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Feeding the Future: Advances in Fish Feed Technology fon

Global Aquaculture

Badal Yadayv

Teaching Associate, College of Fisheries Science and Re<eantte, Etawah, Chandrashekhs
Azad University of Agriculture and Technology, Kanpur, Uttar Pradesh

Introduction

microbial proteins to reduce the industry's
reliance on wildcaught fish and mitigate the
environmental impacts associated with feed
production.

Plant-Based Proteins Soybeans, wheat, corn,
and algae are among the most widely studied
plantbased alternatives. These ingredients are
rich in essential amino acids, carbohydrates, and
lipids that can meet the nutritional needs of
various fish species. Soy protein concewtréor
example, is often included in fish feeds as a-cost
effective and sustainable protein source.
However, while plarbased proteins can reduce
the demand for fishmeal, challenges remain in
ensuring that pladbased feeds offer an
equivalent or higher nutritional value for fish
growth (Tacon & Metian, 2015).

InsectBased Meals Insects such as black
soldier flies, mealworms, and crickets are
emerging as promising alternatives due to their
high protein content and ability to convert
organic waste into nutrietense biomass.
These insects are also environmentally efficient,
requring minimal water and land resources
compared to traditional livestock. Additionally,
insect farming produces fewer greenhouse gas
emissions, making it a viable option for reducing

. . . o . , the environmental footprint of fish feed (O'Neill
impacting marine biodiversity and threatening et al, 2020). Several aquaculture operations

the stability of marine ecosystems (FAO, 2020). ) _
have already begun to incorporate indearsed
In response to these concerns, there has been a

. . meals into their feed formulations with
concerted effort to find alternative, more ) _
. . . encouraging results in terms of growth
sustainable ingredients to replace or supplement ; 4 feed . i
fishmeal and fish oil. Researchers and feed PS'ormance and feedconversion ratios.

. . . Microbial Proteins: Another innovative
manufacturers are increasingly turning to plant . . ) .
. . alternative comes from microbial proteins,
based proteins, insebased meals, and

As global demand for seafood continues to rise,

sustainable aquaculture practices are becoming
increasingly crucial to meet the needs of a
growing population. One of the most critical
components of aquaculture is fish feed.
Innovations in fish feed technay are playing
a central role in enhancing the productivity and
sustainability of the aquaculture industry. These
advancements are not only improving the
nutritional quality of fish feed but also
addressing environmental concerns related to
resource useyaste, and the carbon footprint of
feed production.
Sustainability Through Alternative
Ingredients

Traditional fish feeds havdstorically been
dependent on fishmeal and fish oil as the
primary sources of protein and essential fats.
These ingredients are derived from wildught
fish, particularly small pelagic species like
anchovies, sardines, and menhaden. However,
this reliane on marine resources has raised
serious concerns about the sustainability of the
practice, especially as wild fish stocks continue
to deplete due to overfishing, habitat
destruction, and climate change. The ecological
consequences of overfishing are siigaint,
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which are produced through fermentation
processes using bacteria, yeast, or fungi.
Microbial proteins are rich in essential amino
acids and can be produced from a variety of
renewable resources, such as agricultural by
products or even methane from wasthese
proteins offer a highly sustainable option for fish
feed, as their production requires less land and
water compared to conventional feed
ingredients. Moreover, microbial protein
production can be tailored to meet the specific
nutritional needs of fis, providing a precise,
customizable source of nutrition (Yang et al.,
2018).

By shifting towards these alternative
ingredients, the aquaculture industry not only
reduces its dependency on overexploited fish
stocks but also contributes to the development of
a more sustainable food production system
overall (Tacon & Metian, 2015).

Precision Nutrition and Feed Formulation

Precision nutrition represents a paradigm
shift in the way fish feed is formulated, moving
away from the onsizefits-all approach to a
more tailored strategy. This concept involves
customizing the nutrient profile of fish feed to
align closely with the iblogical and metabolic
requirements of different fish species, life
stages, and environmental conditions. This is a
direct result of advances in genomic and
metabolomic technologies, which provide a
more comprehensive understanding of how fish
absorb anditilize nutrients (Roche, 2019).
Genomic Insights The increasing availability
of genomic data for different fish species has
paved the way for the development of more
targeted feed formulations. By identifying
specific genetic markers and metabolic
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improved feed conversion ratios (FCR), and
reduced environmental impact through more
efficient nutrient utilization (Glencross et al.,

2019).

Environmental  Adaptations: Precision
feeding also involves adjusting feed
formulations based on the specific
environmental conditions of aquaculture
systems. Water temperature, salinity, and

dissolved oxygen levels can all impact fish
metabolism and feeding behavior. By
continuouyy monitoring these factors and
adjusting the feed accordingly, producers can
improve fish health and reduce the likelihood of
overfeeding, which is often a source of
inefficiency and waste in aquaculture systems
(Roche, 2019).
Feed Efficiency and Sustainability One of the
most significant benefits of precision nutrition is
the improvement in feed efficiency. By aligning
the nutrient composition of feeds with the fish's
actual needs, it is possible to reduce feed waste
and increase productivity. This not onlyMers
the cost of production but also minimizes the
environmental burden associated with excess
feed and uneaten food sinking to the bottom of
aguaculture tanks, where it can degrade water
quality and contribute to eutromation
(Kaushik & Seiliez, 2013).
Functional Feeds and Healthier Fish

Functional feeds are an emerging trend in
aguaculture, driven by the growing awareness of
the link between fish nutrition and overall
health. Unlike conventional feeds, which
primarily focus on growth and energy,
functional feeds are designed to enhance
specific health outcomes in fish, such as
immunity, disease resistance, and overall well

pathways, researchers can design feeds thatbeing. This is achieved by incorporating a range

optimize nurient absorption and minimize

of bioactive ingredients, including probiotics,

waste. For instance, certain species may have prebiotics, antioxidants, and essential fatty

higher protein requirements, while others may
require more lipids or specific micronutrients,
depending on their physiological makeup. By
tailoring the feed to tle® needs, aquaculture
producers can achieve higher growth rates,

Volume-01, Issued6
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acids, into the feed fornmtions (Kumar et al.,
2020).

Probiotics and Prebiotics The inclusion of
probiotics and prebiotics has become
increasingly common in fish feeds. Probiotics
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are live microorganisms that confer health
benefits to the host, such as improving gut health
and strengthening the immune system.
Prebiotics, on the other hand, are ftligestible
substances that stimulate the growth or activity
of beneficial gut bacteria Together, these
ingredients promote a healthy intestinal
microbiota, which is crucial for optimal
digestion and nutrient absorption. Additionally,
they can help to prevent or mitigate infections by
outcompeting pathogenic microorganisms in the
gut (Ghostet al., 2019).
Omega3 Fatty Acids. Omega3 fatty acids,
particularly eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA), are essential for
fish health and are integral to the production of
functional feeds. These lorghain
polyunsaturated fatty acids are critical for brain
develpment, immune function, and anti
inflammatory responses. Fish that are fed
omega3-enriched diets are better equipped to
cope with environmental stressors and are more
resilient to diseases. Moreover, om&gaare
highly valued by consuers for their health
benefits, making omeggenriched fish an
attractive product in the global seafood market
(Kumar et al., 2020).
Healthier Fish and Market Demand
Functional feeds contribute not only to the
health and welfare of fish but also to the
production of highequality fish. Fish raised on
diets enriched with functional ingredients tend
to exhibit better flesh quality, improved taste,
and enhanced textyrall of which are crucial for
meeting consumer demand. As consumers
become more healitonscious, the demand for
nutritionally enriched seafood is expected to
rise. Therefore, the development of functional
feeds aligns witlboth industry goals and market
trends, fostering a more sustainable and
profitable aquaculture sector (Kumar et al.,
2020).
Aquaculture Feed and the Environment
Environmental sustainability is at the
forefront of innovations in fish feed technology.
One major concern is the environmental impact
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of feed production, particularly regarding
greenhouse gas emissions, water use, and land
use. Researchers are focused on reducing the
environmental footprint of feed ingredients,
such as sourcing raw materials locally and
optimizing feed formulations to deice waste.
Moreover, new feed production techniques, like
extrusion and fermentation, help increase feed
efficiency and reduce energy consumption
during manufacturing (Bureau et al., 2017).
Circular Economy and Waste Reduction

The circular economy is gaining traction
within the aquaculture feed industry. This model
emphasizes reducing waste and reusing
resources wherever possible. One example is the
use of byproducts from other industries, such as
food waste, agricultural resids, or brewery
waste, in the production of fish feed. By
incorporating these Bbgroducts into feed
formulations, manufacturers can reduce the need
for primary raw materials while also
contributing to waste reduction. Additionally,
efforts are underway timprove the digestibility
of fish feed, ensuring that nutrients are absorbed
more efficiently and reducing waste production
(Halwart et al., 2019).
The Future of Fish Feed Technology

Looking forward, the future of fish feed
technology will likely revolve around greater
integration of biotechnology, automation, and
data analytics. With advancements in Al and
machine learning, it is becoming possible to
optimize feed formulations in retime, based
on factors such as water quality, fish behavior,
and environmental conditions.  Further
developments in sustainable protein sources and
feed additives will likely lead to a more resilient
and efficient global aquaculture system, one that
can béter cope with the challenges posed by
climate change and the growing demand for
seafood.
Conclusion

The future of aquaculture hinges on
continuous innovations in fish feed technology
to ensure both sustainability and efficiency in
meeting the rising global demand for seafood.
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As traditional feed sources like fishmeal and fish
oil face mounting challenges due to overfishing
and environmental degradation, the shift toward
alternative ingredients such as plhased
proteins, insect meals, and microbial proteins
offers a promisingsolution. These alternatives
not only reduce dependency on wild fish stocks
but also contribute to a more sustainable and
resourceefficient food production system.
Precision nutrition, which tailors feed to the
specific needs of different fish speciesdan
production environments, enhances feed
efficiency, reduces waste, and minimizes
environmental impact. Functional feeds
enriched with probiotics, prebiotics, and omega
3 fatty acids further support fish health and
quality, aligning with market demand for
healthier seafood. Additionally, the
incorporation of circular economy principles in
feed production, such as the reuse of by
products, strengthens the sustainability of the
industry. In sum, the advancements in fish feed
technology are essential for build a more
sustainable and resilient aquaculture sector,
capable of meeting the nutritional needs of a
growing population while reducing its
environmental footprint.
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Introduction
Composting is a naturally occurring biological
process that involves the regulated

decomposition of organic matter in a warm,
humid environment through the activity of
bacteria, fungi, and other microorganisms. It
offers a means of sustainable waste
management, with the capacity to handle a wide
range of organic marials such as animal
manure, farm waste, restaurant waste, leaves,

paper products, sewage sludge, and domestic

waste. The organic waste materials mainly of
animal and plant origin are potential sources of
organic matter and plant nutrient and the
benefis derived from the utilization of this
organic materials ranges from improvement of
soil fertility to a reliable means of waste
disposal. Cow dung manure is a nitrogen rich
material and is of economic importance as
fertilizer, feed supplement or as enespurces.

Cow dung manure has been collected and used

to supply nitrogen, potassium, phosphorous and
calcium to the soil for plant production.
Result

The study examined the microbial
composition of compost enriched with cow dung

as a supplement. The results revealed that the

compost sustained a significant concentration of
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bacteria, with 86% of the analyzed cultures
indicating a mix of both gramositive and
gramnegative  bacteria. The  microbial
identification system based on biochemical
analysis identified different groups of bacteria.
The microorganisms isolated and id&at

were Bacillus pumilus B macereans, B.
sphearicus B laterosporus, Microcoscu
varians, Proteus mirabilis, Enterobacter

aerogenes for bacteria, while Aspergillus
rapens, A niger, A. flavus, A. fumigatus, Mucor
mucedo, Rhizopus stolonifer, Varicosporium
and Fusarium were isolated for fungi. The
microbial loads of the compost varies between
1.6 x 106 and 1.2 x 107 cfu/ml for bacteria, 5.0
x 104 and 5.0 x 107 cfu/ml. To summarize, the
microorganisms, temperature, aeration,
moisture content, and chemical compositién o
the organic waste materials all play a significant
role in improving the production of higlyuality
dark brown compost. Cow dung aids in the early
maturity of the compost and adds to its
nutritional value. The diverse organic materials
utilized in the composting process are
effectively converted to nutriemich compost,
making composting an exceptional process for
recycling waste.
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Aqua Nutrition: Key to Sustainable Aquaculture

Badal Yadayv

Teaching Associate, College of Fisheries Science and Research Centre, Eteavaliashekhar
Azad University of Agriculture and Technology, Kanpur, Uttar Pradesh

Aqua nutrition, the science of providing optimal diets for aguatic organisms, is vital for the success and
sustainability of aquaculture, which is one of the faggeswing sectors in global food production. As

the demand for fish as a higjuality proten source rises, the challenge for fish farmers is to ensure that
their stock receives the appropriate nutrients to promote growth, health, disease resistance, and
reproductive success. Proper agua nutrition not only improves growth rates and feed qorat@sio

(FCR) but also enhances the nutritional quality of fish for human consumption. Key nutrients essential
for aquatic species include proteins, lipids, carbohydrates, vitamins, minerals, and enzymes. Proteins,
particularly amino acids, are crucial fgrowth and tissue repair, while lipids, especially ormgdatty

acids, support energy production and immune function. Carbohydrates provide energy but must be
balanced to avoid digestive issues, particularly in carnivorous species. Micronutrients gitamins

and minerals, are essential for metabolic health and disease resistance. Moreover, enzymes aid
digestion, and antioxidants protect against oxidative stress. With the increasing demand for sustainable
aguaculture, there is a growing focus ormlative feed ingredients, such as plaased proteins and

insect meals, to reduce reliance on traditional fishmeal and fish oil, which have environmental
limitations. Aqua nutrition plays a fundamental role in ensuring the efficiency, productivity, and
sustainability of aquaculture systems, with direct implications for food security and public health.

Key words: Aqua nutrition, Aquaculture, Sustainability, Essential Nutrients, Growth rate, Food
Security

Introduction inputs to ensure the sustainability of the
industry.

A primary goal of aqua nutrition is to
optimize the nutritional value of feed for aquatic
species. Proper feeding practices are essential
for enhancing growth rates, feed conversion
ratios (FCR), and overall fish health, while also
improving disease res@tce and reproductive
success (Gatlin et al.,, 2007). Furthermore,
improving the efficiency of feed utilization
ensures that fish farming systems can remain
economically viable and minimize waste, which,
in turn, reduces environmental impacts (Naylor
et al, 2009). One key aspect of modern aqua
nutrition is the shift towards sustainable feed
sources. Traditional ingredients like fishmeal
and fish oil have been widely used in
aguaculture feeds, but these resources are

Aqua nutrition, also known as the study of the

dietary needs of aquatic organisms, is a critical
component of aquaculture, as it directly impacts
the health, growth, and productivity of farmed
fish and other aquatic species. With the global
expansion of acdaculture, driven by the
increasing demand for seafood and the need to
meet food security goals, the importance of aqua
nutrition has grown exponentially (Tacon &
Metian, 2008). As of recent reports, aquaculture
is one of the fastegfrowing food productio
sectors worldwide, contributing significantly to
the supply of higlguality protein (FAO, 2020).
This rapid growth, however, places significant
pressure on feed production systems and
requires careful management of nutritional
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becoming increasingly scarce and expensive due et al., 2009). Furthermore, the quality of the feed

to overfishing and environmental concerns
(Turchini & Ng, 2013).

The growing concern over the
environmental impact of fish farming, including
the depletion of marine resources and the
pollution from feed waste, has made the
optimization of feeding practices even more
important. Therefore, aqua nutrition also focuses
on minimizing the environmental footprint of
feed production and usage, making it a crucial
part of sustainable aquaculture practices (Bureau
& Harris, 2013). Efforts to reduce reliance on
fishmeal and fish oil, through the use of
alternative protein sourcesich as plaAbased

used in aquaculture has a direct influence on the
nutritional quality of the fish for human
consumption, making aqua nutrition a critical
component of food safety and public health
(Tacon & Metian, 2008).

In addition to supporting growth and
productivity, well-formulated diets enhance
disease resistance in farmed fish, making them
less susceptible to pathogens and environmental
stress (Gatlin et al., 2007). Fish that are fed
nutritionally complete diets are more likely to
exhibit strong immune responsespiroving the
overall health of the farmed stock. The
importance of proper nutrition becomes

ingredients, algae, and insect meals, are gaining particularly apparent under intensive farming

momentum as part of the broader push for
sustainability in the aquaculture industry (Wang
& Xu, 2020). Additionally, precision feeding
technologies, which allow for more tailored and
efficient feeding strategies, are becoming
increasingly popular as a means to enhance
sustainability and reduce resource wastage in
fish farming systems (Zhou & Li, 2017).

Thus, aqua nutrition is not only a science of
improving aquatic species' health and growth
but is also central to the global effort of making
aquaculture more sustainable, economically
efficient, and environmentally responsible.

The Importance of Aqua Nutrition in

Aquaculture
Aquaculture, as the fastegtowing food

production sector worldwide, plays a pivotal
role in meeting the increasing global demand for
fish and seafood, which are valuable sources of
high-quality protein (FAO, 2020). However, one
of the significant challeges in aquaculture is
providing the proper nutrients to the aquatic
organisms being farmed. Aquatic animals,
including fish, require a balanced diet that
supports their growth, health, immune function,
and reproductive success (Gatlin et al., 2007).
Proper nutrition is essential for improving
growth rates and feed conversion ratios (FCR),
which directly impacts the efficiency and
sustainability of aquaculture operations (Naylor
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conditions, where fish are often subjected to
high stocking densities, which can increase
stress and susceptibility wisease (Bureau &
Harris, 2013).

In sum, the proper formulation of aqua
feed, considering the specific nutritional needs
of various aquatic species, not only ensures
healthy fish but also contributes to sustainable
and profitable aquaculture practices (FAO,
2020).

Essential Nutrients in Aqua Nutrition

Aquatic animals, like all living organisms,
require a balanced diet that includes a variety of
essential nutrients to maintain optimal health,
support growth, and ensure proper metabolic
functions. The key nutrients required for fish
and other aquatic spies include:

Proteins and Amino Acids: Proteins are the
building blocks for growth and tissue repair in
aguatic organisms. Fish and other aquatic
species  typically have high  protein
requirements, which is why protein is a central
component of their diet (Gatlin et al., 2007). The
amino acid prble of the feed is crucial for
supporting the efficient synthesis of proteins,
and imbalances in the amino acid composition
can impair growth and immune function
(Bureau & Harris, 2013). Traditionally, fishmeal
has been the primary protein source in
aguaalture feeds due to its high protein content
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and suitable amino acid profile (Turchini & Ng,
2013). However, the increasing cost of fishmeal
and concerns about overfishing have led to the
exploration of alternative protein sources, such
as plardbased proteins (soybean, peas) and
insect meals, whichre now gaining popularity
as sustainable replacements (Wang & Xu,
2020).

Lipids and Fatty Acids: Lipids, particularly
omega3 fatty acids, are essential for energy
production, growth, and brain function in fish.
Marine fish species, in particular, require high
levels of polyunsaturated fatty acids (PUFAS),
such as eicosapentaenoic acid (EPA) and
docoshexaenoic acid (DHA), which are
important for the maintenance of cell
membranes, brain development, and immune
function (Gatlin et al., 2007). However, with the
increasing demand for fishmeal and fish oil,
efforts are being made fimd sustainable marine

resources or alternative sources, such as algae,

to meet the omega fatty acid needs in
aquaculture feeds (Turchini & Ng, 2013).
Carbohydrates. Carbohydrates, though not as
essential as proteins or fats, provide energy for
fish and shellfish. Carbohydrates in the form of

starches, fibers, and sugars are a vital energy Researchers

source (Gatlin et al., 2007). However, excessive
carbohydrate intake can letmdigestive issues
and poor growth, particularly in carnivorous
species, which have limited ability to process
high carbohydrate levels (Wang & Xu, 2020).
Thus, it is important to formulate aquafeeds with
an appropriate balance of carbohydsat
particularly for species that are not adapted to
high carbohydrate diets.

Vitamins and Minerals: Aquatic animals
require a wide range of micronutrients for
optimal health. These micronutrients include
vitamins (A, D, E, C, and B complex) and
minerals (calcium, phosphorus, magnesium, and
trace elements). Vitamins are crucial for growth,
immunity, and retabolism, while minerals are
essential for bone development, nerve function,
and osmoregulation (Gatlin et al., 2007). The
formulation of nutritionally complete diets that
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provide adequate levels of these vitamins and
minerals is dtical to the overall health of
farmed fish, especially under intensive farming
conditions
Enzymes and Antioxidants: Enzymes are
necessary for the digestion and absorption of
nutrients in aquatic organisms. Adding enzymes
to aquafeeds can help improve the digestibility
of feed ingredients, particularly plabased
proteins, which often contain antinutritional
factors th&inhibit nutrient absorption (Zhou &
Li, 2017). Additionally, antioxidants play an
important role in protecting fish from oxidative
stress and inflammation, especially under the
stress of intensive farming systems.
Antioxidants sich as vitamin E and selenium
help mitigate oxidative damage, thereby
supporting fish health and longevity (Turchini &
Ng, 2013).
Challenges in Aqua Nutrition

Despite its importance, several challenges
exist in the field of aqua nutrition:
Sustainability of Feed Ingredients:Traditional
feed ingredients such as fishmeal and fish oil are
sourced from wild fisheries, leading to concerns
about overfishing and resource depletion.
are continuously exploring
alternative feed ingredients such as plaated
proteins, alge, and insect meals to reduce
dependency on these marine resources.
Feed Efficiency: Achieving optimal feed
conversion rates (FCR) is essential to maximize
growth while minimizing feed waste. Poorly
formulated diets or incorrect feeding practices
can lead to inefficient growth and environmental
pollution due to uneaten feed that contrésuto
water eutrophication.
SpeciesSpecific Requirements: Different
aguatic species have unique dietary needs. For
example, carnivorous fish like salmon require
more protein than herbivorous fish like tilapia.
Understanding these specific  nutritional
requirements is essential to formulating the right
feed.
Environmental Impact: As the aquaculture
industry grows, the environmental impact of fish
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While traditional feed ingredients like figteal

waste management, and resource use, has raiseénd fish oil have supported aquaculture for

concerns. Balancing the nutritional needs of
aguatic organisms with eddendly practices is

a growing focus of aqua nutrition research.
Innovations in Aqua Nutrition

Recent Advancements in Aqua Nutrition
Include:

Alternative Protein Sources:The use of plant

decades, the depletion of these resources and the
environmental concerns surrounding their use
have driven significant innovations in feed
formulations. The rise of alternative protein
sources, such as plamased ingredients, algae,
and insect meals, along with advancements in
precision feeding and sustainable practices, are

based proteins (soybean meal, peas, corn) andshaping the future of aqua nutrition.

nonconventional proteins (insects, algae, and
singlecell proteins) is increasing. These

Furthermore, the incorporation of
probiotics, prebiotics, and other functional

alternatives can reduce the dependency on additives is enhancing the health and immune
fishmeal and provide a more sustainable source function of farmed fish, offering a more holistic

of protein.

Probiotics and Prebiotics: Adding probiotics
(beneficial bacteria) and prebiotics (fiber that
promotes the growth of good bacteria) to
aquafeeds has shown promise in improving gut
health, nutrient absorption, and immune
response in fish.

Precision Nutrition: Advances in nutritional
science and technology now allow for precision
feeding strategies. This involves tailoring the
diet to the specific needs of individual fish based

approach to aqua nutrition. Despite these
advancements, challenges such as adimgevi
optimal feed efficiency, addressing speeies
specific dietary requirements, and minimizing
the environmental footprint of fish farming

remain significant. Nonetheless, continued
research and innovation in aqua nutrition hold
the promise of creating a nersustainable,

economically viable, and environmentally
responsible aquaculture industry. As we move
forward, the integration of science, technology,

on factors such as age, species, growth rate, andand sustainability in aqua nutrition will be

environmental conditions, reduciriged waste
and improving efficiency.

Sustainable Feed Formulations Researchers
are developing feed formulations that are
nutritionally complete, ecfriendly, and based

crucial to ensuring the loAgrm success of
aguaculture as key contributor to global food
security.
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Al Meets Agronomy: The Future of Farming is Here a
~—
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Artificial Intelligence (Al) i's ushering in a r
chal |lfemmrgmesr s face today. From i mprovipowereg yi
technol ogies are transforming traditional far mi |
and environment al pressures moumtter Almorfed eafsf iicn
sustainabl e farming. This article explores Al 6s
benefits, chall enges, and future prospects. By
precision famamgirngut ¢écahei geedbecoming more resili.e
friendly
Introduction effective agricultural sy

Agriculture has al wayszoble ad Ndyid i @rdd&d ¢r, we

. 2 modern agronomy expl or
evolving wi t h technolbogl f't advancemen't s ¢
Today, artificial inte Plﬂ]'encs:ie FR_PJ'O_TlsC_al_tmpfr?e

: ul t i atelg howghl ghtSI nshap
forefront of this tr;ansf or mat?i_on, 0 cjarln_g
. futurﬁ of faoaod R 9 ucti on
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and sustainability. TEOéJndaﬂolnsoo 'mAg_r%nBHE)yulatiPn 1S
. nder a dlr?q Ar t I ngal
projected to reach ne%\rly(cgbtg)ﬁé on by ,
increasing the pressure \R fREMEIS |heePlPHUREe
more food whileommnenimafZdingmsed¥bsigned to mimiec
i mpact (Intergovernmenetnaalb|Pﬂ@el[hé),ﬂ t%"l"baarn, ar
Change [IPCCArivaW079alyuAlieRgns. 1n agriculture,
including machine | earind NGpi ndgat an M3 1Y Uy £tSwo raknsd
aut omati on, ar e helpincgor%@rén)grsfrgarkr[ﬁm'hgnfog’medgeer
decisions that |l ead totetbehtntoqrog‘? eQP Mﬂ“c@vgeerme'?ta’rw
optimizeuﬂse,esa)rmdciemproyﬁgufgsghbﬁn%g fertilizers
against climate changeydBRgsP0 Fatd! ®s, 207P)det e
Al is already making Waygsd,i  NeRYLPNAGPY nB¥iIthie
enabl ing precision fa);imé'|n(gs_ enhancing pest
control strategi es, frfhreecstéd Nyt YD BSise@d®fce
revolutionizing irrig@,t,inio,ﬁlg management
(Kamil aris -B&I| d?P¥,e n &2f0elt8g Al Biyn agronomy heavily
integrating Al into facmiemgepr abicbes hvawkbvesancoc

adheve more efficient, armdisdmalnyadil reg vaansdt c@@amotunt s
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t o i mpr ovmakdeq@i sarmdh edddrcdteina@rys . Al i s trans
Sensors, drones, and sagrilituktesr el ldy @aptcirmicziahgr
in modern agricul-tume Thyowoht | escotiilng mappi ng, Al
data on soil heal t h, compogrbwoh, tandlewweamhae
conditions. This data nesedd,enempguwrciersg emutursii emmgt Al
al gorithmsal ywhi cthr eadsbaséedemtni fgpeci §ic Dforeéd
potenti al ri sks, and odudiepp epd-peodww ecrhel MAd ¢ d mesri ggsht
Beyond just -dnoinv ¢ or inmoge@ll sak aeri al i magery, al |

i ntegrate climate dat amo mpietsar accrtapviheal tam da moa r ke
trends to provide far mddi twii @ ddarlal weod ti ASldrir ¢ gvyi setwe no
their agricultural ngcoospytsitneinz.e Muaacthernes U-fepamgni by
algorithms refine theseoipr emnadicsttiwrnes beeel &£ i mad
adapting to changing ernevdiurcoinnnge nwati erc owdist ieomshi |
and i mproving accur acyy.i eFars. i nsThaenscee , AHvamone me
forecast disease out brerakdu dtyi waintay ,y s i sngs tweiart ankeir |
patterns and humidity éfefviedisen ey aibd i a@r ipc wlatcu i e .6
pest andamnagemsret m  SmAt hi retCralp. Heal t h and Pest

