Volume 1

Issue 6

December, 2020

https://krishiscience.in/

About Krishi Science
Krishi Science is a monthly online magazine that publishes
popular articles related to scientiﬁc and success stories of
innovative farmers. We publish commentary, columns,
feature articles, reviews and obituaries. Further, we have a
special section for encouraging Agricultural students and
graduates from various disciplines to publish their opinions,
new research ﬁndings, photographs, cartoons, etc. We
accept articles on all aspects of agriculture and allied
subjects from India and worldwide.
Our primary aim is to provide a common platform for
scientists, research fellows, students and farmers in
agricultural science.

Happy Learning and Happy Publications!

Disclaimer: The views expressed in this publication by the authors are their own and these do
not necessarily reflect those of the publisher or editorial team. The Krishi Science shall feel
obligedifthereaderbringsmistakestothe notice of publisher.

Editorial Board Members

Dr. M.B. Chetti
Patron

Dr. K.N. Ganeshaiah
Editor in Chief

Dr. Gurumurthy S
Executive Editor

Editors

Dr. R Shiv
Ramakrishnan

Dr. Shashidhar
KS

Dr. Shivani Nagar

Dr. Prafull Salvi

Dr. Yamanura

Dr. Rakesh Kumar Dr. Rekha Kumawat Dr. Bandeppa G. S

Dr. Vipul Kumar

Dr. Senjam Jinus S

Dr. Nagarajappa
Adivappar

Dr. Sunder
Singh Arya

Dr. Devendra
Kumar Meena

Dr. Pankaj Kishore

Student Editors

Mr. Basant Kumar
Dadarwal

Mr. Nitesh S D

Dr. Niranjan Singh

Mr. Kamal Ravi
Sharma

Qualiﬁed Farmers

Dr. Niranjana Kumara

Dr. Bhojaraj Belkud

Mr. Vinod
Bhateshwar

CONTENTS
Sl.
No.

Article
Code

1

KS-1653

2

KS-1643

3

KS-1632

4

KS-1644

5

KS-1646

6

KS-1651

7

KS-1667

8

KS-1640

Article Title
MOISTURE STRESS AND THEIR EFFECT ON CROPS
Vikash Singh D. S, Sasode, Rajendra Patel, Satish Kumar and Arvind
Ahirwal
MOLECULAR CONVICTION BEHIND THE
PRODUCTION OF “SUICIDE SEEDS”
Kinjal Mondal and Om Prakash Raigar
GENES OF THE GREEN REVOLUTION
Gireesh C, Basavaraj PS, Ishwarya Lakshmi VG and Anantha M S
INDOOR HYDROPONICS FOR URBAN FARMING
Rajender Kumar, Jitendra Singh Shivran, Ravi Kumar, Rajkumar Jat,
Pushpendra Rajput
MAGNITUDE OF CARBON SEQUESTRATION IN
RELATION TO SUSTENANCE OF SOIL
Anjali A. Paradhi , Chetna S. Kumbhar and Arti R. Gabhane
GENOME EDITING THROUGH HAPLOID
INDUCER- A GAME CHANGER
Shanmugam A, Mohanapriya B
CHITOSAN AND ITS ROLE IN PLANT DISEASE
MANAGEMENT
Nitika Kumari, Hansa Kumari Jat , Akansha Deora
NECESSITY OF COLOURED SHADE NETS IN
IMPROVING YIELD AND QUALITY OF VEGETABLES
Rudra Vinayak, Rachamalla Raviteja

Page No
1-4

5-8

9-12
13-15

16-19

20-23

24-26

27-31

AWARDS
Best Popular Article Award for Vol. 01 Issue. 06 – December, 2020
1.

Article Code: KS-1643

MOLECULAR CONVICTION BEHIND THE PRODUCTION OF
“SUICIDE SEEDS”
Kinjal Mondal* and Om Prakash Raigar
CSK Himachal Pradesh Krishi Vishwavidyalaya, Palampur-176062, Himachal Pradesh, India
*Corresponding author: kinjal.mondal1234@gmail.com

2.

Article Code: KS-1646

MAGNITUDE OF CARBON SEQUESTRATION IN RELATION TO
SUSTENANCE OF SOIL
Anjali A. Paradhi* , Chetna S. Kumbhar and Arti R. Gabhane
Dr. Panjabrao Deshmukh Krishi Vidyapeeth Akola 444104, Maharashtra, India.
*Corresponding author: paradhianjali84@gmail.com

https://krishiscience.in/

Singh et al., 2020 KS-1653
Popular article

MOISTURE STRESS AND THEIR EFFECT ON CROPS
Vikash Singh D. S, Sasode, Rajendra Patel, Satish Kumar1 and Arvind Ahirwal2
Rajmata Vijayaraje Scindia Krishi Vishwa Vidyalaya, Gwalior- 474002, Madhya Pradesh, India

LNCT University, Bhopal – 462042, Madhya Pradesh, India
Jawaharlal Nehru Krishi Vishwa Vidyalaya, Jabalpur – 482004, Madhya Pradesh, India
*Corresponding author: vikashsingh5695@gmail.com
1

2

Received: Nov 29, 2020; Accepted: Dec 07, 2020

Introduction
Soil moisture is the most restricting element in dry cultivating and dry land farming
situations. Plants absorb water to normal function like nutrient absorption, transpiration,
metabolic activities leading to growth, development and yield. Whenever transpiration
exceeds the water uptake, stress prevails in plants. Stress is due to higher transpiration and
less absorption. Moisture stress affects all aspect of plant growth. It affects water relation in
plants, photosynthesis, respiration, metabolic reactions, hormonal reactions. nutrition,
growth, development and yield.
Moisture stress (moisture deficit) : It indicates the action of lack / deficit or excess of water
on plants. However, in general, stress is used to imply moisture/water deficits. The term
moisture stress is generally used for moisture deficit conditions through it is applicable to
excess moisture also. The plant water stress may be severe when the soil water potential is
low and environmental or plant factors interfere seriously with absorption of water. Hsiao
(1973) classified the level of water stress into following categories;
Categories

