming
Sericulture or silk farming is the
cultivation of silkworms to produce silk.
Although there are several commercial
species of silkworms, Bombyx mori (the
caterpillar of the domestic silk moth) is the
most widely used and intensively studied
silkworm. Sericulture has become an
important cottage industry in countries such
as Brazil, China, France, India, Italy,
Japan, Korea, and Russia. Today, China and
India are the two main producers, with more
than 60% of the world's annual production
(Wikipedia).
Conclusion
The type of life cycle is varying with the
insect-pest. However, most pests have
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certain weak points during their life cycle when
they are the most vulnerable to manage. Some
insect are predators, either as larvae or in both
larval and adult stages. The decomposition of
organic waste, such as dung and manures are an
important ecosystem process which is largely
provided by insects. Insect can be used as food
for animals and human being. The knowledge
regarding immature stages of insect-pests and
understand site of oviposition, site of pupation
and larval behaviour can allow for timely and
effective management, thus we can reduce in the
qualitative and quantitative losses of yield and
increase the profit.
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Introduction
In order to breed new varieties of crop
faster and to offer hope for food security
throughout the globe a new and exciting
methodology called ‗Speed Breeding‘ is
conceptualized. The initial framework of the
method was outlined by US National
Aeronautics and Space Administration
(NASA) later on many researchers from
various corners of the world are adopting and
modifying the method to develop new
varieties rapidly. Speed breeding is a form of
accelerated breeding. It is an extra toolkit
available to Plant breeders to accelerate crop
improvement. The concept of accelerated
crop improvement was first tested by NASA
in collaboration with Utah State University in
wheat. This was done for evaluation of food
production in space with the aid of
continuous illumination. These kind of
experiments were initially done in crops
involving
cereals
viz.,wheat.
This
methodology of crop improvement was
further expanded to other crops by group of
researchers in other institutes as well.
Further experimenters‘ went on to add more
and more growth parameters in their study
of speed breeding.
Speed breeding methods can be
extended to complement other innovative
technologies, including high-throughput
genotyping, genome editing and genomic
selection in orphan crops as well to
accelerate the rate of crop improvement.
VOLUME NO. 18, ISSUE NO.01

Speed breeding greatly concise the time required
for generation time and hence subsequently
speed-up the process crop breeding. Some of the
very basic approaches of speed breeding includes
continuous illumination (20-22 hours) of
growing plants so that they can photosynthesize
for a prolonged duration and hence can grow
faster. This technique of plant breeding allows for
breeders to grow many generations (4 to 6) for a
crop wherein under normal circumstances two
generations can be grown per year. This has been
done in several crop species viz., spring wheat
(Triticum aestivum), durum wheat (T. durum),
barley (Hordeum vulgare), chickpea (Cicer
arietinum) and pea (Pisum sativum) and canola
(Brassica napus).(Ghosh et al. 2018; Watson
et al. 2018). So, Speed breeding in a nutshell are
fully controlled and enclosed micro-environment
growth coupes that can speed-up plant
development for fulfilling various objectives
namely, phenotyping plant traits, study of
mutants and transformation studies. Speed
Breeding is being increasingly applied to grass
pea and wheat breeding in Africa which indicates
that this methodology can be used for major as
well as orphan crop breeding. Many advanced
and high-throughput technologies have poor
adoption rate in developing and financiallychallenged countries but this technique has
nothing much sophisticated technologies. It
involves only simple and innovative techniques
like use of artificial conditions viz., LED lights to
prolong the day-length for crops to aid them in
growing faster, making it a global tool for crop
25
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improvement throughout the globe in
developed as well as developing countries.
Crop Improvement has come a long way and
improved a lot in terms of production,
productivity, insect-pest resistance, quality
and abiotic stress tolerance aspect. Still there
is a need for continuous improvement in
order to tackle the major challenges ahead
like- global changing climate scenario,
increasing world population, always evolving
pathotypes of insects and other pathogens
and some other major bottlenecks. To resolve
all the bottlenecks quickly and efficiently
methodologies like speed breeding can prove
to be handy in complementing various crop
improvement strategies under Nano-era.

station and eventually developed a new dwarf
variety ‗USU-Apogee‘ (Bugbee and Koerner
1997). The term ‗speed breeding‘ was coined by
researchers at University of Sydney, the John
Innes Centre and the University of Queensland,
Australia after several refinements and finetunings of the above techniques. In speed
breeding the generation time is actually
shortened by manipulating day-length and
temperature in growth chambers using artificial
illumination of specific intensity and quality that
actually accelerates different physico-chemical
processes in plants and this methodologies aided
in growing wheat in space, early flowering, more
photosynthesis and shortening breeding cycles as
well.

Early Developments and
Background of Speed Breeding
The initial idea of growing plants in
controlled
conditions
with
artificial
illumination came up to cope with
unfavorable and unpredictable climatic
changes in different regions around the
globe. Such fluctuations in environmental
conditions can result in failure of crops and
poor yield. So, controlled and artificial
conditions can resolve such issues of
environmental
fluctuations
effectively.
Mangon (1861) and Prilleux (1869) in early
1860s were the pioneers to use artificial
illumination in the form of powered lamps to
supplement growth and development of
plants. Electric arc lamps and incandescent
lamps were used to complement natural
sunlight for growth and development of
plants by Siemens (1880). The significance of
influence or period of artificial lighting on
olant constituents was established by Pfeiffer
(1926). Moreover in tissue culture labs and in
greenhouses artificial lights were used to
make up for the insufficiently low lights in
such enclosed chambers (Mpelkas 1980).
In 1990s Light-emitting diodes (LEDs)
specifically blue diodes was utilized for
growth and development and during the
same time NASA in collaboration with Utah
State University worked on wheat on space
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DNA Barcoding is a taxonomic
method that uses a short genetic marker in
an organism's DNA to identify it as belonging
to a particular species. It differs from
molecular phylogeny in that the main goal is
not to determine classification but to identify
an unknown sample in terms of a known
classification.
Although
barcodes
are
sometimes used in an effort to identify
unknown species or assess whether species
should be combined or separated, the utility
of DNA barcoding for these purposes is
subject to debate. Applications include, for
example, identifying plant leaves even when
flowers or fruit are not available, identifying
insect larvae (which typically have fewer
diagnostic
characters
than
adults),
identifying the diet of an animal based on
stomach contents and identifying products in
commerce (for example, herbal supplements
or Choice of Locus: A desirable locus for
DNA barcoding should be standardized (so
that large databases of sequences for that
locus can be developed), present in most of
the taxa of interest and sequencable without
species-specific PCR primers, short enough
to be easily sequenced with current
technology, and provide a large variation
between species yet a relatively small amount
of variation within a species. Although
several loci have been suggested, a common
set of choices are: For animals and many
other eukaryotes, the mitochondrial CO1
gene. For land plants, the concatenation of
the rbcL and matK chloroplast genes (Gao
and Zhang., 2013).
Mitochondrial DNA: DNA barcoding is
based on a relatively simple concept. Most
eukaryote cells contain mitochondria, and
mitochondrial DNA (mtDNA) has a relatively
fast mutation rate, which results in
significant variation in mtDNA sequences
between species and, in principle, a
comparatively small variance within species.
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A 658-bp region of the mitochondrial cytochrome
c oxidase subunit I (COI) gene was proposed as a
potential 'barcode'.
Identifying Flowering Plants: The use of
the COI sequence ―is not appropriate for most
species of plants because of a much slower rate of
cytochrome c oxidase I gene evolution in higher
plants than in animals‖. A series of experiments
was then conducted to find a more suitable
region of the genome for use in the DNA
barcoding of flowering plants (or the larger group
of land plants). One 2005 proposal was the
nuclear internal transcribed spacer region and
the plastid trnH-psbA intergenic spacer; other
researchers advocated other regions such as
matK.
Vouchered Specimens: DNA sequence
databases like GenBank contain many sequences
that are not tied to vouchered specimens (for
example, herbarium specimens, cultured cell
lines, or sometimes images). This is problematic
in the face of taxonomic issues such as whether
several species should be split or combined, or
whether past identifications were sound.
Therefore, best practice for DNA barcoding is to
sequence vouchered specimens.
Origin: The use of nucleotide sequence
variations
to
investigate
evolutionary
relationships is not a new concept. Carl Woese
used sequence differences in ribosomal RNA
(rRNA) to discover archaea, which in turn led to
the redrawing of the evolutionary tree, and
molecular markers (e.g., allozymes, rDNA, and
mtDNAvage) have been successfully used in
molecular systematics for decades. DNA
barcoding provides a standardized method for
this process via the use of a short DNA sequence
from a particular region of the genome to provide
a 'barcode' for identifying species. In 2003, Paul
D.N. Hebert from the University of Guelph,
Ontario, Canada, proposed the compilation of a
public library of DNA barcodes that would be
linked to named specimens. This library would
―provide a new master key for identifying species,
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one whose power will rise with increased
taxon coverage and with faster, cheaper
sequencing‖.
Identification of Birds: In an effort to
find a correspondence between traditional
species boundaries established by taxonomy
and those inferred by DNA barcoding,
Hebert and co-workers sequenced DNA
barcodes of 260 of the 667 bird species that
breed in North America. They found that
every single one of the 260 species had a
different COI sequence. 130 species were
represented by two or more specimens; in all
of these species, COI sequences were either
identical or were most similar to sequences
of the same species. COI variations between
species averaged 7.93%, whereas variation
within species averaged 0.43%. In four cases
there were deep intraspecific divergences,
indicating possible new species. Three out of
these four polytypic species are already split
into two by some taxonomists.
Delimiting Cryptic Species: The next
major study into the efficacy of DNA
barcoding was focused on the neotropical
skipper butterfly, Astraptes fulgerator at the
Area Conservacion de Guanacaste (ACG) in
north-western Costa Rica. This species was
already known as a cryptic species complex,
due to subtle morphological differences, as
well as an unusually large variety of
caterpillar food plants. However, several
years would have been required for
taxonomists to completely delimit species.
The Moorea Biocode Project: The
Moorea Biocode Project is a barcoding
initiative to create the first comprehensive
inventory of all non-microbial life in a
complex tropical ecosystem, the island of
Moorea in Tahiti.
DNA Barcoding Software: Software
for DNA barcoding requires integration of a
field information management system

(FIMS), laboratory information management
system (LIMS), sequence analysis tools, workflow
tracking to connect field data and laboratory
data, database submission tools and pipeline
automation for scaling up to eco-system scale
projects. Geneious Pro can be used for the
sequence analysis components, and the two
plugins made freely available through the Moorea
Biocode Project, the Biocode LIMS and Genbank
Submission plugins handle integration with the
FIMS, the LIMS, workflow tracking and database
submission (Khaund and Joshi., 2014).