2023) . Addi-powentety, faAlpower ed tools help det
management systems aut@amadtye Irediuganigen osaseébknolAc
fertilizati on pr ocessearse e@saolrinigoniopitmgnal pest
resource us e whil e r enchiln@igregne retn v ii mo nanmernitcad | t ur e
i mpact (Pat el &-drSiinghet ezG@2 dD)n. skilst e ms use i ma
robotics furetthei oenliamoaémgri by pests andddi seas
enabl ing aut omated werpas tnigg i dmpl aanptpilnigc,at aad | nst

harvesting, reducing |apoayi t®st sA dadmwteir oampar| obdvii snegaA
efficiency (Gupta & RapogedRo24pn mbheelsy nemraglyyse
bet ween Al and data sttdefnereciasstt mppaonsefmdrmilngutb
agriculture, maki ng preci akenprfeavremmitngr e mmeasur e
effectimabpl suystaad econwened at b fntew o leetntheamtc e s ef fic
By |l everaging these tachmgl Adi ¢, i anmefyg aTmd r

maxi mi ze yields, reductheasneed arfdrensbemi tahg h
term food security -iniamovatrenasi ncgolnyt rdlbiumeaet et o
sensitive world. Reseafr@ahmicogdpcaetdi bgsIbdlynsami i
et al . HRAr2e0c2 2s)i oiren Algoruircnwethlit lue @ mproving crop heal't
highlightdrikew Alata Yicelechclkeoresasting with Al

revolutionizing farmi ngAl peamhcancess ,yi eMhd Iper edi c
Thompson et Gmar t( 2P 2 Bhni sitgo r i ¢ a | dat a, climate

Jouremeplhasi ze the econammiad i pepweefrAdtds prfedil cti ve r
i ntegration i n agricurbaoséor mimgseagrstcwditeus al

underl ine the importanyieelod Alstamdtdatna a d e nhcaer
in shaping the future Mdchliuse ai rabhenagnadl gfofriidihe
farming. trends, soi l coadi ¢i oas , t
Core Applications of Al in Modern Agronomy forecast potenti al yi el

Precision Agriculture Aadi Smanal Far miinghel ps opt
Alri ven precision bayg rd etud t mir i ng sefde i deal
technology to maxi mi ze ngfufriimigenaenaxi mumar ot og q
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minimizi#hgrvesst |l oss&x.onomheskempact of Al in A
advancement s enabl e far mebds tionf makaeacaateaxt ends
driven decisions that pirnopdruocvtei v rtoyd u c tsii winti f i & rmad t

sustainability. agricultural economy. Al is
Smart Ilrrigation and WanheenMamaigegienlhe economic
Wat er scarcity i s aagmafolt ucroennc eBn ant omatin
agriculture. Al hel ppr oxpetsismisz e Ali rrreodoutecitensio zi easb o
practices to ensure sthtaiwnsadl of waitneprutiss es u AH
driven irrigation systpgpenstiaciedeés ansftadmhggtwatsear
management in agricul tAdcdi tbiyo mgltliyne ai A bs uwagtl er C
di stributiomni maeredadmnaonpdtalmi zati on i mproves | ogi
environment al conditi®nerag8yanidnte@matpiomd ati on

climate dat a, Al anal ypyodhsarvaisn f altl chsespesp.d @ médd and
temperature vtaumneati omsfgatainafni mle forecasting enahb
strategi es, ensuring é&udigeitente fwaetcetri ves . alnhdi s
advanced approach not BestgarebHucesdwated WgsiTdon
but al seos ecnrhoapn cheal t h i &mr pr ¢Fraogtméasmg Lopt aal& Ra
sustainabl e farming (p2rOa2c4t)iAgelsa.c h Ré&Re e-dhieavi e n
conducted by Smith eti nabyat(i2ddmMs3 ) haavned stihgeni f i ¢
findings pAlglri slwé d uriarkf f Wet emcy and financi al
Management, Bdsremdal i rragrit¢ wint ur al sector.
technol ogies have signBErvicramn rheyn tianp rBevneedf iwast eorf
efficiency and crop proAducpi aysy ai ncruvarabusr ol

agricultural regions. sustainability and reduc
AFEnhanced Far m Deci ihoemnr ofmppoat footprint. A
Systems (DSS) role in promoting sustain

Atdriven DSS helps fTapnmgrei MpkeedBlRrce effici
backed decisions regarghiyvig oGimeht GPt atimgmctPesiry
control, and f*d“a”e'nal%&nbtaonrni'nr—bgr-aﬁaldndrrdatekaiinsgi,orAI
integration  is revohhi @Ni&sNBne MPOsttralge of w
agriculture &y meomifmigmy tiijgal; o g ensuring opt.i
from satelIites,erscbsnstqopsa,teqan%( rgﬁarnlnglt’ %@Zw)e.n Ad

enhance -ma&c¢ingi onBy 0Pl n&d NIn optimizes farm
resour ces, Al ensuresretdmeci@éfhgo'bnengcmdpssmpgfng
fertilizers, pesticidesmi 88dohs7 1 GAIEANCcoMRX i Blu?
crop yields whi | e ’Eia'?ib'ﬁinZif”(gotr}"’raisﬁte-(Thompso
Additiom)a)lwley,edAImarketMJrOé@\pF@msw;eiD@egd soi l monitor
helps predict temantdp phahl hbpgyEARf soil degrad:z

producti on effectively]utarniden{equecvee|§7urmleq\%.ctin
Research conducted by JoNdmfdm E£tagproprriffidd ' o
Precisi(?n Aglaina':iuP'at“eda. &P@_Epﬂbe_s, ul t i matteerlny i m
(2023pfMeoh I nsAilghatppl i G4 i ¢y tiuR al productivity
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Chall enges in Al AdoptAlbniisn pAggirsoendo myo become a
Despite its numerousf ®@emiehdgt s,ender iamdgp ptai o Mmor e

of Al in agriculture procepersewsrfadt uchealfloen gaegsr,i

particul astagl é of asmal ¢$ Refe@nmces of t he

primary barriers i s t IBassolBi &Antle,il.2020). Ridital agricudttre o f A
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Il i mit ed fveersmerisn taod viam dNature Ssstainabitity. o n s

(Pat el & Singh, 2 0 2 3 )Chlingdya A.t Sukkariah, $.y& Whatag, By
farmers | ack t he t ec hn(20t8. IMackinepearningiappmachesg fpruciop e d t
i mpl ement an-dr i weema g & y \Wéld predictjion and nitrogen status estimation in
further hi nderi ng ad o predsiomagri¢uliubecAmgvisvEomputers ancé | .
2023) . Anot her si gni f iElecaonitsinAdriculiuteat i on i s dat a
availiaby; i nconsi st enGupta, AAr, & Ran,sRi f(Z024% i Adriven
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maki ng accur at e p r Agricultare. Agn-Tesh Review. n d

recommendati ons ( J o h n !mergovermmental #anel ,on CHn@a 2Change
Further more, poor c onn(Cq).i (200%).Climata dChange:althgaqgis) at e
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r efail me dat a anal ysi s, Reporecd thelPCELt i n g t he full
potenti al of these t eddhnson D,elak 022).Bigdata andkAl Ra o,

2024) . Addressing t h eRrezisioro b Agticalttire: e sChallerfgeso uagch
affordabl e Al sol ut i ©OppsrtunitiefPrecisiareAgriculture Jourmali n g
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Conclusion Liakos, K. G., Busato, P., Moshou, D., Pearson,

Al i s revolutioni zi rSg & BoghtispD. ¢261y), Machind learningnig
smarter, more effi ci endgrcultarer 4 redewSensars.nabl e f ar mi ngc
solutions. From pr eci sPatel,R., &3jngh, M. (2023)uAl &nd Rratision p e s t
contr ol t o i rrigati on Agmdtme @petimieingtResaurced Uségii-e | d
forecasting, Al e mp o welech Insighasr mer s wi t h dat a
driven i nsi ghtuscttihvatt yeThaingsdrcde, etplr(2028). Smart Farming: The
reducing environment aRole ofi Ahm é&uostainable AgeicaluneSmart
chall enges such as h i FEatmingcJoumal.s and technical
barriers, Al hol ds i mnm&alfesteS., @ t.eMertdouve, IC., & Rogaardt,d r e s s
food security concer nsM J q39017). Bij data inr semartofarmiiocge u s e,
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Traditional Fishing Crafts in Marathwada Region of Q

Maharashtra

——
Gheware Prasaédand rNasmdk itsabnror A.

Dept. of FishermMeehnBhgigyeeCiohtyegedof Fisheri
Ani mal and Fisheries Sciences University, Bi d:
Monitoring andiENVRBF,uUaNF DB, EMydkenabad, Dept. of |

Fi sdies a good source of food for humans, and ca
humans. Al | over the worl d, freshwater fishes ar
of fishing communities imagd.e Itrh eMah driavsehtirhao,o dsso nie
are traditionally capturing the fishes. I n the g
Mar at hwada region of Maharashtra are carried o
Mar atahwaedgi on such as | akes, rivers and reservoi
actively involved in freshwater fishing. There

di ffer in size and shape rfea oano roancel dso,c atth eornma coo la

rubber t ubeouwtl actd nadanud ddu gphloaantk et c .
Key words: Traditional Fishing CraftdlaharashtraMarathwadal ake, River, Reservoir

Introduction decades. There are following different types of

T raditional fishing crafts are a representation of 1Shing craft are operated Marathwadaegion

ageold techniques, tools, and methodis ofthelMaharashtra.
contrast to modern, mechanized fishing Coracle: .

) ) . | Coracles are traditional small, round boats
practices, it relies on manual skills, local

. . commonly used in different regions of India.
materials, and a deep understanding of natural
. ! These boats are usually made of bamboos and
ecosystems. Peopleapturing fishes from last .
. wood with the help
70,000 years. Human beings n(
. of coal tar as an
only catch the fish for food they als( .
. : external covering.
catch fishes for recreations
" L . These Coracles are
sport.Traditional fishing is less . .
. . . inexpensive and
energyintensive, easier to
. - durable and were
implement, and more beneficial t . )
. . mainly found in
the  environment.  Traditional .
o the reservoirs of
fishing crafts have great culal .
o . . South India like
and economic significance in India

particularly in areas like Tungabhadra in
Marathwada. The local Coracle Used in Godavari River Karnataka, Mettur
in Tamil Nadu and

Nagarjuna Sagar in Andhra Pradeshm
Maharashtra rivers such as wainganga river,
mutha river, mula river and iMarathwada
region of Maharashtrgodavari river coracles
are widely usedts diameter about 3 meters with
an inner depth of about 0.5 and weight ranges
from 1215 kg. Typically two fishermen carry

communities have produced fishing

methods that are specifically suited to the
geographic and environmental conditions of
their region.Thes traditional crafts are often

related with particular fishing communities,
such a¥oli, Gond and Dhiwasince they have

been practicing and perfecting them for
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out fishing from a coracleln addition to with a distance of 1 foot between them. In
navigating and transporting fish, it is a versatile Marathwada regionhese craft are operated in
boat used for laying and lifting nets. terna and chandani reservoir
Thermocol Raft: Rubber Tube Platform:

A floating raft composed of thermacol is Rubber tube Ilocally kno
called a thermacol raft.The majority of very popular fishingRubber tube platform are

fisherman with low incomes uses this kind of easily made craft used mainly by poor fishermen
craft. This is composed of two or thréee shape and this is single man operatédotor vehicle
and size of thermocol rafts was variabl@ 0.8 tubetype are mainly used as rubber tuBwer

m long and).5-0.6 m widethermocol pieceand the rubber tube a wooden or jute or nylon mat is
weight ranges from -9 kg Theses traditional  placed andied tightly with ropeln Marathwada
crafts are mainly found in Gujrat, Maharashtra regionthese craft are mostly operatedHarni
and Andhra Pradesh river. In Maharashtra these (Katgaon) anahandani reservair

craft are used in Godavari, Krishrend in
Marathwada region of Maharashtifzese craft
are extensively operated liendi river anderna
and chandani reservoifThis is single man
operated craft.

Rubber Tube Platform Used in Harni and
Chandani Reservoir.

Dug-Out Canoe:

Dug-Out Canoe is another fishing craft
operated irMarathwada Region of Maharashtra.
This type of craft is costly as comparedubber
tube platform,plastic cansthermocolraft and
Plastic Cans: coracle due tdhe labousintensive process of

Plastic cans are another cheapest craft. carvingThese are small wooden dogt canoes
Fishermaruses empty plastic containers of 10  from a single log of wood. Trunks of palm trees
20 liter capacity for fishing. These are  are also occasionally used to make smaller
lightweight, resistant to corrosion, and durable, canpesThis type of craft is suitable for shallow
which makes them ideal for use in fresh water \yater. The length of the boat is about 4 m with a

environments like riverTwo similar cans are  wjdth of 0.6 m. These craft are operated by two
connected together by a piece of rope or cloth,

- v
Plastic Cans Used in Terna and Chandan Dug-Out Canoe Operated in Godavari
Reservoir River Nanded
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fishermen because they are small in size and study it has been tried to summarize the so far

require skill to operaten Marathwada region available crafts for fishing inMarathwada

these craft operated in godavari river. region There is no damaging fishing in this area,

Plank-Built Boat: and fishermen are utilizingraditional fishing
Plankb ui | t boat al s o kwhizlwoontribuse sigificlamtty to&he wetlands,

Maharashtra. This boat is spindlbaped and is  lakes, rivers and reservoirs fisheries

made by joining good quality quality wooden sustainability All fishing crafts are designed to

planks, usually teak wood, using iron nails and sustain the fisheries resources while preventing

screws. The size and shape of this boat varies the catch of small fish, fry, and eggs.

and depends on where it isibg handled. References:

Usually the size of the fishing boats is 7 m. and Kureel, S., Sharma, A., & Wasave, S. (2016).

width is 1.5 m. These types of boats are used in Grassroot innovations on fishing rafts in

wetlands, lakes, rivers and reservoirs. To protect India.Journal of Extension Systen3@

against foulers and borers, the boat's bottom is Waghmare, B. D. Traditional Riverine Fishing

periodically coated with coal, neem oil, dan  Crafts and Gears in Marathwada Region of

kerosene oil. Nowadays, antifouling and Maharashtra.

finishing enamel paints are gaining importance Sakhare, V. B., & Jetithor, S. G. (2013). Crafts
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to protect the bottom from barnacles. The
average lifespan of such boats is about 15 years.
The cost of construction of the boat is around Rs.
30,000 and requires prep care and
maintenance. This type of boat is usually being
operated by 3 fishermen with manual paddling.
In Marathwada region these craft operated in
ujani reservoir

Plank 1 Built Boat Operated in Ujani
Reservoir

Conclusion:

Traditional fishing crafts in Marathwada
region of Maharashtra arehosen based on a
variety of criteria, including the qualities of the
water body, the nature of the fish stock, the
characteristics of the material used to make the

and gears used in reservoirs of Marathawada
region, Maharashtr&ustainability, Agri, Food
and Environmental Researdbiscontinuedl
(1), 4651.

Waghmare, B. D. (2019). Fishing methods in
lendi river, district Nanded, Maharashtra,
India. International Journal of Fisheries and
Aquatic studies? (5), 204209.

Bhakta, D., Manna, R. K., Meetei, W. A,
Solanki, J. K., & Sah, R. K. (2016). Traditional
fishing crafts and gears of Ukai
reservoir.Gujarat, India

Mannaa, R. K., DasbA. K., Krishna, R. D.,
Karthikeyanc, M., & Singh, D. N. (2011).
Fishing crafts and gear in river Krishna.

Kokate, A. A., Bhosale, B. P., Metar, S. Y.,
Chogale, N. D., Pawar, R. A., & Nirmale, V. H.
(2016). Indigenous fishing crafts and gears of
Krishna River with respect to Sangli district of
Maharashtra, Indidnternational journal of
fisheries and Aquatic Studies(6), 434438.
Sreekrishna, Y., & Shenoy, L. (2001). Fishing
gear and craft technology.

Bose, R., Gupta, S., Das, A. K., Suresh, V.R., &
Bose, A. K. (2019). Traditional fishing crafts

. . . and gears of Madhya Pradesh,
crafts. Additional research is requires to . .
. . . . India.International Research Journal of
understand some traditional practices in this _. . .
. ) Biological Sciences3 (3), 2936.
area. So it can be reported that in the present
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INFLUENCE OF AGRICULTURAL PRACTICES IN

LANDSLIDES

AnjundSRBinj l>2SCBMYog3anand:

G Schol ar, Department of Agronomy, Coll
Agricultural Sciences, Bengaluru, Ka
2Jr Agronomist, Depart ment of Agronomy, ZARS, V.
Sciences, Bengal uru, Karnat aka.
*‘Head of the Department, Department of Agrono
Agricul tur al Sciences, Bengal u
Landslides are one of GhWh! &bl 03"¢nsi ¢ OMAEH™AES
Iandsh.q!e .
hazards that can caus S|gn| |c‘hant dama F to
) . % Mad n o:c_uWhteunr ea S|R8 e §LpPf
infrastructur e, agriculture ari " T"ves. ItaHSI
is a movement of rocks\?<l\e/‘(:ld[(eebn"rje!d's,armarekIeaarret‘i”‘h’t dmoowr%e 3
sl ope, of t en caused by f]ea\/y r |gfall, P
. IEa.nds I de’s The monocul tur
earthquakes, eonrtlbumancrlvoe'rsgrsvch as maize {ea
year, | andsl i des claimbﬁﬁoq[sgrhdsldoft h?ellve's rI_ﬁnd’
cause huge economic | 03%e% . TPn .roecen.t yeyaorls, % e
.. lack, o di,ver si ty i n eplant
frequency and severltly %ftlandsTlde?n hatv. N
i ncreased due to cIimate(-:‘:’1 che?ngseo,I u.eroarPiazCatI(jO r .l
. .rpatter, an d i_nc,r eas,e SOi
and other human activities. While | andslides ar?
heavy . rainfall and runo
a nat prh@&@nomenon human acti‘vities such as

. . monoculliure farrﬂlng of ten
agricultural practices ~can he evat e }j F rllsk of
| andslides. This articzeeaveaxgéaﬂng_reeré/ taﬁe ir”ll"i1 Ree'
. : est? i lize the soi.l and
i mproper agricultural Iprag I|.c§s on l'andslides an
how to mitigate the rig%n%?oi'lla%ao' Iliadeélblya aedo(!aat”%n
sustai nabd &l agractuildaes = g. g

. . . increase the risk of | ands
Agricultural Practices that Contribute to 7 .
Landslides soil's structure and stabi

. . the roots and organic matt

Several agricultural practices can .

. : . o in place are broken up, [
contribute to landslides, including: ) L6 sdi Trid Il q
1. IntensivIentiernrsiigvaetiicPrnrrol:ngeattlootnT]rG |eqsrll an daagrp <
can contribute to |an88F‘P8‘és, bagye csaou'sfi’fngresﬁi_cllr?g
saturati on, increasindnt%ro?aes!mr/] terrunpor SsuWe',c

. , . saturation and .l andsl i des.
|l eading to soil er05|on,,thalfter|ngt30|l _sttructur
addi ng weight to the Ws!oil, FESYEMNA Or_o'sg 1S €

: i, kel'y t,. o experienge l and
vegetation, and compactlihg t he sToni .
.drung h.eaviy r.ai nfall evenit
met hodientyeqand duratlt%n f I|rr gatlon
can all play a role i *h eienpcrseaospieng' the risk of
: . 4 DeF :rege&breeta¥lon S
|l andsl i des, particul ar’l 00 Frrrrgati_on
. . . |n8yreas?s the r.i sk. of, .l'and
frequent irrigation, an tprto_ongteﬂ tlrrllggtltoﬂ
durati ons. Addi ti onal Ivye’get ho%' 's%"MN 1" @' g R aey
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trees and other pl ant sc haoroa aatuhteel adsotw n2, 5 4t hpee orpd @t 9 ¢

that bind the soil togamndhemamy emoeemowerde i eRjavi @d
the soil vul nerable t@.Sdrkkdhimdmnamsd i dan d<iciude =.d
Wit hhout vegetati on t ol nadbbsagr bonr@cnoheét labn,d 202 2
stabilize the soil, heavy Noati hf aJilk kdam clhwtse mioh
soil t o becdomandsapubhebrtuary 8, 2024, a massi
|l andsl i des. NH10 highway in Sikkim, C &
5. Use of Hedahe MaehbDhebgadayyand properties, how
machinery can significaetéeéparhedease the risk of
l andslides by compactidhbepald:| dengtsd bidlei zoicncgu rtrheed
soi l . Wh e n heavy ma Ahiignuesrty 1 8 uc 2 0 2a2s, i n t he
bull dozer s, excavator sgauwmmidng rAax kde atrlres usred iomj
steep or unstabl e sl Hpevevert,hemoreameeartrlty, or
excessiven ptrheesssaoiel ,0 craausssiinvge iltantdes | i de hit t he
become compacted and INoespeali,t sc asutsri enrgg t118. dEehuitsh s a
can | ead to a reductamnl iies. tAddi soohabkl vy, on
permeability, allowingl wadefri de awcocwmuleadt ei mnd he
i ncreasing t he ri sk afessbiingsatnur7atdiecan hanand
|l andsl i des properties. Nepal i s prone
Mechanisms Influencing Landslides its rugged terrain and hea
1. SoilAdgmiosulothur al prmochsocemnse@ah as
deforestation, mo n o c u | Mitigatioh Strbtegiesni n g , and soi l
tillage can | ead to slo $oil Comserwatidn:oSome effetivec $pil ¢ a n
increase |l andsl i de r i sdonservation techniques to mitigate landslides
2. Soi |l :Sdtnureatsiiovre i r rinclgde teiragimg, cordonr blindiragdsoil cover,
to soil saturati on, whdeatdxtiles, soit amendroents, aodl mailing,aockd s | i d ¢
risk. gabions etc. By implementing these soil
3.So0i | Comgahet i wbde o f cohsenaatiog techniques, it is possible to reduce
machinery can compact thd riskeof landslides, protech $oil hegth, and
more prone to | ands|l i dmaenote sustainable land use practices.
4 . Changes i n: SAogirli c 812t Retotadiation: Soil erosion reduction, soll
practices such as mo n omasiure ueguation, awateri cycte reguladions o i |
tillage can alter t h e in@ease | in ssbilr organic rneatter, nsbopei ng i
mormpe one t o | andsl i des stabilization, root system stabilization,
Case Studies biodiversity enhancement are some of the

Some recent | ands | bedefits ofcraferestation @ r naitigation of
mentioning bel ow: landslide.

l1Wayanad,: Thker &Mag anad |3a Subtaihable Agricultural Practices: It

refers to a devast at i nirgludesaagrafseistiy,cciop rotdtient terracmgs ur r e d
in the Wayanad di st r i a«caéntoun ffarmkng,r adamc, farmingd icever On
August 8, 2019, h e a v ycroppiag, nihtegtated tpesti cagde rdisedse a
massive | andslide i n tmamgemantt h wonseivaionr eayricdture, o f
Wayanad, resul ting i n regererativeo agscultord. Byl @dopting virese a n d
wi desad destruction o fractices, dapmerns tcan. reduteh then risk of
recently on July 3 0, lfdglides. i n mundakkai,
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4. Regulation of Agricultural Practices: Conclusion
Some regulations that can be implemented to Agricultural practices can have a
mitigate landslides include soil conservation significant influence on landslides, and it is
plans, crop selection restrictions, tillage essential to adopt sustainable agricultural
restrictions, irrigation management, fertilizer  practices to mitigate landslide risk. By
and pesticide use, slope gradient restrictions, understanding the mechanisms by which
agricultural subsidies, edation and training agricultural practices influence landslides, we
etc. can develop effective mitigation strategies to
reduce landslide risk and protect human
settlements and infrastructure.
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Yield Gap in Agricultural Crops and Potential in India

A. Malaisamy

Professor and Head,
Department of Agricultural Economics, Tamil Nadu Agricultural University

. Introduction degradation, urbanization and resource
The ability to feed §pgion pgact theqgriculyral fagd;agegin
: . developed countries decreased by 34% from
population depends on the ability of future food . .
. 1995 to 2007, and the cultivated land area in
supplies to meet food demand. However, the _ ) _
L developing countries increased by 17.1%,
current rate of grain yield increases suggests that =~ _ . L
. o L - : mainly in tropical forests. Therefqreit is
there will be a crisis involving insufficient grain

. . : . difficult to achieve a substantial increase in
supply in the futureThe United Nations predicts lobal food production by i . ;
that the population of the earth will increase to global food production by increasiniget area o

9.7 billion in the next 30 years. In addition, cultivated land."ige green revolutlor.1 in the
. . second half of the 20th century greatly increased
changes in the structures of diets for people

across the globe have further increased the the yield of farmland. Global crop yield tripled
. . from 1960 to 2014 at the same time that arable
demand for crops. Calorie consumptions ha

. . . land increased by only 10%. These
increased from 2 250 kcal per capita per day in devel ts haved h d ol
the 1860s to 2 880 kcal in 2015, and it is R 2 TR A o cners anc policy

estimated that it will reach 3900 kcal by 2050, MaKers to investigate the prospect of meeting
. . food demand through increased yields.
leading not only to increased demand for food

crops, but also to significantly increased demand Il Y'?‘ﬁ G?p dEstI][nQ.tllc()jn b in the 1970
for crops to feedivestock. Therefore, FAO _ € study ot yield gap began In .e S
with the International

believes that ensuring food security will require
global crop yields to increase by more than 70%.
There are two main ways to increase grain yield:
one way is to increase the area of cultivated land,
and the other way is to increashe yield of
existing cultivated land. Many studies have
shown that there is a large amount of land
suitable for crop growth in northern South
America and tropical Africa that could be
converted into cultivated land. However, most
of these land is locaddn tropical rain forests or
nature reserves, both of which have high social,
economic and ecological values. Additionally,
loss of forest cover in tropical soils results in
rapid loss of soil fertility, requiring additional
investments to preserve soiiganic matter. For
many countries, the area of arable land that can
be increased is limited, and the existing arable
land area is gradually decreasing due to land

study of yieldlimiting factors for rice in six
Asian countries. The concept of yield gap was
first proposed in 1981, and was defined as the
gap between actual fargield and experiment
station yield also defined potential farm yield to
represent the highest yield that farmers could
achieve. Based on actual farm vyield and

yieldd and Aeconomic
introduced. The technical upper limit yield is the
maximum yield that a specific piece of farmland
can reach, which is equivalent to the potential
farm yield. The economic upper limit yield
refers to the yield obtained when the farm profit
is the highest.

1. Quantitative Methods for Yield Levels
Different yield levels are measured in different
ways. Farm and experimental station yield levels

experi ment station yield,
upper
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can be obtained through household surveys and B. Varieties

field trials. Field trials can control factors
affecting yields by imposing different treatments
in order to analyze the impact of specific factors
on crop yield formation. Farm household
surveys can estimatéffgrent yield levels and
yield gaps at the regional scale by obtaining
information such as soil, crop varieties and farm
household management. Since the potential
yield cannot be obtained through actual
production data, its quantification is usually
achieved by use of simulation models. The
models used to determine yield gaps can be
divided into two categories: empirical models
and mechanistic models . Empirical models are
mathematical statistical analysis models based
on the statistical correlation betwediomass
and climate factors, such as the Miami Model .
Mechanistic models use mathematical concepts
to simulate crop physiological processes and to
explain the overall function of the crop, In
addition to simulating potential vyield, a
mechanistic modelan also simulate other yield

levels by defining different cultivation
scenarios.

2. Factors Causing Yield Gap and Ways to
Closethe Gap

Factors causing yield gaps are called yield
limiting factors. There are many of these factors,
such as soil quality, genetic factors and human
management including irrigation, fertilization,
pest management, and planting factors.
AWater and Nutrients
Usuallythe yield gap is directly used to quantify
yield-limiting factors. For example, the water
limitation can be quantified by determining the
yield gap between rainfed and irrigated yields,
and the nutrient limitation can be quantified by
determining the yiel gap between different
fertilizer application amounts. Generally, the
higher the input level is, the higher the yield is.
Among the many inputs used in agricultural
production, water and nitrogen are the most
important.

Volume-01, Issued6
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The increase in crop yields since the Green
Revolution is related to the selection of new
varieties. In the early Green Revolution (1861
1980), new varieties accounted for 17% of the
yield growth in developing countries. However,
by the late Green Revolutionepod (1980
2000), this proportion had increased to 50% .
Planting date Temperature, light, precipitation,
and solar radiation play an important role in crop
growth and development, but it is difficult for
humans to directly control these parameters in
field production situations. By adjusting the
planting date, crops can, to a certain extent,
make better use of these resources.