Soil Water Potential

Reduction in Leaf Relative Water
Content (%)

Mild Stress

-0.1

8-10

Moderate Stress

-1.2 to -1. 5

>10-20

Severe Stress

< -1.5

>20
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Effect of moisture stress in crop: Moisture stress is one of the most important elements
influencing plant growth, development, and yield profitability, posing a substantial threat to
sustainable agriculture. It does not affect all aspects of plant growth and development
equally. Moisture stress causes serious reduction in growth, quantity, and quality in many
plants. Some processes are highly susceptible while others are less affected. The final yield of
the crop at harvest is the integrated after effect of these impacts of stress on water relations,
photosynthesis,

respiration,

nutrition/sustenance,

hormonal

activities,

growth

and

development.
Water Relations: Several changes show in the plants due to moisture stress in the soil. It
alters the water status by its effect on water absorption, translocation and transpiration. The
lag in absorption behind transpiration result of increase in the atmospheric dryness as a result
in loss of turgor.
Photosynthesis: In plants photosynthesis process is decreased by moisture stress because of
decrease in photosynthetic rate, chlorophyll content, leaf area and increment assimilates
saturation in leaves (because of absence of translocation). When lack of moisture, stomata are
closed to reduce transpiration. Therefore, section of carbon dioxide into leaf is reduced
resulting in decline in photosynthetic rate. Moisture stress is known to decline photosynthesis
by reducing both leaf area and photosynthetic rate per unit leaf area. Translocation of
assimilates is also affected by water stress and this limits photosynthesis.
Respiration: Respiration increase with mild drought condition but more serve drought
lowers water content in soil. More severe moisture stress reduces respiration.
Moisture stress in vegetative stage: Moisture stress in vegetative stage less important than
in reproductive stage of stress and the impact on yield and its yield attributes. However, since
the stress at this stage of growth and development of plant, photosynthesis and the
accumulation of most importance is the effect in plant (Kabiri, 2010). Water shortages
condition, with the disappearance of cells, disrupted physiological processes of plants, plant
growth, photosynthesis, stomatal closure, changes in metabolism of plants and dying plants
(Rahmani, 2006).
Anatomical changes: Size of cells and inter cellular spaces is decrease, thicker cell wall,
greater development of mechanical tissue. Stomata per unit leaf will in general increment.
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Metabolic Reactions: Almost all metabolic reactions are affected by moisture deficits.
Serious moisture shortfalls cause decline in enzymatic activity. Accumulation of sugars and
amino acids takes place under moisture stress condition due to breakdown of carbohydrates
and proteins.
Hormonal Relationship: Growth promoting hormones like cytokinin, gibberellic acid, and
indole acetic acid etc., decreases and growth regulating hormones like abscisic acid, ethylene
etc. increases. The translocation of growth promoting hormones is also reduced by moisture
stress. With change in hormonal balance, growth of leaves production of tillers or branches is
reduced and stomata closure and leaf senescence are increased.
Nutrition: The uptake of nitrogen, phosphorus and potassium is reduced by moisture stress.
The fixation, uptake and assimilation of nitrogen is affected by moisture deficits. Nitrogen
fixation by leguminous plants is reduced by moisture stress due to reduction in
leghaemoglobin, specific activity of nodules and number of nodules.
Growth and Development: Growth and development are the most drought sensitive
physiological processes with water stress limiting growth more than any other abiotic stress.
Because of water deficits on several physiological processes, plant growth is reduced
Generally, the organ becoming most quickly at the hour of stress is the one generally
influenced. Maturity is delayed if drought occurs before flowering while it advances if
drought occurs after flowering. Moisture stress influences germination of seeds, leaf area,
leaf expansion and root development of plant.
Reproduction and grain growth: Moisture stress at flowering and grain development
determines the number of fruits and individual grain weight, respectively. Moisture stress at
grain development reduces yield while vegetative and grain filling stages are less sensitive to
moisture stress.
Yield: Moisture stress during flowering and grain development determines the number of
fruits and individual grain weight respectively. During ripening which involves dehydration
and certain biochemical process, moisture stress has little effect on yield components. The
impact on yield depends hugely on what extent of the complete dry matter is considered as
valuable material to be harvested. At the point when the yield comprises of most or all the
aeronautical parts like forage crops, tobacco etc., the impact of moisture stress is equivalent
to those on all over growth and development. Crop yields are reduced by 69% on average
when plants are exposed to unfavorable conditions in the field (Boyer, 1982).