Figure 1: DNA barcodes for life
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Global Warming is the increase in the
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average temperature of Earth's near-surface air
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and oceans since the mid-20th century and
its projected continuation. According to the
2007 Fourth Assessment Report by the
Intergovernmental Panel on Climate Change
(IPCC), global surface temperature increased
by 0.74 ± 0.18 °C during the 20th century.
Most of the observed temperature increase
since the middle of the 20th century has been
caused by increasing concentrations of
greenhouse gases, which result from human
activities such as the burning of fossil fuel
and deforestation.
Climate model projections summarized
in the latest IPCC report indicate that the
global surface temperature is likely to rise a
further 1.1 to 6.4 °C (2.0 to 11.5 °F) during
the 21st century. An increase in global
temperature will cause sea levels to rise and
will change the amount and pattern of
precipitation, probably including expansion
of subtropical deserts. Warming is expected
to be strongest in the Arctic and would be
associated with continuing retreat of glaciers,
permafrost and sea ice. Other likely effects
include more frequent and intense extreme
weather events, species extinctions, and
changes in agricultural yields.
Temperature Changes: Evidence for
warming of the climate system includes
observed increases in global average air and
ocean temperatures, widespread melting of
snow and ice, and rising global average sea
level.
Greenhouse Gases: The greenhouse
effect is the process by which absorption and
emission of infrared radiation by gases in the
atmosphere warm a
planet's lower
atmosphere and surface. The major
greenhouse gases are water vapor, which
causes about 36–70 percent of the
greenhouse effect; carbon dioxide (CO2),
which causes 9–26 percent; methane (CH4),
which causes 4–9 percent; and ozone (O3),
which causes 3–7 percent.
Solar Variation: Variations in solar
output have been the cause of past climate
changes. Greenhouse gases and solar forcing
affect temperatures in different ways. While
both increased solar activity and increased
greenhouse gases are expected to warm the
troposphere, an increase in solar activity
should warm the stratosphere while an
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increase in greenhouse gases should cool the
stratosphere.
Climate Models: The main tools for
projecting
future
climate
changes
are
mathematical models based on physical
principles
including
fluid
dynamics,
thermodynamics and radiative transfer. All
modern climate models are in fact combinations
of models for different parts of the Earth. These
include an atmospheric model for air movement,
temperature, clouds, and other atmospheric
properties; an ocean model that predicts
temperature, salt content, and circulation of
ocean waters; models for ice cover on land and
sea; and a model of heat and moisture transfer
from soil and vegetation to the atmosphere.
Attributed and Expected Effects: Global
warming may be detected in natural, ecological or
social systems as a change having statistical
significance. Attribution of these changes e.g., to
natural or human activities, is the next step
following detection. Global warming has been
detected in a number of systems. Some of these
changes, e.g., based on the instrumental
temperature record, have been described in the
section on temperature changes. Rising sea levels
and observed decreases in snow and ice extent
are consistent with warming. Most of the increase
in global average temperature since the mid-20th
century is, with high probability, attributable to
human-induced changes in greenhouse gas
concentrations.
Ecological Systems: Climate change is
expected to particularly affect certain ecosystems,
including tundra, mangroves, and coral reefs. It is
expected that most ecosystems will be affected by
higher atmospheric CO2 levels, combined with
higher global temperatures. Overall, it is expected
that climate change will result in the extinction of
many species and reduced diversity of
ecosystems.
Social Systems: There is some evidence of
regional climate change affecting systems related
to human activities, including agricultural and
forestry management activities at higher latitudes
in the Northern Hemisphere.

Responses to Global Warming
Mitigation: Reducing the amount of future
climate change is called mitigation of climate
change. The IPCC defines mitigation as activities
that reduce greenhouse gas (GHG) emissions, or
enhance the capacity of carbon sinks to absorb
29
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GHGs from the atmosphere.
Adaptation: Adaptation to climate
change may be planned, e.g., by local or
national government, or spontaneous, i.e.,
done
privately
without
government
intervention.
Geoengineering:
Geoengineering
encompasses a range of techniques to
remove CO2 from the atmosphere or to block
incoming sunlight.
UNFCCC: Most countries are Parties to
the United Nations Framework Convention
on Climate Change (UNFCCC). The ultimate
objective of the Convention is to prevent
"dangerous" human interference of the
climate system.
Public Opinion: In 2007–2008 Gallup

Polls surveyed 127 countries. Over a third of the
world's population was unaware of global
warming, with people in developing countries
less aware than those in developed, and those in
Africa the least aware. Of those aware, Latin
America leads in belief that temperature changes
are a result of human activities while Africa, parts
of Asia and the Middle East, and a few countries
from the Former Soviet Union lead in the
opposite belief. The cause of this marked
difference in public opinion between the United
States and the global public is uncertain but the
hypothesis has been advanced that clearer
communication by scientists both directly and
through the media would be helpful in adequately
informing the American public of the scientific
consensus and the basis for it.

14. SOLID WASTE MANAGEMENT

Macro Faunal Communities in Compost Beds
P.T.Ramesh1, R.Murugaragavan2 and S.S.Rakesh3
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Aerobic composting is largely a microbial
process, involving up to 1 billion bacterial cells,
10 lakhs fungal cells and actinomycetes per
gram of compost. Earthworms are the other
major composting organism, especially the
epigeic earthworms that exclusively feed on
organic
matter
and
help
in
rapid
decomposition of organic matter. But, there are
many fauna that occupy compost beds for
decomposition,
survival,
nutrition
and
habitation roles. These creatures are mostly
macro organisms that physically break down
the organic material by chewing, tearing and in
some cases sucking it into smaller pieces,
making it more amenable for microbial enzyme
action.
The compost process is a three stage
process based on temperature, viz., mesophilic,
thermophilic and curing stage (second
mesophilic stage). The second mesophilic stage
harbours more of such organisms. Some of
these creatures are:
1. Ants: Ants feed on a range of food
including seeds, scraps and insects found
in the compost heap. They are acceptable
October, 2021

2.

3.
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in aerobic compost beds for this reason,
but being predatory, they are unwelcome
in vermicompost beds. Presence of ants in
a compost bed could be indicative of lack of
sufficient moisture in compost beds,
signalling sufficient watering.
Nematodes: These creatures are physical
decomposers and they help in structural
breakdown of minute organic particles.
Several millions of nematodes can be seen
in a decaying compost bed. Different
species scavenge on decaying vegetation,
organic juices, bacteria, fungi, protozoa
and other nematodes. Nematodes are also
indicative of oxygenation in compost beds,
as they cannot survive in anaerobic
conditions.
Mites: Mites are the also common
invertebrate found in compost and are
generally attracted to organic matter
heaps, leaves, moss and moulds. While
some are microscopic, others are visible to
naked eye. They feed upon leaves, rotting
wood and other organic debris. Some
species are predators and feed on
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nematodes, eggs, insect larvae and
springtails. One very common compost
mite is the Oribatid mite that assists in
breakdown of organic matter. Some mites
are reported predatory on earthworms.
Springtails: Springtails chew upon tiny
organic particles like decomposing bits,
pollen and fungi and are usually abundant
in compost. They also feed upon
nematodes and droppings of other
arthropods.
Earthworms: Earthworms naturally
colonise a compost bed during the later
stages of composting. They voraciously
feed on organic matter, and excrete them
as nutrient rich pellets. The burrows made
by them help in oxygenation of the bed.
Earthworm casts are high in available
nitrogen, phosphorous, calcium, bacterial
load than that of the microbially degraded
organic matter. Even though, they are not
introduced ones in aerobic compost heaps,
they get attracted due to the organic matter
and moisture in compost beds. Both
epigeic
and
endogeic
earthworms
inhabitate compost beds.
Slugs and snails: Slugs and snails are
also found in compost heaps. They prefer
to feed on fresh / living plant materials
that are found in compost heap.
Centipedes: The compost beds attract
centipedes a lot. Although centipedes are
not organic feeders, they colonise compost
beds due to hiding habitat, moisture and
plenty of food sources like worms, insect
larvae, smaller earthworms, spiders and
arthropods. Scolopendra cataracta is a
very common centipede of the compost
beds. Centipedes are one of the tertiary
consumers ion compost bed.
Millipedes: They are cylindrical bodied
organisms with two pairs of legs on each
body segment. They feed mainly on
decaying plant tissue but also eat insect
carcasses and excrements of other fauna.
Sow Bugs: Sow Bugs are grey coloured,
fat bodied smaller crustaceans that live on
decaying organic refuse. These can be
differentiated from a pill bug in that they
do not throw themselves in to a roll when
threatened. Presence of sow bugs in
mature compost is not welcome as they
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may harm tender roots and shoots of
seedlings when compost is applied. But the
fact is that they move away when the
compost is mature and has less than 10%
moisture.
Beetles: The most common beetles in
compost are the carabid beetles, commonly
referred to as ground beetles. These beetles
prey on other insects, snails, worms, slugs
and other small animals. Dung beetles are
also observed in compost heaps where they
live on decomposing vegetation and on
decaying fungi.
Flies: During the early stages of the
composting process, flies are attracted
towards the compost beds as they provide
juicy organics as feed to the flies. They may
also lay their eggs and spend their larval
phase in compost as maggots, which will
perish at thermophilic temperatures.
Spiders: Jumping spiders belonging to
the family Salticidae are common in
organic heaps. They feed on insects and
other small invertebrates.
Earwigs: Earwigs are omnivorous insects
that are present in organic heaps. Their
food chiefly consists of dead plant and
animal matter. Some earwigs are predatory
in nature feeding on smaller insects. The
most common earwig is Forficula
auricularia.
Frogs and toads: Frogs and toads are
regular inhabitants of compost bed. They
may feed on smaller organisms, but largely
frogs and toads use compost beds as
habitats.
Snakes: Snakes also sometimes are found
in the compost heaps. This happens more
if your compost bin is near agricultural
field or near shrub/ woody lands. Keeping
the surrounding very clean to avoid snakes
resting in the compost beds.
Mouse: Mice are also visitors to compost
bed. It is believed that they are attracted by
the kitchen scraps, food wastes and
earthworms in compost beds. Further, in
cold weather, the warmth offered at early
thermophilic stage also attract mice and
rats.

Trophic Levels of Organisms in
Compost Heaps
The organisms present in a compost bed
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can be fitted in the three trophic levels, viz.,
primary, secondary and tertiary consumers.
The type of food chain is a detrivorous food
chain, starting from plant resides like leaves,
grass clippings, crop residues, weeds, fruit and
vegetable wastes and animal wastes like
manures and small portion of dead tissues.
These serve as the primary energy source in a
compost
bed.
The
thematic
diagram
representing the trophic structure in a compost
bed is given below.

Nowadays, milli-compost – composting
using millipedes and composting using black
soldier fly (Hermetia illucens) larvae are also
emerging
as
viable
alternate
waste
management options. The latter is strongly
recommended for disposing animal tissues.