C. Resource Utilization Efficiency

Even though crop yield is often limited by
factors such as light, temperature, water, and
nutrients, current yield gap research has focused
on improving crop yields without considering
resource use efficiency (RUE). In fact, even
though excessive inputs ofesources can
increase yields, the utilization efficiency of
those resources will decrease. This approach of
applying excessive amounts of inputs not only
reduces the economic benefits received by
farmers, but also causes environmental
pollution. Therefoe, it is necessary to consider
RUE when studying how to narrow yield gap.
Research on efficiency gap is currently focused
on nutrients, water and radiation. This type of
research is generally conducted by setting up
different management practices, and then
comparing RUE under each practice.

1. Policy Conclusion

Yield gap research has made many
achievements in revealing the factors that limit
crop yields, thereby i
However, the following deficiencies in yield gap
research exist:

A. Lack of Standardization.

For the same variety in the same region, the
potential yield and vyield gap obtained in
different studies can be very different. This is
primarily a result of having no unified standard
definition of potential yield, and researchers

Page |22




—C / INNOVATIVE AGRICULTURE \ ISSN : 3048 - 989X
TNy /

setting different yield levels corresponding to utilization efficiency are mostly based on leaf
potential yield based on their specific needs. and canopy scales. And RUE research usually
Additionally, because of differences in research only studies the utilization rate of a single
methods, uncertainties in crop models, and the resource. The problem with this approach is that
different emphasis of different models, there is a an increase in RUE may be based on the premise
disagreementegarding the quantitative results that the utilization ate of other resources
representing potential yields from modeling. decreases. For example, yield can be increased
B. Poor Regional Accuracy by increasing irrigation applicath amounts. If
Both field trials and model simulations are based the input of fertilizers has not increased, then the
on site scale. When expanding the research efficiency of nitrogen use has indeed increased,
results to the regional scale, differences in butitis not clear whether the efficiency of water
management methods (variety, fertilization, utilization has improved as well. In addition,
etc.) are usually ignored, but these factors there is little research regarding thetgntial
directly affect crop vyields.(3) Incomplete RUE of farmland. What is the gap between the
research. Current research focuses on the timeactual and the potential RUE? Knowing the
and space variability of yield gap, and the answers to these questions will have great
increase yield after closing yield gap (e.g., significance for guiding and determining actual
suppose it reaches 80% of the Yp). However, production practices used by farmers.
almost none of them can accurate answer how to Agricultural production is theresult of the
close the y&ld gap. Crop models cannot quantify interaction of many factors. On the basis of
the effects of yieldimiting factors; and the understanding the temporal and spatial changes
boundary line analysis method separates the of the yield gap, comprehensive research on
interaction between factors, which is not in line crop management, climate and socioeconomic
with reality. Therefore, the exploration of yield  factors, and quantifying the role of yield
limiting factors and ways tolose the yield gap  limiting factors in the yield gap will help
almost only appeared in the discussion part of formulate measures to reduce the yield gap.
those research papers, as some possibilities wereMachine learning has advantages when dealing
proposed. with multi-variables and complex data, it will be
IV. Limitation in Yield Gap a good choice to use it to analyze the yield gap.
The aim of the researchers is mostly to reduce At the same time, regional scale reseataiuil

the yield gap to ensure food security. So they pay be combined with remote sensing of normalized
more attention to the impact of crop vegetation index (NDVI), enhanced vegetation
management on yield, e.g., water and nitrogen index (EVI) and other data to assist in correcting
supply. However, they ignore whether and improving simulation processes in crop
narrowing the yield gap can bring econic models. Combining results from controlled field
benefits to farmers, and whether RUE will experiments withregional statistical data can
decrease after changing crop management. also be used to improve the accuracy of regional
Therefore, farmers are unwilling to follow the model simulations. By dating new methods and
suggestions of researchers, which weakens the data, rather than just using model simulations, it
practical value of research to a certain extent. will help us make suggestions that are more
Different from the yield gp research, RUE  acceptable to farmers to achievetie goals of
research focuses more on small scale. Except high yield and high efficiency.

nutrient utilization efficiency, researches on

water utilization efficiency and radiation
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SURVEYING TECHNIQUES IN AGRICULTURE
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Land surveyinglays a pivotatole in mapping and land use planning in precision agriculture. With the
help of GPS technology, farmers can accurately map their fields and identify various physical
characteristics, including topography, soil composition, and drainage patterns. Timgirdga allows

them to create detailed maps of their farmland, delineating different zones and optimizing land use. By
understanding the variations in soil fertility, moisture levels, and elevation, farmers can design crop
management strategies tailorecetch specific area of the field, maximizing crop productivity. Land
surveying allows farmers to identify areas of the field with different nutrient requirements and apply
inputs accordingly. By precisely targeting specific areas that need more ordesgsiof inputs, farmers

can avoid unnecessary expenses and reduce the risk of overusing chemicals. This approach not only
optimizes resource usage but also minimizes environmental impacts

Keyword: Geodesy in Agriculture, Geodetic surveys in agriculture, Plane Surveys in Agriculture,
Tachometric surveys in agriculture, Aerial surveys in agriculture

Introduction
T he art of figuring out the relative positions of

various points above, on, or below the surface of
the earth is referred to as surveying. The final
goal of a survey is to create a map or a plant
utilizing the information gathered. The term

"field work" refers to the process of gathering

data using linear, angular, and elevation
difference measurements. Office job includes

processing data plots and computing area and

volume.
The simplest type of plane surveying is
agricultural. The boundaries of fields may be

precisely located and area can be calculated

using survey. Knowing the differences in
elevations will enable precise land levelling and
grading. By using suitable surveg techniques,
canal alignments for drainage and irrigation can
be accomplished successfully. The installation
of farm ponds and percolation ponds, graded
bunding, bench terracing, and other soll
conservation techniques all rely heavily on
surveying. Additnally, surveying is essential
for the development of farmsteads, roadways,

Volume-01, Issued6
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irrigation systems, drainage systems, and
underground pipe networks. Chain, compass,
and plane table surveys are employed for linear
and angular measurements in the plains.
Purpose of Surveying

To calculate the necessary areas, volumes,
and amounts of land and supplies during
building. to guarantee that the building is
situated on the ground in the proper relative and
absolute position. to document the construction's
final location, taking into account any design
alterations.
Advantages of Surveys

Surveys have the advantages of a large
population, which increases statistical power,
the capacity to collect vast volumes of data, and
the availability of verified models. Surveying
techniques in agriculture involve using tools and
methods to accuratelyetermine the position of
objects and features on the land, crucial for tasks
like field mapping, irrigation planning, and soll
conservationThese techniques includsing
GPS, total stations, and remote sensing
technologies.

Page 24
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Land Leveling and Grading: Preparing
land for irrigation and cultivation.

1. Types of Surveying 1 lrrigation Planning: Designing and
1 Plane Surveying: This type of surveying is implementing efficient irrigation systems.
used for smaller areas where the Earth's § Drainage System DesignPlanning and
curvature is negligibldt's commonly used implementing drainage systems to prevent
in agricultural surveying for tasks like field waterlogging.
boundary determination, land leveling, and T Soil Conservation:Implementing  soil
grading. conservation measures like contour bunding
f Geodetic Surveying:This type ofsurveying and terracing.
is used for larger areas where the Earth's {1 Precision Agriculture: Using surveying
curvature must be taken into accout.less data to optimize crop management practices.
common in agricultural surveying, but can be 9§ Monitoring Crop Yields: Analyzing crop
used for largescale mapping and land yields across different areas of a field.
planning. 1 Farm Pond and Percolation Pond
2. Common Surveying Techniques: Construction: Surveying is essential for the
1 GPS and GNSSGlobal Positioning System construction of farm ponds and percolation
(GPS) and Global Navigation Satellite ponds.
System (GNSS) technology provide precise 1 Roadway and Infrastructure
positioning for mapping and surveying. Development:Surveying is essential for the
1 Total Stations: These instruments measure development of farm roads and other
angles and distances electronically, infrastructure.
providing accurate data for mapping and Benefits of Surveys in Agriculture:
surveying. 1 Accur at e | and surveying
1 Remote Sensing:Using satellite imagery, monitor and analyze cro
drones, and other remote sensing di fferent areas of t hei
technologies to collect data about crops, soil, satellite imagery or dr o
and land conditions. advanced sensor s, far mer s
1 Drone Photogrammetry: Using drones to crop healt h, gr owt h, al
capture aerial images and create 3D models i nf or mat itdreni combi ned w
of fields. precise field maps obt ai
1 3D Laser Scanning:Using laser technology surveying, allowing far me
to create detailed 3D models of land variations and patterns.
surfaces. farmers can better under
1 Soil Surveys:Assessing soil types, fertility, influencing crop produ
and other properties to inform land necessary s adjoustmmaaratg e mer
management decisions. practices, and address i
1 Hydrographic Surveys: Mapping water i mprove overall yield.
bodies and identifying areas with high 2 Wat er management i s cri
agricultural potential. success, and |l and sur v
T Contour Surveying: Mapping the contours optimizing drainage and
of the land to plan irrigation systems and By precisely measuring |
other land management practices. sl ope, I and surveyors can
3. Applications of Surveying in Agriculture: and instal/l effective dr
1 Field Mapping: Accurately determining pretvewaterl|l ogging and en
field boundaries andreas. soi l moi sture | evel s. Si |
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surveying, farmers canPra@aecingiidry @lraemtsi n@ itdheadanmc
fields that require morug velyi hgssi swati ears.t r Tihmes t
data enables them to agpil @euletndr ep.r eTch rsd wghh acc
i rrigation syst ems t hdaatt a mianni ariyzsei s watfear mer s
wastage and ensure croepst alkicleiitvye ofusdi ftflree ent

right amount of wateer ,sperchdnci ngr wps eror pl ant
efficiency. i nformation all ows for

3 Effective soi l conserdadi ®ino npsr, a cetniscuersi ngr € hat
essenti al for sustainaltblee magrioptimak. | daatdi o
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soi l parameters, ffar medrespBshamchin&ei mg o@aritfi r m p
measur es t o mitigate ¢biel feirelsd,on,f asmehs ascan
contour plowing, terraesthghl oshmpémintamdg madwiemi z
crops. Land surveyi References s o hel ps i n

identi fying areas slulsceps i bl ewwtloi nseidiln. com/
compacti on, enabling sfuarveewrisegtsanyvadj ust e

equi pment usage and i nepnlgei meemnett htoego/mail g u e s

' i ke Iderdt rtor af fic far2nhingpd:o/ /nbientitneirzsewor t hand a s
compaction and maintai®M2/swri dgiheiadd-chdirr\vee yni ng
t hfear miinndgu st r y/
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Introduction

Climate change refers to losigrm changes in

weather patterns and temperature trends,
impacting agriculture and soe&ronomic
livelihoods. These shifts can lead to altered crop
yields and increased frequency of extreme
weather events, disrupting  agricull
productivity. In India, there will be a rise in the
average maximum temperature and minimum
temperatures by 2050. Such impacts threaten
Cropping patterns, land use patterns, Net
income, employment, and food security.
Adapting to these changes is criicior
sustaining livelihoods and ensuring a stable food
supply.

Climate change is described as a shift in the
climate system, marked by alterations in the
average conditions or the variability of its
characteristics, lasting over prolonged periods,
according to the Intergovernmental Panel on
Climate Change (IPCC 2011)The World
Health Organization reports that climate change
is affecting human health and wéking in
numerous ways. It endangers key elements
necessary for good health, including clean air,
safe drinking water, nutritious food, and secure
shelter. This kift also has the potential to
reverse decades of progress in global health.
Climate change encompasses any alterations in
climate patterns over time, with potential
consequences including accelerated glacier
melting, shifts in precipitation, increased
ocaurrence of severe weather events, seasonal

changes, the proliferation of pests and diseases,

and socie economic ramifications. According
to the Indian Meteorological Department, India
faced 573 extreme weather, climate, and water
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related disasters betweeh970 and 2021,
leading to the loss of 138,377 lives. In recent
years, India has seen unprecedented high
temperatures and its longest recorded dry spells.
The Coupled Model Inter comparison Project
Phase 5 (CMIP5) predicted the mean warming
would lie betwen 1.72°C by 2030 and 3i3
4.8°C by 2080. Whereas, precipitation is
predicted to increase from 4% to 5% by 2030
and from 6% 14% by 2080.

Agriculture has become a major area of
global concern, particularly due to the increasing
challenges brought about by climate change,
shifting weather patterns, and environmental
degradation. India, agriculture sector contributes
approximately 16% to theation's GDP and
employs more than half of its population, relies
significantly on this sector for socioeconomic
sustenance, job creation, and national food
security. According to the World Bank,
agriculture plays a
economic growh, providing around 42% of the
countryods total
16% to its GDP. Agricultural land also makes up
60% of the countryos
past 60 years, however, agriculture's share in
GDP has declined, dropping from ab&4s in
196011961 to 16% in 202@021. The United
Nati ons©d
Change (IPCC), in its 5th Assessment Report,
highlights that industries such as agriculture will
be among the most severely impacted by climate
change.

For the past few years, there was a
reduction in yield due to high temperatures,
fluctuations in precipitation, and decreases in
animal production are indicators of the negative
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impact of climatic variability on agricultural  anticipated to face significant impacts from
production. Multiple forecasts indicate that climate change. India's mainland stretching over
Indian agriculture will soon be adversely approximately 6,100 kilometers of coastline,
affected by climate change and variability. As which is situated on the southeast coast of the
per the National Action Plan on Climate Indian Peninsula, forms part of the Coromandel
Change, crop yields are projecteddecrease by  Coast along the Bay of Bengal and the Indian
10-40% by the year 2100 due to climate change. Ocean. Covering roughly ,d76 kilometers,
Several studies have also indicated that changesTamil Nadu's coastline represents more than
in climatic conditions could result in reduced 13% of India's total coastline, ranking second
yields of cereals and pulses. Several studies among Indian coastal states. Evidence from
confirm that climate models are predicting various sources suggests that the hydrological
future waming projections precisely. Given cycle is already feeling the effects, potentially
India's status as a s#wpical nation, it faces  leading to shifts in land use, and cropping
considerable susceptibility to climate variability patterns, and impacting the livelihoods of
and change, characterized by fluctuations in farming communities. Understanding the
both rainfall and temperature. evolving weather patterns and adapting
Climate change presents a major threat to management practices to optimize yields present
agricultural production, particularly in regions significant challenges for both the farming
already facing food insecurity. Farmers' communty and the overall growth of the
livelihoods are increasingly impacted by agricultural sector.
climatedriven extremes like droughts, Coastal households face significant
heatwaves, severe rainfall, storms, floodsd exposure to a range of severe climate events,
the rise of new insect pests. The IPCC's 6th posing substantial threats to various aspects of
Assessment Report warns of an increased risk of livelihoods, including food security, water
floods and droughts, making agricultural availability, infrastructure, and agricultural
productivity particularly vulnerable to the income. Food security encompassestical
shifting climate. The report predicts that if dimensions such as the availability, access,
current trends continue, thglobal average utilization, and stability of food over time. The
temperature will rise by 1.5°C between 2030 and climate change risk to food security involves the
2050. It also anticipates a notable increase in breakdown of food systems, encompassing
temperatures in the arid regions of western crops, livestock, and fisheries, along with
India. Additionally, the monsoon season is disruptions in fod distribution. These
expected to see erratic and intense rainfall, while challenges are intricately linked to global
climate anomalies are projected to lead to a warming, drought, flooding, and extreme

global sea level rise of 0.1 meters by 2100. variations in precipitation, particularly affecting
Nearly 250 million individuals living populations already vulnerable to food
wi t hin 100 kil omet er sinseoufrity diertodfactaré such as towes indormen

depend primarily on agriculture for their limited physical access to nutritious food, and
livelihoods . An urgent concern lies in the social discrimination, among others.

potential disruption of the hydrological cycle Climate change presents not just
due to fluctuations in climate. Coastahrme environmental challenges but also substantial
areas represent intricate and interconnected economic impacts, particularly for coastal areas.
ecosystems profoundly shaped by human The effects on employment in these regions are
activities. These delicate systems are extensive and varied.Rising sea levels,
particularly vulnerable to alterations in increasing coastal erosion, and more frequent
hydrological cycle components and are and severe extreme weather events jeopardize
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the livelihoods of those reliant on coastal
industries. The threat to numerous employment
opportunities from such weather events and the
broader influence of global warming on labor
productivity and income distribution are
significant. Sectors like fishigs, tourism, and
agriculture are especially vulnerable, leading to
job losses and economic instability in coastal
communities. Understanding and addressing the
link between climate change and coastal
employment are essential for sustainable
development ah the wellbeing of coastal
populations.

Tamil Nadu, India, has a distinct climate
with a wet season that is predominantly overcast
and a dry season that is partly cloudy, resulting
in consistently hot, oppressive, and windy
weather yearound, with temperatures typically
ranging from 76°F to 9% (approximately 24°C
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With a population of 13.5 Lakhs, predominantly
engaged in agriculture, the district receives an
annual average rainfall of 807.8 mm, with 60%
during the Northeast Monsoon. Crop cultivation
mainly occurs during the Samba seasae tb
reliance on rainwater during the Northeast
Monsoon, lacking assured irrigation sources,
thus recurrent droughts pose a significant
challenge.

Cultivable lands in the district lie vacant for
over nine months annually but are not left
fallow, with successful crop cultivation
dependent on favorable seasonal conditions. At
presently, only 44% of the net area is cultivated.
However, over the last dade, global climate
change has profoundly impacted -cultivable
areas, leading to ongoing changes in cropping
patterns. While certain crops in specific regions
may benefit, climate change is anticipated to

to 34°C) and an average ambient temperature of adversely affect agriculture, jeopardizing food

28.7°C. Wind speeds average 4.3 m/s, peaking
at around 9 m/s, while relative humidity is about
74.3%, fluctuating between 33.5% and 95.6%.
Atmospheric pressure varies from 1009 hPa to
1001 hPa, averaging around 1017 hPa, with
predominant winds blowing from the northeast.
This unique climate makes Ramanathapuram
particularly vulnerable to climate change,
presenting significant challenges to agriculture,
land use, and economic stability. R
temperatures, altered rainfall patterns, and more
frequent extreme weather events are affecting
the agricultural economy by impacting crop
yields, water availability, and soil quality.

secuity. Therefore, it is essential to formulate
mitigation strategies to protect farmers'
livelihoods in Ramanathapuram district.

Tamil Nadu is the largest coastal line
among other districts. Climate change may
affect many farmers' lives in coastal regions,
which can lead to reduced production levels,
water scarcity, drought, low rainfall, high
temperatures, etc. Due to climate chang
farmers are forced to adopt different land use
and cropping patterns. At a subsequent level, it
can lead to the extent of migration resulting from
unemployment, as well as the impact on health
and food.

Traditional farming practices are under Impact of Climate Change in Agriculture

increasing stress, forcirlgcal farmerstoadapt 1.0 mpact of <c¢l i mate change

to sustain their livelihoods, highlightingtheneed 2 .| mpact of <c¢cl i mate change

to understand the effects of climate changeinthe 3 Househol d Food Security s

region for effective strategy development. 4 Labour Migration due to

Problem on Agriculture 51 mpact of climatic vari at
Most of the States are highly drougitbne 6.l mpact on adopsmant of

and marked as one of the most underdeveloped t echnol ogi es

districts due to its placement in the rain shadow Policy Conclusion

region. Notably, it boasts an extensive coastline 1 . I n Sout hern states, t !

spanning approximately 237 km, constituting r emai ns st abl e, ot her crorg

nearly one€fourth of the state's total coastine. and cotton show varying | e
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stability over ti me, rdd fvleg cstiifigc as hiofmt s winfhl ufeinrc
by changing climatict echhmidddli onwspe o iTthiidsotr & in
di versification i s craoanabkbnhesnciet agnhamicesr atlh er
district's resilience 5a9wdtnaitmatdliematna g & me n & b islhi
supporting sustainabl eprigoi ictuil 2 @d al wirtalc t ipcoelsi cain
i mprovingtfyooiMoseowuveri ,r ethraabnisliittiaotni son of degrade
observed, such as the promdvieatsiiven wse bahr ke bahd,]
to productive uses andoebefvatifomm Rehmaoéeng a
pasturesagtiocunarmnur al usersyi cleisghlsi gchrtuci al , as a
evolving environmentalaiadnsl adapbmng dyonaml csat e
shaping | ocal l and maeagementy fsaadteagdwrsi.t yl.t St
emhasize the need forsearmviocensedt agpirovi der alnf or
policies and adaptive stsiategnesfaomi oagt eérecheasiqlu
farming practices and ammsured fsasetatnalvheerurase
devel opment ami dst Ahdgiot ingnaldlyi, mameisenaoti ng
chall enges. agricultural practices,

2. Climate variabil i tiyrrsiggnii foinganwdtyer i nepoancstesr v
paddy productivity, atf d leet a mtg tooq vsacueitiegs,
through its effects omgraicufalulrabnd promdpert atoumr e
patterns. The resul t svyarrieavheiallietdy. t hat food

insecurity i n t he s g deavwelaop memtuiafesear |l y
comprehensi ve strat egweeast h etr h aarnedl adl@idnadigee nt s | s
demographic characterisiita$, dalnidcypr odwpt¢ i icait v,n,
i ncome dynamics, and iacmftesmattioonadgroi cfudrtmerras f o
support services. The nmakiemag. regression anal ysi.
reveal s -tkgtrea OGalksi us7s. Commedaesedn adaptati on s
temperature | eads to ahdelcdeabe obupp@rtkegd,i n e
paddy yield)y dndnmf orncegtealseholnder s i n developir
rainfall, the average fyaceilld tpaetri nhgeckanoevl edgee as!
by 2.91 kg. This impactiomatagrioansl der alt i phel dst
directly influences tIpéanegienassdoodi tsiecallr,itei

status, highlighting tdeeehopmentabi bl tgnof wiotcha
communities to cl ienad es wstrdiarbd diiltiyt yanalnd hcel inmat e
for adaptive strategi &8s tLastluw,t acaoantaigmuocuws tue ax
production and ensure drmo®d neweislsabiyl i tg. under st

3Climate indicates t hatmplaacrtgsero ff aclmismatree oloareg e
i kely to -amampt ceé ¢ mAdwleag iseesc,ur i ty. I nvesting i
possibly due to greateda-igiswe@mc easp parnoda cchagpsa c wi ¥ | t
i nvest in innovative pradcsioas. arhd s adudadph loinght a
the role of agricultuemér gixngensirends.er vimpeée meéem
promoting ngnd hxeu ppd+atkiea cotfi ocnlsi mawiel | buil d resi
smart technol ogies amosigst airmeblse l'iveli hoods

4 . Promoting crop divempirobivcagi dmods sessentyal:r
the stability of paddyc hauwlgtei.vati on al ongside th
adaptive variability of crops I|i ke sorghum, chil
and cotton. Progr ams encouraging crop
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Introduction : result, farmers who implement cover cropping
practices often see improved crop yields and
resilience to extreme weather conditions,
contributing to sustainable agricultural systems.
This practice benefits the environment and
supports longerm agriculturalproductivity by

fostering healthier ecosystems and reducing

Regenerative agriculture  represents a
comprehensive agricultural methodology that
emphasizes the improvement of soil vitality, the
capture of atmospheric carbon, and the
enhancement of ecological diversity. Through
the |mplementat|on Of geSignated pract;cee reliance on chemical fertilizers.

agrarians can rehabilitate compromised soil, Benefits:

mmgaFe greenhouse ges emissions, and i Reduces soil erosion.

establleh more robgst.agrlcultu.ral frameworks. Increases microbial biomass and nutrient
Following are the principal practices that help to cycling.

achieve these .objectlves. . \ U Enhances water retention and soil fertility.
Key Practices in Regenerative Agriculture : 2. Crop Rotation and Diversification

1. Cover Cmp‘?'”g , _ Crop rotation and diversification involve
Cc.)ver. croppmg mvelves planting ~ crops growing various crops in sequence or
prlmarlly to improve s health tather t.han for_ combination. This practice breaks pest and
direct har\{est. These crops playa.cruual role in disease cycles, improves soil fertility, and
safeguarding the soil gpalfislerBsive processes, increases the diversity of soil microorganisms.

augmenting organic matter content, and offering Diverse cropping systems have been shewn
habitats for

et . : sequester more
beneficial 5 Core Principles of Regenerative Agriculture
carbon than
entomological
: 9 MINIMIZE KEEP THE SOIL INTEGRATE monoculture
Species and SOILDISTURBANCE LIVESTOCK

_ _ systems by
microorganisms. promoting nutrient

Empirical N o _
cycling and
research has (fe% : - 60 . :
v . W \ enhancin soil
demonstrated thai / g

' structure
cover  cropping MAXIMIZE MAINTAIN LIVING (McCauley &

improves soil CROP DIVERSITY ROOT YEAR-ROUND Barlow, 2023).
Fig. 1: Five Principles of Regenerative Agriculture ~ Furthermore, these
methodologies can
contribute to alleviating the consequences of
climate change by fostering biodivigys and
establishing  ecosystems  conducive to
advantageous organisms, which ultimately

organic  carbon
(SOC)
concentrations
and mitigates greenhouse gas emissions by
stabilizing soil architecture and fostering
microbial activity (Rehberger et al., 2022s a
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results in more resilient and sustainable
agricultural systems that can adjust to evolving
environmental circumstances. The adoption of
these strategies not only serves to benefit the
ecological framework but also augments food

security by ensuring a morebust agricultural
landscape capable of enduring climatic
variations and pest pressures.

Benefits:

1 Improves soil health and biodiversity.
1 Reduces the need for synthetic fertilizers and
pesticides.
1 Enhances carbon sequestration
diverse root systems.
3. Conservation Tillage and NeTill Farming
Conservation tillage and rdl agricultural
practices significantly reduce soil disturbance,
thereby safeguarding organic matter and
mitigating erosion. By leaving crop residues on
the surface of the soil, these methodologies
create a protective barrier that shields the soil
from adverse climatic conditions and enhances
microbial activity. Experimental stlies have
demonstrated that Adl farming can elevate
soil organic carbon (SOC) levels by32Mg
C/haly compared to traditional tillage methods
(Morya et al., 2023). This augmentation in soil
organic carbon (SOC) not only enhances the
fertility and strictural integrity of the soil but
also serves a pivotal function in the process of
carbon sequestration, thereby contributing to the
mitigation of climate change through the
reduction of greenhouse gas emissions.
4.0rganic Amendments and Compost
Application
Applying organic amendments such as compost,
manure, and biochar enhances soil fertility and
increases SOC levels. These materials provide
nutrients to crops while promoting microbial
growth, which plays a critical role in carbon
sequestration. Studies lefound that biochar,
in particular, can stabilize carbon in the soil for
centuries, making it a highly effective tool for
long-term carbon storage (Pandao et al., 2023).
This phenomenon not only enhances the vitality
and yield of soil but also plays a sificant role

Volume-01, Issued6

through

Y/ INNOVATIVE AGRICULTURE \\
Ny /

APRIL 2025

ISSN : 3048 - 989X

in alleviating climate change by diminishing the
volume of carbon dioxide emitted into the

atmosphere.

Benefits:

1 Improves soil structure and fertility.

1 Increases microbial diversity and nutrient
cycling.

9 Stabilizes carbon in the soil for lotgrm
storage.

5. Agroforestry

Agroforestry incorporates arboreal species

within  agricultural  ecosystems, thereby

fostering ecological interrelations among trees,
crops, and soil systems. Trees play a pivotal role
in carbon sequestration via their biomass and
root networks, simultaneolys offering shade
and ameliorating soil quality. Empirical
evidence has illustrated that this methodology
enhances soil organic carbon (SOC)
concentrations and mitigates greenhouse gas
emissions by stabilizing carbon within both
aerial and subterranean biass (McCauley &
Barlow, 2023).

6. Integrated Pest Management (IPM) and
Reduced Use of Chemicals

Integrated Pest Management (IPM)
encompasses the utilization of a multifaceted
array of methodologies to regulate pest
populations, thereby diminishing dependence on
synthetic pesticides and herbicides. Through the
reduction of chemical applications, agtitiral
practitioners can  safeguard  beneficial
arthropods and microorganisms, thereby
fostering a more robust soil ecosystem.
Empirical research has indicated that the
diminution of chemical inputs correlates with
elevated soil organic carbon (SOC) levatsl a

reduction in greenhouse gas emissions
(Khangura et al., 2023).