3
KRISHI SCIENCE – eMagazine for Agricultural Sciences
Volume:01 Issue:06 – December 2020

Conclusion
Moisture stress happens when the water in a plant's cells is reduced to not exactly
ordinary levels. This can occur because to lack of water in the plant's root zone, higher
transpiration rates than the moisture uptake rate by the roots, for example, due to an inability
to absorb water because of a high salt substance in the soil water or loss of roots due to
transplantation.
References
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Kabiri R. (2010). Effect of salicylic acid to reduce the oxidative stress caused by drought in
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Introduction
The global agricultural research is continuously flourishing their potential with
gradual improvisation and innovations to find out the most appropriate solution to world
hunger. In this regard, biotechnologists are keen enthusiastic in discovery of terminator
technology or genetic use restriction techniques (GURTs) as a nifty revelation to protect
originality of inventor’s findings. Although this technology has not yet been popularized in
world market, the apex body of giant companies as well as top seed industries have already
started promoting their brainchild as a “biosafety” tool among the farming communities.
Monsanto denominated this technology as a “gene protection technology” (Mukherjee and
Kumar 2014). On March 1998, United States Department of Agriculture (USDA) coupled
with Delta and Pine Land (D&PL) Company of Mississippi got patent of GURTs entitled
“Control of plant gene expression” (Yousuf et al. 2017). According to the “Protection of plant
varieties and farmers’ rights act” in 2001, the Indian Parliament has banned the use of suicide
seeds.
GURT: Types and Mechanism
The genetic use restriction technologies (GURTs) are new biotechnological
interventions, mainly involved in protecting the IPRs of the original mastermind. It deals with
specific genetic switch mechanisms that restrict the ineligible use of genetic material by
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altering either reproduction (V-GURT) or a specific trait expression (T-GURT) in GM crops
(Eaton et al. 2002).
V-GURT is actually based on controlling a chemical inducer mediated seed development
process, promoting the embryo to produce a cell-toxin that will prevent its germination if
replanted (Lombardo 2014). Thus causing seeds to be sterile, V-GURT acts as a cobweb for
the poor farmers. T-GURTs on the other hand, are not truly involved in affecting the viability
of seeds. But, a number of genes conferring a single trait may be switched on or off by the
action of chemical inducers (Yousuf et al. 2017).
Pre-requisites:
i.

a repressor gene that perceives an external stimulus

ii.

a recombinase gene, whose expression is blocked by the action of repressor

iii.

a target gene that produces cell toxin

In V-GURTs, the repressor gene produces repressor protein which is directly involved in the
activation of recombinase gene. A lethal gene RIP (Ribosomal Inactivating Protein), under
the control of LEA promoter (Late Embryogenesis Abundant promoter) is separated from the
promoter by a spacer sequence, which blocks RIP expression in the first generation. During
late embryogenesis, RIP gets permission from its promoter to express to affect only the
embryo development in the very next generation. On either side of the spacer, a recombinase
gene (CRE/LOX system from a bacteriophage) sequence is placed to snip out the spacer
sequence in between promoter and RIP sequence, so that the late promoter is able to activate
the lethal gene late in the season. Repressor protein when perfectly binds to the site near a
recombinase gene, transcription of the recombinase gene is inhibited and therefore no
recombinase protein is produced to remove the spacer sequence (see figure 1). Hence, rest of
the entire terminator mechanism gets switched off (Yousuf et al. 2017).
Upon exposure to chemical inducer like tetracycline, hybrid seeds start exhibiting inability to
regrow. Tetracycline when applied to the seed lot before selling to the consumers, restricts
the activity of repressor protein and promotes transcription of recombinase gene leading to
successful toxin production by the lethal gene (Gupta 1998).
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In contrast to V-GURT, a gene cassette is programmed to express in the seed for the
production of disrupter protein in T-GURT and a particular trait of interest is altered
accordingly, keeping the embryo intact. The chemical inducer upon application over the seed
lot before being sold to farmers allows the trait expression in the first generation but, hinders
in the successive generation (Pilger 2002).