Further Readings
http://www.carryoncomposting.com/4169
20206

15. PLANTATION SPICE MEDICINAL AND AROMATIC PLANTS

Medicinal Properties and Active Constituent of
Terminalia chebula
Suman Tamang
Ph.D. Research Scholar Department of Plantation Crops and Processing, UBKV, Pundibari Cooch Behar West
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INTRODUCTION
Since the early days of civilization
medicinal plants are used in treatment of
different ailments. Traditional Indian system
of medicines like Ayurveda, Unani and
Siddha is mostly based on the use of
medicinal plants. There are number of
literature and ancient knowledge of these
medicinal plants show their success for the
treatment of different ailments. This
increased use of herbal medicines in today‘s
era is credited to the fact that these are
obtained naturally and is reliable, cheap and
have higher safety margins with very less
reported side effects (Sharma, 2009). It is a
popular traditional medicine. Its widely use
in homeopathy and other traditional
medicinal system because of its wide
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therapeutic activities associated with its
biologically active chemical components present
in the plants. It is not only used in India but also
in other countries of Asia and Africa. The fruits of
terminalia chebula possess various health
benefits and have been used in traditional
medicine. It is an important ingredient in one of
the most popular Ayurvedic preparations
(Triphala) together with Terminalia chebula,
Terrminalia bellerica & Emblica officianallis.
constitute the preparation called Triphala.
Triphala has been described in ancient Ayurvedic
text as Tridoshic rasayna, a therapeutic agent
with balancing the rejuvenating effects on three
humors or constitutional elements in Ayurveda
vata, pitta and kapha (Chattopadhyay, 2007).
Habitat: The Terminalia chebula tree may
grow at places about 2000m from sea level and in
areas with an annual rainfall 100-150cm and
32
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temperature 0.17 degrees terminalia chebula
is mainly found in Nepal, Sri Lanka,
Myanmar, Bangladesh and in Pakistan,
Tibet, apart from Asia it is also found in
countries like Egypt, Turkey and Iran. In
India terminalia chebula or haritaki tree
grows in deciduous forests of Himachal
Pradesh, Tamil Nadu, kerala, Karnataka,
Uttar Pradesh, Andhra Pradesh, West
Bengal, Sikkim (Fundter et al, 1992).

Botanical Description
Botanical Name: Terminalia chebula
Family: Combretaceae
Genus: Terminalia
Species: Chebula
English: Black Myrobalan
India: Shilikha, haritaki, hirdo, hamija,
harad, alale, katukka, manali, hirda, karadha,
har, katak-k-kay, karaka, harejarad.
Major Constituents: In Terminalia
chebula, the fundamental phytoconstituents
in it are hydrolysable tannins (which may
fluctuate from 32-34%) phytoconstituents
present in Terminalia chebula steroids,
amino acids, fructose, gums, fixed oils,
anthraquinone, starches, glucose, sorbitol
and so on the plant is genuinely wealthy in
hydrolysable tannins. (Kumar, 2006),
(Juang, 2004) stated that Terminalia chebula
contain 14 components of hydrolysable
tannins like gallic corrosive, chebulic
corrosive, punicalagin, chebulanin, corilagin,
neochebulinic, ellagic corrosive, chebulagic
corrosive,
1,2,3,4,6-penta-orgalloyl-β-Dglucose,
1,6-di-o-galloyl-D-glucose
and
Terchebulin.
Medicinal properties: Terminalia
chebula
possesses
several
medicinal
properties and health benefits Some of them
includes

Traditional
value

It is extensively used in
Ayurveda, siddha,
unani and
homeopathic
medicines in India. It
is a top listed plant in
Ayurvedic Materia
medica for treatment
of asthma, bleeding
piles, sore throat,
vomiting and gout.
(Malik et al, 2012).

VOLUME NO. 18, ISSUE NO.01

Urinary System

Skin diseases

Respiratory
System

Anti-Bacterial
properties

Anti-fungal
properties
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Useful in Urinary tract
infection (UTI) & urinary
tract disorders, consuming
of 1 tea spoon of Haritaki
powder with a little honey
twice in a day morning &
evening helpd to control
diabetes.
Haritaki, which is useful in
the serious bacterial
infection in skin and other
skin ailments, prevents pus
accumulation in skin
diseases and functions as a
antiaging. Oil of haritaki is
extremely useful for wound
healing, particularly when
burning. It helps enhance
the complexion of the face.
Haritaki releases rhinitis,
cough, voice hoarseness,
hiccups and dyspnoea,
wheezing, breathing
trouble as it decreases
congestion.
Antibacterial properties of
haritaki shows actively
against gram positive and
gram-negative bacteria
such as salmonella typhi,
staphylococcus
epidermidisis,
pseudomonas aeruginosa,
bacillus subtilis. Gallic acid
and ethyl ester, these two
antibacterial compounds
have been isolated from
ethyl extract of terminalia
chebula fruit. Terminalia
chebula fruit extract had
strong antibacterial
activity against intestinal
bacteria, clostridium
perfringens and E. coli.
Ethanol extract is effective
against salmonella typhi,
staphylococcus aureus,
bacillus subtilis. Ether,
alcoholic and aqueous
extract has potent activity
against helicobacter pylori
(Kannan, 2009)
Aqueous extract of the
plant shows antifungal
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Wound healing
property

activity against a number
of dermatophyte and
yeasts. The alcoholic ethyle
acetate extract shows the
activity against Aspergillus
niger, aspergillus flavus,
alternate. 70% of methanol
ethylacetate, hexane,
chloroform extract shows
activity against fusarium
oxysporum, phytopthora
capsici, fusarium solani etc
(Dutta,1998), (Mehmood,
1999).
Topical application of
alcoholic extract of the
leaves of Terminalia
chebula caused much
faster healing of rat dermal
wounds.

Conclusion
There are several evidences from
literatures on the medicinal properties of
Terminalia chebula such as Ayurveda,
siddha, Unani in traditional system of
medicines in India has reported the high
therapeutic value. Terminalia chebula
consists a several phytochemical or active
constituents which are found to be associated
with the plant extract that include mainly
chebulic acid, gallic corrosive, chebulic
corrosive, punicalagin, chebulanin, corilagin,
neochebulinic, ellagic corrosive, chebulagic
corrosive etc. All these compounds are found
to
be
responsible
for
many
of
pharmacological
activities.
Terminalia
chebula is an important herbal drug as it is
used for treating many diseases.
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16. HORTICULTURE
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Nutritionists are concerned about a
double burden of malnutrition in today's
globe, as we see undernutrition and
overnutrition on the rise in both developed
and developing countries. Drumstick leaves
(Moringa oleifera), which contain 40,000
g/100 g fresh weight of total carotene and
19,000 g/100 g fresh weight of -carotene, can
be used as a dietary supplement. These
GLVs, which contain polyphenols as well as
calcium, iron, folic acid, riboflavin, vitamin
C, and beta-carotene, should be consumed in
large quantities to protect the body from
oxidative damage. Drumstick leaves are also
rich sources of flavonols such as kaempferol
and 3‘-OMe quercetin. A flavone, acacetin
and a glycoflavone 4-OMe Vitexin was also
identified. The phenolic acids identified
included melilotic acid, p-coumaric acid, and
vanillic acid . Quercetin is actually the
molecular
backbone
for
the
citrus
bioflavonoids
rutin,
quercetin
and
hesperidin. Quercetin has also been found to
inhibit the growth of human prostate cancer
cells and human breast cancer cells.
Quercetin has antiviral activity against
several types of viruses. Our results revealed
that maximum polyphenols were identified
in the drumstick leaves, which further
enhances its role as an important functional.
The juice of drumstick leaves is known to
have a stabilizing effect on blood pressure
due to the presence of nitrile, mustard oil
glycosides and thiocarbamate glycosides. The
presence of glucosinolates and hypotensive
thiocarbamite glycosides in drumstick,
contributes to the use of the plants in
hypertension. On the other hand, they are
also reported to modify tumorigensis, able to
inhibit
carbohydrate-mediated
tumor
growth, induced a stress response and
apoptosis in human breast cancer cells.
Anthraquinones (9, 10- dioxoanthracene)
which are a group of naturally occurring
VOLUME NO. 18, ISSUE NO.01

phenolic compounds are found in drumstick
leaves and tend to have laxative effects.
Terpenoids and steroids present in leaves are
described as being active against bacteria such as
Staphylococcus aureus, capable of preventing
cancer having anticarcinogenic effects. They
contain high amount of vitamin C, which fights a
host of illnesses including colds and flu; vitamin
A, which acts as a shield against eye disease, skin
disease, heart ailments, diarrhoea, and many
other diseases; Calcium, which builds strong
bones and teeth and helps prevent osteoporosis;
Potassium, which is essential for the functioning
of the brain and nerves, and Proteins, the basic
building blocks of all our body cells.

Therapeutic Uses/ Benefit
Phytochemicals refers to only those
chemicals which may have an impact on health,
or on flavor, texture, smell, or color of the plants,
but are not required by humans as essential
nutrients. Moringa contains a range of fairly
unique phytochemicals. containing the simple
sugar, rhamnose, and it is rich in a fairly unique
group of compounds called glucosinolates and
isothiocyanates. Six such phytochemicals have
been reported to have hypotensive, anticancer,
and antibacterial activity include benzyl
isothiocyanate , niazimicin , pterygospermin,
benzyl
isothiocyanate
,
and
4-{a-Lrhamnopyranosyloxy}benzyl glucosinolate .
Numerous studies now point to the elevation
of a variety of detoxication and antioxidant
enzymes and biomarkers as a result of treatment
with Moringa or with phytochemicals isolated
from Moringa have shown, antiulcer, effect on
immune
response,
spasmolytic
activities,
hypocholesterolemic
effects,
antibacterial
activity. sympatholytic activity and antiviral
activity against herpes simplex virus type-1.
Antioxidants play an important role in
inhibiting and scavenging free radicals, thus
providing protection to human against infections
and degenerative diseases. The data obtained in
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suggests that the extracts of Moringa oleifera
both mature and tender leaves have potent
antioxidant activity against free radicals,
prevent oxidative damage to major
biomolecules
and
afford
significant
protection against oxidative damage.