Benefits:

1 Reduces environmental pollution.

1 Promotes biodiversity and soil health.

1 Lowers greenhouse gas emissions from

chemical use.
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7. Animal Integration and Grazing
Management
The incorporation of livestock within

agricultural systems via methodologies such as
rotational grazing has the potential to augment
soil health and facilitate carbon sequestration.
Grazing activities encourage the accumulation
of organic matter on the s$a@urface, which is

subsequently integrated into the soil matrix
through  microbial metabolic  processes.
Empirical evidence indicates that this practice
enhances soil organic carbon (SOC)

concentrations and mitigates greenhouse gas techniques

emissions by improving lb soil fertility and

structural integrity. (Villat & Nicholas, 2024)

(Gorzelak et al., 2023). The integration of these

organic amendments into farming practices can

lead to sustainable agricultural systems that

benefit both the environment and food setguri

Benefits:

1 Enhances soil organic matter and fertility.

1 Promotes microbial activity and carbon
cycling.

1 Reducesgreenhouse gas emissions from
livestock.

8. Precision Agriculture and Precision

Nutrient Management

Precision agriculture involves using technology

to optimize nutrient application, reducing waste

and environmental impact. By applying the right

amount of nutrients at the right time, farmers can

minimize excess nitrogen, which is a major

contributor to nirous oxide (N20O) emissions.

Studies have found that precision nutrient

management can

emissions while maintaining crop productivity

(Dash et al., 2024). This approach not only

supports environmental sustainability but also

enhances hie economic viability of farming

operations, enabling farmers to achieve higher

yields with lower input costs.

Benefits:

1 Reduces excess nutrient application.

1 Minimizes greenhouse gas emissions from
fertilizers.
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1 Improves and
efficiency.
9. Mulching
Mulching involves covering the soil surface
with organic materials like straw or wood chips
to retain moisture, suppress weeds, and regulate
soil temperature. This practice promotes soil
health by increasing microbial activity and
organic matter contentedding to higher SOC
levels and reduced greenhouse gas
emissiongPontius & Mclntosh, 2024Singh et
al., 2022). The application of mulching
in horticultural settings and
agricultural domains not only promotes the
growth of flora but also playa significant role
in the advancement of sustainable agricultural
methodologies by augmenting moisture
retention and diminishing the reliance on
synthetic fertilizers.
Benefits:
1 Retains soil moisture and reduces erosion.
1 Enhances microbial activity and nutrient
cycling.
1 Increases soil organic carbon levels.
10.Reduced Use of External Inputs
Regenerative agriculture underscores the
significance of utilizing inputs derived from
agricultural practices as opposed to relying on
external chemical substances. Through the
diminishment of dependence on synthetic
fertilizers and pesticides, agrarians are able to
mitigate their ecological foptint while
simultaneously  enhancing soil vitality.
Empirical studies have indicated that a reduction

crop Vvields resource

reduce greenhouse gasin external inputs may culminate in elevated soil

organic carbon levels and a decrease in

greenhouse gas emissions (Khangura et al.,

2023)(Voisin et al.,2023). These practices not

only enhance biodiversity but also create

resilient ecosystems that can better withstand

climate change and extreme weather events.

Benefits:

1 Reduces environmental pollution.

1 Promotes soil health and biodiversity.

1 Lowers greenhouse gas emissions from
chemical use.
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Table 1: Key Practices and Their Impact on Soil Health and Carbon Emissions

Practice Description Citation

Plants grown to improve soil health, redug
erosion, angoromote microbial activity.

Growing diverse crops in sequence to impr

Cover Cropping (Rehberger et al., 2023)

Crop Rotation (McCauley & Barlow, 2023jMorya ef

soil fertility and biodiversity. al., 2023)
Conservation Tillage M|n|m|2|pg soil disturbance tpreserve (Rehberger et al., 2028Yiorya et al.,
organic matter and reduce erosion. 2023)

Applying compost, manure, or biochar tg
enhance soll fertility and carbon storage

Integrating trees intagricultural landscapes
enhance carbon storage.

Reducing chemical use to protect benefic
insects and microorganisms.

Integrating livestock to promote soil health
carbon sequestration.

Optimizing nutrient application to reduce wa
and emissions.

Covering soilwith organic materials to retai

Organic Amendmen (Pandao et al., 2023)

(McCauley & Barlow, 2023}Morya et

Agroforestry al., 2023)

Integrated Pest

Management (Khangura et al., 2023)

(Villat & Nicholas, 2024)Gorzelak e

Animal Integration al., 2023)

Precision Agriculturg (Dash et al., 2024)

(Pontius & Mclintosh, 2024(Singh et

Mulching moisture and suppress weeds. al., 2022)
Reduced External | Minimizing synthetic fertilizers and pesticid| (Khangura et al., 2023)/oisin et al.,
Inputs to promote soil health. 2023)
Conclusion: agricultural landscapes

Regenerative agriculture offers a powerful https://doi.org/10.21083/surg.v15i1.7196
framework for restoring soil health and reducing Morya, R., Bhargava, A., Lalitha, G. R,
carbon emissions. By adopting practices such as Vamshi, M., Verma, S., Rastogi, M., & Raj, S.
cover cropping, crop rotation, conservation (2023). Soil Management Practices to Enhance

tillage, and organi@mendments, farmers can Carbon Sequestration Rates A
sequester carbon, improve soil fertility, and Review.International Journal of Enviornment
create more resilient agricultural systems. These and Climate Change

practices not only contribute to climate change
mitigation but also promote biodiversity and

ecosystem  services, ensuring ldegn
susainability for future generations.
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sustainability and resource conservation. Here
are some of the essential practices involved:

1. Rice Straw and Resi due Ms
In traditional rice farming, rice straw, which

is left over after harvesting, is often burned to
clear the fields. This practice releases
harmful air pollutants and contributes to
climate change. A zerwaste approach,
however, advocates for the utilizatiof rice
ﬁtra"‘,’ ig Wa%y%tgat eCnhance soil ?ealtg ]and ~

In recent years, the global agricultural sector
has faced numerous challenges, including
environmental degradation, resource depletion,
and the negative impacts of industrial farming
practices. As climate change accelerates,
farmers are under increasing pressure to adopt
more sustainable practices that reduce waste,
conserve resources, and irape food security.
One promising approach to achieving these

goals in rice produ<tiohn. I, . once_éa T fizer
wast e farmi ngo. Thi s nrplenlplﬁeopallutlop.OK%\/StrSatggé sm%lurgie.
minimizing waste, optimizing resource use, and ¥ PP ncoe: straw can
promoting ecological balance, ultimately co m_p 0 SF ed to pro d uce . °
contributing to amore sustainable and resilient enrtic h! ng _t he soli I_ VY' t
agricultural system. enhan0|pg its fertil it
What is Zero-Waste Farming? Comp.OSt ing al S0 T educe:
chemi cal fertilizers a

Zerowaste farming is an agricultural
approach that seeks to reduce waste generation
to an absolute minimum, aiming to create a
closedloop system where every byproduct or

soi l erosi on.
T BiocBhaoduct Rbnoe husks
straw <can be converted

waste material is recycled, reused, or through pyrolysis. Bio

repurposed. In the context of rice farminigist soil structure, increas

approach focuses on minimizing waste at every and sequesters carbon,

stage of the production cyderanging from excellent tool for car
soi l regeneration.

field preparation and planting to harvesting and
postharvest processing. By implementing f Mul chCogering the soil
sustainable practices, zenaste rice farming straw can serve as Nz
promotes longerm enviromental health, preventing weed growth
improves resource efficiency, and helps mitigate moisture, and reducing
climate change. 2 Water Conservation Techni

Key Principles of Zero-Waste Farming in Rice Rice cultivation is highly wateintensive,
Zerowaste farming in rice follows several with traditional methods relying on flooded

core principles that prioritize environmental fields. This excessive water usage
contributes to water scarcity and the
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depletion of freshwater resources. A zero 4 .Or gani ¢ Fertilization
waste approach emphasizes efficient water Zerowaste rice farming relies on natural,
management practices to reduce organic sources of nutrients rathénan
consumption and ensure the sustainable use  synthetic chemical fertilizers. This promotes
of water resources: healthier soils and reduces the negative
1 System lorft eRriscief i cat i tnpactg abdRemjcal runoff:

SRI i scehf watent far mifnAnimedalhodMBEeaung: compost e
that involves plantinganriincad smemddrieng®er ator gar
wi der spacing, using flreem Iwactaelr ,f aamdbs enr i cl
practicing intermitteretssentigatinonri &mRils, r e

significantly reduces swarttelre tuisa gfee rbtyi luipzer s,
to 50% while improvingl adgxse wiiteHidms tamed f ar m s

enhanciabthbhoil he T Green M&nowéng cover C
T Rai nwater BatVesting: amudlch as | egumes that fi
storing rai nwater forsoiilrrprgavii dens ias nat ur a
anot her key -wagtad ergiyc dsno uz ecreo o f nitrogen for
farming. By capturing Tmatsur practaioéaldl so e
far mer s can reduce t het rucrteulrieanacned @pmevents
groundwat er or ot herq \eexrtneircnull btrutwhew oerrm comp o s
sources, ensuring a c(ovnesrinsitceonmtpowat @g) i s an
suppl ye fcaroprsi.c recycle organic waste,
3dntegrated Pest Managememut fiidgedt) humus that can
Pesticide use in rice farming can have serious enhance soil fertility.
environmental and health consequences. 5. PostHarvest WasteReduction
Zerowaste farming promotes *Integrated After the rice is harvested, various
Pest Management (IPM)*, which focuses on byproducts such as rice husks, bran, and
sustainable, ecfriendly ways to control broken grains are typically discarded or
pests and diseases: underutilized. Zeravaste practices focus on

T Bi ol ogi caEnCownr a @il n greptirpoging these byproducts to reduce
presence of nat ur al wasteard arcaterackledvakietc h as

insects and birds, hfe Rpse tHWuskke ®RIit ¢ p ¢ Btas k ® nc a

popul ations in check Wiet hoagtedt h&s nekeidof ue

for synthetic pesticidgsoducti on, as raw

I
m

T Crop Rot ati on and Di veaorsstfricattiioom: materi al s
Growing different croposr alasngai dme dii wcne for

or alternating rice cwiltthi vadteigames,

vegetabl es, and covelf RircepsBraan ahudeTahkeoskee n Gr
pest <cycl es, reduce dbgpasduct sksan alhagd pr oce
i mprove biodiversity. value products, such a:
T Natur al P enssttiecaidd ecsf: r edwyi mal feed, ensuring
on harmful chemical pewdstce des, dJemrameaised dui

can usheaspeldnotr natural lhardesitvedase.
pesticides, s uc h a sBenefiseffder@Naste FarmihgiincRice ar e
| ess toxic to t he €he ymiplententatien roft zerwaste darming
beneficial i nsect s. practices in rice production offers numerous
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benefits to farmers, the environment, and fertility, whi ch i s
society as a whole: sustainabl e farming.
O Environment al ZSwsot ai iasoicliiatly :Belngd i tar mer s i m

waste farming helps retdlueier pbi Vaeti boody by i
mi ni mi zi ng t he need feducd gt hedo $ tcs and en
fertilizer and pesti ciodea s, sobasesveLontrib
natur al resources, afnodo d psreocmuortietsy , particul
bi odiversity. Practicewhdrikericoenpbstiang,t apl e
water conservation, a nfda rbniionlgo gd ccnanhu npietsyt by p|
control redutaée empacoamekinowl edge, skills an
d restore ecosystem batdedet oPradopitcesistair
ke reduced till age, muacthi oagsand cover
opping hel p s e (Qarelasiore r car bon,
ducing green hous eZempwaste e nfarmisgi 0 mepresents a
onomi ¢ By netdusi n gtransfdineative approach to rice production,
ed for external mavipguatvay fros uesdurdatansive and
chemical fertil i zer environpeatally haomfullpeastices taavard a
ter, far mers c an rhoeew sustainpbteo dcincaldr i madel  of
sts whil e i ncr e a sagricufure. By implementing practicgs such
rough better soi | ab efiident hwate mdnageneent,0 orgagice
nagement . Zero Wafestitization, Hrdegratéd npgst management,
oduced r i ce praenmicu@andraspanhsible waste handling, farmers can
ice in the mar ket sinfieantly oreduce stheip eemvicoamenta d
vironment al and hefadtptinh whiéen enéintaining or even
i mat e Chanda aMitti ic@eteasmgiproductivity.
k e Bi ochar p r o d ulig holistic approashanot enly ensures the
n rvati on, and t sustainabdity ofo fice Mm@ rbut calso
l'izers cont r i bcantributes t@ @ more ceailrert ood system
stration, | o we rthat lgeneéte farmers) somsumgra, sand the
i ons, and i mp planet.e Througle Iwides@ead adoption of
ience in rice fzmwasta gractices, the future of rice
ved S o LZ & waHsetad t farming can be both productive and
i ces, such as ecoogrplly esponsilde, offering @ gathway
i on, and or g a toward fodde gecuiity and aebviroommental
ce soil struct ustewardshipriocgematoossdeo cane.gani ¢
r, and-t ermmostoei | | ong
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What is Carbon Sequestration? formation in these ecosystems. The impacts of
§ ocean acidification and deliberate ocean
fertilization on coastal and marine food webs
and other resources are poorly understood.
Scientists are studying the effects of oceanic
carbon sequestration
on these important
environments.

The term fcarb
sequestrationo i
. to  describe  both
3 natural and deliberate
e e processes by which
ot ocean CGQO:; is either removed
B from the atmosphere or
diverted from emission
sources and stored in the ocean, terrestrial
tectonic activity are not included. environments (vegetation, soils, and sediments),

. : and geologic formations.
Oceanic Carbon Sequestration T i i
The worl dds ocean-s agrrsneﬁggon%egu?st!;ﬁlg)r} on.
. v . errestrial  "sequestratio sometimes
term sink for humamtaused C@ emissions, . .
) termed fAbiological sequest
currently accounting for a global net uptake of . .
: , . accomplished through forest and soil
about 2 gigatons of carbon annually (fig. 1). This : .
. . . conservation practices that enhance the storage
uptake is not a result of deliberate sequestration, . L
. . of carbon (such as restoring and establishing
but occurs naturally through chemical reactions

new forests, wetlands, and grasslandseduce
between seawater and £an the atmosphere. COo emissic’)ns (such’ as rgducin a)gridcultural
While absorbing atmospheric GO these g ag

. tillage and suppressing wildfires). In the United
reactions cause the oceans to become more . )
L . : States, these practices are implemented to meet
acidic. Many marine organisms and ecosystems

: a variety of landnmanagement objectives.
depend on the formation of carbonate skeletons )
. . . Although the net terrestrial uptake fluxes shown
and sedimentthat are vulnerable to dissolution

. - . offset about 8 percent of U.S. fossflel CO
in acidic waters. Laboratory and field . . .
- . emissions, only a small fraction of this uptake
measurements indicate that £Oinduced o .
e results from activities undertaken specifically to
acidification may eventually cause the rate of

. . . sequester carbon. The largest net uptake is due
dissolution of carbonate to exceed its rate of .~ :
primarily to ongoing natural regrowth of forests

Carbon sequestration is the process o
capturing, storing, and utilizing atmospheric
carbon dioxide (Cg) in various natural and

artificial reservoirs, thereby reducing the
amount of greenhousd
gases in the atmosphere.
Carbon cycle schematic
showing the movement o
carbon between land

atmosphere, and oceans &
billions of tons (gigatons)
per year. Yellow numbers
are natural fluxes, red ars
human contributions, and
white are stored carbon. The effects of the slow
(or deep) carbon cycle, such as volcanic and
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agriculture can enhance carbon sequestration in

20th centuries. Terrestrial carbon sequestration terrestrial ecosystems.

is the process by which atmospheric carbon
dioxide (CQ) is captured and stored in

terrestrial ecosystems, such as forests, soails,

Reforestation and Afforestation Planting

trees in areas where forests have been degraded

or cleared can help restore carbon sinks.

grasslands, and wetlands. This process occurs Soil Conservation Practices like ndill or

through a combination of natural and human
induced factors.

Natural Processes
Photosynthesis Plants absorb COfrom the

atmosphere and convert it into organic carbon
compounds, such as glucose, through
photosynthesis.

Decomposition Microorganisms break down
organic matter, releasing nutrients and storing
carbon in soils.

Soil Formation: Soil formation processes, such
as weathering and erosion, can lead to the
storage of carbon in soils.

Terrestrial Ecosystem
Forests Forests are significant carbon sinks,

with trees absorbing CO through
photosynthesis and storing carbon in biomass
and soils.

Soils Soils contain a large portion of the world's
terrestrial carbon, with carbon stored in organic
matter and minerals.

Grasslands Grasslands, such as prairies and

savannas, can store carbon in soils and biomass.

reduceetill farming, cover cropping, and crop
rotation can help reduce soil erosion and
promote carbon sequestration.

Ecosystem RestorationRestoring degraded or
damaged ecosystems can help recover carbon
sinks and promote biodiversity.

Benefits

1. Climate Change Mitigation: Terrestrial
carbon sequestration can help reduce
atmospheric C® levels and slow climate
change.

2. Biodiversity Conservation: Terrestrial
ecosystems provide habitat for a wide range of
plant and animal species.

3. Soil Health: Carbon sequestration in soils can
improve soil fertility, structure, and water
holding capacity.

4. Water Cycle Regulation Terrestrial
ecosystems play a crucial role in regulating the
water cycle, with forests and wetlands helping to
maintain water quality and prevent flooding
Geological Carbon Sequestration .

Geologic carbon sequestration is the

Wetlands: Wetlands, such as marshes and process of capturing and storing atmospheric

swamps, can store carbon in soils and biomass.

Human-Induced Factors
Sustainable LandUse PracticesPractices like

agroforestry, permaculture, and regenerative

Volume-01, Issued6
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carbon dioxide (Cg) in geological formations,
such as:

1. Depleted oil and gas fields

2. Saline aquifers

Page 40
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3. Coal seams
4. Basalt formations

This process involves injecting Ganto
these formations, where it is trapped and stored
for thousands to millions of years
Methods
Injection: CQO; is injected into the geological
formation through wells
Trapping: CQ:is trapped by impermeable rock
layers, preventing it from escaping.
Storage CO; is stored in the formation, where
it can react with minerals to form stable
carbonates.

Benefits

Long-term  Storage  Geologic  carbon
sequestration can store €@r thousands to
millions of years.

Large Storage Capacity Geological
formations can store large amounts ofoCO
Reduced Greenhouse Gas Emissions
Geologic carbon sequestration can help reduce
atmospheric Co® levels.

Challenges

Site Selection Identifying suitable geological
formations for carbon sequestration

Cost: High costs associated with C@apture,
transportation, and injection.

Monitoring and Verification : Ensuring the
integrity of the storage site and monitoring CO2
migration.

Examples
Sleipner Project (Norway). Storing CQ in a

saline aquifer since 1996.
Weyburn-Midale Project (Canada) Storing
CO; in a depleted oil field since 2000.

Geologic carbon sequestration is a crucial

Y/ INNOVATIVE AGRICULTURE \\
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3. Increasing Greenhouse Gas Emissions
Global emissions continue to rise, driven by
fossil fuel consumption, deforestation, and land
use changes.

4. Consequences of InactiarfFailure to address
climate change will lead to devastating impacts,
including sedevel rise, extreme weather events,
and ecosystem disruption.

5. Limited Time Frame: The
Intergovernmental Panel on Climate Change
(IPCC) warns that we have until 2030 to take
drastic action to limit global warming to 1.5°C
above prendustrial levels.

6. Supports Sustainable Developmen€Carbon
sequestration can enhance ecosystem services,
improve soil health, and support biodiversity
conservation, contributing to sustainable
development.

7. Economic Benefits Investing in carbon
sequestration can create jobs, stimulate local

economies, and generate revenue through
carbon credits and sustainable lars®
practices.

8. Technological Advancements

Advancements in carbon capture, utilization,
and storage (CCUS) technologies make carbon
sequestration more efficient and ceffiective.

9. Global Cooperation International
agreements, such as the Paris Agreement,
emphasize the importance of carbon
sequestration in achieving global climate goals.
10. Moral Obligation: We have a moral
responsibility to act on climate change,
protecting the planet and ensuring a sustainable
future for generations to come.

Can Sequestration Reduce Atmospheric CO2..?

strategy for reducing greenhouse gas emissions ganefits of Carbon Sequestration

and mitigating climate change.

Why Carbon Sequestration is Needed Now..?
1. Climate Change Mitigation Carbon

sequestration helps reduce atmospheric, CO
levels, slowing global warming and its
catastrophic consequences.

2. Rising CO, Levels Atmospheric CQ has
surpassed 415 parts per million (ppm),
exceeding préndustrial levels by over 40%.

Volume-01, Issued6

APRIL 2025

1. Reduces Atmospheric C@ Carbon
sequestration removes €O from the
atmosphere, slowing down global warming.

2. Delays Climate Change Impacts By
reducing atmospheric GQcarbon sequestration
can delay the onset of climate change impacts,

Page |41
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such as sekevel rise and extreme weather 4. Competition with Fossil Fuels Carbon

events sequestration may not be economically viable if

3. Supports Ecosystem Health Carbon fossil fuel prices remain low.

sequestration can enhance ecosystem services,Combination with Other Solutions

improve soil health, and support biodiversity 1.Transition to Renewable Energy Shift from

conservation. fossil fuels to renewable energy sources, like

Limitations of Carbon Sequestration solar and wind power.

1. Scale Carbon sequestration efforts need to be 2. Energy Efficiency: Improve energy

massive to make a significant impact on efficiency in buildings, transportation, and

atmospheric C@levels. industry.

2. Duration: Carbon sequestration is not a 3. Electrification of Transportation : Promote

permanent solution, as stored carbon can be electric vehicles to reduce transportation

released back into the atmosphere through emissions.

various processes. 4. Carbon Pricing: Implement carbon pricing

3. Cost: Carbon sequestration can be expensive, mechanisms, like carbon taxes or -capttrade

especially for technologies like carbon capture systems.

and storage (CCS). 5. Sustainable Landuse Practices Adopt
sustainable agriculture practices, reforestation,
and conservation efforts.
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AgriTech for Atmanirbhar Bharat: Transforming Indian

Agriculture through Innovation
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Agriculture remains the backbone of the Indian economy, employing over half the population and
contributing significantly to rural livelihoods. However, the sector faces persistent challenges including
fragmented landholdings, resource inefficiency, clamatriability and posharvest losses. To achieve

the vision of Atmanirbhar Bharat (Sd®eliant India), there is an urgent need to modernize agriculture
through the scientific integration of AgriTech innovations. AgriTech encompasses the application of
advanced technologies such as Atrtificial Intelligence (Al), Machine Learning (ML), Internet of Things
(IoT), Geographic Information Systems (GIS), drones, blockchain and big data analytics to enhance
agricultural productivity, sustainability and resilienPeecision agriculture enabled by IoT sensors and
satellite imagery allows for redilme monitoring of soil health, crop growth and weather patterns,
leading to datalriven decisions on irrigation, fertilization and pest control. Al and ML algorithms are
improving predictive models for disease outbreaks and yield forecasting, while-ldread
surveillance is enhancing crop management and reducing labor dependency. Blockchain and digital
platforms are transforming aggupply chains by ensuring transparericggeability and direct market
access for farmers. Government initiatives such as eNAM; 3@tk and Digital Agriculture Mission
provide a robust framework for scalable implementation of these technologies. Scientific studies
indicate that AgriTech addipn can increase crop yields byi 3D per cent, reduce input costs, improve
wateruse efficiency by up to 50 per cent and lower greenhouse gas emissions. These innovations not
only enhance productivity but also empower farmers economically, aligningthétiitmanirbhar

Bharat vision of selfeliance and sustainable rural development. Finally, a multidisciplinary approach
combining agronomy, data science and rural policy is essential to mainstream AgriTech across India.
Fostering innovation, accessibilignd farmercentric models will be key to transforming Indian
agriculture into a resilient, efficient and sedfiant sectar

Keywords: Agriculture, AgriTech, Innovation, Greenhouse, Séfliant

Introduction essential part of the future of farming, especially
in a country like India where agriculture
supports millions of livesAtmanirbhar Bharat
which meansSelf-Reliant India is a vision
introduced by the Government of India in 2020
to make the country economically independent
and strong. It aims to boo&tcal production
reducedependency on importand encourage
innovation and entrepreneurshipcross all
sectors including agriculture,manufacturing,
health and technology. The initiative promotes
theideaofiv o c al ,ferzourading peapleo
to support Indian products and businesses.
Atmanirbhar Bharat is not about isolating India

AgriTech short forAgricultural Technology

refers to the use of modern technology and
innovations to improve farming practices. It
includes tools likalrones, sensors, mobile apps,
data analytics, artificial intelligence (Al) and the
Internet of Things (loT)to make agriculture

more efficient, productive and sustainable.
AgriTech helps farmers in many ways, from
choosing the right crops and predicting the
weather to monitoring soil health and selling
produce directly in the market. As agriculture
faces growig challenges like climate change

and rising costs, AgriTech is becoming an
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from the world, but abReliancebfindidod foreighndtidn® countryos
strength from within so it can compete globally India, while being largely seBufficient in food

with confidence and resilience. production, still has severalependencies on

Why Atmanirbhar Bharat? foreign countriesin the agricultural sector.
AtmanirbharBharat focuses on reducing import These dependencies come in the form of
dependency by promoting domestic production, imports, technology, machinery, fertilizers,
innovation, and selfeliance. It aims to seeds and trade partnershipkhis reliance
strengthen the economy, empower citizens and includes:

build resilience against global crises as given 1. Import of Edible Qils

below. India isone of the largest importers of edible oils

1.To Reduce Dependence iwnthe wondgralm bil$mainly fromIndonesia

I ndia imports many e s araMaldysap soylpan oitfrem Aigenttneand u e |

el ectroni cs, fertil i z eBrazil) anésdrfldwereoil (foomlUkraine mrdl me di ¢
equi pment . -Betomhhg r e eRuskiddase majdr imgorts. Domestic production
dependence and pr ot e c bfoilseeds B noteencugh dommyeet ther gnoming

gl obal di sruptions. demand.

2.To Strengthen the | nd2 Rependercean Cmmical Fertilizers

By promoting | ocal i nlndia Bnports aesignjficanspbréon df itergliger a n d

i nnovations, At mani r b hneeds eBpeaallyalrea [partly)p RBhosphatesat e
j obs, boost exports an(@APYGVAB)wMosth drome Chima) dviorgccof r 0 m
within. RussiaandPotashalmost100 per cent imported
3.To Handl e GI obal Cr i sneamly from Canada, Russia and Belarus.
Event s CIOVK-D9 t p a n Re m+ c aGlobal price fluctuations directly impact Indian
Ukraine swapply chain timersangdgovemmest subsidy bills.
showed how dependent I3.nlchpor of (Agricutturalt Eqeipmeand ant d )
can be on ot hreel icaorume rMhcieislbgy sSe | f

nati onal resilience. India importshigh-end farm machinerysuch as

4. To Empower Far mer s a nalvaRedraragsters) traeters irrigation systems

I n agric-ukt uae¢ce s mbkanandpoecisiod farmingtgolérom countries like

our own seeds, fert i USAz Gernmmany, dapath andnChidalhiem @ ®y, al s C
i mproving producti vi t yrelicenaged onifanegm eagriculturag researchme r

i ncomes. collaborations for crop improvement and

5.To Promote I nnovati onbiokechd Make in I ndia
Encouraging I ndi an i nd Geneticdllye Modifiecd (gm) rBeedsv and e |,
manufactur e, and develldyridsol uti ons for | ocal and
gl obal needs reduces indieimports ceranmgbridosgedandgs& geeda n d
creates gl obal compet itechnolegy(e.g..sBT cotton from Monsanto,

6 .To Ensur e Nat i on arow partSoé Bayer iUSA/Germany)Though

Set €l i ance i n d e f e n s elndigrastdcts the use 06GM, crops; sedd eech and
technol ogy and criti c &besearcmand Dewlopmaddboratiensofienot ect s
I ndi ads strategic i nt edepesadodoreignagricompanies

7.To Build a Sustainablb Hulges uand Other Crop Imports

At mani rbhar Bharustt aaInsg@ctgsionallgjot e s

devel opmelnetan ener gy a rDdspite being alasge praddcer,/Ind@natimes
resources in a way t haimpotispusedike lergils, pead, dhickpeaseft.) e an o
the planet.
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from Canada, Myanmar, Austral@dAfrica to
stabilize prices during shortages.

6. Research and Developmenand Climate-
resilient Farming

India collaborates with international institutions
like CIMMYT, IRRI and FAOfor climatesmart
agriculture,  droughtesistant crops and
sustainable farming practices.

ISSN : 3048 - 989X

bio-fertilizers) and oilseed cultivation
technologies whi ch can reduce t
dependence on foreign suppliers.