Seed coat
Repressor
gene
Recombinase
gene

Lethal gene

Fig.1: Suicide mechanism after treating with inducer
Advantages and Disadvantages of Terminator Technology
Advantages:
1. Use of new seeds every year leads to maximum yield.
2. The giant private companies must compete each other to invest in agriculture
which ultimately benefits the farmers.
3. Seed lethality prevents unwanted gene flow from transgenic to non-transgenic
varieties (including wild relatives) via seeds, as only pollen carries the lethal
genes.
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Disadvantages
1. Harvested seeds have to be used only for consumption purposes.
2. Pollen carrying RIP genes may transfer lethality/ seed sterility from transgenic
lines to nearby wild type crops.
3. Specific genotype of a particular crop may become vulnerable to pest and
diseases.
Conclusion
Terminator technology as a biotechnological novelty offers a number of amenities
like checking of transgene contamination, protection of IPRs and increasing of genetic
diversity. But, the scientific community working on precision agriculture has not yet been
satisfied by the advancement of GURTs. Various potential hazards of using suicide seeds
including inability of farmers to procure harvested seeds and extensive monitoring over
terminator technology badly impact on overall biodiversity and economic symmetry. In case
of developing countries like India, where maximum fraction of population is engaged in
agricultural sectors GURTs need to be improvised with every efforts from the service point of
view rather business motives.
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Introduction
Agriculture began when humans started hunting and gathering food for their survival.
This origin of agriculture paved the way for domestication of many plant species for the
benefit of mankind. Initial phases of food production were very slow whichtook nearly
10,000 years for the production of food grain to the tune of about 1 billion tons, whereas, in
the late 1960s, it reached 2 billion tons of food grain production within a span of 40 years.
This astonishing increase in food production has been termed as “Green Revolution” which
was brought about by the development of improved dwarf cultivars that were responsive to
intensive input agriculture, resistance to many biotic and abiotic stresses combined with
improved agronomic management practices.
The identification of dwarfing source and bringing those into rice and wheat varietal
backgrounds was fundamental to this revolution. Rice and wheat cultivars before green
revolution had tall culm and were not strong enough to withstand heavy grain weight of high
yielding varieties making the plants lodge over the soil resulting in large scale yield loss.
Semi-Dwarf plants had sturdy, short strong culms which were non-lodging and in addition to
this, a larger proportion of assimilates were partitioned into the sink i.e. grain, resulting in
further yield increases. With the new innovations and advances in molecular biology and
biotechnology, scientists were able to isolate and characterize those genes of green
revolution. The reduced height (Rht) genes of wheat were isolated and demonstrated the
involvement of these genes in impeding the signal transduction pathway of the gibberellins
(GA) growth hormone (Peng et al. 1999). sd1 semi-dwarf gene of rice had also been isolated
and reported to interfere with biosynthesis of gibberellin (GA) growth hormone. Hence this
growth hormone is fundamental to the controlling of plant stature.
9
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Origin of dwarfing genes
The dwarfing genes of wheat, which were responsible for green revolution originated
in Japan. Japanese researchers crossed the semi-dwarf wheat cultivar called Daruma with
American high-yielding varieties during the early 20th century to produce Norin 10. Even
though it was of little significance in Japan, Norin 10 was used to produce a number of highyielding semi-dwarf cultivars in breeding programs in the USA after 1945. One of the
crosses, namely Norin 10-Brevor 14, was sent to Norman Borlaug of CIMMYT, Mexico. The
offsprings were then distributed to Latin America and South and Southeast Asia, where they
rapidly adapted, facilitating significant increases in wheat yields in these nations. Bread
wheat (Triticum aestivum) is hexaploid having A, B, D three sets of genome coming from
wild donors. Two dwarfing genes are included in Norin 10, which are semi-dominant (change
of function) homoeologous gene alleles on chromosomes B and D. To reflect their
chromosomal location, these dwarfing alleles were named Rht-B1b (former Rht1) and RhtD1b (Rht2). Each gene’s effect on plant height was comparable and its combined effect was
additive. (Boerner et al. 1996).
The antiquity of semi-dwarfing genes in rice very similar to that in wheat, and also
begins in the Far East. After the introduction of semi-dwarf, high yielding Indica group
cultivars for cultivation in tropical areas, the ‘Green Revolution’ in rice was achieved. The
dwarfing gene sd1 of rice originated from a Chinese cultivar, Dee-geo-woo-gen (DGWG),
which was used during the 1950s in a breeding program in Taiwan to produce the highly
successful Taichung Native 1 (TN-1) and later to produce IR-8, the so-called 'miracle rice', at
the International Rice Research Institute (IRRI) in the Philippines. TN-1 and IR-8 have
subsequently been used as parents in breeding programs to produce many of the commercial
semi-dwarf indica cultivars grownig in tropical and semi-tropical areas, and also in
developing Japonica group cultivars for growing in the more temperate Republic of Korea
and California. The semi-dwarf trait of rice culm is due to different alleles of a single
recessive gene, sd1, even where the parent strains have been selected or produced
independently (Kikuchi and Futsuhara, 1997).
Wheat Rhtgenes and gibberellin signal transduction
The Rht dwarfing alleles cause a reduced response to the GA hormone. The Rht gene was
identified by Peng et al. 1999 and it is an ortholog of the Arabidopsis GAI and maize d8
genes. Translational reinitiation at one of several methionines that follow the stop codons
might result in the formation of truncated Rht proteins lacking the DELLA domain,and these
proteins function as constitutive (GA-insensitive) repressors of growth. Thus, the Rht1a/d8/GAI (wild-type) proteins function as negative regulators of GA signaling and GA acts
by repressing their function, provided theN-terminal domains are present (Fig. 1).
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Rice sd1 and gibberellin biosynthesis
Contrary to Rht of wheat, the sd1 mutation in rice is recessive, and normal height can be
restored in mutants by the application of GA revealing that they are defective in GA
production. This gene is known to encode GA20-oxidase (GA20ox), an enzyme involved in
GA biosynthesis. Semi-dwarf rice varieties possessing the sd1 allele from Dee-geo-woo-gen
contain a 383-bp deletion in the GA20ox gene that introduces a stop codon, which perhaps
results in a highly defective, inactive enzyme (Fig. 1).

Fig.1: Gibberellin signalling pathway. (a) sd1 mutations affect the activity of GA 20-oxidase (GA20ox), which
catalyses the conversion of GA53 to GA20 in the biosynthetic pathway to the biological active product, GA1.
GA20 is converted to GA1 by the action of GA 3-oxidases (GA3ox). (b) GA action results in the degradation of
Rht, which functions by suppressing expression of GA-induced genes and, hence, growth. The mutant forms of
Rht (Rht-1Bb and Rht-1Db) are not susceptible to GA-induced degradation.
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Conclusion
It has been demonstrated for many plant species that GA concentration limits growth
and that GA20ox activity is a major determinant of GA biosynthesis. Hence, there may not be
any coincidence that mutations in a GA20ox gene have been selected in screens for semidwarfism in rice. In hexaploid wheat loss-of-function, mutations are unlikely to be effective
(unless present in all three genomes) so that dwarfs were detected from dominant (gain-offunction) mutations. Both the cases highlight the crucial role of GAs in regulating
developmental processes that are critical to agriculture. Thus, GA signaling pathways are key
targets for manipulation in the quest for further improvements in crop yield. The yield from
present cereal cultivars seems to be approaching plateau and new strategies are necessary to
break this barrier to produce sufficient food to meet out demand of the ever increasing
population. Targeted genetic modification of crop development could form a part of the next
Green Revolution.
References
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Introduction
In the present scenario, our cities are getting more and more populated day by day and
gradually some developed rural areas are also converting into semi-urban to urban city which
is also known as rural urbanization. To feed this increasing mass and that also with fresh and
nutritive commodities urban people can adopt a certain system of farming which can act as an
alternative to soil-based farming. Because of non-availability of arable land in the city, indoor
hydroponics system serves as the best option which requires less space, less weeding, fewer
insect-pests infestation and is more resource-efficient. This system can be built on a small
unit of an area where crops can reach their full genetic potential much easily than soil-based
farming.