Moringa in Malnutrition
Malnutrition casts long shadows,
affecting close to 800 million people, 20% of
all people in the developing world.
Nutritional analyses indicate that Moringa
leaves contain a wealth of essential, diseasepreventing nutrients. They even contain all of
the essential amino acids, which is unusual
for a plant source. Moringa trees have been
used to combat malnutrition, especially
among infants and nursing mothers. One
rounded tablespoon (8 g) of leaf powder will
satisfy about 14% of the protein, 40% of the
calcium, 23% of the iron and nearly all the
vitamin A needs for a child aged 1-3. Six
rounded spoonful of leaf powder will satisfy
nearly all of a woman's daily iron and
calcium needs during pregnancy and breastfeeding. Moringa oleifera Lam. is referenced
in more than 80 countries including India
and known in over 200 local languages due
to its multifarious uses in the World. The
leaves are rich in iron and protein and
therefore highly recommended for expected
mothers. Leaves can be eaten fresh, cooked,
or stored as dried powder for many months
without refrigeration, and reportedly without
loss of nutritional value. Spoonful of the
powder can then be added to baby food,
soups, and vegetables, adding nutrition but
not changing the taste. Moringa leaves
contain more Vitamin Athan carrots, more
calcium than milk, more iron than spinach,
more Vitamin C than oranges, and more
potassium than bananas,‖ and that the
protein quality of Moringa leaves rivals that
of milk and eggs. Acceptance of M. oleifera
as a nutritional supplement or a food
additive in undernourished children is
compatible in some cultures and countries
but the lack of robust clinical trials data
increases the uncertainty regarding M.
oleifera
nutritional
benefits
in
undernutrition. Ideally, good nutrition
should be assured by a varied diet rich in
meat, root, grain, fruit and vegetable foods.
October, 2021

There was some reports of using Moringa olifera
as therapeutic option for malnutrition in Africa.
Trail to enrich infant cereals with moringa
powder used was theoretically possible, as an
incorporation of 5%-15% of Moringa powder for
100g of flour is accepted by mothers and
children. On the other hand, the incorporation of
Moringa leaf powder in manufactured infant
cereal could create other problems, such as the
loss of vitamins. Another trail of enrich bread and
cookies with Moringa powder with acceptance
was carried in India, Cookies with 20% Moringa
had the nutty taste and were acceptable. Certain
programs fighting malnutrition in Senegal, India,
Benin and Zimbabwe are now using moringa
leaves, traditionally eaten in these countries or
treating malnutrition.

Moringa for Oral Health
Oral and Dental Health have improved
enormously over the last century in the urbanized
countries, but the prevalence of dental caries in
the developing countries like India remains a
considerable clinical problem. Tooth decay or a
cavity, is a microbiological disease caused by
specific type of bacteria living in the human
mouth. There is a long history of the use of herbal
plants to improve dental health and were proven
highly effective for their utilization as a source of
antimicrobial compounds. Many studies are
available on the antibacterial properties of
Moringa oleifera. The aqueous and ethanolic
extracts of Moringa oleifera seeds has
antibacterial effect on both gram negative and
positive bacteria at 50microL/dish. The leaves of
Moringa oleifera possess both antibacterial and
anti-inflammatory effects against both gram
negative and gram positive bacteria. The
methanolic extract of Moringa oleifera has
inhibitory properties against oral pathogens and
can used as oral medicine for dental caries. The
antibacterial activities of M. oleifera methanolic
extract are largely due to the presence of phenolic
compounds, especially Flavonoids and their
synergistic effect of aerial parts.
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17. SOIL SCIENCE

Role of Biochar in Agriculture
Sushila Aechra and Rashmi Bhinda
Jayoti Vidyapeeth Women’s University, Jaipur

Introduction
Biochar is a solid material obtained from
the carbonization of biomass. Biochar is
defined simply as charcoal that is used for
agricultural purposes. It created using a
pyrolysis process, heating biomass in a low

oxygen environment. Once the pyrolysis reaction
has begun, it is self-sustaining, requiring no
outside energy input. By products of the process
include syngas (H2 + CO), minor quantities of
methane (CH4), tars, organic acids and excess
heat.

Once it is produced, biochar is spread on
agricultural fields and incorporated into the
top layer of soil. Biochar has many
agricultural benefits. It increases crop yields,
sometimes substantially if the soil is in poor
condition. It helps to prevent fertilizer runoff
and leeching, allowing the use of less
fertilizers and diminishing agricultural
pollution to the surrounding environment.
And it retains moisture, helping plants
through periods of drought more easily. Most
importantly, it replenishes exhausted or
marginal soils with organic carbon and
fosters the growth of soil microbes essential
for
nutrient
absorption,
particularly
mycorrhizal fungi.

Application
Health risks from biochar relate to possible
soil and thus food contamination, and to the
effects of breathing in small biochar particles.
Contamination
can
come
either
from
contaminated biomass or from the pyrolysis
process. For example, trees absorb heavy metals
and other air pollutants and when wood is burnt
or pyrolysed, those become concentrated in the
ash, which forms part of the biochar. The ash
retained after burning wood from forests well
away from any sources of pollution contained so
many heavy metals that some of it should have
qualified as toxic waste. Depending on the
pyrolysis temperature and the original biomass,
there is a risk of particles called Polycyclic
Aromatic Hydrocarbons (PAHs) forming, some of

Potential Health Issues of Biochar
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which are known to cause cancer and birth
defects. All of this can be avoided by testing
different batches of biochar before they are
used. Breathing in small charcoal particles
can cause ‗black lung disease‘ or
pneumoconiosis. Furthermore, breathing in
ash residues from charred rice husks is
linked to a risk of the lung disease silicosis.
Both are potentially fatal lung diseases.
These risks can be significantly reduced if
people who handle and apply biochar wear
adequate masks.
Application in Agriculture The
potential benefits that biochar offers for
farming includes:
1. Acts as a liming agent to reduce acidity
of soils
2. Carbon sequestration by the natural
process of photosynthesis
3. Net production of energy in form of bio
energy
4. Combined heat, power, and refrigeration
opportunities from pyrolysis
5. Leads to net sequestration of carbon
from the atmosphere to the soil thereby
increasing soil organic carbon (SOC)
6. Greater on-farm profitability
7. Improved soil fertility and crop yields
8. Increased fertilizer use efficiency
9. Improved water retention, aeration and
soil tilth
10. Higher cation exchange capacity and less
nutrient runoff
11. Clean and efficient biomass energy
production from crop residues and forest
debris
12. Can be financed through carbon markets
and carbon offsets
13. Decreased nitrous oxide and methane
emissions from soils
14. Provides powerful tool for reversing
desertification
15. Provides alternative for slash-andburn
agriculture
16. Can work as component of reforestation
and aforestation efforts
17. Can produce electricity, bio-oils, and/or
hydrogen fuels
18. Can use wide variety of feedstock
including crop residues such as wheat
and corn straw, poultry litter, cow
manure, forest debris, and other farmOctober, 2021

based biomass resources
Effect of Biochar on Soil Fertility:
Biochar is produced with the intent to be applied
to soil as a means to improve soil health, to filter
and retain nutrients from percolating soil water,
and to provide carbon storage. Due to the
molecular structure of biochar, it is in a more
stable form than the original carbon (i.e. plant
biomass, manure, etc.) both chemically and
biologically. As a result, it is more difficult to
breakdown biochar in the soil, resulting in a
product that can remain stable in the soil for
hundreds to thousands of years. One of the great
things about producing biochar through the
process of pyrolysis is the fact that the main byproduct is a gas, known as syngas which is a form
of bio energy waiting to be used. It is easily
captured and can be used to produce heat and
power, to generate electricity as well as power the
pyrolysis machine in the process, making the
machine largely self sufficient.
Environmental Impact of Biochar:
Biochar can be a simple yet powerful tool to
combat climate change. Biochar sequestration is
considered carbon negative as it results in a net
decrease in atmospheric carbon dioxide over
centuries or millennia time scales. It can make a
big difference in the fossil fuel emissions
worldwide and act as a major player in the global
carbon market with its robust, clean and simple
production technology. As organic materials
decay, greenhouse gases, such as carbon dioxide
and methane (which is 21 times more potent as a
greenhouse gas than CO2), are released into the
atmosphere. Instead of allowing the organic
matter to decompose and emit CO2, pyrolysis can
be used to sequester the carbon and remove
circulating CO2 from the atmosphere and store it
in virtually permanent soil carbon pools, making
it a carbon-negative process. By charring the
organic material, much of the carbon becomes
―fixed‖ into a more stable form, and when the
resulting biochar is applied to soils, the carbon is
effectively sequestered. It is estimated that use of
this method to ―tie up‖ carbon has the potential
to reduce current global carbon emissions by as
much as 10 percent. The use of pyrolysis also
provides an opportunity for the processing of
agricultural residues, wood wastes and municipal
solid waste into useful clean energy. Although
some organic matter is necessary for agricultural
soil to maintain its productivity, much of the
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agricultural waste can be turned directly into
biochar, bio-oil, and syngas.

Management Practices for Biochar
Soil Application
The particle size distribution of biochar
materials will vary widely depending on the
feedstock and the pyrolysis technique used to
produce the biochar. With small particles, it
is important to apply biochar in ways that
minimize loss due to wind or water erosion.
Some best management practices are
enlisted below to avoid these losses:
1. Apply moisture to biochar. Water can be
applied directly to the biochar, or it can
be mixed with moist manure.
2. Produce a biochar formulation by
pelleting, prilling, and mixing biochar
with other types of amendments such as
manures or composts. Different biochar
formulations will be best suited to
different application methods, and very
fine biochar may be desirable in certain
cases, for example when applying as
slurry, by itself or mixed with manure.
3. Apply biochar under the right weather
conditions when winds are mild. It varies
according to general weather conditions
and time of day. It may also be helpful to
apply biochar during mild rain
conditions where light rain will dampen
biochar dust and hold it on the soil
surface until it can be tilled in.
Size of Particles: Ideal particle sizes to
improve soil moisture retention have not yet
been determined. Handling and applying the
biochar will also impact the decision of what
particle size is best. Biochar can be finely
divided and can be applied to soil as it is,
provided care is taken to minimize wind
losses. Best management practices include
moistening the material before crushing it to
reduce dust created during the process,
and/or crushing the biochar inside closed
bags.
Application Rate of Biochar:
Recommended application rates for any soil
amendment must be based on extensive field
testing, soil types and crops. Also, biochar
materials can differ widely in their
characteristics, thus the nature of a specific
biochar material (e.g. pH, ash content) also
VOLUME NO. 18, ISSUE NO.01

influences application rate. Application rates of
5-50 tonnes of biochar per hectare (0.5 – 5
kg/m2), with appropriate nutrient management
results in better yield of crops. Most biochar
materials are not substitutes for fertilizer, so
adding biochar without necessary amounts of
nitrogen (N) and other nutrients cannot be
expected to provide improvements to crop yield.