3. Empowering Farmers with Digital Access

One of AgriTech's strongest contributions is

making information accessible to even the

smallest farmers through:

V Mobile apps for weather updates, crop

These collaborations are vital for tackling
climate change impacts on Indian
agriculture.
Role of AgriTech in Atmanirbhar Bharat

India is primarily an agrarian country, with
a large portion of its population depending on
agriculture for livelihood. However, challenges
like low productivity, climate change, lack of
market access and outdated farming techniques
have held back the secs growth. To overcome

Vv

Vv

Vv

advice and government schemes.
Platforms like eNAM (National
Agriculture Market) to sell produce
directly and get better prices.

Kisan Suvidha, IFFCO Kisan and
AgriBazaar apps that provide market trends,
mandi rates and reéime assistance.

Thidd gi t al e mpeolwesr meat mer
make better deci si ons, r
by middl emen and i ncrease

these issues and align with the vision of 4. Enhancing Market Linkages

Atmanirbhar Bharat (Self-Reliant India),

AgriTech i the use of modern technologies in

agriculture is playing a transformative role.

1. Boosting Agricultural Productivity

AgriTech solutions help farmers increase the

guantity and quality of their produce. This is V

done through:

V Precision farming usingsatellite imagery,
soil sensorsaandAl -based advisory

V Drone technology for monitoring crop
health, detecting pests and spraying
fertilizers or pesticides accurately.

V Weather forecasting toolghat help farmers
plan sowing,
schedules.

\Y,

\Y,

irrigation and harvesting 5.
Startups

AgriTech connects farmers to markets in
innovative ways:

Supply chain platforms like Ninjacart and
DeHaatlink farmers with retailers, exporters
and wholesalers.

These platforms  provide logistics,
warehousing and fair pricing, ensuring
reduced posharvest losses and improved
income.
This sufipvorctas ttflwe sLonal o
by strengt heneicnogn otniye alnodc &
enabling I ndi an produce
mar ket s.

Promoting Agri-Entrepreneurship and

V Examplt ar t uCp so pdlnkgeN e x t AgriTechhas given rise to a wave afri-based

use Al and dat a

optimize yield
2. Reducing Import Dependence
India still imports:

and

a n a | syattupsthat aré: o
r evd @reatng innowvapive | solgtisns in  seed

hel p farmers

technology, cold storage, irrigation and crop
insurance.

V A large portion of itdertilizers (especially V Generatingemployment in rural areasand
potash and phosphate). encouraging Yyouth participation in
V Certain hybrid seeds and biotech crop agriculture.
technologies. V Working closely with government schemes
V Edible oils, such as palm and sunflower oil. like Startup India, Agri Infrastructure
V AgriTech promoteslomestic innovationin Fund andDigital India .
seed development, fertilizer alternatives (like
APRIL 2025 Page |45
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V Example: Startups like Stellapps (dairy Future Prospects of AgriTech for

tech), Bijak (agritrade) andBharatAgri Atmanirbhar Bharat

(digital advisory) are revolutionizing rural The future of AgriTech in the context of

business. Atmanirbhar Bharat is highly promising, as it
6. Promoting Sustainable and Climate holds the potential to revolutionize Indian
Resilient Agriculture agriculture by making it more efficient,

Climate change is a major threat to Indian sustainable and seiéliant. With increasing
agriculture. AgriTech helps mitigate its impact adoption of technologies like Al, loTdrones

by: and precision farming, agriculture in India is set

V Promoting smart irrigation systems to to become smarter and more productive. Digital
conserve water. platforms will empower farmers with retime

V Encouragingprganic farming through tech information, market access and financial tools,
based input management. reducing their dependency on middlemen and

V Using Al to predict and reduce climate foreign impots. The rise of AgriTech startups,
related risks such as droughts or floods. supported by government initiatives and

V Thi s | eefdrsi ethnad| y ap da cmovatoe s hubs, will drive rural
supportter mofngod s e c ureéntrepreneurship and job creation. Furthermore,

7. Ensuring National Food Security and Self climateresilient farming solutions and smart

Reliance water management will support sustainable

VAgri Tech enhances: practices, ensuring longerm food security.

V Food availability  through higher Overall, AgriTech will play a vital role in
productivity. buildingg a modern, technologiriven

V Food accesshrough improved logistics and ~ agricultural sector that aligns perfectly with the
distribution. vision of a selreliant, Atmanirbhar Bharat.

V Food affordability by reducing costs and  Conclusion
losses. AgriTechis a powerful tool that can transform

VThis aligns Aimagci t lyHna@n agnculturdand play a key role in building
Bhargada l of maki ng | and iAamanicbhap aBhéra. Byf combining
feeding itself wit ho uraditiotha faeming iknogleddgeevdtly imbdgrn o n

gl obal i mport s. technology, India can overcome lestanding
8. Government Support for AgriTech under challenges like low productivity, market
Atmanirbhar Bharat inefficiencies and climateelated  risks.
The Indian government is actively supporting AgriTech empowers farmers with Dbetter
AgriTech through: information, improved tools and access to
V PMKi san YoPpanact f i namadckets helpisguhpnpiecome more-selfant
to far mers. and financially secure. As India moves towards
V Digital Agri cul 2026 ) Midigital iamd nselbyffition? future, emlacing
Promoting digital f arAgiTech .will not only strengthen rural
VAg#Hinfra: FEedl | akh c economies fbutnalso felwsure food security,
agrmfrastructure. sustainable growth and global competitiveness
V Ki san DroneBnd®wourn &gi nigagricditure. o thigjourney, innovation is not
of drones i n agri cul tjustrap option, it is a necessity for a truly self
reliant India.
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Valorization of Seafood Waste into Silage: A Key Input for

Aquafeed and Foliar Applications

Jeyakumari A., Elavarasan K., Binsi PK., and Sathis Kumar K

ICAR- Central Institute of Fisherieeechnology, Cochin, Keral®82 029

Introduction cleaner production opportunity for the industry,
as it can potentially generate additional revenue
as well as reduce disposal costs for these
materials. The transportation of fish residues and
offal without the use of water is an important
factor for the #ective collection and utilization
of these byproducts. Another important waste
which can be used for industrial purpose
prawn shell waste and crab shell waste. The
maximum waste was generated during the
processing of shrimps, followed by fishes and
cephalopods. In the context of environmental
pollution, waste generated in the fish processing
industry is a matter of greabncern. Among the
maritime states, the largest waste generation was
observed from Guijarat (30.51%), followed by
Maharashtra (23%) and Kerala (17.5%).
Fish Silage

Fish silage is a liquid product and it can be

T he world's annual catch of aquaculture and

fisheries has been around 171 million metric
tonnes (FAO,2016).In 2016, the greatest part
around 12 percent used for rfood purposes
(about 20 million tonnes). Fish is a highly
perishable food material becaudate moisture
and nutrient contents. It is undoubtedly one of
the most nutritious of foods available for human
consumption. Fish flesh on an average contains
15-20 percent protein. Processing of fish leads
to enormous amounts of waste. It is estimated
that fish processing waste after filleting accounts
for approximately 75% of the total fish weight.
The total fish weigh around 30% remains as
waste in the form of skins, and bones during the
preparation of fish sticks fish fillets and other
products. This econdary row material is an

imp(;)rtant. f?r d'_[he prepar?tio; th higtalue prepared from whole fish or fish waste by adding
products including protein foods. The important acid, enzymes, lactic acid producing bacteria or

of secondary row materials helps to.destroy by naturally occurring enzymes in fish. Fish
harmful environmental aspects and improve

quality in the fish processing industryFish
processing generates solid wastes that can be as
high as 5680% of the original raw material.
Skin and bone are sources of high collagen
content. An important waste reduction strategy
for the industry is the recovery of marketable
byproducts from fish wasteslydrolyzed fish
wastes can be used for fish or pig meal as well
as fertilizer components. The three most
common methods for utilization of aquatic
waste (either from aquaculture or wild stock) are
the manufacture of fishmeal, fish oil and healthy
feed, tle production of silage and the use of
waste in the manufacture of organic fertilizer.
The utilization of byproducts is an important

silage is rich in protein and aminoacids and it
can be used as paih source for animal feeding.
Production cost for fish silage is very cheap, cost
effective and ecdriendly. Fish silage
preparation usually depends on locally available
raw materials and conditions (Hasan, 2003).
Depending on the process employed, fishge
can be categorized into two methods, viz. acid
silage and bidermented silage. Acid silage is
produced by mixing fish waste with organic acid
(formic acid, acetic acid, propionic acid),
inorganic (sulphuric acid, hydrochloric acid)
and or a mixturef both organic and inorganic
acid. In case of bifermented silage,
fermentation process is carried out by lactic acid
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bacteria (LAB) which are already present in a Organic Acids and their Effects on
fish mass or added externally. Microorganisms
Silage Preparation by Acid Method Generally Organic acids are used as
In this method, whole fish or fish waste are preservatives in feedstuffs due to their
pulverized in mechanical mincer and then antimicrobial properties. In acid fish silage
required quantity of acid is added and mixed added acid aids the enzymatic activity and
well ensuring a pH of 4 for the acid silage reduce the pH of end product thereby prevent the
prepared by using organic acid. Then it can be growth of spoilage microorganisms and
stored in containing with occasialn stirring. improves the stability of the silage during
During this process, the biomass gets liquefied storage. The acids also reduce the activity of
by endogenous enzymes present in fish mass specific enzyme which are necessary for the
with the aid of added acid. Fish silage, a liquid multiplication of DNA there by no longer
product will be ready between -P® days. At propagation of genetic material. Further,
25°C, the process takes two days for dissociated acid molecules alter the peaivility
liguefaction, whereas at 18C , it takes 5 of the cell membrane which results in
10days. Moreover, if temperature 3@0 modification of osmotic pressure of the cell gets
enzymes may get deactivated. Hence, ensilation modify. It leads to cell death. Fish silage process
process under higher temperature should be inactivates fish pathogens such &almonella
avoided. The degree of liquefaction in silage sp Clostridium perfrigens and norspore
depends on the nature of raw material. The forming bacteria. It also inactivates mould,
liquefied silage gets separate intd Jayers; an parasites and viruses.
oily layer at top, ligiefied protein at middle layer  Silage Preparation by Fermentation
and undigested protein and sludge at the bottom. In this process, fermentation process is
The incomplete protein digestion may depends aided by addition of lactic acid bacteria and
on nature of raw material, pH, temperature and jaggery source. Since, the natural lactic acid
duration of ensilageMoreover, all the layer can  bacteria in fish is limited, an external inoculum
be separated and used as biofuels, agricultural of lactic acid bacteria is needed. Molasses, a
fertilizers and feed for pet animals. Formic acid fermentable jaggery sowcare mostly used in
is most commonly used for silage production. fish ensilage due to its low cost easy availability.
Generally, 3% by weight of 98% formic acid is The ratio of fish and molasses at 100: 10 will
added to well pulverized fish wast8ilage give stable silages with typical acid smell. The
prepared by using formic acid will have a shelf presence of sugar (jaggery), ensilation process
life of one year at room temperature in tropical gets initiate and prevents immediate
countries. While preparation of fish silage by deamination of amino acid by bacteria. Later,
acid method, following points needs to taken fermentation process dominated by lactic acid

care for better quality and yield; bacteria which results in pH reduction and it
VSize of the raw mat mhibitsaot reduces sphilage bactedau Tthe most
bet wedem 3 commonly used lactic acid bacteria strainslare

V Added acid shoul d b eplanfarurh | yL.acidophiles r eRkdaucdeoes
bi omass and free f r oimlophilusandp.acdila@it. $he praglucteovod i d

mi crobial spoilage fermented ensilage depends on thesito
VPeriodic stirring i s prodectioe aflacticragidbacteriaby addet lacticf a s t

|l iquefaction acid bacteria to the fish or fish waste with a
VProcess temper at°@r e s fernmentablejaggary sourc2.0The concentration

desirabl e. of lactobacillus used for fermentation is®@°
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cfu /ml. Good quality of fermented fish silage
found to have following features;
VpH bel ow 5
V Hi gh l evel of
remains constant
VLiower ammoni acal
V Lower coliform
for mer
V Absent of
VStable for 6
dehydrated form
Nutritional Composition of Silage
The composition of silage depends on the
raw material used. A typical silage contains 70
80% moisture, 1:22% protein, 48% fat and 3
17% ash. 15% protein, Fish silages are rich in
proteins. Fish silage contain higher amount of
Lysine, threonine and sulphcontaining amino
acids as like fish meal. So, fish silage can be

count

f ood
>

bor ne
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meal at the level of -85% in fish feed
preparation. It has been reported that inclusion
of silage in pellet feed showed stronger, more

| act i cressstant dand oredtice nthe avbastei duringi a l
d u r itnangportagon amd fieediagt i o0 n
ni t rFerglieen

content

a Righ silage iscensidebed as potemtial soerce
of Nitrogen, Phosphorus, Potassium, Calcium,
nmaagnesium gnel found to have application as a

mo n t hfertiliz&r.2Themquantity bf nuirient preserit in fish
r e s p esitagei diffexr lepends on quality of raw material

used and percerga of bones and fins.
Moreover, adding-80 % liquid silage will meet
the trace element required for plants.
Foliar Spray

Foliar spray is a liquid fertilizer directly to
their leaves by spraying. Plants are able to
absorb essential elements and nutrients through
their leaves and absorption takes place through

used as protein source for feed preparation by the stomata of the leaves and also through the

replacing fish meal.
Utilization of Fish / Shrimp Head Waste Silage
Feed

Fish Silage are used for animal feeding, like
powder fish silage is used to feed cattle, milk
cow, swine, duck, sheep, mink and many other
terrestrial animals (Rahmi et al., 2008 Abri
et al., 2014, Anuraj et al., 2014). Pigs resulting
in higher growthrates improved health and
reduced mortality. Fish silage rich in protein and
it can be used as a protein source for broiler
chicks alternative to fish meal to get increased
weight and feed conversion ratio (Kjos et al.,
2000). In many countries, it is usad bird feed
(Arruda et al., 2007). It is also used as a feed
supplement in aquaculture to convert nutrients
into flesh. It has been reported that fish silage
powder was found to give better growth than a
fish meal in carp (Djajasewaka et al., 1986). Fish
silage can be used directly as feed for pigs for
improving higher growth rate, reduce the
mortality and improving heath of animals. Fish
silage can also mixed with other ingredients
such as grains and dry flour for livestock feed.
Since, fish silage caained hydrolysed protein
it can be used as protein source by replacing fish

Volume-01, Issued6
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epidermis. Movemenbf elements is usually
faster through the stomata and this result in
faster growth and flowering. Some plants are
also able to absorb nutrients
Conclusion

Fish processing waste from seafood
Industry and retail market leads to major issue in
waste disposal and environment pollution. The
most important products prepared from the fish
and shell waste are fish protein hydrolysate, fish
collagen/Gelatin, chitinchitosan, biogas, and
biodiesel. Most of the byproducts prepared from
fish waste are used for the pharmaceutical
purpose or for food purposes. Apart from
extraction of biomolecules from fish waste, it
can also be converted to fish silage to preserve
the boavailability of nutrient in fishery waste
and reduce the environmental pollution .
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Introduction :

The increasing global population has put a
dramatic demand on food production and supply

sector. Due to mismanagement of the resources

and neglectful human activities has deteriorated
the soil and atmospheric quality that had led to
adverse climatic condadns. Soil pollution is a
growing concern worldwide, posing significant
risks to human health, the environment and
agricultural productivity. Poor soil quality cause
drought ,flood ,salinity and plant disease. These
are all together had put an enormoussst for
agriculture and food security. Biosensors are the
principal element to establish precise and
sustainable agriculture. Biosensors can also
implemented in various fields like Medical
Science, Marine sector, food industry. There are
various types dbiosensors allow to sense levels
of harmones, drugs ,toxins, pollutants ,heavy
metals, pesticides etc with considerable
precision . Biosensors provide vital information
on soil and field conditions and plant health by
converting biological signals into rasurable
units. Different sensors are employed to gain
soil quality related information and are often in
conjunction with real time monitoring and GPS.
Traditional methods for monitoring soll
pollution are often tim&onsuming, expensive,
and labofintensive. However, recent advances
in biosensor technology offer a promising
solution for rapid, sensitive, and caxffective
detection of soil pollutants
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What are Biosensors?

Biosensors coined by Cammann,
analytical devices that converts kdological
response into an electrical signal.

It is an integrated system comprised of different
Sensors like electromagnetic, airflow,
mechanical and optical sensors to gain insights
on salinity, moisture, pH, organic content and
texture.

A Typical Biosensor Consists of;

1. Analyte: A substance of interest which is
needed to be detected, for example glucose for
diabetes.

2. Bioreceptor: A molecule which recognizes
the analyte can be a bioreceptor for example
enzymes.

3. Transducer: It usually converts a bio
recognition event into measurable signal, known
as signalization.

4. Electronics: It generally processes the
transduced signal in display form.

5. Display. Usually its liquid crystal display in
combination with hardware and software for
generation of biosensor result into user friendly
manner.

The Typical Characteristics of Biosensors

are,

1. Selectivity: This feature is most important in
biosensor because this depends on the potential
of bioreceptor to detect the specific analyte in a
mixture of sample and contaminants. For
example; specific interaction of antibody with
particular antigen (Bhalla, 2016).

2. Reproducibility: 1t is just reproducibility of
biosensor to program identical output after

are
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repetition of the experimental setup (Bhalla,
2016).

3. Stability: It is the ability of biosensor to be
nornsusceptible in ambient conditions in and
around the biosensing system. Any disturbance
can modulate the output signals of biosensor for
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2. Microbial biosensors These biosensors
employ microorganisms to detect pollutants,
such as bacteria and fungi.

3. Nancbiosensors: These biosensors utilize
nanoparticles to detect pollutants, offering
improved sensitivity and specificity.

its measurement which may lead to error and can 4. Optical biosensors:These biosensors use

affect the efficiency of the bsensor. The

optical signals to detect pollutants, providing a

transducer and electronics can be temperature rapid and sensitive detection method.

sensitive, which may create disturbance in the
performance biosensor. Therefore, precision
tuning is must to ensure stable output of a
biosensor. In addition to these, another factor
can influence the biosensor which is the binding
affinity of analyte towards the bioreceptor.

Mechanism of Biosensors:

General mechanisms of biosensor for
pollutants detection. The basic construction of
biosensor contains sensing elements and
signaling elements. The biologiesénsing
elements including DNA (aptamer), protein

Thus, the biosensor needs to be highly stable to (enzyme), antibody, and whetell (bacteria)

overcome these issues (Bhalla, 2016).
4. Sensitivity: Sensitivity can be defined based
on its limit of detection (LOD). In many medical

are able to recognize the environmental
pollutants such as heavy metals and organic
pollutants. The signaling elements would be

application, biosensors have to detect analyte as triggered by sensing elements and produce the

small as in the range of concentration of ng/mL
or fg/mL, to affirm the existence of analyte in
the sample. For example, Hrostate cancer, the
prostate specific antigen (PSA) concentration
will have a value of nearly 4 ng/mL in blood,
which needs to be detected with high precision
(Bhalla, 2016).
5. Linearity: It attributes to the accuracy of the
measured response. It can be depicted
mathematically as y = mc, where c is the
concentration of the analyte, y is the output
signal and m is the affectability of the biosensor.
A little change in concentration of an dyie
makes a difference in the yield of the biosensor.
Another term that is taken into consideration
associated with is the linearity in a linear range,
which can be defined by the small amount of
change in concentration, giving a considegabl
change in the signal (Bhalla, 2016).
Types of Biosensors

Several types of biosensors have been
developed for monitoring soil pollution,
including:
1. Enzymebased biosensors: fiese biosensors
utilize enzymes to detect pollutants, such as
pesticides and heavy metals.
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different signals such as fluorescence,
luminescence, color, pH change, or elediyic
that could be measured or detected by the
operators.

Applications of Biosensors

Detection of Polychlorinated Biphenyls
(PCBs)

Polychlorinated biphenyls (PCBs) are some
nonbiodegradable chemical insecticides and
herbicides used for the effective control of pests
and herbs, respectively. However, these
compounds accumulate in the soil and can be
further taken up by crops. Consuiopt of such
crop products by humans can cause serious ill
effects even deaths in some cases. This is
because most of these chemicals are
carcinogens. To overcome these problems, a
biosensor with a piezoelectric transducers based
on antigerantibody has len developed (Ferrini
et al., 2008; Ivask et al., 2009).

Detection of Nitrogenous Compounds

Nitrogenous compound are among the toxic
chemicals that cause a threat when taken above
certain limit of concentration. These chemicals
can affect human health as well as crippling the
global economic growth. Nitrates, dioxins are
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nitrogenous compounds that are among the insecticides. Insecticides are chemicals used for
environmental pollutants. Detection of these the treatment of many insects that can affect the
compounds has also been achieved by a plant growth. Further such chemicals can
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commerci al sensor t e
Sezginturk, 2015).
Detection of Aromatic Hydrocarbons

The use of sensor for the detection of
polycyclic or aromatic hydrocarbons has been
reported either using genetically modified
microbes with whole cell (Cevik et al.,2016; Lei
et al., 2006). This is because; aromatic
hydrocarbons such as phenol and cateen®
among the environmental toxic chemicals that
can be discharged into the environment as a
result of industrial and other purposes. An
amperometric monooxygenase biosensor was
designed for the detection of these compounds.
In such a study, E. coli wassed as a working
organism. E. coli was immobilized on the
surface of gold electrode using chitosan as
biopolymer and iron oxide nanoparticles as
signal enhancer. The immobilization procedure
was achieved via entrapment method, which
covalently entrappedemce due to the presence
of nanoparticles large surface area to volume
ratio. The iron oxide nanoparticle were used to
increase the transfer of electrons thereby
achieving a fast and sensitive response of
sensors
Detection of Heavy Metals

Heavy metals also are among the
environmental pollutants that can cause a

serious disaster in the ecosystems. Biosensor hassoil

been designed to detect heavy metals in
wastewater and contaminated soil. An ammonia
selective electrode coupled with enzyme urease
by the inhibition activity of the enzyme was

wridergo ghinacCuBalatian dire vegetablasd and
grains leading to adverse effects over human
growth, development and hé#al During the
processes, these chemicals can also cause
environmental changes by altering the soil
fertility as such ddasoying many important
microbes and insects that are beneficial,
consequently affecting the biodiversity toward
negative impacts. Nadoiosensors have also
been used to detect presence of pesticides in
contaminated water and soil samples (Kumar et
al., 20®; Kumar and D'Souza, 2010). Following
are some of the pollutants that employed
biosensor for their detections. Polychlorinated
biphenyls (PCBs) are some nbiodegradable
chemical insecticides and herbicides used for the
effective control of pests and thst
respectively. However, these compounds
accumulates in the soil which are taken up by
crops, when taken by humans can cause serious
threats to their life. This is because most of these
chemicals are carcinogens. So, biosensor with a
piezoelectric tranatters base has been designed
to overcome this challenge. The biosensor is
based on the specificity of antigantibody
reaction (lvask et al., 2002). Recently nano
biosensors have been designed to measure and
guantify the presence of these chemicals
including pesticides in contaminated water and
samples (Mulchandani et al.,2001;
Chouteau et al., 2005; Wei et al., 2015).
Challenges and Future Directions

While biosensors offer a promising solution
for monitoring soil pollution, several challenges

developed for the measurements of these heavy remain, including:

metals. Like wise biosensors have been designed 1.

for sensing of various toxic heavy metals (Ilvask

et al., 2009; Hou et al., 2009; Chouteau et al.,

2005; Kumar and D@&uza, 2010).

Detection of Pesticides and Herbicides
Biosensors play a vital role in monitoring

pesticides, for example, organophosphates are 3. Data

among the most widely used as pesticides like
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Sensor calibration and validation
Biosensors require calibration and validation to
ensure accuracy and reliability.

2. Sensor stability and durability: Biosensors
must be designed to withstand environmental
conditions and maintain stability over time.
interpretation and integration:

Biosensor data must be interpreted and
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integrated with other environmental data to rapid detection, high sensitivity, and specificity,
provide a com biosensors have the potential to revolutionize
4. Regulatory frameworks: Regulatory the way we monitor and manage soil pollution.
frameworks must be developed to support the However, further research and development are
use of biosensors for soil pollution monitoring.  needed to address the challenges and limitations
In conclusion, biosensors offer a promising of biosensor tdmology.

solution for monitoring soil pollution. With their
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Beneath the soil, plants have a hidden defence syteomes, tubers, and roetsat help them fight
diseases naturally. These underground structures store nutrients, release protective chemicals, and foster
beneficial microbes that keep pathogens inckh&®hizomes like turmeric (Curcuma longa) and ginger
(Zingiber officinale) produce antimicrobial compounds that guard against harmful fungi and bacteria. Tubers
such as potatoes (Solanum tuberosum) and yams (Dioscorea spp.) contain natural toxipsé&satesli

borne pathogens. Roots also play a vital-taj@oots in carrots and beets store protective chemicals, fibrous
roots support beneficial microbes, and adventitious roots like those of marigolds release nrematode
suppressing compounds. Plantsoaform partnerships with microbes for added protection. Arbuscular
mycorrhizal fungi (AMF) improve nutrient uptake and strengthen immunity, while Rhizobium bacteria
enhance legume resistance to diseases. By harnessing these natural defenses, wegatafaealdly

disease management strategies, reducing reliance on chemical pesticides. Understanding how underground
plant parts contribute to plant health offers a sustainable path for improving agriculture and protecting crops
naturally.

Introduction al., 2017). Similarly, tubers such as potatoes

in (Solanum tuberosumproduce glycoalkaloids,

which serve as natural barriers against fungi and
bacteria (Patel et al., 2018). Adventitious roots,
such as those in marigoldsTagetes spp.

release special compounds that naturally control
nematodes and fungal threats ¢htia & Verma,

2020). Beyond their chemical defenses,
underground plant structures also work in
harmony with beneficial microbes to strengthen
plant immunity. Arbuscular mycorrhizal fungi

Plant diseases are a major challenge

agriculture, leading to significant crop losses
and economic setbacks. While chemical
pesticides have long been the-tgosolution,

their excessive use raises concerns about
environmental damage, human health risks, and
the development of pesticidesistant

pathogens (Singh et al.,, 2020). As a result,
scientists and farmers alike are exploring

natural, sustainable alternatives. One promgisin AME) f biotic relationshi ith root
solution lies beneath the s®iunderground ( ) form symbiotic relationships with roots,

plant parts like rhizomes, tubers, and roots, enhancing nutrient abgption while shielding

. . . plants from soHborne pathogens like Fusarium
which play a vital role in plant defence and )
and Pythium (Chaudhary et al.,, 2021). By

understanding and utilizing these natural
defence mechanisms, we can develop more
sustainable farming practices that reduce the
need for synthét pesticides. Harnessing the
power of underground plant parts offers an-eco
friendly approach to protecting crops, improving

disease management (Kumar & Sharma, 2018).
Rhizomes, for example, act as natural disease
fighters by storing bioactive otnpounds.
Turmeric Curcuma longacontains curcumin, a
powerful antimicrobial agent, while ginger
(Zingiber officinal@ is rich in gingerol, which
helps plants resist harmful microbes (Pandey et
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soil health, and ensuring food security for future borne pathogens while promoting beneficial
generations (Saxena & Pandey, 2019). This microbes (Mishra & Verma, 2020).

article delves into the fascinating role of 4. Nematicidal Propertiesi The sulfur
rhizomes, tubers, and roots in plant disease containing compounds in garlic act as natural
management and their potential to revolutionize fumigants, reducing nematode populations in

sustainable agriculture. the soil (Chaudhary et al., 2021).
M st gdPr Chrd rd Ehf gs dRjseaSes Ggraled Qymtesk Natueal Adgehtanf d g +
Turmeric, and Garlic in Plant Protection Numerous studies highlight  the

Modern agriculture faces a constant battle effectiveness of ginger, turmeric, and garlic in
against plant diseases, with farmers relying controlling plant diseases, including:
heavily on chemical pesticides. However, the Fungal DiseasesFusarium wilt in tomatoes and
excessive use of these chemicals raises concernshananas HRusarium oxysporur), Powdery
about environmental harm, pesticide resistance, mildew in cucurbits Erysiphe spy).
and food safety (Singh at., 2020). As aresult, = Bacterial Diseases Bacterial wilt in potatoes
natural alternatives are gaining attention. and tomatoesRalstoniasolanacearur)) Soft rot
Among them, ginger Zingiber officinal@, in vegetablesErwinia spp)
turmeric Curcuma longg and garlic Allium Nematode Infections:Rootknot nematodes in
sativum) have shown remarkable potential in carrots and cucumbersi€loidogyne sp).

plant disease management due to their strong Plant Tubers: A Natural Solution for Disease
antimicrobal properties (Kumar & Sharma, Management.