(Source: Anonymous, 2020)
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In this system of farming, the soil is replaced by a water-based nutrient solution which
is rich in macro and micronutrients. Here, we control the nutritional requirement, humidity,
temperature and use less water than soil-based farming. Various elements required for
building this system are sorted metal stands and angles, NFT (nutrient film technique) gullys,
PVC pipes attached to a nutrient tank that pumps water to the plants, and grow lights etc.
Urban hydroponic farms can provide jobs for city residents, a source of healthy, locallygrown produce, and minimize the costs associated with transportation of produce around the
country. The various advantages of hydroponics system are discussed below.
Advantages over soil-based farming
1) Year-round cultivation: It is the most advantageous factor which allows the grower to
cultivate crops year-round and as it is an indoor system there will be no effect of weather
variations.
2) Maximum crop yield: It is achieved by planting crop much closer than in soil and they
are grown vertically in many layers or shelves depending upon the available vertical space
with minimum walking space between the rows.
3) More efficient use of resources: As we are re-circulating the water therefore it saves
around 80-90 % of water. It allows plants roots to get the correct amount and combinations of
nutrients when they needed them. Fertilizers are mixed with water to create a nutrient
solution. This nutrient solution is typically pumped into the grow bed to feed the plant's roots
with various nutrients which are not that much readily available to plant in case of soil-based
method.
4) Control over biotic & abiotic factors: Biotic factors include insect pests, mammals,
birds, pathogens, rodents and weeds which can destroy the crop, indoor hydroponic crops
experience very less of such problems. Certain organic fertilizers like manure and waste can
also act as a vector of disease and insect pest and the hydroponic system also eliminates such
risk. Major abiotic factor includes temperature, CO2 concentration, relative humidity etc.
Each crop plant has a particular requirement of temperature depending upon the phase of
growth and nature of the plant, which can be easily manipulated under such a system by
using a thermal sensor. CO2 enrichment can be done to increase the photosynthetic efficiency
of a crop plant. Advanced automation techniques are also playing a key role, where the use of
auto dosing system and smart mobile application are being used to handle the system.
5) Reduced labour cost
In an indoor hydroponics system, we are working in limited closed space as compared
to open filed therefore it is less labour-intensive and only a few numbers of skilled labour can
handle the system.
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Important factors
1) Crop of promise under hydroponics system: Leafy crops, like lettuce, swiss chard, kale,
chives, bok choy, amaranthus and arugula which are used as a salad crop are always in great
demand, beside them, herbs like basil, thyme, rosemary, parsley, sage, sorrel, microgreens,
edible flowers, mint and oregano etc have responded well to this system and are giving a
handsome return to the grower.
2) Selection of proper grow light: Plant leaves absorb radiation in the wavelength range of
400 -700 nm which is also known as PAR i.e photosynthetically active radiation. Therefore to
harness the full potential of hydroponics, the light system should be properly selected. We
can use broad-spectrum or multispectrum grow light depending upon the nature of the plant.
3) Nutrients media: Nutrient media should be well balanced with all macro and
micronutrient. Beside them, EC (electrical conductivity) and pH should also be properly
managed as they affect the uptake of nutrient by plant roots. One other factor hydroponics
grower must prevent is the development of the waterborne disease, which can destroy an
entire crop. Growing media should be sterilized after each cycle.
Limitation:
1.
2.
3.
4.

High initial capital investment.
Requirement of skilled labour.
Well planned marketing strategy
Cultivation limited to few leafy vegetables and herb.

Conclusion
Smart, technology driven cultivation practices are need of an hour. In today’s world,
when we are talking about the applications of artificial intelligence in various sector,
agriculture is not also far behind as food is the necessity of life. Therefore neat and clean
farming systems like indoor hydroponics system offer tremendous growth for the
development of such industry in an urban area where people while buying are now actively
engaging themselves for the selection of healthy and organic food items.
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Introduction
The process of transferring of atmospheric carbon into a pedologic /soil C pool
through photosynthesis is called soil C sequestration (Lal et al. 2004). As nation has
progressed we have been emitting carbon or green house gases which results in global
warming. This climate change has emerged as the leading environmental threat facing the
world today. In the last century, numerous human activities, such as, land use changes and
the burning of fossil fuels have caused concern over global warming and the greenhouse
effect that causes temperature change. Soil carbon (C) sequestration has been proposed as a
major agriculturally based strategy for mitigating rising atmospheric concentrations of
greenhouse gases (Smith, 2004). Highly intensive agriculture in the name of green revolution
notwithstanding the alarming depletion in soil organic C and increasing the production of
major green house gases and enhancing the contamination of ground water. Soils are the
largest carbon reservoirs of the terrestrial carbon cycle. Soil plays an important role in global
carbon cycle as it contains around three times more C than in atmosphere and 3.8 times more
C than in biotic pool (Zomer et al., 2003). Under such situation carbon sequestration play a
key role to conserve natural resources and achieve sustainability in agricultural production.
Carbon sequestration
Carbon sequestration is defined as the capture and storage of carbon that would otherwise be
emitted to or remain in the atmosphere.(FAO, 2000)
Why carbon sequestration?
The important mitigation strategy to cope up with the negative impact of climate
change. To restore degraded soils and ecosystem and increase agronomic productivity to
achieve food security. The potential of soil carbon sequestration in India is estimated at 10-14
Tg C/y for restoration of degradable soils and ecosystem (Lal et al., 2004). Soil carbon
sequestration is a natural, cost effective and environment friendly process
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Strategies for Carbon Sequestration in Agriculture Soil