Methods of Biochar Application:
 Broadcast
and
incorporate:
Broadcasting can be done by hand on
small scales or on larger scales by using
lime/solid
manure
spreaders
or
broadcast seeders. Moistened biochar
materials may be better suited to
application with manure spreaders than
lime spreaders. Incorporation can be
achieved using any ploughing method at
any scale, including hand hoes, animal
draft ploughs, disc harrows, chisels,
rotary hoes, etc. Mould board ploughing
is not recommended as it is unlikely to
mix the biochar into the soil and may
result in deep biochar layers.
 Mixing
Biochar
with
Liquid
Manures: Biochar can also be mixed
with liquid manures and applied as fine
biochar will likely be best suited to this
type of application using existing
application
equipment,
and
dust
problems associated with these would be
addressed. Biochar could also be mixed
with manure in holding ponds and could
potentially reduce gaseous nitrogen
losses as it does when applied to soil.
 Traditional Banding: Banding of
seeds and fertilizers is a routine
operation in mechanized agriculture,
and involves applying an amendment in
a narrow band, usually using equipment
that cuts the soil open, without
disturbing the entire soil surface.
Banding allows biochar to be placed
inside the soil while minimizing soil
disturbance, making it possible to apply
biochar after crop establishment.
However, the amounts of biochar that
can be applied in this way are lower than
those which can be achieved by
broadcast applications. When working
by hand, biochar can be applied in
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furrows opened using a hoe and
closed after applying biochar.
Mixing Biochar with Other
Solid
Amendments:
Mixing
biochar with other soil amendments
such as manure, compost or lime
before soil application can improve
efficiency by reducing the number of
field operations required. Since
biochar has been shown to absorbed
nutrients and protect them against
leaching, mixing with biochar may

improve the efficiency of manure or
other amendment application.
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18. HORTICULTURE

Genome Editing – A Recent Trend in the Quality
Improvement of Horticultural Crops
Dharini Chittaragi
Ph.D. Scholar, Department of Spices and Plantation crops, Horticultural College and Research Institute, TNAU,
Coimbatore, Tamilnadu

Introduction
The goals of horticultural crop breeding
have always focused on the improvement of
the unique qualities of these plants such as,
increasing the concentrations of some unique
secondary metabolites extending the shelf
life of fruits, vegetables, and cut flowers;
altering the plant architecture of fruit trees,
ornamental flowers, and trees; improving
yield potential; and enhancing plant pest and
disease resistance, similar to other
agronomic
crops.
Hence
genetically
improving
of
crops
to
improve
yield/production
and
resistance
to
environmental conditions is a primary
concern among scientists and plant breeders
worldwide.
Genome Editing Genome editing of
crop plants is an emerging technology in
which the targeted mutations can be
introduced into a plant genome in a highly
specific manner and also with great precision
by using Non Homologus End Joining and
Homologus Direct Repair. There are mainly
three types ZFN (Zinc Finger Nucleases),
TALEN (Transcription activator like effector
nucleases) and CRISPR (Clustered Regularly
Interspaced Short Palindromic Repeat).
Tools: HDR and NHEJ Homologydirected repair is a template-dependent
October, 2021

pathway for DSB repair. This approach enables
the insertion of single or multiple transgenes, as
well as single nucleotide substitutions. NHEJ is a
DSB repair pathway that ligates or joins two
broken ends together. NHEJ does not use a
homologous template for repair and thus
typically leads to the introduction of small
insertions and deletions at the site of the break,
often
inducing
frame-shifts
thatknockoutgenefunction.

Types
 ZFNs use chimerically engineered
nucleases which were established after
the innovation of the working principles
of the functional Cys2-His2 zinc finger
(ZF) domain. Here each Cys2- His2 ZF
domain comprises of 30 amino acid
residues, which are folded up to ββα
configuration. Each ZF protein has the
capability to identify 3 tandem
nucleotides in the DNA.
 TALENs is based on the recognition of
the functional principles of the type III
transcription
activator-like
(TAL)
effectors that are secreted by the plant
pathogenic bacteria Xanthomonas. After
been pumped into host cells, the TAL
effectors enter the nucleus and bind to
effector-specific sequences in the host
40
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gene
promoters
and
activate
transcription.
CRISPR/Cas system was derived
from a type II prokaryotic organism
adaptive
immune
system.52
CRISPRs were firstly identified in
the Escherichia coli genome in 1987
as an unusual sequence element
consisting of a series of 29nucleotide repeats separated by
unique 32-nucleotide
‗‗spacer‘‘
sequences.
Further
investigations
indicated
that
CRISPRs function through an RNA

interference like mechanism to recognize
and cleave foreign DNA.

Methods
 Insertion: It is usually carried out to
obtain new function and also to
compensate for a defective gene.
 Inactivation or knock out: To
remove persistant viral sequence from
infected cells and also to eliminate the
allergic property of the plant.
 Correction: To replace a defective gene
sequence with functional sequence.

Applications in Horticultural Crops:
Fruits
Crop
Strawberry

Genes
involved
FaTM6

Method

Purpose

References

Agrobacterium
mediated
Agrobacterium
mediated

Flower petal modification

Pizzaro et al ., 2017

Carotenoid synthesis

Kaur et al ., 2017)

Banana

RAS-PDS1
RAS-PDS2

Grape

MLO-7

Protoplast
transformation(PEG

Powdery mildew
(Oidium spp)

Malony et al ., 2016

Apple

DIPM1,2,3,4
PDS

Protoplast
transformation(PEG)
Agrobacterium
mediated

Fire blight
(Erwinia amylovera)
Pigments

Malony et al ., 2016

Apple

Nishitani et al ., 2016

Vegetables
Editing tool

Method

Purpose

References

Carrot

Genes
involved
F3H

Knockout

Agrobacterium
mediated

Anthocyanin
production

Chodacka et al .,
2017

Cucumber

eiF4E

Knockout

Agrobacterium
mediated

Virus (CMV)

Chandrashekaran
et al ., 2017)

Lettuce

LsNCED4

Knockout

Agrobacterium
mediated

Thermo-inhibition

Bertier et al .,
2017

Potato

StIAA2

Knockout

Agrobacterium
mediated

Mutation

Wang et al., 2015

Crop

Plantation and Medicinal Crops
Crop
Oil palm
Salvia
miltiorrhiza

Genes
involved
MT and
IFR
SmCPS1

VOLUME NO. 18, ISSUE NO.01

Editing tool

Method

Purpose

References

Insertion

Agrobacterium
mediated
Agrobacterium
mediated

Wilt (Ganoderma
spp.,)
Transhinone
production

Budiyani et al .,
2017
Li et al ., 2016

Knockout
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Flower Crops
Crop
Petunia
Chrysanthemum

Genes
involved
PhEIL 1
and
PhEIL 2
F’3’5’H

Editing tool

Method

Purpose

References

Silencing

Agrobacterium
mediated

Delaying
senescence

Liu et al., 2016

Silencing

Agrobacterium
mediated

Colour
modification

He et al ., 2013

Applications
It has several attractive features such as
simplicity, efficiency, high specificity, and
amenability to multiplexing. The technology
offers a superior alternative to conventional
breeding by random mutagenesis, which is
often afflicted by nonspecific mutations that
can go undetected for generations.
Conclusion
The latest genome-editing technologies,
particularly CRISPR/Cas, promise to be
more efficient and precise to edit genes when
the genome sequences for target genes are
known. However, these technologies could be
as direct and efficient as transgenic methods
and could be used to generate new varieties
without introducing foreign genes into the
plant genome in many cases.
Future Challenges
The understanding and acceptance
aspects of the public to new horticultural
crop varieties generated using genomeediting technology. It is necessary to
establish a policy for this new biotechnology
and to distinct the boundaries between
traditional genetically modified organisms
and genome-edited organisms. Ultimately,
genome-editing technology, in combination
with other breeding technologies, will result
in more nutritious, colorful, tasteful, and
aesthetic fruits, vegetables, and ornamental
flowers and trees and make our lives more
healthy, beautiful and enjoyable.
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Top Feed Resources for Goats
Sumithra, A.
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India possesses the second largest goat
population (148.9 million) in the world. Goat
is the choice of animal due to its wide
adaptability, high fertility, fecundity and feed
conversion efficiency. Goat rearing is a very
common practice in rural as well as semiurban areas as it ensures marketability and
provides livelihood security. It also plays a
major role in fulfilling the nutritional
requirement of the family members.
Goat farming is highly recommended as
it requires low initial investment and ensures
good remunerations in a short period. But
the major problem encountered by most of
the goat farmers in India is, low production
performance of the animals. Generally, goat
farmers in India, following extensive rearing
system, in which the goats are allowed for
open grazing in natural grasslands. The
availability and nutritive value of the natural
grasslands will vary depending upon the
season. In addition to this natural grazing,
the animals are fed with low quality crop
residues based on the local availability. These
results in poor body weight gain,
reproductive disorders etc.
Supplementing the animals with protein
rich concentrate mixture to overcome this
issue is not possible for all goat farmers as
the current market price of concentrates is
unaffordable. In this situation, it is
imperative to think about an alternate
solution to overcome the poor production
performance of animals without increasing
the feed cost which is the most significant
variable cost in goat farming. Here comes the
role of tree fodders in goat feeding
management.
Goats are selective browsers and have
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the ability to feed on wide variety of feedstuff
mainly tree leaves. Goats exhibit bipedal stance
(standing on its hind limbs) and pluck the leaves
of small trees. Goats can relish wide variety of
plants than the other species and have a higher
tolerance for bitter taste. Goats are very efficient
in digesting crude fibre and can make good use of
pasture top feed and agricultural by-products.
They can also digest lignin to a great extent,
which is not digested by other domestic animals.
Tree leaves contains more amount of protein and
calcium which are essential for the growth of the
goats. To achieve maximum body weight gain in
goats, 50 percent of their green fodder should
constitute 3-4 types of tree leaves.

Top Feed Resources
The leaves of certain tree species utilized in
animal feeding are called as top feed resources. In
most of the cases, sheep and goats are fed with
tree leaves, though cattle have also fed during
lean period. About 60% of total feed available to
sheep and goats comes from top feeds only. In
arid and semi-arid regions of the country, tree
leaves are harvested, sun dried at appropriate
stage and stored. These stored tree leaves are
used as supplements in addition to grazing
during lean period when scarcity of feeds
becomes a problem. The dry matter content of
the top feed ranges from 20 to 40 percent with 10
to 15% crude protein on dry matter basis,
however as high as 21.45 percent in subabul has
also been reported. In early stage of growth, tree
leaves are rich in CP and low in fibre, in contrary,
protein content decreases with maturity. As the
tree leaves matures, the palatability, digestibility
and other nutritive values will decrease.
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Value of Tree Fodder
 Tree fodders are the cheapest source
of protein to the animals
 During the dry periods, trees remain
green for a longer period than
grasses because of their deeper
rooting system. So it provides green
fodder round the year.
 Trees can be grown either in
combination with agricultural crops,
horticultural crops or on separate
land usually not fit for agriculture.
 Trees can produce as much, if not
more, green fodder per unit area as
agricultural fodder crops.
 It is easy to establish tree fodder
 Exhibit a good competitive ability
against weeds
 Remain productive under repeated
grazing and browsing.
 Be well adopted to the particular
climatic features of the environment
 Require, no or little fertilizer
 Be resistant to local pests and
diseases
 Have good nutritive value and
reasonable
palatability
and
acceptability to animals.
Goats are particularly fond of tree leaves,
especially the followings
Subabul (Leucaena Leucocephala):
It is a leguminous tree gives profuse foliage.
It is one of the highest quality and most
palatable fodder trees. Leaf meal prepared
from dried subabul leaves can be
supplemented to the goats during drought
conditions. Subabul as green fodder should
not be used more than 33 percent of total
ration. Subabul contains mimosine which
may cause shedding of hair if fed alone. The
leaves contain 25.6% of protein.
Agathi (Sesbania Grandiflora): The
leaves are highly palatable and well relished
by goats. It contains about 25 percent
protein. Under irrigated condition, it can be
grown throughout the year. The seed rate is
7.5 kg/ha. Seeds can be sown at a spacing of
100 cmx100 cm. the leaves can be harvested
first at 8 months and subsequently in an
interval of 60-80 days. It gives 100
tonnes/year/ha green fodder yield.
October, 2021