2018). Plant tubers are more than just storage
Active Compounds Behind Their Effectiveness organs for nutrients; they are powerful natural
The diseaséighting power of these plants  defenders against plant diseases. Tubers such as
comes from their rich chemical composition: potatoes $olanuntuberosun) yam Qioscorea
Ginger: Gingerol, shogaol, and zingeroihe spp), and cassavavanihot esculenfacontain
antifungal and antibacterial properties. bioactive compounds that exhibit antifungal,

Turmeric:  Curcumin, turmerone, and antibacterial, and nematicidal properties (Singh
zingiberenei controls fungal infections and et al., 2020). With growing concerns over
enhances plant immunity. synthetic pesticides, these natural alternatives
Garlic: Allicin, ajoene, and sulfur compounids provide an ecdriendly and sustainable
effective against bacteria, fungi, and nematodes approach to diseaseamagement.

(Patel et al., 2018). How Do Tubers Help in Disease Management?
How Do They Work? (Mode of Action) (Mode of Action)

These natural protectorgontrol plant Tubers protect plants through several
pathogens through multiple mechanisms: mechanisms:
1. Antimicrobial Actioni Bioactive compounds 1. Antimicrobial Properties T Bioactive

in ginger, turmeric, and garlic disrupt the cell compounds in tubers inhibit the growth of
membranes of harmful fungi and bacteria, Pathogens by disrupting their cell membranes
preventing infections (Verma et al., 2021). and metabolic functions (Kumar & Sharma,

2. Induced Resistance These plant extracts  2018).

activate the plantos 2nlRducedPlantimgunityé hubess enapcet e m,

PN

boosting immunity against diseases (Pandey et@ Pl ant ds defense system,
al., 2019). infections naturally (Verma et al., 2021).

3. Soil and Root ProtectignGarlic and turmeric 3. Soil Health Improvement i Some tuber
release bhioactive Compounds that suppress soil extracts promote beneficial microbial aCthlty,
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reducing soiborne diseases (Mishra & Verma,
2020).

4. Nematode Suppressioni Certain tuber
compounds act as natural nematicidal, limiting
nematode infestations in crops (Chaudhary et
al., 2021).

Diseases Controlled by Tubers.
Research highlights the effectiveness of

tubers in managingvarious plant diseases,
including:

Fungal Diseases Late blight in potatoes
(Phytophthora infestan$, Black rot in yam

(Ceratocystigimbriata)

Bacterial Diseases Bacterial wilt in cassava
(Ralstoniasolanacearury) Soft rot in potatoes
(Pectobacteriunspp)

Nematode Infections Rootknot nematodes in
tuber cropsNleloidogynespp)

Bioactive Compounds in Tubers
The protective potential of tubers comes

from their rich chemical composition:

Potatoes: Glycoalkaloids (solanine, chaconine)
I Strong antimicrobial activity against fungal
and bacterial pathogens.

Yam: Dioscorine and flavonoids Effective in
controlling fungal and nematode infections
Cassava: Cyanogenic glycosides and tanhins
Antimicrobial and nematicidal properties (Patel

et al., 2018)
Role of Mycorrhizal Associations in Disease
Management.

Mycorrhizal fungi form mutualistic

relationships with plant roots, enhancing
nutrient uptake and providing disease resistance.
Arbuscular mycorrhizal fungi (AMF) improve
plant immunity by inducing systemic resistance
against pathogens likBusariumand Pythium
(Chaudhary et al., 2021). For example, AMF
colonization in tomato plants has been shown to
reduce the severity of ro@nhot nematodes
(Verma et al., 2020).

Allelopathic Effects of Underground Plant Parts.
Allelopathy refers to the chemical

inhibition of one plant species by another
through biochemical compounds released into
the soil. NeemAzadirachtandica) root extracts
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contain azadirachtin, which suppresses fungal
pathogens (Saxena & Pandey, 2019). Similarly,
black walnut Juglansnigra) secretes juglone,
which inhibits the growth of setborne fungi
and competing plant species (Bhardwaj &
Singh, 2018).

Conclusion

The underground structures of plants
rhizomes, tubers, and rogi$ay a crucial role in
natural disease management by storing bioactive
compounds, fostering beneficial microbes, and
enhancing plant immunity. Rhizomes like
turmeric and ginger produce antorobial
agents that protect against pathogens, while
tubers such as potatoes and yams contain natural
toxins that deter fungi, bacteria, and nematodes.
Additionally, roots contribute through their
allelopathic effects and symbiotic relationships
with mycorhizal fungi, further strengthening
plant defenses.

Harnessing these natural mechanisms
presents a sustainable alternative to chemical
pesticides, reducing environmental harm and
pesticide resistance while promoting soil health.
By integrating these biological strategies into
modern agricultural practicesje can enhance
crop protection, improve food security, and
support ecdriendly farming. Understanding
and utilizing the hidden defense systems of
plants offers a promising path toward a more
resilient and sustainable agricultural future.
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about 3 to 3% months in &kthy and viable
condition. Moreover,conventional propagation
methods of rhizomess being slow due to a
dormancy period Another major constraint
involved in the conservation and cultivation of
ginger are the soil borne diseases such as
rhizome rot caused Bythium aphanidermatum
and the bacterial wilt caused Hyalastonia
solanacearum Conventional use of larger
pieces of rhizomes as planting materials and
farmersd practice thd subse
mother rhizome at later stage of crop growth
invites number of diseases causing micro
organism and ultimate crop loss occlinough
transplanting in ginger is not conventional, it is
found profitable Furthermore, the bulkiness of
ginger rhizomes as planting material makes it
costly and laborious to handle. Therefoir,
vitro propagation is a suitable alternativeda
rapid method of multiplicatioffor the effective
production of gingerespecially for newly
developed high yielding varieties, which are
available in small quantitiestransplanting
technique
Conventional Propagation Method

Preserved seed rhizomes are cut into small
pieces, 2.5%.0 cm in length, weighing 2B5 g
each, with one or two good budghe seed rate
varies from region to region and with the method
of cultivation adopted.In Kerala, the seed rate
ranges from 1,5000t 1,800 kg/ha.At higher
altitudes, the seed rate may vary from 2000 to
" 2500 kg/ha.The seed rhizomes are treated with
Mancozeb 0.3 % (3 gm in 1 litre of water) for 30
minutes, shaddried for 34 hours, and planted

Ginger ¢ingiber officinaleRosc)belonging to the
family Zingiberaceagis a herbaceous perennial
plantprimarily valued for its rhizomes, which are
widely used as a spice. India ranks among the
top producers of ginger globally, and the crop is
cultivated across many states in the country.
Major gingerproducing states include Kerala,
Karnataka, Meghalaya, Mizoram, u#wrachal
Pradesh, Sikkim, and Nagaland. Apart from its
culinary uses, ginger is also recognized for its
medicinal properties. Its strong, spicy aroma and
sharp, pungent flavor are due to the presence of
a bioactive compound called gingerol, which not
only contributes to its distinctive taste but also
makes it a staple ingredient in many Asian
dishes.

In India, ginger production in 2023024 is
estimated aR.43 million metric tons This
represents a significant increase from 760
thousand metric tons R015, indicating a rise in
demand for Indian spices, including ginger, in
the South Asian region and for expdks the
demand increase,s the production should also
increase.

Ginger is propagated vegetatively using
rhizome. Whole or split rhizomes with healthy
buds is used for planting. In ginger, planting
material requirement is very high and seed
rhizomes alone contribute 40 percent of total
production cost in ginger. Nearllj7 1 20 per
cent of the produce is retained and stored
annually for subsequent crop as seed rhizome
From the time of harvesting of rhizome
(JanuaryFebruary) till subsequent planting
(May-June), the seed rhizome are to be stored
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Figure 1: Conventional Ginger Transplanting

in rows at a spacing of 286 cm within the rows
and 2025 cm between the rowsThe seed
rhizome bits are placed in shallow pits prepared
with a hand hoe and covered with wedtted
farmyard manure and a thin layer of soil and
levelled.

Single Sprout Transplanting Technology
[IISR, Calicut]

A transplanting technique in ginger by
using single bud sproutsSingle Node Cutting
(about 5 g) raised in piways has been
standardized to produce good quality planting

tagd

material with reduced cost. This technology
involving transplantation of the sprouted buds
having intact root system minimize the chances
of disease infestation. The yield level of ginger
transplants is on par with the conventional
planting system. The thoique involves raising
transplants from single sprout seed rhizomes in
the protray and planting them in the field after

30 days. The advantages of this technology are transplanting

the production of healthy planting materials, the
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reduction in seed rhizome quantity, and
eventually reduced cost on seeds.

Select healthy ginger rhizomes for seed
purpose. Treat the selected rhizomes with
mancozeb (0.3%) and quinalphos (0.075%) for
30 min and store in a wellentilated place. One
monthbefore planting, the seed rhizomes are cut
into single buds with small pieces of rhizomes
weighing 46 g. Treat the single bud sprouts
(mancozeb 0.3%) for 30 min before planting.
Fill the protrays (98 well) with nursery medium
containing partially decomped coir pith and

Figure 2: Ginger Transplanting

vermicompost  (75:25), enriched  with
PGPR/Trichoderma 10g/kg of mixture Plant the
ginger bud sprouts in piinays. Maintain the
pro-trays under shade net house. Adopt need
based irrigation with rose can or by using
suitable sprinklers. Seedlings will be ready
within 30-35 days for transplanting.

Using single sprout nodes of ginger for
offers several advantages,
particularly in terms of efficiency and
productivity. This method allows farmers to
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maximize the use of seed material by producing
more plants from a smaller quantity of ginger,
significantly reducing input costs. It enables
higher planting density, leading to better land
utilization and potentially increased Yyields.
Single sprout nodedten grow more uniformly,
which simplifies crop management and
harvesting. Additionally, selecting healthy,
sprouted nodes can help reduce the risk of
disease transmission, especially when using
treated or diseadeee planting material. This
technique als supports easier handling, storage,
and transport, making it especially useful for
both smalscale and commercial ginger
cultivation.

Microrhizome Technology
The production of microrhizomes involves

rhizomeproducing plants

growing under
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Figure 3: Microrhizomes Ginger
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controlled tissue culture conditions. The process
begins by selecting healthy, disedise
explant® usually shoot buds or meristeins
which are sterilized and cultured in a nutrient
rich medium. Under sterile and regulated
conditions of light, temperaturand humidity,
these explants develop into plantlets. To induce
microrhizome formation, the plantlets are
transferred to a special medium enriched with
high concentrations of daohydrates (especially
sucrose) and plant growth regulators like
cytokinins. This stimulates the formation of
small, storage rhizomes, known as
microrhizomes, at the base of the plantlets.
These microrhizomes can be harvested, stored
under cool, sterileanditions, and later used as
planting material. They offer several benefits
including yeairound production, ease of
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transport, and reduced risk of disease, making
them a valuable tool in rapid multiplication and
commercial production of higbuality planting
stock.

Cultivating ginger using microrhizomes is
a modern farming technique that brings several
important benefits, especially for farmers and
commercial growers. Microrhizomes are small,
lab-grown rhizomes produced through tissue
culture, ensuring they are frdem diseases and
pests commonly found in sejrown ginger.
This results in healthier plants and better yields
without heavy reliance on chemical treatments.
Because they are uniform and genetically
identical, microrhizomes grow more
consistently in the iéld, making crop
management easier. They are also lightweight,
easy to transport, and can be stored for longer
periods, allowing farmers to plant at the most
suitable time. Overall, microrhizome cultivation
helps improve productivity, reduce losses, and
support sustainable ginger farming.
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Conclusion

All methods have their own advantages in
ginger cultivation, but the choice depends on the
scale, resources, and goals of the grower. For
traditional or smalkcale farmers, the single
sprout node method is often more practical and
costeffective, allowing efficient use of seed
material and good yields with relatively simple
techniques. However, for largeale
commercial production and those aiming for
diseasdree, uniform, and higlguality planting
material, the microrhizome method is superior.
It offers better control over plant health, faster
multiplication rates, and yeawound availability,
making it ideal for modern, intensive farming
systems. Therefore, while both methods are
valuable, microrhizome propagation stands out
as the better option for adnced and sustainable
ginger production in the long term.but for the
small scale farmers, the single sprout node
method is often more practical and cost
effective, allowing efficient use of seed material
and good yields with relatively simple
techniques.
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Enhancing nitrogen usage efficiency (NUE) is a key component of modern fertilizer application
principles in order to attain sustainable agricultural output. One example of an advanced technique is
precision agriculture, which minimizes nutrient loss btirojzing fertilizer delivery using sensors and

GPS. Additional innovations that enhance NUE include fertigation, nutrient synchronization, and
controlledrelease fertilizers. Furthermore, microbial inoculants and organic amendments improve
nutrient absgstion by managing soil health. In addition to mitigating soil deterioration and reducing
environmental consequences, these strategies support the sustainable intensification of agricultural
production.

Keywords: Nutrient Use Efficiency (NUE), Precision Agriculture, ControlRdlease Fertilizers,
Microbial Inoculants

Introduction organic, derived from natural resources like
compost or animal dung, or synthetic, derived
from chemical compounds. The particular
requirements of the plants being cultivated, as
well as the soil conditions, determine the kind
and quantity of fertilizer tat is utilized.
Compared to chemical fertilizers, organic
fertilizers are typically easier to find locally and
are less expensivé\ksoy, 2001). The basis of
soil fertility is organic
matter Solomon Wisdom
2012). Microbial fertilizers
contribute significantly to

Effective nutrient management techniques are

required to maintain agricultural production in
light of the growing worldwide need for food.
However, poor NUE frontraditional fertilizer
applications frequently results in environmental
issues such as greenhouse gas emissions
nutrient leaching, and volatilization. Therefore,
site-specific management, sophisticated
formulations, and|
digital technologies
are the main ways

that current 3
fertilizer plant nutrition and are nen
application bulky, economical, and

safe for the environment
(Aboudrare, 2009).
However, when misused,

approaches aim tc
improve NUE. The

urpose of

fertirl)izers is 1o inorganic fertilizers are
0 ] infamous for their high

enhance the soil's Figure 5: The 4R Concept

expense and  harmful
impacts on the environmenkm@hajan et al.,
2008).

Due to nitrogen imbalance and soll
degradation, they may result in lower
"agricultural yields ijoeek et al., 2018). As a

capacity to sustain

plant development. They include vital plant

nutrients that are either absent from the soil or
present in inade@ie amounts for the best

possible plant development, such as potassium
phosphorus, and nitrogen. Fertilizers can be
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result of the presence of high levels of 0 Rat e Based on crop requir

phytotoxins and a high C/N ratio, especially in findings, and applicatic
immature organic materials, some researchers amount of fertilizer t o
have concluded that the effects of organic determined. I't' s critica
manures are not always positive and thatsome suggested rates to preve
organic materials may inhibit pia growth and possible harm to the
(Craft and Nelson 1996;de Bertoldi, 2010). crops.

The ecosystem may suffer from This technique is frequently used in

overfertilization, thus, it's critical to apply agriculture and is regarded as a standard crop
fertilizers sparingly and in compliance with fertilization strategy. It is crucial to remember,
suggested practices. A balanced fertilization nevertheless, that new knowledge of soail
strategy that incorporates thseuof chemical, nutrient dynamics and developments in fertilizer
organic, or biofertilizers must be designed and technology are resulting in rdizer
assessed since good fertilizer management is management strategies that are more effective
necessary to sustain both an enhanced andand ecologically friendlier. The goal of
protected environmentT(enkel, 1997). All contemporary methods for managing and
things considered, these contemporary methods applying fertilizer is to minimize the negative
of managing and applying fertilizer seek to effects of fertilizer use on the environment while
minimize the negative effects of fertilizer use on increasing crop yieldsdecreasing waste, and
the environment while boosting productivity, increasing efficiency. These methods include
cutting waste, and improving crop yields. INM, CRF, Fertigation, and Precision
The following procedures are usually Agriculture. Precision agriculture concentrates
involved in the traditional fertilizer application =~ on crop management for small areas, whereas

method: organic and microbial fertilizers are economical

0 Soil te®diagcertai n andenviopprentallynbaneficial. €RAs lower the
l evel s, and other p r danper r of ioeedertiliaation tahde apdiaationh |, a
sample of the soil i sfrequentyl by crelemging enuatrientse gradoailyn e d .

The right kind and ¢ Uartigationtegablesfirrigdtienrsysterhsitozsepply ma y
be chosen based on t hnatriehts rpekcisely sBy balancing inputs,

U FertilizerTlel feicn diomgweseniing sod feltilityt and opsmizg yield,
and the particul ar n egmfitabilityp dnd poluton, ¢ntegraied &lutrient u s e d
t o det ermine t he k i NMahagement (INM) deahmituest nyaximzd the

fertilizer to be appluseedf.fertilizer and soil amendments for

O Timingertilizer appl iefficgentiandsustaisablelcsop pradilicon.d o n e
at certain times durlm®gethei gm oAvdrhic cseelmtsuorana a g e |
and timing is crucial.sttroategqytlmewn derpie¢cizei

based on nitrogen aretforenquemtlitlhheukeddbantd nur
during planting and awgiatim theouglmdutcrtoltpe requ

growth season. sections of Siad dfessrhm, feit e | ac
O Application : t eBaohomidcuwe2s0t20) . Wit h this techni gl
spreading, band appl iacpaptliioend, whede famldi awvhen it
application are some osfattehd itteechnmggiesguseGPS,
to apply fertilizer. iTthentcirfoyp, eadable tpymeat 0f

fertilizer, and t he smoe ¢ uicroenndei nttiso.n sThwisl Icam@al b c
influence the techniqguaedecrease fertilduwtetri nwgast

edge technol ogy Idi ke GP
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sensor s, precision aGrraincud latrur e t adod e tfaer tainldi z
contemporary agricul tdmoalmulaaptpiroonasc har ¢ hamong t h
gat her s i nformati on omopsbDirdell lcemdeat hierti BAinder s.
crop healt h, among otheat etdopisd sn.g al hviasri ety o
information is then exmani ynredr $,0 weahean,ceander esi
efficiency and precishenfeofilfaemlegrate of

operatiopsansunbg, aser tiindizriangt,h gantwhe i deal pha
harvesting, and to optdrnowteh,cr €RFyi edns.ecTohegi

goal of precision agrimethtoudre has togevotueasai
agricul tural productiyieydswhile reducing
cost s, conserving r es3ahgrcteisghadaainangmit miomi ziisnga p
t he i mpact on t he enwhrohmemer t iAiinzienrgs ar e
particul asmgl | foffrar mercsonjiumction with irrigat:i
underdevel oped nat i onisrr ipgetviidressydsthem t o i nc
possibility of signifiefantciyinelyd whioweé h awistoh

mi ni mum exter nthdk k,i mpupgrods®&ahn@an(and®0o2dwy. Thi
2016). Yi el dbamoend tmappi n3gP0oS v e s applying fertil

and field anal ysi s, riermoitgeat s ensisygt é m, gal | ow
drones or satellites),efvfairdiadonte dalteveeghodl anq
for seed, fertilizer, Reardt ipgasttiicn dreefagmd itcati o
and preci sion irrigateonil sysetemsi natadi ng es
exampl es of preci sibo craogprsiachuhlitoutegeglat i on Sy ¢
tehnol ogi es. GPS per4 .8pomhn dreasrtmaygs bmay apply t
divided into two modeguadiifferenmntialfemodeéi zer
(DGPS) , whi ch empl oys otvveea freeadédilVverag,i omne whi ch
on et hmachi ne or i mpl eemewitr osmmtenbak i ssues | i ke
installed in a stationuasriyngl oca@itli ohestandg sitmomglie
receiver mode, which gaehgersemémt sag afat 4 haen d c

transl at esKunmart.oetpd&li Tt ompdénent of garodhd reimp@mr an (
Farmers may use these atgodlcsulttawrmake Isetitlert est |
decisions about their topefatritohnstyi aodudiungi t
when to plant or harv&ewvecabpmet hodvs nfucrh t est i

water and fertilizer ta) u€bemiacal whkeorn é ttoe sutsien
their resources for opméanziumr s otddhue tp Milt gv alng, r
profitability. ot her chemical propertie
2 Contrrenllease :felrmitorzerbBabortaot ory anal ysi s. To
traditional fertilizecsenctematr atriednresaseof t hwiitral
nutrients rapirellyv,asepovassobulmed phosphorus, a
fertilizers ar e speciaadampaleasy gdlrtaenrt e dn wtnrdi esrutbami
made to release their fnourt ra ebatst eorvye rofa clhoemyg ecra |
period, usually several) mdhtylss.calln sdidli t itcers ttim
| ower i ng y hef fapppmluiemat acis esrsde st htehe soil ' s phys
possibility of overferitmndliuditmgntartdut be rsdlratce
adverse environmental asweactainthesr efgeurltatied y
release of nutrients emalklres plants to get a
consi stent supply of vital component s.
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F aretritli il 2 erad :i conwentiamalyi produced foods. Critical reviews
g i wndosd spehce and sutritiorh 42(18Mu t r i ent s
emp !l o5 iCrafy CoM.g & MNelson, lBa B. (X996a | s

a n i maMicrolial prapertiesTdfi compodtsethathsnpprgsa e
sust ai nabdampgngof gnd roct wt df areemng bemtgeasss e n
artifici aéusefl byr Rythilm graenmisola. Applied amdn h a n ¢
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5.0rganic

organic material s

they require by

|l i ke compost or

can support
reliance on

soil .he@héh kind of
technique is organic
organic material s

pl ant nutrients.
natur al resources
green

contrast to

t hat wuse synthetic
0O Compost: A Dbl end

t hat have broken
scraps, grass

U0 Manur e i s a
bedding materi al

iU Bl ovMe@ al A

Or g wilizatian
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Eneirgnmentalu Microbiolagy, 62(5), 1550
185&rtili zati on, whi ch

i zing

Nitrogen

us es

t 0o 6 deoBeitoltlie M.c (2@l®).s Produdtidn andi t a |
foé r tsuppreésgive t | ammpostu s e s
| i keeviroonoemal,o fodd, and ahealihr éenefits.n d
manures | t der tnpMiadbegs,atswonk: From wastes to resources,
tradi ti onds8lLl70.f er t i |
f e7r Hakkimj Vz &.,rJeseph, E. A., Gokul, A. A,
o f & Mofeeghe,rKi (2016 Brécisionifaaming: the
d ofutume, of Indiancagriautturen Jpurnél of A\pplied
c | i p p iBiolggg and Biotedhndlogyad(6e B6B72.

C 0 mp o s8t Hijloeek, R.i Hx E. Mr, €en Berfie, H. F. M.,
a n Whitmore, m.aP1, Baekuskyr De, ®ahndder, J. J.,
finely - cr & ¥dndteersum, ivi. gkn (2018).

techni ques

nitrogen powder p r deptibser e kplacemeotm values i fa d organic
ground ani mal bl oo d.amendments appear to increase with N

U0 BonMeal A -phhiagshp hor us appticatiore rrates. Nutrient cycling in
prepared from pul v e ragroroesystems 11Mmdd35.bone s .

O Fi €mul si &an | i qui d f er Jamsten, Be . (1998).alntegrated nutrient
contains high | evel smanadememti the useq & wrgamia dnd onindrad r
vital el ement s, m dentilizéra int The rele of pfant awutrients for
processed fish wast eustainablefood crop productionin sBaharan

0 RockPhosphatesfi nel y Afrgca ¢pp.n d89105). Ver. Kunstmest
mi nerassled form of phRagénten.us that i s
utilized as fertil i A® Krishna B, Krishnappa KS, Reddy NS and
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The degradation of soil quality due to industrial pollution, excessive use of agrochemicals and
unsustainable farming practices has become a critical concern for global food security and
environmental sustainability. In response, nanotechnology is ganuirgasing attention as a promising

and innovative approach to revitalize soil health through effective remediation and improved nutrient
management. This article delves into the multifaceted applications of nanomaterials in addressing two
major challengesn agriculture: soil contamination and nutrient inefficiency. Nanoparticles such as
Nanczer o valent iron (nzZVI), titanium dioxide (Ti
efficiency in removing heavy metals, organic pollutants and pathogensfataminated soils through
processes like adsorption, catalysis and redox reactions. These nanomaterials offer advantages over
conventional methods due to their enhanced surface area, reactivity and stability under diverse
environmental conditions. Morger, nanotechnology is revolutionizing fertilizer delivery systems by
enabling the development of nafestilizers engineered to release nutrients in a slow, targeted and
controlled manner. This reduces nutrient losses through leaching and volatilizatiances nutrient

use efficiency and minimizes the environmental footprint of conventional fertilization.-darers

can also be designed to respond to specific environmental triggers, ensuring nutrients are delivered
when and where plants need them madse integration of such technologies not only boosts crop
productivity but also contributes to the restoration and-teng sustainability of agricultural soils.

This article explores the mechanisms, materials and practical implications of nanotgghindoil
remediation and fertilization, while also addressing the potential risks, regulatory challenges and areas
for future research. By bridging cuttieglge science with sustainable agriculture, nanotechnology
holds the potential to transform soil neaement practices and support a more resilient anfiliendly
agricultural system.

Keywords: Agriculture,Fertilization, Innovation, Nanotechnology, Soil health

Introduction issues sut as water pollution, greenhouse gas
Soil is the foundation of agriculture and a vital emissions and biodiversity loss. In recent years,
component of terrestrial ecosystems, providing the application of nanotechnology in agriculture
essential nutrients, water and structural support has emerged as a promising avenue to address
to plants. However, modern agricultural these complex challenges. Nanotechnology
practices, industrial activities and environmental involves the manipulation of matals at the
pollution have sigificantly degraded soil nanoscale (1100 nanometers), where they
quality, leading to reduced fertility, exhibit unique physical, chemical and biological
contamination by heavy metals and organic properties. These properties allow nanomaterials
pollutants and disrupted microbial ecosystems. to interact more effectively with soil
These challenges not only threaten food security components, pollutants and plant roots, offering
but also contribute to broader environmental innovative solutins for both soil remediation
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and nutrient delivery. In the context of soil
remediation, engineered nanoparticles such as V
Nanazero valent iron (nZVI), metal oxides and
carbonbased nanomaterials have shown
significant  potential in  degrading or \%
immobilizing harmful contaminants, theseb
improving soil health and restoring its

ecological functions. On the other hand, the x Car bhoans e d

development of Nanéertilizers offers a more \%

x Met al

ISSN : 3048 - 989X

Oxi de Nanoparticl es
Titanium Di oamdenc(Ti O
Oxi de UAm@) f or phot oca
degradation of organic |
Generate reactive oxyge
under Uv [ ight to break
mol ecul es.

Nanomateri al s:

Graphenandai th@amot ubes

efficient alternative to conventional fertilizers have strong adsorption |
by enabling controlled and targeted nutrient V Bi nd and i mmobilize org
release. This not only impves plant uptake and reducing bioavailabil it~
crop yield but also reduces nutrient lossestothe 4 Mec hani sms of Acti on:
environment, mitigating the adverse effects of V Redox reactions for chemical
excessive fertilizer use. This article aims to transformation of pollutants.
explore the dual role of nanotechnology in V Adsorption to bind and immobilize
reviving soil health: first, by removing or contaminants.
nedralizing  pollutants  through  narno V Catalysis to speed up degradation
remediation techniques; and second, by reactions.
enhancing soil fertility and nutrient efficiency V  Photocatalysis using lightactivated
through naneenabled fertilization strategies. It nanoparticles (e.g., Ti!
also discusses the underlying mechanisms, 5 Advant ages of Nanoremedi &
recent advancements, potential risks audre V. Faster and more efficie
prospects of nanotechnology in sustainable soll met hods.
management. V Can target poll utants
Neutralizing Pollutants through concentrations.
Nanoremediation Techniques V Mini mal di sturbance to
1 What is Nanoremedi ati gnPotential to stimul ate I
V Use of engineered nag@mapiefj/_als t o
remove, degrade org Lfefttradliioh® aSnod !Concerns:
pollutants. V Potential toxicity to s
V Of fers higher efficiemfiYertolbhbar traditional
remedi ation due to Nampskalbe heaepbh¥Ytli¥le ac
and surface area. environment .
2. Types of Pollutants Targeétmededcalieel data and n
V. Heavy met al s (e.g., I @ ydloastE 5 Bh ¢ M,
arseni c) V High production and ap
V Organic poll utants (ecérrenRegygthicides,
petroleum hydrocarbong)Fuyture Outl ook:
V I ndustrial chemical Svaliaéjsé)é\rt@wge-ﬁ'%itendleyco anoc
3.Common Nanomaterial s Usﬁd'odegr adable nanoparti.
x Nanzoero Valent Iron (nZViddvel opment spéci fiscit

V nghly reaCtive; reduces heavy metals nanoremediati on Sys t ems
and degrades organic pollutants. V Integration with bior e
V  Example: Converts toxic chromium (VI) phytoremedi ation for hy.

to less harmful chromium (111).