Soil carbon sequestration
Worldwide, SOC in the top 1 meter of soil comprises about ¾ of the earth’s terrestrial
carbon, nevertheless, there is tremendous potential to sequester additional carbon in soil. Soil
plays a key role in global carbon balance because it supports all terrestrial ecosystems that
cycle most of the atmospheric and terrestrial carbon. It is considered to be an active and
significant component in global carbon emission and sequestration potential. Soil is one of
the most important natural resources in enhancing carbon capture and storage (CCS). The
information on CCS could serve as a tool to enable prioritizes areas for C sequestration .
Soil –C-sequestration Mechanisms:
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Forms of carbon in soil
1) Organic carbon: Organic carbon is of biological origin and sources includes live
plant roots, humus, litter (not shoots), charcoal, and other recalcitrant residues of
organic matter decomposition
Example – carbon present in components of living things.
2) Inorganic carbon: Inorganic carbon is carbon extracted from mineral and ores, and
sources includes ores and minerals.
Example- carbonates of calcium and magnesium
Carbon stocks in soil
Soil C sequestration means increasing SOC and SIC stocks through judicious land use
and recommended management practices (Lal, 2004). Each soil has carbon carrying capacity
i.e. an equilibrium carbon content depending on nature of vegetation, precipitation and
temperature; when equilibrium is disturbed, soil carbon rapidly declines The organic carbon
stock of Indian soils was to be 24.3 Pg under 48 soil series.
Land use management effect on soil C sequestration
Alternative land use system which is agro-forestry, agro-horticulture and agrosilviculture are more remunerative for SOC sequestration than sole cropping system.
Conservation tillage, residue management, cover cropping and crop rotation can drastically
increase the amount of carbon stored in soil. Incorporation of legume in the crop rotation help
in better SOC sequestration.
Benefits of soil carbon sequestration?
•

Improved soil structure

•

Better water use and storage

•

Buffering against drought and plant heat stress

•

Less erosion

•

Increased soil fertility

•

Improved biodiversity

•

Healthier ecology

• Improved agricultural performance
Major constraints
A major constraints in adopting conservation tillage and mulch farming in India is the
non-availability of crop residues for returning to the soil. Most of the crop residues are
removed from fields for use as a fodder and fuel. Dung is also used as fuel for cooking. Thus,
adoption of mulch farming techniques is possible only if economic sources of fuel and
alternative sources of fodder are identified.
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Conclusion
Soil C sequestration is a multipurpose strategy, it restores degraded soils, enhances
the land productivity, improves the diversity protects the environment and decreases the
enrichment of atmospheric CO2 and mitigate the climate change. Apart from reducing the
global CO2 levels, soil carbon sequestration is a strategy to achieve food security through
improvement in soil quality. Important agricultural practices with potential for carbon
sequestration include conservation tillage, crop residue mulch, conservation research
programme, soil fertility management and adoption of recommended cropping systems
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Introduction
Traditional breeding based on genetic crosses requires 8–10 generations to introduce
desirable alleles into a desired elite background and usually involves extensive background
screening and large-sized populations to increase the chance of genetic recombination, which
is very laborious, time-consuming, and cost ineffective. Moreover, the results are usually
unpredictable and not always accurate. Further, such an approach is often hindered by the
linkage drag effect, when a desirable trait is closely linked to an undesirable trait, and
separation of them either requires a large-sized population or nearly impossible due to the
lack of recombination events in the particular region. Thus, this could be effectively
overcome by integrating genome editing and double haploid technology.
Haploid-Inducer Mediated Genome Editing (IMGE)
The CRISPR/Cas9 system and double haploids (DH) are the two inevitable game
changing technology in crop breeding. Wang et al. (2019) named Haploid-Inducer Mediated
Genome Editing (IMGE) approach and Kelliher et al. (2019) named HI (Haploid inducer)
edit approach integrates DH and CRISPR/Cas9 technologies, possibly the rapid method to
achieve completely homozygous lines with the desired target trait.
Haploid inducer approach is based on an intraspecific cross between a haploid inducer
line and a genotype of interest to obtain haploid plants. The haploid inducer line carries a
specific mutation in an essential gene for the normal fertilization of female cells and therefore
induces the parthenogenetic development (pseudogamy) of haploid embryo from the egg cell
or post-fertilization male genome loss.
The MATRILINEAL (MATL) gene, also known as NOT LIKE DAD (NLD) or
PHOSPHOLIPASE A1 (PLA1) encodes a pollen-specific phospholipase and is usually the
mutated gene that causes the haploid inducer ability in cereals. In addition, in maize, natural
haploid inducer lines Stock6 (with a haploid induction rate of 1%–2%) or other Stock620
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derived inducers were discovered. Natural haploid inducer lines have been used in wheat,
maize, tobacco and barley for years to produce haploids. The MATL gene is present and
highly conserved in cereal species but not in dicots. Therefore, the haploid inducer-mediated
genome-editing system in dicots usually targets centromeric histone 3 (CENH3) gene. The
CENH3 gene codes a histone present in all plants that determines the position of the
centromere, and thus, plays a major role in chromosome segregation during mitosis. The
haploid inducer related potential of CENH3 gene was first discovered in Arabidopsis. This
CENH3 mutant line produced a haploid induction rate of 25–45% when crossed with a
CENH3 wild type line by chromosomes elimination of the mutant line (Hooghvorst and
Nogués, 2020).
Procedure for HI edit/ Haploid-Inducer Mediated Genome Editing (IMGE)
The inbred line was transformed with the CRISPR/Cas9 cassette targeting desired
gene of interest. Then it was transferred to haploid inducer line through the crossing. The
haploid inducer line carrying CRISPR/Cas9 cassette for targeted trait can be used to pollinate
any of the elite inbred lines to generate genome-edited haploids in elite background (Fig 1).
The haploid plants were selected based on lack of R1-mediated purple anthocyanin in the
scutellum of the haploid embryo and further validated using flow cytometry. Thus,
Homozygous pure DH lines with the desired trait improvement could be generated within
two generations, thus bypassing the lengthy procedure of repeated crossing and backcrossing
used in conventional breeding.