Gliricidia (Glyricidia Sepium): Gliricidia
sepium is one of the major tropical forage trees
due to its protein rich foliage (19%) and high
nutritive value. It produces fresh growth after
every cutting. It can be propagated through seeds
or stem cuttings. The cuttings should be taken
from plants over 6 months old and about 1.5 m
long and 3-5 cm in diameter. It tolerates a wide
range of climatic conditions. It yields 9-16
tonnes/ha of dry matter in fodder lot. It can be
lopped around 7 months after establishments on
plants grown from cutting and 14 months after
seedling. Lopping can be done every 2-3 months
during the rainy seasons and every 3-4 months
during dry season provided regrowth reaches 1-2
m high before harvest.
Neem (Azadirachta Indica): Neem is a
large evergreen tree with edible fruits and
aromatic leaves. It can be grown all over the
country. This remains green throughout the year
and is drought resistant. A mature tree can give
350 kg of leaves in a year. Crude protein
concentrations may range from 17.5 percent to
18.7 percent. In arid regions like Virudhunagar
district, goats are solely depend on neem leaves
for their green fodder requirement in peak
summer months.

Goats feed on Neem leaves

Manila
Tamarind
(Pithecellobium
Dulce): Manila tamarind is one of the most
important browse species and is primarily used
as a fodder for goats during the dry season.
Leaves can withstand heavy browsing. Oil meal,
pods and leaves are useful livestock feeds. Pods
are relished by goats. Leaves contain more than
22% of protein.
Albizia Lebbeck: Fodder of this tree can be
fed to animals in large quantities as it has no
toxic compounds and animals will readily eat
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this. This tree grows in the form of shrub
with many branches in dry areas with little
rainfall (600 mm/year) and as a tree in wet
areas (2500 mm/year). It can be propagated
from seeds in acid, alkaline or saline soils
directly in the field or first in a nursery and
then transfer to the field after about 4
months. Leaves contain more than16% of
protein.
Mango (Mangifera Indica): Mango
tree foliage is available year round. It can be
used as fodder, either cut and carry or
browsed.

Goats feed on Mango leaves

Mulberry (Morus Alba): Mulberry is
primarily grown for sericulture. The excess
leaves and leftovers can be fed to goats.
Animals consume the leaves avidly. Leaves
are highly palatable and the digestible crude
protein is 7.8 percent and total digestible
nutrients are 48.4 percent. On dry matter
basis, leaves contain an average of 20-23
percent crude protein, 8-10 percent total
sugar and 12-18 percent minerals. Under
irrigation, mulberry yields nearly 35-45
tonnes of fresh leaf/ha/year.
Prosopis (Prosopis Cineraria): It is
a deep rooted, perennial and multipurpose
tree that provides useful fodder for livestock
in the drier areas of India. It is a slow
growing tree and it can reach upto 3-5 m in
high in 5-6 years. It is browsed or lopped
several times per year to feed goats. A

moderate sized tree may yield 45 kg of dry leaf
fodder per year.
Ber (Zizyphus Jujube): In arid zones, it is
an important fodder for sheep and goats. Leaves
are palatable. It contains 18.6 percent crude
protein but the total digestible nutrient is only 36
percent.
Drumstick (Moringa Oleifera): Moringa
oleifera is one of the fastest growing trees with
high biomass yield, high crude protein of more
than 25 percent and contains negligible amounts
of anti nutritive compounds. Moringa leaves are a
valuable source of protein for goats but they have
a moderate palatability.
Babul (Acacia Nilotica): It is a useful
fodder source especially very important in dry
areas. The foliage and the pods can be a
fundamental source of nutrients in fodder
scarcity periods. Leaves and pods are palatable.
Pods contain up to 15% protein.

Points to be Considered while Feeding
Tree Fodder to Goats
 Goats refuse to take soiled fodder. So it is
advisable to hang the fodder as bundle in
a suitable height. Portable feeding racks
may solve the purpose.
 Fodder should not be offered in large
quantities at a time to prevent wastage
by trampling. Instead small quantities of
fodder at frequent intervals can be
offered.
 Goats prefer to consume variety of
fodder. So mixing 3- 4 types of tree
leaves will increase the feed intake.
 Leguminous tree leaves should not be
fed alone in large quantities as it may
cause bloat. It should be combined with
non-leguminous fodder crops.
 Wilting of Gliricidia leaves 12 hours
before feeding will reduce the offensive
smell and thereby it will increase the
feed intake.
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Initially, Plant breeding began with an
aim to improve the various characteristics of
plants so that they become more desirable
agronomically
and
economically.
To
accomplish this aim, it's going to be regarded
to possess a journey of 5 distinctive phases,
such as, Domestication of untamed species
under human management, exploitation of
natural genetic variation through planned
selection process, creation of new and more
desirable combination among the existing
genes/alleles through hybridization, creating
novel genetic variation which is not
known/available in crop species and lastly,
use of Genetic Engineering techniques for
improvement of crop species.
According to Kalian and Garner (2012),
more than 3000 crop species are maintained
in ex situ conservation but only about 10
species with 3,540,000 accessions represent
an half of the global inventory of ex-situ
resources. Still, good portion of those novel
alleles weren't used as these were left behind
during evolution and domestication.
Alleles are an alternative form of gene
and are located on the same locus of
homologues
chromosomes.
They
are
involved in the expression of an alternative
forms given trait. Allele mining is nothing
but searching of new alleles in wild
germplasm i.e. finding of superior allele from
the natural population. In other words, an
introgression of novel alleles/beneficial allele
from wild relatives into cultivated varieties.
Hence, it's aimed toward identifying allelic
variation of relevant traits with in genetic
resources collections.

Approaches in Allele Mining
1. A.Tilling (Targeting Induced Local
Lesions in Genomics): It is a valuable
and non-transgenic reverse genetic
strategy to study gene function that
allows screening for mutations in genes
with known sequences in a plant mutant
population or allows rapid mutational
screening to get induced lesions during a
gene of interest. It helps within the direct
identification
of
allelic
variation/polymorphism (more specially
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point mutation) resulting from induced
mutations during a target gene by
heteroduplex analysis Hence, it's a strong
reverse genetics tool for genomics where
knockout methodologies can't be applied
B.ECO-Tilling
Eco-tilling is an extension of Tilling and was
first proposed by Comair et al., 2004. It is used to
discover the polymorphism in a natural
population. It does not use chemical mutation,
however, uses only natural variation present in
individual. Its main aim is to discover SNPs and
heliotyping of loci in natural population. The
principle of Eco-tilling is similar to that of Tilling
where it also relies on the enzymatic cleavage of
heteroduplexed DNA with a single strand specific
nuclease followed by detection through Li-Cur
genotypes.
2. Sequencing Based Allele Mining: It
involves PCR-based amplification of alleles of
a gene in varied genotypes and then DNA
sequencing to recognize nucleotide variance
in the alleles.
Bioinformatics tools require for Allele
mining:
Allele
mining
demands
various
bioinformatics resources including PLACE, plant
CARE,TRANSFAC, JASPAR, MEME, Plant prom
DB,DCPD, SCPD, Crustal and Bio Edit, CrustalW and Bioedit and all these are widely used to
compare and align multiple DNA sequences.
Allele mining is a promising approach to
discover naturally occurring allelic variation at
candidate genes controlling various biotic and
abiotic traits which have potential applications in
crop improvement programs it can also provide
insight into molecular basis of novel trait
variations and identify the nucleotide sequence
changes related to superior alleles.
In other words, it is often visualized as an
important link between effective utilization of
genetic and genomic resources in genomics. It is
certainly expected that sequencing based allele
mining would emerge as a way of choice in
revealing natural allelic variations in loci of
interest and to discovery the novel and effective
alleles therefore, it would take center stage for all
crop improvement activities. In addition, it has
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also great potential application in identifying
the rate of evolution of alleles, allelic
similarity and dissimilarity at candidate gene
and allelic relationship with other members
of the family. Allele mining may also pave
way for introgression of novel alleles through
Marker Assisted Selection (MAS).
Application OF Allele Mining


It can be effectively used for
discovery of superior alleles through
‗mining‘ the gene of interest from
diverse genetic resources. For
example, identification of new
powdery mildew resistant alleles of
Pm3 gene in wheat.
 Characterization of allelic diversity
in gene banks: It can provide insight
into molecular basis of novel trait
variations
and
identify
the
nucleotide
sequences
changes
associated with trait of interest.
 Identification
of
new
haplotypes: Haplotype means a set
of SNPs present on chromosome.
Therefore, it can be potentially
employed in the identification of
nucleotide sequence variation at a
genomic region i.e., candidate gene,
associated with phenotypic variation
for a trait. Through this, one can
evaluate the frequency, type and the
extent of occurrence of new
haplotypes and
the
resulting
phenotypic changes.
 Allelic
syntonic
and
evolutionary relationship: Using
the sequence information obtained
from Allele mining studies, syntonic
relationship can be assessed among
the identified loci/genes across the
species/ genera.
For example
A.On the basis of syntonic allele

sequence information from wheat, alleles for
aluminum tolerance in rye and agronomic ally
superior alleles in Phaseolus vulgaris and other
grasses were isolated.
B.Genes/QTL
controlling
quantitative
resistance to the blast pathogen, Magnaporthe
grisea showed high similarity in their sequence
and as well as genetic/physical position in both
rice and barley, suggesting a common
evolutionary origin for this resistance gene