Volume-01, Issued6

APRIL 2025 Page [70
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Enhancing Soil Fertility and Nutrient Efficiency 6 . Environment al and Ag
through Nano-enabled Fertilization Strategies Advant ages:
1. Probl e@owvehtional Fext L kkdeh8trient runoff an

V.,Low nutrient use ef{fBgeteBEYcroBUE)i.el ds and |

especially for nitrogedgy@pdrtPdOBPNPINIUST-ert il it
V. Nutrient | oslseachitmMdgchadh enges and Considerat

volatilization, and ¢ iM&ddOoOPoerimosgfety studi
V. Environment al i ssues:ignddrecbdWatedqy i mpact ) .

contamination, eut rno Elighdtmi &n via@lﬁ‘idlity and

greenhouse gas emi ssyORSgul atory framewor ks
2 WhatNandoertilizers? perception.

V. Nutrients deliver edpmegbnisns hd? NamdtétihSGogya in€ SoiP '
carried/ coated by naanagehetter i al s.

V Designed fcom t rsololwe d .A dasnadr pNtainorp:ar t i cl es wi t h |
targeted nutrient relaraesae.can adsorb contamin

V. Enhanced mobility andiahbsiogr piti obodhieremedi at i
small particle size. nutrient release.

3. BenefNamfoeaft i | i zer s: 2. RedBRractNamematerials | ik

T Controél &avavior zero val ent partoinci paZ V¥l )

V  Nutrients released in response to oxi datedocti on reactions,
environmental triggers (e.g., pH, toxic pollutants (e.g., |
moisture, root exudates). har mf ul f or ms.

V  Reduces losses and matches plantgrowth 3 .Cat al yPhet anodWeatl aylsisxi des
needs. such as Ti O and ZnO

x | mpr oBvffefd ci ency breakdown of organic p o

V  Higher nutrient uptake and reduced activated by Il ight, produ
fertilizer usage. speci es (ROS) t hat deg

V  Example: Nanaurea increases nitrogen substances.
use efficiency with lower input. 4 Encapsul aCibahbr alnlde:d Rel e

x EnhanMiecdr onut ri ent Del iNmeagogyyr ri ers can encapsul a

V  Betterbioavailability of zinc, iron, copper micronutrients and rel ec
etc. based on environment al c

V  Helps correct soil nutrient imbalances temperature or moisture.
more effectively. 5.Microbi al Sti amati on:

4 TypeNawdbcarriers nanomaterials can sti mul

V  Polymeric nanopatrticles activity, indirectly el

V  Mesoporous silica bi oremedi ati on and nut

V  Nanoclays processes.

V  Hydroxyapatite (for phosphorus delivery)  Recent Advancements

5.SmartRasiplonsi vie Syst emNanwrea aNanwhosphates:

V Integration with pr &oimgnedrei algr ip¢ glugpes ad e ke
tool s. being devel opesd ednd s howi

V. Nutrients del i vieirreed biagRer onutrreigant use effi
pl ant needs. environment al i mpact .

V Possibility of céminadifagti lWiztehReSpehemse

bi ostimulants or benefafdc®mmulimtciregmest hat rele
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reaction to plant siigRal Bcy Reagnudlva tr ioomme neavie | o g
conditions are under dEfvfed otpsnenttoward -bagsedting
Bi-manocomposi Eebri endl yegul ations, risk assessn
nanomaterial s mad e f r bma maegwoirckusl tfuorralsabe and ¢
natur al bi opol ymer s airfei ebledDlegnomeas eaatid mpmti 060
reduce toxicity and Expmpdownwg reséebhrch from
compatibility. pil ot programs to -evaluat
4 Combi Ted hno:llomgtiegr ati oaf feefcti veness and scal abi
nanotechnol @gyr e me, d ih aRecenb Studies on Nanotechnology in Soil
precisi on, agmoilc wldtrusroeRamediation

retail me nutrient managehmehtii eamdnpaablfeeddti | i zers

w

monitoring. frdmte I ndustry Waste

Potential Risks and Concerns A recent study develope
1.SoiEcot oxiSoimey nanoparehabbked ferti hDP&ERS OyDP
especially i n hi gh compreeagnati®epsnanm@eyt ruct ur
negatively affect soMilt h fphwspho(ecgacid and
earthworms) and benefiTthease mifcearotbielsi,.zer s enhan
2.Per si st enAccec umwnidaNtoinon retenti on and provided
bi odegradabl e nanomaktelké¢ase, sni gmit f i cantly
accumul ate in the soilghbhe¥Wtrht¢m@mpanetdetr BngoBvErl
struct urteeranm df erotnigl i t y.EIl saét @#ll24,)

3.Groundw&bat ami:nMobbhex Str atMagiagemb®lanfoertili zers
nanoparticles could | efa08tst amit ®ma bylreo uhidonea t Yeire | d
systemsyying adsorbed Thellotaat-®APorwi bh nadoc
acting as contaminant sdahesms olfvesi trogen and |

4 Regul Stapkypck of compr dieendisi g ated significant
gui delines on the use,rdoeag®rnowtnhkl, diyipelsdal oafn
nanomaterials in agriceafiffiucia@ngy.i | shis approach

5.PubPeccepinicentainty armd tlegonkataive t o traditi
awareness about nanoaoned Nordl, g hd/ys ghtheelt byl .Sah
agriculture can affect2O02d#9dpti on and policy
support. x|l nfluence fefrti Inianer s

Future Prospects productivity and profita
it GreenBiamdlegr adabl e: Nanomaeeri al s
Focus on devwalsemi nagr xpdieentu s ef eorft inlainmer s in ric
derived nanocarriers prhoavtenared f satfievea nidn boo:
environmentally frienddtyraw yield and net rett

G Preci sSioan Manmadesimmamgt hi ghl i ght t heir potent i é
nanosensof@oramd ahaoos efnohranrceealbot h productivity
ti me soi l di aegmpestiifdxsi caecndcubit eat iiotna aasl .not
nutrient delivery. (2024) .

Ul ntegr &toe d Heal t h xSh/fsfteeans -Dértndrnaeers on p
Nanotechnol ogy combi ned e miictahl prgpeicties of sc
amendment s, crop rotathylnr iachdr iccoenser vati on
tillage to enhance o0V eThaéapplicasono dflnansreasandananaircb i | i t vy .

fertilizers in hybrid rice cultivation has
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Potato (Solanum tuberosum L.) is one of the most important vegetable crops worjoiwidding
significant contributions to food security and nutrition. However, climate change, particularly increased
temperatures and drought conditions, poses a serious threat to potato yield and quality. This paper
explores the effects of heat and drousfinéss on potato physiology, with a focus on tuber formation,
yield, and nutritional quality. Additionally, strategies for mitigating these impacts through genetic
improvement, agronomic practices, and advanced technologies are discussed. The findlighs hig

the need for hedblerant varieties and adaptive farming methods to ensure sustainable potato
production in a changing climate.
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Table 1. Effects of Heat and Drought Stress on Potato Growth aridevelopment

Growth $ldeal TemEffect of Hig|/Effect of Drou
(AC)
Sprouti 16 Il ncreased spr|Delayed sprout
Establ ig 2025 Enhanced earl|Hampered rooti
Shoot GiI 32 Accel erated v|Reduced number
small er | eaves
Stol on 25 Up to 25AC en|Restricts stol
For mati i nitiation reduces stol on
Tuber 1822 Reducesntuber|Restricts tube
For mat i initiation number
Tuber Bl 1922 Reduces dry mReduces tuber
partitioning,|secondary tube
secondary tub
Tuber Yi 2024 Reduces tuber|Reduces tuber
quality quality

Source: Adapted from various studies (Dutt et al., 2017; Rykaczewska, 2013; Singh et al., 2016).

The initiation of tuberization is influenced stage (Rykaczewska, 2015, 2017). During the
by the interaction of physiological, prestolon initiation phase, night temperatures
environmental, and genetic factors (Hancock et between 14°C and 22°C are considered ideal,
al., 2014, Singh et al., 2015). Key determinants while proper tuber formation requires night
include photoperiod (Sarkar, 2010; Zhou et al., temperatures around 17°C. Excessive heat
2019), growth hormones (Kolaetrskaya et al., accelerates vegetative growth bigrsficantly
2018, 2019), and night temperature reduces tuberyield (Gastelo et al., 2014; Minhas
(Rykaczewska, 2015; Singh et al., 2015). Over etal., 2006; Rykaczewska, 2013, 2015; Setayesh
the past decade, extensive research has beeret al., 2017). Tuberization may not occur at
conducted to unravel the mechanisms of potato temperaturesbove 25°C, and although potato
tuberization. While the exact process remains plants can withstand up to 32°C, high heat
incompletely understah scientists have gained exposure leads to substantial yield losses and
significant insights into the molecular factors reduced overall biomass production (Minhas et
involved (Aksenova et al., 2014; Hannapel et al., al., 2006; Singh et al., 2016).

2017). Strategies to Improve Heat Stress Tolerance
Yield Selection and Breeding
Potato yield is significantly affected by Plants, being sessile organisms, are

both biotic and abiotic stressors. Since potatoes constantly exposed to various climatic
thrive in shoriday, coolweather conditions, challenges and have evolved multiple strategies
most cultivated varieties are grown in temperate to cope with temperature fluctuations in their
regions. High temperatures are among the most environment (PedrozGarcia et al., 2022). To
critical limiting factas for potato yield  survive heat stress, they undergo caempl
(Raymundo et al., 2017; Singh et al., 2015; adaptive modifications (Asthir, 2015). These
TraperoeMozos et al., 2018b). Climate change adaptations include leaf rotation, leaf rolling,
and rising global temperatures are projected to early maturation, transpirational cooling, and
reduce potato yields by 18%2% by the 2050s  alterations in membrane lipid composition to
(Hijmans, 2003). mitigate heat stress effects (Sadok et al., 2021).
The optimal temperature for potato growth Under hightemperature conditions, potatoes

varies depending on t hcen spfferafrorn oxidative edgmageo idomievert a |
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heattolerant potato varieties exhibit higher
antioxidant enzyme activity, which helps protect
cells from heatnduced stress (Rao et al., 2018,
as cited in B. Singh et al., 2020). Enhancing
potato breeding for heat tolerance requires a
deeper understandjn of the molecular
mechanisms governing reactive oxygen species

(ROS) scavenging enzymes, such as superoxide
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potato resilience to stress factors (Muthoni &
Kabira, 2015; Resop et al., 2016). Adjusting
planting schedules according to regional
climatic conditions can further help farmers
improve potato yigls and maintain crop
stability (Franke et al., 2020).
Future Outlook

As global temperatures continue to rise due

dismutase, ascorbate peroxidase, and catalaseto climate change, higtemperature stress will

which play crucial roles in mitigating oxidative

increasingly threaten potato production. To

damage under heat stress (Rao et al., 2018, asaddress this challenge, future research should

cited in B. Singh et al., 2020).
The ability of potatoes to tolerate heat stress
is largely influenced by the expression of stress

prioritize the development of hetatlerant
potato varieties through adweed genetic
breeding and biotechnology. Additionally, the

responsive genes. Research has shown that aintegration of precision agricultudesuch as

significant number of genes exhibit differential
expression following heat stress in key food
crops and model plés (Aldubai et al., 2022).
Several heatesponsive genes have been
identified in potatoes using various genomic
approaches. For instance, Anupama Singh et al.
(2015) utilized a microarray chip containing
39,031 potato genes to identify genes
responsible fo tuberization under high
temperature conditions in two different potato
cultivars. These findings contribute to the
development of heaesilient potato varieties

through advanced breeding and
biotechnological interventions.
Management Strategies

Genetic improvement alone is not sufficient
to maximize potato production and productivity.
Due to the limited genetic diversity ekisting
potato cultivars, their tolerance to abiotic stress
remains low (Tao et al., 2012). Therefore, to
enhance resilience against various climatic
challenges, it is essential to modify current
commercial cultivars to better adapt to changing
environmeral conditions.

To successfully cultivate potatoes under
abiotic stress conditions, adopting improved
cropping systems is crucial. The integration of
superior genotypes with effective agronomic
practice® such as optimizing planting dates,
soil management, tillage, mulclginirrigation,
and intercropping can significantly enhance
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smart irrigation systems, remote sensing
technologies, and Adiriven climate modeling

will enable farmers to optimize resource use and
minimize heatelated losses.

Moreover, adopting resilient agronomic
practices, including crop diversification,
intercropping, and soil moisture conservation,
will be essential in mitigating the impacts of heat
stress. Governments, research institutions, and
agricultural organizationsmust invest in
climateresilient infrastructure, farmer training
programs, and policy support to strengthen
adaptation strategies and ensure sustainable
potato production in a warming world.
Conclusion

High-temperature stress poses a major
challenge to potato production, impacting yield,
quality, and overall crop health. Rising
temperatures disrupt tuber formation, accelerate
leaf senescence, and increase vulnerability to
pests and diseases. Additionallijeat stress
compromises tuber quality by reducing starch
content and causing sugar accumulation,
ultimately affecting market value.

To address these challenges, the adoption
of heattolerant potato varieties, efficient
irrigation  strategies, and sustainable soil
management practices is essential. Climate
smart agricultural techniques, including
precision farming and mulching, can help
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conserve soil moisture and regulate temperature Sharma, R. C., Singh, M., & Verma, V. N.

stress.
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With afocus on sustainable practices, it examines techniques such as crop selection, drip irrigation,
rainwater collection, and soil moisture conservation. The objectives aretelongagricultural
resilience, increased crop output, and improved wagereffigency. In places at risk from climate
change, these tactics are essential for reducing the effects of water shortages and promoting food
security.

Keywords: Sustainable Agriculture, Water Scarcity Mitigation, Agricultural Resilience

Introduction before it reaches the ground or is lost to runoff.
This practice is particularly beneficial in semi
arid and arid regions where precipitation is
seasonal and sporadic. Techniques include
rooftop catchment systems, surface runoff
harvesting, and contour bdimg. Largescale
RWH projects in countries like India and Kenya
have demonstrated increased groundwater
recharge, improved crop yields, and reduced soil
erosion. The dagn and implementation of
RWH systems depend on topography, soil type,
and rainfalldistribution.

2. Drip Irrigation Systems: Enhancing

In regions that frequently suffer from drought,

the agricultural sector faces significant threats to
productivity, food security, and livelihoods.
Climate change has intensified these challenges
by altering rainfall patterns andcreasing the
unpredictability and intensity of drought events.
To address this, comprehensive water
management strategies are essential. These
strategies should integrate traditional practices,
innovative technologies, and sound policies to
optimize wate use, reduce waste, and
enhanceesilience.

Some of the Common Techniques are as Eff.|C|.er10y:. . L
follows: Drip irrigation is a micreirrigation system that

1.Rainwater Harvesti ng appligsgraigrslpwjyagdsdiregly, tg the plant
Applications root zone. This method significantly reduces
Rainwater harvesting (RWH) refers to the Water wastage compared to surface or sprinkler
collection and storage of rainwater for reuse [rfgation. It also minimizes weed growth and
nutrient leaching. Advanced
RAINWATER HARVESTING systems now integrate pressure
compensating emitters,
automated scheduling, and
fertigation units, allowing for
precise application of water and
fertilizers. Smallholder farmers
can benefit from lowcost drip
kits supported by microfinance
and goemmentsubsidies.
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3. Soil Moisture Conservation: Sustainable
Practices:

Maintaining adequate soil moisture levels is
vital for crop survival during dry spells.
Techniques like mulchingorganic or plastic),
conservation tillage, contour ploughing, and the
use of biochar improve water retention and soil
structure. Mulching, in particular, acts as an
insulating layer, reducing evaporation and
suppressing weed growth. Conservation
agricultue practices, including minimal soil
disturbance and crop rotation, promote long
term soil health and moistubalance.

4. Drought-Resistant Crops and Genetic
Innovations:

Crop selection is a critical adaptive strategy.
Droughtresistant varieties of maize, millet,
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provide viable options for nen

potable agricultural uses. Proper
treatment ensures pathogen
reduction and chemical safety.
Research has shown that treated
wastewater can supply essential

LATERAL PRESSURE

nutrients (e.g., nitrogen and
phosphorus), reducing the need for
Eae ioe synthetic  fertilizers. Careful

management is necessary to prevent
soil salinity andcontamination.

6. Institutional, Policy, and
Community Engagement:

Successful water management in drocgione
areas also depends on strong governance
structures and community involvement. Water
user associations, participatory irrigation
management (PIM), and decentralized water
rights systems empower local stakeholders
Policies should incentivize efficient water use
through subsidies for watsaving technologies,
tariffs that reflect scarcity, and investments in
infrastructure. Communitbased watershed
management projects have shown success in
India and Latin America by combining
ecological restoration withocialequity.

Challenges in Implementing Water -Efficient

Strategies:
While waterefficient strategies offer significant

potential to enhance agricultural productivity in

—(’
IXSERT CONNECTOR

sorghum, and pulses have been developed droughtprone areas, their implementation is

through conventional breeding and genetic
engineering. These varieties exhibit traits like
deep rooting systems, stomatebntrol, and

often hindered by several key challenges. These
challenges span economic, educational, and
environmental facts that need to be addressed

osmotic adjustment. Biotechnologice
approaches, such as CRISPR ge

GREYWATER TREATMENT

—

editing and transgenic crops, offe
promising avenues for enhancin
drought resilience. However, issues
access, regulatory frameworks, ar
farmer acceptance mus¢addresed.

5. Treated Wastewater and
Greywater Use:

In waterscarce regions, alternativ
sources such as treated municig
wastewater and household greywat |
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in order to scale watasfficient practices and
make them sustainable for farmers, especially in
developing countries.

A. Economic Barriers

1. Cost of Technology, Seeds, and Irrigation
Systems:One of the most significant challenges
in adopting wategfficient strategies is the high
initial cost of advanced technologies and inputs
such as droughiesistant seeds, drip irrigation
systems, and soil moisture sensors. Sisele
farmers, particuldy in low-income regions,
may find it difficult to afford these technologies,
even though they can offer lotgrm savings
and improved yields.

2. Drip lIrrigation Systems:. While highly
effective in reducing water wastage and
improving crop productivity, drip irrigation
systems require substantial upfront investment
in equipment and infrastructure. The cost of
installing and maintaining these systems may be
prohibitive for small farmers who are already
dealing with limited financial resources. In
regions like India, where drip irrigation is being
promoted, the cost of installation can be as high

ISSN : 3048 - 989X

5. Government Subsidies The Government
provides subsidies or financial support to
encourage wategfficient practices, but these
programs are often not widespread or are poorly
targeted. For exampl e,
subsidies for drip irrigation systems have helped
manyfarmers adopt the technology, but gaps in
awareness and reach mean that many eligible
farmers do not benefit from such schemes.

6. Traditional Farming Practices. Many
farmers, especially in less developed areas,
follow traditional farming methods that have
been passed down through generations. These
practices may be inefficient and wasteful in
terms of water use.

Conclusion:
Addressing water scarcity in agriculture

requires a holistic, integrated approach that
combines technology, sustainable practices, and
social institutions. While each strategy
discussed rainwater harvesting, efficient
irrigation, soil conservation, resitie crops,

alternative water sources, and participatory
governanc@ has individual benefits, their

as $300 to $500 per hectare, a significant amount collective implementation yields the greatest

for farmers with limited budgets.

3. Drought-Resistant Seed Varieties
Similarly, droughitolerant crop varieties, such
as droughtesistant sorghum, millet, or
genetically modified (GM) crops, often come at
a premium price. While these seeds have the
potential to significantly improve wateise
efficiency, their higher casmay deter farmers
from adopting them, particularly in regions
where seed savings are critical for their
livelihoods.

4. Limited Credit Access In a country like
India, where agriculture plays a central role in
the economy, small farmers are often unable to
secure loans from traditional banks due to high
interest rates, lack of collateral, and the high risk
of agricultural failure, without finaging, it is
difficult for these farmers to afford water saving
technologies or inputs.
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impact. Ensuring longerm  agricultural
sustainability in droughprone regions depends
on adaptive capacity, ctbnuous innovation,
and inclusivepolicy-making.
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Introduction supported by artificial lighting and automation
M odern agriculture stands at a crossroads, €chnologies.

One of the most significant benefits of
hydroponics is its water efficiency. It uses up to
90% less water than traditional farming, as the
system recycles and reuses water rather than
allowing it to seep away or evaporate. In
addition to conserving waterhydroponic
systems vyield faster plant growth and higher
productivity, enabling yearound cultivation
regardless of external weather conditions. These
attributes make hydroponics particularly
suitable for urban settings, where arable land is
limited and faod demand is constantly rising.
Agquaponics: A  Symbiotic  Farming
Ecosystem

Aquaponics is a hybrid agricultural system
that combines hydroponics with aquaculture, the
raising of fish in tanksThis method leverages
the natural biological processes of both plants
and aquatic animals to create a clokeap, self

facing immense pressure to produce more food
with fewer natural resources. Water scarcity,
environmental degradation, and climate change
are among the most critical issues threatening
food security. In response, navative
cultivation methods such as hydroponics and
aguaponics are gaining traction worldwide.
These wateefficient, soitless systems not only
conserve valuable resources but also offer
sustainable solutions for food production,
especially in urban andaterdeficient regions.
Understanding Hydroponics:  Soil -Free
Precision Farming

Hydroponics refers to the method of
growing plants without soil, using a nutrienth
water solution to deliver essential minerals
directly to plant roots. In this system, the
absence of soil eliminates the need for tillage,

reduces the risk of seiforne diseases. and sustaining ecosystem. In an aquaponic system,
allows precise control over growing conditions. 1S produce waste that accumulates in the
Plants are cultivated in controlled environments Water. Beneficial bacteria then convert this

such as greenhouses or vertical farms, often Wast® mainly ammonia into nitrates, which
serve as natural nutrients for the plants. The
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plants, in turn, absorb these nutrients, purifying
the water, which is then recirculated back to the
fish tanks.

This symbiotic relationship reduces the
need for chemical fertilizers and synthetic
inputs. Aquaponics is praised for its
environmental friendliness as it utilizes organic
fish waste and significantly reduces water
consumption. Moreover, it offers dual put:

both fish and vegetables can be harvested from

a single system, making it an appealing model
for smallscale farmers, educators, and
sustainable food enthusiasts.

Advantages of Water-Saving Farming
Systems

Both hydroponics and aquaponics share the

advantage of high waterse efficiency. These

systems are designed to minimize evaporation,

runoff, and wastage. In regions plagued by water
scarcity or unpredictable rainfall, such
efficiency is crucial. Additionidy, the controlled
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hydroponic kits for homes and institutions. In
the United States and Australia, aguaponics has
become popular among hobbyists and educators
for its educational vakl and environmental
appeal.

Technological advancements have further
expanded the reach and viability of these
systems. The use of LED grow lights, tbased
monitoring tools, and automated nutrient
delivery systems has enhanced productivity and
reduced labor requirements. Mobile apsd
digital sensors now allow farmers to remotely
manage their systems with precision, making
watersaving farming more accessible than ever
before.

Challenges and Limitations

Despite their many advantages,
hydroponics and aquaponics come with certain
limitations. One of the primary concerns is the
high initial investment required for setup,
including equipment for pumps, lighting,

environment of these systems enables precise temperature control, and structural support. In

management of temperature, humidity, light,
and nutrient levels, which reduces the risk of

aguaponics, additional expertise is required to
manage fish health and water quality. These

pests and diseases and eliminates the need forsystems also depend on electricity to maintain

chemical pesticides
Another noteworthy advantage is the
suitability of these methods for urban

agriculture. With increasing urbanization, cities
face challenges in meeting food demands.
Rooftops, balconies, and abandoned industrial
spaces can be converted into productive $arm
using hydroponic or aquaponic setups. This not
only reduces the carbon footprint associated
with food transportation but also empowers
communities to grow their own fresh produce.

Global Adoption and Technological
Advancements
Around the world, hydroponics and

circulation and lighting, which may be a
drawback in areas with unstable power supply.
Furthermore, the lack of awareness and
technical knowledge among farmers, especially
in rural areas, can slow adoption. Continuous
training, policy support, and financial incentives
are necessary to encourage widespread
implementation.
Conclusion

Aquaponics and hydroponics represent a
shift toward smarter, more efficient agricultural
practices that align with the goals of
sustainability and food security. In a world
where fresh water is becoming scarcer and urban

aquaponics are being embraced by governments, populations are increasing, thegstems offer a

researchers, and entrepreneurs alike.
Netherlands is a global leader in hydroponic
greenhouse farming, producing large volumes of
vegetables with minimal environmental ingpa

In countries like India, where water resources
are under strain, startups are promoting
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The practical solution for growing nutritious food

while conserving precious resources. Though
challenges remain, the lostgrm benefits of

these watesaving farming systems make them
a compelling part of the future of agriculture.
Their adoptdn is not just a trend, but a necessary
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step toward building a more resilient and
sustainable food system for generations to come.
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Crop output and food security are directly impacted by soil fertility, the cornerstone of sustainable
agriculture. The maintenance of nutrient availability depends heavily on soil amendments, both organic
(compost, manure, charcoal, cover crops) and amoog(lime, gypsum, synthetic fertilizers, clay
minerals). These supplements boost microbial activity, stabilize pH, improve soil structure, and increase
nutrient retention by lowering leaching and fixation losses. However, incorrect applications can cause
environmental deterioration, salt accumulation, and nutritional imbalances. This study focuses on best
practices such as soil testing, balanced amendment application, and sustainable crop management, as
well as how soil additions affect nutrient dynamaeel the difficulties in using them. Lowgrm soll

health, increased nutrient efficiency, and sustained agricultural output all depend on the thoughtful
blending of organic and inorganic amendments

Keywords: Soil fertility, Sustainable agriculture, Soil amendments, Nutrient availability, Soil microbial
activity.

Introduction the world's arable soil resources are lost to
A key component of maintaining sustained €rosion each year. This results in a decline in
plant output, particularly in North Africa's Sub
Saharan area8ékker et al., 2007), and it also
degrades surface water supplieéaycette et al.,
2007).

The many kinds of soil amendments, their

agricultural output is soil fertility. To maximize
plant development and enhance nutrient
availability, soil amendments are essential for
altering the physical, chemical, and biological
characteristics of soil. The must be adequate
amounts of nutrients in forms that are easy for functions in preserving nutrient availability, the
plants to absorb. In addition to improving soil  ways in which they affect soil characteristics,
texture and microbial activity, soil amendments
also assist in the control of pH and stop nutrient
losses from leaching or fixation. Accamd to effective ways tapply them are all covered in
Adeniyan et al. (2011), Peng et al. (2012), this review article.

Agyarko et al. (2016), Ramos et al.(2017),
Piwowar and Harasym (2020), and others,
excessive use of pesticides in crops results in These are categorized broadly into two
high production costs, degrades soil quality categories:

(e.g., by increasing the acidity level), and causes
major ecological issues (eutrophication, etc.).
Global food safety is also seriously thtened 2.1lnorganic Amendments
by the decline in agricultural soils' organic
matter (OM) content HEden et al, 2017).
Among other things, this has to do with erosion nutrient availability.

and climate change. An estimated 6 Mg hatl of

nutrient management difficulties, and the most

Types of Amendments Used for Soil

1.0rganic Amendment s

Each kind has unique benefits for preserving




Figure 1. Soil Amendments

Organic Amendments
Plant or Animal-based Organic

Soil
Additions: improve microbial activity, nutrient
cycling, and organic matter content, all of which
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with limited oxygen, biochar increases soil
porosity, improves cation exchange capacity
(CEC), and increases the retention of nutrients
like calcium and potassium. Peat moss and
humic sulstances: Peat moss and humic acids
increase soil organic matter, improve water
retention, and chelate nutrients, making them
more bioavailable to plants.

Inorganic Amendments

In addition to providing vital nutrients in readily
accessible forms, inorganic amendments are
critical for regulating soil pH and enhancing
nutrient retention.