Fig.1: Pictorial representation of IMGE
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HI edit in Arabidopsis
In Arabidopsis, Kelliher et al. (2019) replaced the native AtCENH3 with a ZmCENH3
transgene. This swap does not impair vegetative development, but triggers 10% androgenetic
(paternal) haploids upon outcrossing. Then the haploid inducer line was transformed with a
construct expressing Cas9 and two gRNAs targeting GLABROUS1 (GL1) and used as the
female for crossing with elite lines to develop haploids. Approximately 8.4% of haploids with
mutations in GL1 was obtained.
HI edit in Maize
Maize inbred NP2222 was stably transformed with constructs expressing Cas9 and
gRNAs for ZmVLHP or ZmGW2. CRISPR–Cas9 knock down of ZmVLHP or ZmGW2
significantly increases total kernel number or kernel weight, respectively. After stable
transformation, the Cas9+ plants were crossed with the native haploid-inducer line RWKS
and then outcrossed with maize and sweet corn inbreeds. The haploids were developed with
mutations in ZmVLHP or ZmGW2. All of these plants lacked the Cas9 transgene and the
inducer allele matl (Kelliher et al. 2019). Likewise, the genome-edited haploids for ZmLG1
and UB2 in the B73 background, using the CAU5 HI line carrying the CRISPR/Cas9 cassette
for ZmLG1 or UB2 respectively (Wang et al. 2019).
HI edit in wheat
Embryological studies show that during fertilization of wheat ovules by maize pollen,
the maize chromosomes do not attach to the spindle microtubules during the zygotic mitosis,
and are eliminated (Mochida et al., 2004). The genome edited wheat haploids were developed
by transforming maize with a vector expressing Cas9 and a gRNA targeting putative wheat
GRASSY TILLER1 orthologs (Kelliher et al. 2019).
Advantages of HI/IMGE
•

Most crops are recalcitrant to transformation and the efficiency is often genotypedependent, so, the IMGE/HI-Edit system will be widely adopted to accelerate
breeding of various crops.

•

This technology allows for direct editing of the genomic targets in any elite crop
background, thus bypassing the laborious and lengthy introgression process.

•

In addition, the genetic materials produced are transgene- free and minimize the
requirement of regulatory approval.
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Conclusion
The HI-Edit/IMGE enables widespread application of genome-editing technologies
for crop improvement. In comparison with available methods, HI-Edit is rapid and more
effective at delivering edits to advanced breeding materials, thereby reducing the time and
cost of introgression and will be a promising key player for the breeders in future.
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Introduction
Chitin is a linear, long chained, biopolymer of N-acetyl-d-glucosamine units linked
with β-(1-4) glycosidic linkage. It is a naturally occuring compound found in the shells of
crustaceans, cell wall of fungi and exo- skeleton of insects. It is eco-friendly because of its
non- toxicity and bio- degradability. It is the second most abundant biopolymer after
cellulose.

Structure of Chitin
Chitosan is linear polysaccharide which is basically a deacetylated product of chitin.
It is composed of N-acetyl-d-glucosamine and N- glucosamine. It is made by treating chitin
with an alkaline substance such as sodium hydroxide which produce 40-80% deacetylated
chitosan. The term chitosan was first time used by Hoppe Seyler. It has wide applications in
pharmaceuticals, pharmacognosy, agricultural and commercial applications. Owing to its
fungistatic, bacteristatic and viristatic properties, it is used as pesticide. In winemaking, it can
be used as a fining agent which also helping in preventing spoilage. In industry, it can be
used in paint coating. In agriculture it is used as a biopesticide, growth promoter, anti-stress
agent, self-life enhancer and many agri-biotechnological applications.
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Structure of Chitosan

Powdered form of chitosan

Mode of action : chitosan helps in managing plant diseases by acting against plant pathogens
through direct toxicity and elicitation of plant defence response.
Under direct toxicity, it manages the pathogen through its action on:
1. Membrane elicitation : Polycationic polymer chitosan has so many reactive amino
groups and thus the polymer bear a positive charge which is the basis for the antimicrobial
activity of chitosan. The positively charged chitosan molecules interact with negatively
charged pathogen surfaces causing extensive cell surface alterations and increase
permeability leading to leakage of intracellular substances and ultimately resulting in
impairment of pathogen’s vital activities.
2. Action of DNA or RNA: Chitosan with low molecular weight is assumed to pass through
the bacterial cell wall and directly interfere with genetic materials and then inhibit their
reproduction ultimately resulting in their death.
3. Metal Chelation: Chitosan is able to chelate some essential nutrients, metal ions and trace
elements necessary for growth of the microbes. It creates a competitive situation for
microbes.
4. Deposition on microbial surface: Chitosan can deposit onto the microbial surface and
form a dense film. The thickened cell envelope prevents nutrients from entering the cell, as
well as extracellular transport of metabolite excretion.
Elicitation of plant defence response includes
1. Production of PR-Proteins: Chitosan act as an efficient inducer of PR proteins namely
chitinase and β-glucanase in plants.
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2. Induction of defense related enzymes: As an elicitor, chitosan can induce resistance in
host by increasing the activities of several defence related enzymes, such as PAL, POD, PPO
and catalase.
Role in Plant Disease Management: Chitosan is an effective compound against various
diseases of fungal, bacterial and viral origin such as blast (Pyricularia grisea), sheath blight
(Rhizoctonia solani),

late blight of potato (Phytophthora infestans), bacterial wilt (Ralstonia

solanacearum), soft rot of potato (Erwinia carotovora), tobacco mosaic virus, tobacco necrosis virus
etc. It can be used as seed treatment, foliar spray and soil drench for controlling pathogens. It