It can be effectively utilized in expression
study as well as gene prediction through
promoter mining. For example: The
expression of some genes namely, ax 13
(conferring bacterial blight resistance
gene) in rice (Chu et al., 2006) and GIF1
(incomplete grain filling gene) in rice
(Wang et al., 2008) and maize have been
studied through changes in nucleotide
sequence changes in the promoter region
of those genes.
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The flower ―Marigold (Tagetes spp.), is
one of the commercially exploited flower
crop which are widespread in India and
various countries worldwide. The genus,
Tagetes belongs to a larger family of flowers
called Asteraceae, and is a native to
Southwestern United States precisely
Mexico. Marigold is broadly divided into two
groups, namely, African marigold
(Tagetes erecta Linn.) and French
marigold (Tagetes patula Linn.). It is one
of the most commonly grown flowers for
garden decoration and extensively used as
loose flowers for making garlands for
religious and social functions. This beautiful
flower has been used for centuries in Indian
weddings. It has gained popularity amongst
the gardeners on account of its easy culture
and wide adaptability. Its habit of free
flowering, short duration to produce
marketable flowers, wide spectrum of
attractive colours, (ranging from lemon
yellow to bright yellow, golden to orange,
mahogany, rusty red, tangerine or a
combination of these colors) shape, size and
good keeping quality has attracted the
attention of flower growers. Apart from its
significance in ornamental horticulture,
marigold is grown for its various medicinal
and industrial uses.
Marigold Essential Oil Tagetes
minuta has been used as a source of essential
oil for the perfume industry known as
"tagette oil" or "marigold oil" and as a
flavourant in the food and tobacco industries.
It is commonly cultivated in South Africa,
where the species is also a useful pioneer
plant in the reclamation of disturbed land.
Commercial Source of Carotenoid
Pigment: The florets of Tagetes erecta L. or
‗Aztec marigold‘ provides an important
yellow to orange red in colourant, which are
rich source of lutein, a carotenoid pigment.
The principal use of Aztec marigold as
natural food additive either in the form of the
dried flower meal or as a solvent extracts to
poultry feed in order to brighten yellow color
of the egg yolks and broiler skin.
Source of Natural Dye: Marigold
flower [Tagetes erecta L.], a major source of
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carotenoids and Lutein, used as a natural textile
colorant in various industries. Nowadays, Lutein
is becoming an increasingly popular active
ingredient used in the textile coloration on
account of its excellent colour value.
Medicinal Uses: Marigold is not just a
beautiful flower, but a natural medicine for
various ailments as well. The marigold has now
been placed in the books of cancer and anticancer cures, because it has antiseptic, antiinflammatory and anti-bacterial properties. An
effective antiseptic, the flower is used to cure
stomach upsets, menstrual problems, ulcers, eye
infections, inflammations and wounded body
parts. It is excellent in healing burns, stings and
impetigo (a contagious skin infection.). The
ointment prepared out of flowers is also used in
the treatment of many skin infections from
eczema to varicose ulcers. Also in the treatment
of Athlete`s feet and Nose-scabs.
Its intense rubbing on the affected body part
brings relief in pain and swelling caused by honey
bee or any other insect. The flower is used to
prepare a sprain relief lotion. Marigold's fresh
fragrance and infusion brings great relief in fever.
It can physically cure alopecia and is also used in
the treatment of bladder and kidney related
infections.
The principal pigment present in marigold
flowers is carotenoid, particularly lutein
having anti-oxidant properties has been reported
to be beneficial in several aspects to human
health such as eye health protection by reducing
the failure of the eyesight due to age-related
macular degeneration (AMD), coronary heart
disease and cancer. Therefore, lutein has gained
much interest due to its potential in nutraceutical
and pharmaceutical applications.
Marigold as Trap Crop: It is also being
grown as trap crop in agriculture against some of
lepidopteras, coleopteras and plant parasitic
nematodes. Their strong resistance to deer,
rabbit, rodent and javalina makes them a strong
repellent as well.
Culinary Uses: The petals add bright color,
flavor and a spicy tang to salads. The florets of
Tagetes erecta are rich in the orange-yellow
carotenoid lutein and are used as a food
colourant. Typical applications include: Salad
dressings, ice cream, dairy products and other
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foodstuffs with a high fat content, soft drinks,
bakery products, jams and confectionery.
The species Tagetes lucida, known as
pericón, is used to prepare a sweetish,
flavored medicinal tea in Mexico and as a
culinary herb. Today marigold is one of the
most sought commercial flower grown world
over and in India as well, hence area under
this crop needs to be expanded by adopting
suitable recent advanced technology to meet
the ever growing demand as textile industrial
demand increasing.
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Phomopsis azadirachtae: An Incitant to Die-Back of
Neem
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Introduction
Neem (Azadirachta indica) it is
commonly known as or ‗Margosa‘ ‗Indian
lilac‘. Neem is native to India. Due to its wide
adaptability to a range of climatic,
topographic and edaphic factors when
compared to other species it is referred as
―Tree for solving global problems‖. Neem has
many versatile uses, yet it is not free from
microbial diseases. Many bacteria and fungi
are known to infect neem. A new fungus
named phoma dieback was reported on
neem. The fungus infects the neem trees of
all age and size. The disease results in almost
100% loss of fruit production with partial
and complete wilting.
Die-back of neem is caused by
Phomopsis azadirachtae. The occurrence of
die-back of neem was first reported from new
forests of Dehra Dun, North India. Sateesh et
al. first identified and reported the pathogen
causing die-back of neem as Phomopsis
azadirachtae. The disease symptoms include
twig blight, inflorescence blight and fruit rot.
At present it is the major, devastating disease
of neem causing a severe threat to the plant.
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Symptoms
This particular disease has been noticed in
neem trees irrespective of age, size and height.
The disease is observed in rainy season starting
during the months of August to December and
pertaining throughout the year (Fig 1). On-set of
symptoms starts with the rainy season and
becomes progressively severe in later part of the
rainy season and early winter season. Primarily
and most affected parts are the branches. The
disease results in the progressive death of the
tree, year after year. Major symptom is the twig
blight (Fig 2). Disease also results in blight of
inflorescence and fruit rot resulting in almost
100% fruit yield loss. Pathogen is also seed-borne
and spreads rapidly through the conidia that
disseminated by rain droplets and insects.
Pathogen
P. azadirachtae, is a deuteromycetes fungus.
It can be isolated from the twig of explants
collected from diseased neem trees on the PDA
medium. Telio-morphic stage is absent. No
collateral host has been identified. The pathogen
produces two types of spores, Alpha (α) – conidia
and Beta (β) conidia. Mycelium immersed,
branched, septate, profuse, colourless, becomes
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pale brown later. Conidiomata pycnidial,
solitary or aggregate, half-immersed, pale
brown to dark brown or black, ampuliform or
subglobose, unilocular, thick-walled, textura
annularis, uniform throughout with the
endogenous basal swelling cone with lumina
of bigger cells, outer layers melanised.

Cultural conditions
Sporulation requires proper light of
about 8-12h per day along with high relative
humidity. The optimum temperature for
vegetative growth of P. azadirachtae is in the
range of 26-28°C and the pathogen can grow
in a wide temperature range of 10-35°C.
Optimum pH is about 6 (range between 4-9).
Seed-borne
The pathogen is both seed-borne and
seed transmitted. Thus it gets transmitted
from seed to seedling and might result in
wide spread of disease. The pathogen is
present in seed coat, cotyledons and embryo.
P. azadirachtae was isolated from embryo.
Seed to seedling transfer studies revealed
that the pathogen can cause seed rot,
seedling rot, and formation of weak
seedlings, seedlings with fibrous root system
and without root system.
Management
Carbendazim (bavistin) at 2gm/lt and
thiophanate methyl at 1gm/l can be used to
control the growth of the pathogen
completely. Drenching each pit around the
neem using Trichoderma @ 50gm/pit can be
used to control the extent of the disease to
some level.

The basic understanding of the biology of the
pathogen would help in preventing the spread of
the disease and thereby protecting the healthy
neem
trees
from
damage.
Geographic
information and global positioning system can be
effectively used in identification, survey,
surveillance and monitoring of the disease and its
management.
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Fig (1). Neem twigs showing disease symptoms

Conclusion
Disease is spreading at an alarming rate
and it is prevalent in almost all neem
growing areas. The seed-borne nature of
pathogen may be one of the reason for wide
spread nature of the disease. The pathogen is
highly variable. This may be because of the
difference in environmental and ecological
conditions of various geographical regions.

October, 2021

Fig (2). Affected twigs
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Drone Technology as a Vital Tool for Improving
Agricultural Productivity
Suvarna Dhabale, N.J.Chaudhari and V.B.Vaidya
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Agriculture, though striving to provide
adequate food and stay viable, is
experiencing substantial change. In the
modern agricultural period, farmers are able
to use numerous high-tech GPS-based
sensing tools, variable-rate apps, remote
control and remote sensing systems, as well
as farm management software. The
implementation and usage of new and
effective agricultural techniques has brought
about radical improvements in agriculture.
In other terms, new agricultural technology
is revolutionizing the way farmers work.
Through utilizing advanced data, farmers are
able to maximize both farm production and
competitiveness on the basis of real-time
field knowledge, while preserving the
ecosystem, which can be a turning point for
growth.
One of the more important trends is the
rise in the usage of lightweight, unmanned
aerial vehicles (UAVs), generally known as
drones, weighing up to 20 kilograms (50 lb).
Drones may be controlled in two ways. First
it can be directly in which the person has full
control of the device over a wireless remote
control and separately in which the drone is
able to monitor itself and navigate a path
based on GPS data or other sensors for
agriculture. Drones have no human pilot they
are remotely operated planes. In agriculture
they have immense capacity to promote
evidence-based policy and the analysis of
spatial details. Such techniques and
technologies can, given certain inherent
shortcomings, include useful data which can
then be used to impact policy and decisionmaking. They work with GPS and other
sensors which are mounted on them. Drones
are only a cheap aerial camera device in
agriculture fitted with GPS autopilot and
data collection sensors. They can be
compared to a standard point and shoot
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camera for visible pictures, but although a
traditional camera may give certain details
regarding plant production, visibility and other
items, a multi-spectral sensor extends the scope
of the technology and helps farmers to see items
that cannot be seen in the visual range, such as
soil moisture content, plant quality and stress
rates. This may help to address the numerous
constraints
that
impede
agricultural
development.
Drones, which were originally employed for
chemical spraying, are now an effective
instrument for collecting aerial pictures with
platform attached cameras and sensors. Images
can range from simple visible-light images to
multi-spectral photography capable of assessing
many elements of plant health, weeds, and assets.
They are small aerial vehicles that can fly at
extremely high altitudes and contain a variety of
navigation and recording systems, such as RGB
cameras, infrared cameras, and other sensors.
They are very useful to agriculture due to their
capacity to mount various sensors and obtain
high-resolution and cheap pictures of crop
conditions.
The drone flies around the field and uses a
camera or a sensor to take high resolution
images. Dependent on the calculated criterion,
these pictures are recorded in various bands from
the visible (color) light to the infrared spectrum.
The photographs captured are raw data that need
further analysis. Immediately after the picture is
taken, the photographs are transmitted straight
to the cloud / software where various drug maps
are generated based on the activity the farmer
needs to conduct on the ground. The maps would
then be submitted to a different farm facility to
change the amount of inputs (seeds, fertilizers,
pesticides) that will have to be added to the field
accordingly. Drones are an important technology
in the era of precision farming that will lead to a
totally new level of agriculture. They are an
economic way of gathering data in relatively short
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time on various crop conditions. Drones have
also shown great potential for sustainable
agriculture, better productivity and increased
farm profitability as a whole.Drones gather
raw data and turn it into useful information
using algorithms. They can therefore be used
for different applications in agriculture, such
as tracking the following parameters:






Crop health: they detect pest
injury and color change due to pest
infection;
Indices of vegetation: they
capture information regarding leaf
field, identification of anomaly,
efficiency of procedure, phenology
and yield
Plant
height:
they
capture
information regarding field height
and density;
Farm scouting: they record plant
height, plot numbers, stand number,
corrupted plots and planter skips.