can also be incorporated with bio-control agents such as Trichoderma, Pseudomonas
fluorescens etc.
Conclusion
In this era of chemical degradation, chitosan is proving to be a low cost and safest
alternative to the use of chemical fungicides and bactericides against various plant pathogens.
It is user and eco- friendly in nature. It can be incorporated with bio control agents owing to
its compatibility.
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Introduction
Consumption of vegetables has heavily increased because of their high calorific value
and positive health effects. However, growers are unable to supply smart quality vegetables
with high productivity because of varied climatic and non-climatic factors which are
emphasized by global climate change. Therefore, active manipulation of growing
environment of plants is often used to optimize plant production and quality.
Why is it important for improving yield of vegetables?
In order to enhance crop yield and quality, current knowledge regarding plants
response to light is being applied in horticulture. As a result of recent technological
inventions, like the development of photo selective nets, it’s currently possible to control
light quality. Excess energy predisposes plants to photo-inhibition, heat stress and stomatal
closure, resulting in reduction of net photosynthesis (Pn), which is the only source of
carbohydrate substrate for growth. Additionally, sustained high temperatures (35-400C) as a
result of high radiation could impair cell elongation and division, leaf enlargement and
generative development. Manipulation of sunshine quality is currently applied in agriculture
via photo-selective netting or ﬁlms to enhance the yield, quality and phytochemical
composition of cultivated plants (Ilic et al., 2018). This is a technology which can be used as
an alternative to guard crops from adverse environmental conditions like excessive solar
radiation, heat, drought, wind, hail and ﬂying pests, which in turn improve the production,
yield and quality of crops (Meena et al., 2014)
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Shade nets
Shade nets are characterized by diﬀerent structures, radiometric, physical properties
and mechanical characteristics. Trendy shade nets are factor-made from woven
polypropylene or unwoven polyethylene materials, with diﬀerent dimensions of ﬁbres and
holes to realize speciﬁc shade levels. The fraction of sunshine that passes through the holes
within the shade fabric remains unchanged in its quality, whereas the light hitting the threads
is spectrally modiﬁed and scattered on exit.
Coloured Shade nets
Colored shade nets are being intensively used primarily because of their ability to
control the spectra of radiation reaching the crops below that are developed to change the
spectral transmittance of the radiation so as to get different light-induced effects on the
plants, like the increasing of the fruit size and decreasing the duration of the production
period. They can be used to change red to far-red light ratios that are detected by
phytochromes, the quantity of radiation available to activate the blue/ultraviolet-A
photoreceptors, blue light concerned in phototropic responses mediated by phototropins, and
radiation at alternative wavelengths which can inﬂuence plant growth and development
(Stamps, 2009). These nets are unique in both spectral-modification as well as scattering the
transmitted light. The photo selective net products are supported on the incorporation of
varied chromatic additives, light dispersive and reflective elements into the netting materials
during factory-making. The photo selective nets include “Coloured-Color Nets” (e.g. Red,
Yellow, Green, Blue net products) as well as “Neutral-Color Nets” (e.g. Pearl, White and
Grey) absorbs spectral bands shorter or longer than the visible range.

Fig.1: Different Coloured Shade nets
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The spectral manipulation is aimed towards specifically promoting photo
morphogenetic-physiological responses. The color of the shade net is obtained by admixture
chromatic additives to HDPE grains before the assembly of the compound. The foremost
common net colors are: black, green, or transparent. Transparent nets are used for those
applications during which the shading result of the shade net is considered as a negative
consequence of net performances. Black nets are usually used for shading installations during
which the reduction of incoming radiation is fascinating. Spectral manipulation can trigger a
wide range of physiological responses in vegetables, whereas the eﬃciency of lightdependent processes, the series of bio-chemical reactions in photosynthesis that need light
energy, has a giant impact on pepper, tomato, fresh herbs and lettuce production. Nettings
have additionally been shown to inﬂuence the retention of sensory qualities like ﬂavour,
texture, appearance and vegetable phytochemicals at harvest and postharvest (Illić and Fallik,
2017). Based on spectra created by diﬀerent coloured nets it completes that numerous plant
species respond diﬀerently to growth and development.

Fig.2: Overview of sweet pepper field under red shade net
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Effects of different shade nets on plant growth
Coloured Nets

Special Finding

Reference

Shade nets

Decrease Transpiration-Increase Water Use Zhu et al. (2012)
Efficiency
Increase in biomass
Protect fruit from sunburns

Ilic et al. (2015)

Resulted in high yield and enhanced quality
of tomato fruits
Pearl and Yellow nets

Extending plant physiological activity

Fallik et al. (2009)

Produced a higher marketable yield in
lettuce
Red, Pearl and Yellow nets

Improved fruit
productivity

quality

and

increased Goren et al. (2011)

Reduced infestation by pest and diseases
Pearl nets

Pearl and Red nets

Improved fruit colour

Ambrozy et al. (2016)

Retarded fruit ripening

Goren et al. (2011)

Increased antioxidant activity

Ilic et al. (2015)

Increased total phenols and flavonoids
content in lettuce
Higher number of odour active aroma Selahle et al. (2015)
compounds in pepper fruit

Yellow nets

Net

Absorption

Transmittance

Scattering

Blue

UV+Y+R+FR

B+G

++

Red

UV+B+G

R+FR

++

Yellow

UV+B

G+Y+R+FR

++

White

UV

B+G+Y+R+FR

++

Pearl

UV

B+G+Y+R+FR

+++

Grey

All (+IR)

-

-

Black

All

-

-

UV-Ultra Violet; Y-Yellow; R-Red; FR-Far Red; B-Blue; G-Green; IR-Infra Red
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Conclusion
Crops grown beneath coloured shade nets particularly green and red shade nets had
significantly experienced great potential throughout adverse climatic condition. From the
above studies it is concluded that coloured shade nets offer a new, multi-benefit tool for crop
protection. It changes the sunshine intensity and radiation, which can influence
microenvironment and crop production.
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