Water requirements: they record
water-stressed areas of the field /
orchard in need of irrigation
 Soil analysis: they record supply of
nutrients for plant nutrient control
Agricultural
technology
continuously
develops. Efficient and effective GPS-based geo
referenced data, together with the use of remote
sensing (drones), and automated steering
systems are an integral part of efficient
agriculture that is able to maximize both
productivity and profitability in farmland. While
there are many threats and limitations, precision
agriculture and associated technologies have a
tremendous potential to meet the challenges of a
modern agricultural development and protect
natural resources at the same time.
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Introduction
Nanoparticles (NPs) are very small in
size and least one dimension between 1 and
100 nm in diameter and these are
fundamental to modern science and
technology due their unique properties and
novel features.
NPs are widely used in many aspects of
daily life such as energy production,
including in catalysts, semiconductors,
cosmetics, drug carriers and environmental
energy. In the present line of technological
innovations, nanotechnology occupies a
important
position
in
transforming
agriculture and food production.
NPs are using in agriculture as Nanoherbicide, Nano-pesticides and NanoOctober, 2021

fertilizers etc. The effects of NPs on the health
and environment need to be thoroughly
evaluated before they are widely commercialized
because they affect the seed germination seedling
growth during crop production. NPs enter the
soil through agricultural application, atmospheric
deposition, rain erosion, surface runoff or other
pathways.
NPs influence the growth and development
of plants. Which is generally enhance or decrease
the seed germination, shoot or root growth,
biomass production and physiological and
biochemical activities. However, the mechanism
of plant defense against the toxicity of NPs has
still not known. Nano particles have some
positive advantages like Antimicrobial activity,
creation pores for nutrient uptake, and
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stimulation of enzymes for enhanced seed
germination.

The Features of the NPs are
 Higher Mechanical strength
 More Thermal stability
 Increased Catalytic activity
 Improved Electrical conductivity
 Magnetic properties
 Optical properties
 Verylight weight and Ultra Hard.
Applications of the NPs in
Agriculture Involves
 Nano-fertilizers for proper fertilizer
delivery
 Nano-herbicide for effective weed
control
 Nano-pesticides for effective pest
control
 Nanotechnology
in
water
management
 Nanotechnology
in
crop
improvement
Why we need to study the NPs with
respect to Seed germination?
With
the
advancement
in
nanotechnology, NPs have been applied in
many industries, including daily products
and medical products. Worldwide, the
present production of AgNPs is estimated to
be around 500 tons per year and this is
predicted to increase over the next few years.
The production, use, and disposal of
nanomaterials will inevitably lead to their
release into air, water, and soil. Terrestrial
plants can be exposed to a multitude of
nanomaterials through soil in many ways. It
may lead to positive or negative to seed
germination and seedling establishment. size
of the NPs less than 100 nm fall in the
transition zone between individual molecules
and the corresponding bulk materials, which
generate both positive and negative
biological effects in living cell (Nel et al.,
2006).
The interactions of nanomaterials with
plants have not been fully elucidated. There
have been different and often conflicting
reports on the absorption, translocation,
accumulation,
biotransformation,
and
VOLUME NO. 18, ISSUE NO.01

toxicity of NPs in various plant species. During
the past decade, lots of work has been done in
biological system to address a wide range of field
problems utilizing nanomaterials and nanodevices for quality enhancement.

Effect of NPs on Seed Germination and
Seedling Growth
 It was reported that a mixture of
nanoscale SiO2 (nano-SiO2) and TiO2
(nano-TiO2) could increase nitrate
reductase in soybean (Glycine max), it
results in the increase in germination.
(Changmei et al., 2002).
 Increased
germination
rate
and
germination index in S. oleracea was
noted after exposure to TiO2NPs at0.25–
4 percent (w/v) but not with larger TiO2
particles at the same concentrations.
During the growth of the plants the dry
weight and chlorophyll formation were
both increased by exposure to the
TiO2NPs (Zheng et al., 2005).
 ZnO NPs caused a significant decrease in
the seedling biomass, root tip shrinkage
and collapse of the root epidermis,
resulted in the phytotoxic effect of ZnO
NPs on Lolium perenne seedlings.( Lin
and Xing, 2008)
 In case of Tobacco and Onion has found
that genotoxic effects occur with
exposure to different concentrations of
TiO2 NPs.(100nm) and the more
concentrations of TiO2 NPs damages the
root and cause the reduction in root
growth (Ghosh et al. 2010).
 In case of Ground nut seeds, Micronutriuent, Zn can be delivered into seeds
through ZnO NPs. The more amount of
Zn was present in the seed when treated
with ZnO NPs This enhance the
germination, root, shoot growth dry
weight and pod yield of the treated
seeds. (Prasad et al., 2012)
Advantages of NPs with Respect to Seed
Germination and Seedling Growth
 Enhanced water uptake of Seeds through
pores created by NPs.
 Acts as a nutrient for developing
seedlings.
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NPs control the seed borne fungal
pathogens during seed Germination.
Seed treatment with NPs improves
the germination percentage.
Cause alterations in the action of
enzymes during seed germination.
NPs help seeds to tolerate abiotic
stresses.

Disadvantages of NPs
1. Excessive concentrations of NPs reduce
the germination percentage.
2. Reduce the shoot and root growth.
3. An excessive concentration alters the
protien structures and nucleic acids.
4. Alterations in the cell structures.
5. Phytotoxic to germinating seedlings.
6. NPs found to be toxic to the soil
microflora.
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Fall Armyworm
The fall armyworm is native to the
tropical region of the western hemisphere
from the United States to Argentina.
Spodoptera frugiperda (J. E. Smith)
(Lepidoptera: Noctuidae) is considered the
most important pest of corn in Brazil, the
third largest corn producer in the world after
the USA and China. In this country alone,
costs to control the fall armyworm on corn
exceed 600 million dollars annually. Till
2015, this pest has not been reported in any
other part except in America. In 2016, it was
recorded in Africa causing serious damage on
maize crop (Goergen et al., 2016). In
September 2017, the UK Aid and CABI
published a report commissioned by the UK
Department for International Development
called: ―Fall Armyworm: Impacts and
Implications for Africa‖, according to the
which the Fall Armyworm (FAW) could
potentially cause corn yield losses in a range
from 8.3 million to 20.6 million tonnes in 12
African countries per annum (if no control
methods are put in place). The value of these
losses is estimated at between US$2,481
million and US$6,187 million. Now in 2018,
this notorious pest has entered India. First
observations of fall armyworm, S. frugiperda
were made in early May-June 20l8 in maize
fields at College of Agriculture, Shivamogga,
Karnataka, India. Further, its presence was
recorded in different districts of Karnataka
(Sharanabasappa et al. 2018).
Harmful Effects of Pesticides
There is a great variety of chemical
insecticides used to control this insect. The
most commonly used classes of pesticide are
carbamates,
organophosphates,
and
pyrethroids. To humans, consumption of
maize and other crops that have been
sprayed with these insecticides presents
potential carcinogenic and neurotoxicity
risks to humans due to bio-accumulated
pesticide residues. In addition, continued use
of these chemicals causes disturbance in the
dynamics of natural enemies, problems of
pest resistance to these compounds, health
risks for workers who apply the products in
the field and environmental contamination.
However, the use of pesticides over a long
VOLUME NO. 18, ISSUE NO.01

period, along with geographic and climatic
factors, has led to the development of insecticide
resistance in different populations.

Importance of Mycoinsecticide for
Healthy Maintenance of Ecosystem
Utilization of potential entomopathogenic
fungus in the management of lepidopteran pests
as one of the prime alternative to chemicals is
more advantageous and also remunerative. Since
the fungus is not only ecofriendly and cost
effective but also highly persistent and selfperpetuating in nature. In addition, agriculture
ecosystem which helps to develop the fungus
because of its ideal microclimate, heavy rainfall
area, high humidity and soil containing high
organic matter helps to perpetuate the fungus
itself in nature. So, management of lepidopteran
insect
pests
by
isolating
virulent
entomopathogenic fungi, M. rileyi, development
of solid formulation (Bell, 1975) and large scale
evaluation is very much necessary. In order to
reduce the pesticide usage, exploitation of green
technology, i.e., Metarhizium rileyi previously
known
as
Nomuraea
riley
is
an
entomopathogenic fungus with great potential to
control S. frugiperda and other noctuid pests. S.
frugiperda incidence was highest after one week
of sowing and there is a great chance of getting
infection by M. rileyi. Simultaneous plant growth
and herbivore development (S. frugiperda),
when the maize crop attains 15 days old, FAW
moths starts egg laying on young leaves, neonate
larvae scrape the chlorophyll content and moults
to 2nd instar, remaining 4 instar of FAW
voraciously damage the maize leaves in order to
complete its life cycle and pupates inside the
maize stem or in soil. Meanwhile when
environment is congenial, the entomopathogenic
fungi M. rileyi infect the young larvae and kills
20 to 40 per cent of larval population (Plate 1).
To achieve 70 to 80 per cent mortality,
inundative application of M. rileyi keeps the
larval population below Economic threshold level
and increases the yield. M. rileyi is a very good
promising bio control agent for management of
the fall armyworm in maize cropping ecosystem.
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Metarhizium rileyi (UASRBC-Mr2)
technology against Maize Fall
Armyworm Spodoptera frugiperda
developed by AICRP on Biocontrol
UAS, Raichur
 Metarhizium rileyi has been found
to cause epizootics on FAW in
Raichur, Bidar, Koppal, Gulbarga,
Bellary and yadgir districts of North
Karnataka
 Infected larvae showed extensive
green sporulation (1010 to 1011 Spores
per each cadaver)





Farmers can collect infected cadavers
and crush them and mix with Water (50
larvae in 50 litres of water) and can be
used for spraying/whorl application in
maize to spread the disease in the pest.
Farmers also can collect healthy larvae
and contaminate with diseased larvae to
produce sporulated cadavers which can
be used for field application.
Nomuraea rileyi rice grain formulation
(1 × 108cfu/g) @ 5g/litre whorl
application at 15 -25 days after sowing.
Another 1-2 sprays may also be given at
an interval of 10 days depending on pest
damage.

Plate 1. Fall army worm infesting maize (a) and M. rileyi infected cadaver (b and c)
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