Lime (Calcium Carbonate, CaCO3): Lime
increases the availability of

contribute to
long-term  sail
fertility. Manure,
plant waste, and

Food
Discharges

ORGANIC

other Industrial SoIL
biodegradable Discharges AMENDMENTS
materials are
used to make

. Composts
compost, which

is decomposed

Animal
Manures

calcium, magnesium, and
phosphorus while decreasing
the toxicity of aluminium by

neutralizing the acidity of the

Municipal

Wastes soil (low pH).
In  sodic soils, Gypsum
(Calcium Sulphate,
CaSO L2H O0O) i s

improve soil structure. It raises

organic matter. It
increases
microbial diversity, improves soil structure and
water retention, and enriches soil with macro
and micronutrients.

Animal Manure: Livestock manure, which
includes dung from cows, chickens, goats, and
horses, is an important source of organic matter,
phosphorus (P), potassium (K), and nitrogen
(N). Although it increases microbial activity
and nutrient retention, effective compogtiis
necessary to stop nitrogen volatilizatiq

Figure 2. Organic Amendments

calcium levels, decreases salt
accumulation, andpromotes
water infiltration.

Mineral -based andSynthetic Fertilizers:
Nitrogen Fertilizers: Ammonium nitrate,

ammonium sulphate, and urea (46% N) increase
the availability of nitrogen, which is necessary
for vegetative development.

Phosphorus Fertilizers: Rock phosphate and
superphosphate enhance plant energy transfer
and root growth.

and pathogen contamination.

Green Manure and Cover Crops By
forming symbiotic relationships wit
Rhizobia bacteria, leguminous crops liK
clover, alfalfa, and vetch can fi
atmospheric nitrogen. These crops al
improve soil organic matter, preve
erosion, and increase  microbig
biodiversity.  Biochar:  Made _
pyrolyzing biomass at high temperaturds
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Figure 3. Inorganic Amendments
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Potassium Fertilizers: Pot ash ( KCNitrogerk Fixation: YAmmonium is produced

increases plant vigour and resiliencetodrought. f r om at mospheric nitrogen

Zeolites and Clay Minerals By raising the bacteria found in legume root nodules.

soil's CEC, these minerals enhance nutrient Phosphorus Solubilization Insoluble
retention and decrease nutrient leaching. phosphorus compounds are changed into
Elemental and sulphate forms of sulphur are bioavailable forms by phosphagelubilizing
used to promote sulphur feeding and reduce soil bacteria, such as Bacillus aRdeudomonas.

pH. Sulphur is necessary for plants to synthesize Decomposition and Humification
amino acids. Actinomycetes and fungi aid in the breakdown
Soil Amendment Mechanisms in Nutrient of complex organic compounds, increasing the
Availability availability of nutrients.

There are several ways that soil amendments Enhancement of Cation Exchange Capacity
affect the availability of nutrients: (CEC)

Regulation of pH By raising CEC, soil amendments have an

Nutrient absorption and solubility are impacted impact on nutrient retention:

by soil pH. The pH range of 6.0 to 7.5 is where Humic materials andiochar improve CEC
the majority of vital nutrients are accessible. and stop nutrient leaching.

Aluminium toxicity and phosphorus fixation Important cations like calcium, potassium, and
might result from acidic magnesium are retained in
soils (pH <6.0). To rais¢g clay minerals like
pH, lime is administered. i montmorillonite and
Iron, manganese, an( 1 vermiculite.

zinc shortages can resu ; Preventing Runoff and
from alkaline soils (pH Nutrient Leaching

>7.5). Amendments £ gl When nutrients are removed
containing sulphur aid in — from the root zone by
lowering pH and Figure 4. Biochar as a Source of washing, this is known as
increasing availability. Amendment nutrient leaching. Biochar,
Decomposition of compost, and cover crops are
Organic Matter and the Release of Nutrients examples of amendments that reduce leaching
Organic additions use microbial degradation to by:

release nutrients gradually over time. Increasing the ability to retain water

Nitrogen Mineralization: A mmo ni um (nagedsing ) the absorption efficiency and
and nitrate (NO ), woipinassofrogts e absor bed by
plants, are produced from organic nitrogen Improving the immobilization of nutrients by
(proteins, amino acids). microbes

Phosphorus Mobilization By decomposing Difficulties with Nutrient Management and Soil
organic phosphorus molecules, mycorrhizal Amendment

fungus improves phosphorabsorption. Soil amendments provide some difficulties
Potassium ReleaseBy breaking down, organic  despite their advantages:

materials release potassium, avoiding leaching Nutritional Imbalance and Overuse Overuse

losses. of fertilizers or manure can cause nutritional
Enhancement of Microbial Activity toxicity (for example, phosphorus buildup might
Beneficial soil microorganisms are essential to prevent micronutrient absorption).

the cycling of nutrients: Salinity Levels Build-up: When manure or

synthetic fertilizers are applied repeatedly, the
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soil becomes more salinized, which inhibits
plants' ability to absorb water. Compaction or
inappropriate tillage can cause poor sall
structure, which can speed up erosion and
deplete nutrients.

Cost and Availability: For largescale farming,
organic additives like compost and biochar
might not always be accessible in adequate
amounts.

Best Practices for Applying Soil Amendments
The best practices listed below should be
adhered to maximize nutritional availability:
Monitoring and Soil Testing: Frequent soll
testing helps identify inadequacies and directs
the pace at which amendments are applied.
Balanced Use of Organic and Inorganic
Amendments: Adding compost to synthetic
fertilizers increases soil fertility over the long
run as well as in the near term.

Timing: To promote optimal nutrient uptake,
amendments should be applied at the right
development stages.

Crop rotation and cover crops improve soll
organic matter and stop nutrient loss.

Fertilizers with Controlled Release These
fertilizers reduce runoff and leaching by
supplying nutrientgradually.

Conclusion

To maximize nutrient availability and preserve
soil health, soil amendments are crucial tools.
While inorganic supplements provide rapid
nutrient availability and pH regulation, organic
amendments improve soil structure, increase
microbial activity, and mvide longterm
nutrient release. To avoid imbalances, salt
accumulation, and environmental deterioration,
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management is necessary. Ldaagn
agricultural production may be ensured by
efficiently maintaining soil fertility through the
integration of orgnic and inorganic soil
amendments with sustainable farming practices.
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Earthos bi odiversity

unprecedented raleup to 1,000 times faster
than natural extinction ratéswith human
activities  significantly disrupting natural
ecosystems. This rapid decline is not only a loss
of our natural heritage but also a gsimg signal

of ecosystem instability, imperilling the intricate
balance that supports life on Earth. Protecting
biodiversity is crucial as habitat destruction,
climate change, and human actions increasingly
threaten life on Earth. In December 2022,
govenments released the final text of the
Kunming-Montreal Global Biodiversity
Framework, setting ambitious lostgrm goals
for 2050 and urgent targets for 2030 to conserve
biodiversity. Satellite remote sensing could
provide vital data to achieve these gohbls
enhancing biodiversity monitoring, mapping,
and the development of effective biodiversity
indicators.

Traditional conservation methods like field
surveys, camera traps, and manual data
collection are slow, costly, angkeographically
limited. In contrast, remote sensing overcomes
these constraints by using satellites such as
NASAOGs MODI S anetoE&RO s
deforestation, wetland loss, and coral reef
bleaching across entire continents. Data from
programs like M SAOG s Landsat
Copernicus have helped to reduce illegal
logging in Amazon forests by 32%. In
Indonesia, Addriven satellite analysis
uncovered illegal palm oil plantations,
prompting governmental intervention, while in
Africa, droneacoustic sense detect logging in
real time, alerting rangers within minutes.
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Dyones equippeg ith ih)fpﬁrspecgql cameras
precisely map microhabitats for endangered
specied from orangutan nests in Borneo to
pollinator-friendly wildflowers in vanishing
prairies.

Remote sensing technologies can uncover
patterns invisible to the human eye, providing a
crucial lifeline for ecosystems on the brink of
collapse. Recent studies confirm that remote
sensing delivers robust observational data and
derived analytical produdsincluding
fractional cover assessments, forest cover
measurements, and land cover classifications
that effectively monitor ecosystem distribution,
fragmentation patterns, and heterogeneity across
landscapes. Remote sensing offers specialized
capabilities for biodiversity assessment:
imaging spectrometers effectively estimate plant
phylogenetic and trait diversity; radar systems
enable forest biodiversity mapping; LiDAR
sensors precisely measure thdémensional
ecosystem structures; and multispectral iemgg
from multiple satellite platforms facilitates
population counts of large terrestrial mammals.
These complementary approaches collectively
enl?reu.:ﬁ tolurn grﬁpacity for comprehensive
ecological monitoring.

Remote sensing technology, while
traarg]s%)rmagvg Ao(r) Sbiodiversity conservatiop,
faces considerable methodological and practical
limitations when applied to comprehensive
biodiversity conservation efforts. A key
limitation is low spatial, spectral, and tennab
resolution, which hinders detection of fiseale
habitats, species differentiation, and reale
tracking of rapid environmental changes. High
costs of higkresolution data and the technical

Page |89




—C / INNOVATIVE AGRICULTURE \ ISSN : 3048 - 989X
ey /

expertise needed for processing further limit the for human wellbeing. Given the shortfall in
accessibility, especially for underfunded biodiversity data for monitoring and
conservation efforts. Critics warn that conservation, remote sensing marks a paradigm
overreliance on remote sensing can overlook shift, enabling ecosystemide monitoring and
essential grounttuthing, where field surveys  early intervention. But technology alone can't
validate data and capture ecolki nuances. save biodiversity; only collectivewill can
These constraints necessitate integration with transform data into decisive action, as the fate of
complementary fiekbased assessments to countless species, including our own, hangs in

develop robust conservation strategies. the balance.And the question remains: can
Biodiversity loss threatens to trigger remote sensing drive meaningful conservation
unpredictable disruptions to Earth's {gapport action, or will its potential be lost without the

systems, with potentially severe consequences collective will to act?
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CRISPRCas technology, initially discovered as part of a bacterial immune system, has become one of
the most transformative tools in modern plant breeding. Unlike traditional breeding methods, which
often involve timeconsuming and imprecise processes, SHR (Clustered Regularly Interspaced

Short Palindromic Repeat€as systems offer a precise, efficient and-effstctive approach to gene
editing. By enabling targeted modifications to plant genomes, CR{S#Rallows breeders to enhance

crop traits suchs yield, disease resistance, drought tolerance and nutritional quality with unprecedented
accuracy. This technology holds immense promise for addressing global food security challenges,
especially in the context of climate change and a growing globalgiimpu Recent breakthroughs have

seen CRISPR successfully applied to staple crops such as rice, wheat, maize and tomatoes, where it has
improved stress resistance, reduced allergenicity and even extended shelf life. Regulatory landscapes
across the globare gradually adapting to these innovations, though debates continue regarding their
classification and commercialization. In this article, we explore the science behind CR¥SPRs
applications in plant breeding, ethical considerations and the fptaspects of geredited crops.
Through clear explanations and reairld examples, we highlight how this geediting technology is

paving the way for a more resilient and sustainable agricultural future.

Keywords: CRISPRCas, Gene Editing, Plant Breeding, Crop Improvement, Sustainable Agriculture
and Food Security.

Introduction development of superior plant varieties

Over the last decade, CRISREs technology ~ (Jaganathanet al, 2018 andSanched.eon, et

has sparked a revolution in the field of plant gl 2_0;18) ¢ dont hoi i
breeding. Developed from a natural bacterial € urgency 1o adopt such innovafive

defense mechanism, CRISRRs9 functions te.chnologles Stgm_s from. global challenges:
: . : climate change is increasing the frequency of
like molecular scissors, capable of cutting and

modifying DNA at precise locatiws. Its arrival droughts and pest outbreaks, while the global

marks a significant leap from earlier genetic population is expected to surpass 9 billion by
. . . 2050. To meet future food demandstaursably,
modification techniques, which were often

o the agricultural sector must innovate and
random and less efficient.

Traditional plant breeding methailsuch CRISPRCas offers a powerful  solution.
e : : Already, researchers have used CRISPR to
as hybridization, mutation breeding and marker _ o _ _
: . o . develop rice varieties with enhanced disease
assisted selecti@dnhave played critical roles in _ . .
. . resistance, tomatoes that ripen more uniformly,
crop improvement. However, these techniques ) _
. . o . and wheat strains with reducgliliten content.
are often slow, labeintensive and limited in Thi ficl ks h CRIS .
their precision. CRISP{as adresses these ¢ ; 1S _ar |ce| u?psc Sd. owd Vi i |s.t
limitations by allowing scientists to directly edit ranstorming plant breeding, delving nto 1is
genes of interest, thereby accelerating the
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mechanisms, advantages, regulatory status andthem potentially more acceptable under certain

implications for sustainable agriculture.
CRISPRCas Mechanism in Plants

The CRISPRCas system, originally

regulatory frameworks. Variants like CRISPR
Casl12 and Casl3 further expand the scope of
genome editing by tgeting different types of

discovered as a bacterial defense mechanism nucleic acids and enabling more complex
against viruses, has been repurposed as amodifications. As the technology evolves,

powerful geneediting tool in plants. At its core,

improvements in delivery methadlsuch as

the system Agrobacteriummediated
comprises  two CRISPR transformation, biolistics,
main GuIDE RNA and nanoparticle
components: a systemd are enhancing
guide RNA i its efficiency and
(gRNA) and a applicability across
CRISPR o diverse plant species.
associated (Cas 5 (Chenget al 2019 andto,
protein, most @ et al.2015)

commonly Cas9. TAOTTT © TTrrTTTrvrT Application of CRISPR-
The gRNA is e Cas Technology in Plant
engineered to / \ E Breeding

match a specific m“'"““"‘%w M:"W CRISPRCas technology
DNA sequence| ALiiiil =~ ALLALLLILALL Lt | has significantly
within the plant = e it advanced the field of

genome, guiding
the Cas9 enzyme
to the precise location where a genetic
modification is desired. Once the target site is
recognized, the Cas9 enzymiatroduces a
doublestrand break (DSB) in the DNA. This
break acti vat eatural rapair
mechanisms either nonhomologous end
joining (NHEJ), which often introduces small
insertions or deletions (indels) that can disrupt
gene function or homologgirected repair
(HDR), which can be used to insert or replace
specific DNA sequences when a repair template
is provided. In plant breeding, NHEJ is
commonly exploited to knock out undesirable

p

Figure 1. CRISPRCas Mechanisms in Plants

plant breeding by enabling
precise and efficient
genome modifications, leading to the rapid
development of improved crop varieties. One of
its primary applications is the enhancement of
disease resistance by knocking out genes that
make plants sukckpdibte tonbacterial, viral or
fungal infection® as demostrated in rice and
wheat. CRISPR has also been employed to
improve tolerance to abiotic stresses such as
drought, salinity and extreme temperati by
editing stresgsesponsive genes, particularly in
crops like maize, soybean and tomato.
Additionally, this technology has been used to
enhance yieldelated traits by modifying genes

genes, such as those responsible for diseasethat regulate plant architecture, flowering time

susceptibity or poor stress tolerance, while
HDR can be used for more precise genome
alterations, such as correcting defective alleles
or introducing beneficial traits. The precision of
CRISPRCas not only accelerates the breeding
process but also allows for thevééopment of
crops with improved agronomic characteristics
without incorporating foreign DNA, making
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and seed developme In nutritional
improvement, CRISPR has facilitated the
development of biofortified crops with elevated
levels of vitamins and minerals, such as iron
enriched rice and vitamin-@nhanced bananas.
The technology also offers potential for
improving shelfife and postharvest quality by
altering genes associated with ripening and
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spoilage, as seen in CRISRRIited tomatoes
and mushrooms. Importantly, because CRISPR
allows for targeted changes without introducing
foreign DNA, many genedited crops can
bypass stringent GMO regulations in some
countries,  expediting their path to
commercialization. With its versatility and
precision, CRISPFas is rapidly becoming an

Y/ INNOVATIVE AGRICULTURE \\
Ny /

ISSN : 3048 - 989X

plants produced tomatoes that ripened more
slowly and had a longer shelf life without
compromising taste or nutritional value. This
application shows how CRISPR can reduce
postharvest losses and improve supply chain
efficiency ghou,et al.,2015).

Ethical and Regulatory Considerations
While CRISPRedited crops are different

indispensable tool in plant breeding programs from transgenic GMOsregulatory responses
aimed at addressing global food security, vary across countries. The U.S. and Japan, for

enhancing crop
sustainable agriculture.

Case Studies of CRISPRCas Technology in
Plant Breeding

resilience and promoting example, have adopted more flexible policies,
whereas the European Union regulates CRISPR

crops similarly to traditional GMOs. Ethical
debates continue around biodiversity, patenting

1 .Di seraessei st antXa nRihcoemo rdadongterm ecological impacts.

Resi g9t ance

Researchers at the Chinese Academy of
Sciences used CRISRBRas9 to knock out
the OsSWEETgenes in rice, which are
known to be exploited by the bacterial
pathogen Xanthomonas oryzado cause

Future Perspectives

The potential of CRISPR in plant breeding
is vast and still unfolding. Upcoming
innovations include multiplexed gene editing
(modifying several genes simultaneously), base
editing (single nucleotide changes), and

bacterial blight. The edited plants showed epigenome editing. As scientific understeuggd
strong resistance to the disease without any and regulatory acceptance grow, CRIS&Red
yield penalty. This breakthrough  crops are expected to play a vital role in creating
demonstrated how gene editing can enhance resilient food systems.
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TEARS T THE LANGUAGE OF BABY

Mrs. Suchismita Patra
Laboratory Assistant, HDFS
Mr. Brij Kishor Singh
Guest faulty. HDFS
Dr. (Mrs.) Pritishri Parhi”
Dean
College of Community Science, OUAT, BBSR

“Email id: pritishri.parhil1@gmail.com

The 1st language produced by a new bornis Should ~be given suppler
. : . feeding. While giving bot
cry. It shows sign of normality which make us .

. have some erroneous i dea
comfortable that the baby is healthy and _— D ¢ th bab
breathing well. It is a medium of expression of m! ;V.I | ut udp S e. | K te tah y.
the needs and inconveniencies by the baby. grve ! ute mi ° €t

them feel hungry and cry

Doctors say by crying proper exemisf the
respiratory muscles and lungs take place. But
always by thinking so the baby can not be left

2-Aknbjdc Mnrd?9
A common cause for the ba

rather his/her cries must be attended and Vi o.bstru.ct |'on hn the
breathing difficulty. As

investigated by the parents and care giver b h _ h hi
Babyds crying arises a nruemabter €% ! uyest Fo%n4s9 n!

the mind of the parents. Is the baby sick. There ? — 3 : ma ke _S | mW;l C"l“" t Ineda u-n Ch(
are some common causes of crying of the babies ACAR® |t ! me ; 9 ern
mout h, the air pushes the

which are discussed here.

0-Bgx Vmhkd EXdchmf the baby vomit. T.he mot h
. nose o f the baby_is cl ear
Many new born chlldrenh hw Gi tbhe)1 area |
br efasd . The mot her feels t;h0 P\Iellr()lm.ilﬁr1 €00
. pi C of salt i1 n it and |
does not suit the baby b ecause of her |ntal§]%
. |nto eachbabytr  Ohcef t en
of wrong diet so she stops eatlnng many sorts
moi st cl%a the " nostrils
of foods. Some m)ovtehrer% gven c If%inge
ud. Do t hi ahbout 15 to
from breast to bottle .e_edlng of t he bahby.
. giving feed to the bab:
Such crying of the baby 1 sYnot due to any
] " or.e eaS|Idy.. :
def ect in the mot her &s mdllk Qr. |§t. Bu it i s
3 G \/ﬁd(ﬂ? CAnvdk Lnwxdl.dms
usually due to the nosWe of hhebb%by getting
bl ocked by the breast rheetnrafcteed anihyppclre'sehsainr(]:lm()t
insufficient milk in tth%'b%ﬁse?tsqast. e might da"e
1-Gt mf dq9 a owe .moveme.:nt An. a
m?ther.W|pes him, he is ¢
The most common cause 0 c_rI¥|ng i's hunger,.
conti ue to.cry.tlgh t he
I n mo st cases, ther e ISS enougrr]] mi I” K ![n e . q
breast but the baby doe%m%o{nosuﬁﬁssuqfeficV\llOernrt'Iey
cires  at t e t{hne of. pass
or goes to sleep WhlleThSUCkqu'g'k ]‘t erebls n ol
enough milk in the breasefyttha'nnonlly R cﬁifjge
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on passing stool or 6 Nurdeg.r shhe kmethimenr must
know that this is the @wudirahdii abi bg doawsnamegr m
attention, when he isfamitlyyrcéadmdmakeooweal chi
movement . When he is sbémamniegie awmidt hstgamesat f ondr
crying then this must ilze ptaaskseend alsi kae naor mal | f
process. another which initially n
4 -Hr Agalx Eddkhmf Rhbj but | ate on he gets tire

| f the babyds cry makSesmitlhae | mo tchod rd shuasnpdesc,t | o |
that his stomach is upsietkliongkanhdrgkamengolisegh

or curdy green stool wuhni cconmfiosr ttalbd ec aawingde caofy . a
colic pain. Look int oComclusonears for any earache
which may be di st ur b Baitipconciided thakcrying is nat aldiseasedout |

rur al mot her st oge nmeurcahla laygubgepneéni/to express the inconvenience

whi

at

I

i

r

ich is not good f oas helshe aare weitheo speak breob wrtes
because with the r es Unndcessardynatbaby doesdnoticny.gSe where t

tracted by t he s me IsHe/heocfies, their cry anastibe attertdeddok theh i m

whil e he sl eeps i n hiparendstcare giverhandstry aohdersiands whate t i me
make him cry. So, af the/she fwantsl i A g littie h patien@ u srel o f
crying, subshabl d bt e puaderstandingmn the mamp of the parents/care

his crying. giver will go a long way to develop a strong

bond between the baby and the parents.
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Microgreens: Health in Every Leaf

Ninitha Nath C.
COA, Vellayani, Kerala Agricultural University

Introduction production requirements and reach their

| n recent years, there has been a growing global maximum consumption within a relatively short
time frame.

shift toward the consumption of fresh, healthy, o .
. The COVID19 pandemic intensified
and functional foods. Among these, sprouted o _ _ _
ublic interest in health, immunity, and food

seeds and microgreens have emerged as popula _ _
. . . o safety, leading to increased demand for naturally
choices due to their exceptional nutritional o
grown, minimally processed foods. As

value, novelty, palatakiy and unique flavors. ) _
. microgreens a[e often consumed raw thety retgln
Mi crogreens of ten ref L0 ST etabl e

rr nv e
N ?helr fl,ﬁ| nutritional vg]ue without tﬁéosses )
confetti o are harvested . frT us ommeérci al

. om ri ol

crops such as vegetables, grains, and herbs,typlc"JlIIy causeg %y C°°k_'“9 or processmg.

. - >~ 1 Currently more than 25 varieties of microgreens
typically within 7 to 21 days after germination.

These tender greens consist of the stem dtyd fu are cult.lvated comme.rC|aIIy WOI’|dWIde..
. Phytonutrient levels are highest at the seedling
developed cotyledons wit
. : stage and tend to
or without the partially )
decline as the plant
expanded true leaves, all ¢
. . matures (Ebert et al.,
which are edible and
. . 2014).
contain peak nutrient levels
for the plan
Microgreens are
appealing to both
consumers and producers
For consumers, they offer ¢
rich source of antioxidants
vitamins, minerals, =

Furthermore,
concerns over the
long-term effects of
conventionally grown
producé® such as
pesticide residues and
nutrient loss due to

phenolic compounds anc: industrial i féart:mng
other health promoting 9 practices have
e . pushed consumers

compounds making them a
. toward safer and more
the next generation class o . . .
~ \ ~ su§ta|nable f?od aItFrnatlvgs. In thlchontext,
Afsuperfoodso or AfuntTIiona 0.0d’s.. or,;
. . microgreens stand out for their dense nutrient

producers, microgreens are an attractive crop _ ) . .

. . . profile and potential to mitigate chronic diseases
due to their low space and input requirements,

fast growth cycle, and adaptability to both soil sgch as malnu_trltlon, cardiovascular dlsorder.s,
. L diabetes, obesity, cancer and neurodegenerative
based and soilless cultivation systems. They can "
. . . : conditions.
be easily grown in urbanradndoor settings, As a result. microareens are increasingl
making them ideal for sustainable, local food uit, microg ! Ingly

. attracting the attention of researchers,
systems. Moreover, they are a very attractive ) .
; . nutritionists, healthcare professionals and the
product for producers as they require minimal

general public as a promising natural solution
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for enhancing health and wddking through 3. CancieThe i ntake -nifchant i c
diet. fruits and vegetabl es, p e
Nutritional Aspects of Microgreens in polyphenol s, phytochert
Microgreens are densely packed with fiber, may | ower t he ri
nutrients (Kumar et al 2018). While the nutrient various types of cancer.
composition varies among species, mostarerich4 .Chr oni ¢ respi-Miatoogr e€lé s ® ¢
in potassium, iron, zinc, magnesium and copper. containing antioxidant s,
They are also excellent sources of antioxidants o me-§a fatty acids have t}
and polyphenols (Xiao et,&012). The nutrient all eviate symptoms.
content in microgreens is highly concentratedat 5 .Di ab-dtiees ri ch in fibre,
the seedling stage, making them more antioxidants |ike vit C a
nutritionally potent compared to their mature bl ood sugar control and ¢
counterparts (Pinto et al., 2015). Phytonutrient Important Vegetable Crops as Microgreens
levels vary across different growth stages and 1 .Re d Amariamt mi crogreen w
typicdly decline as the plant progresses from the gorgeous reddish | eaves t
seedling to the fully developed stage (Barillari et to salad or for use as a
al., 2005). Due to their high content of vitamins, A, C, K and minerals |ike (
minerals, and antioxidants, microgreens qualify 2 .Beet riovatgor ous growing Wwi
as functional foods. Their dense nutritional attractive, deep reddi st
profile suppors overall health and offers |l eaves with a delicious,
protective effects against oxidative stress and f | avour . It i S nutriti o
inflammation, making them the latest nutritional properties and rich in vi
miracle food. 3 BroctBbdbssess a distincti
Health Benefits of Microgreens known as sulforaphane a
Microgreens, as an emerging superfood of nutritious rich in vit A,
the 21st century, hold significant potential due Fe, protein and chl orophy
to their antiinflammatory, anticarcinogenic, i mmune system activatin
antrobesogenic, and  arditherosclerotic detoxi fication and antio
properties (Fuente et al., 2019). These health i n y o ulrhibso dhye.l ps reduce i
benefits are largely attribudeto their high and keeps your bl ood vec
concentrations of vitamins, minerals, and smoot hly, |l owering your |
bioactive plant compounds. While this seems pressur e.
promising, more studies are needed which are 4 .Cr eisTsr adi t i onal mi crogree
directly measuring their effect on these medical curled I eaves and a pepp
conditions before strong conclusions can be garnishing and addi tion
made. Regular esumption of microgreens may sandwi ches. Good source
contribute to reducing the risk of several chronic and sul phur. Rich in fibr
diseases: 5.DilHine, feathery foliage

1. Cardi ovascuUuilMarcroigyeaenesfs| aarvedu s hies .

abundant i n pol yphe®dlesn,ugiaeetygmiotuipouef mi crogr e
antioxidants t hat may mreotpeil mwervittrangilnysc e Ai, €e B
l evel s and reduce LDL $thiamyl zsthel ebeenppetite a
2. Al zhei mer 608 Didéets®asrei chanéemi a and fatigue.

antioxidant s, especi d@lKlaylieRiioclhy pihrenwvi sc,aCbaead, b
been associated with whidcehc raeraes esdupreirdhler @ofant i c
Al zhei mer 6s di sease. prevent macul ar degener ¢
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Red amaranth Beetroot

Pea Red veined sorrel Goldeii comi. Carrot Arugula

Figure 1. Important Vegetables as Microgreens

conditions of t he eye,bomaisnt aprnesv esnttr oman caenrd, |
healthy blood vessels.pressure.

8 .RadiisSpicy fl avored nmnmi4d&obderee@®oveas ch sweet fl a
sour ce of Ca, Fe, KyseZmpn gcaarrnotsehn en,g . Good
antioxidant s, vit A, Bng8, Kammtde nfooildisc. aci d.
Stimul ate i mmune systleb@adoé&ti ne pgrxdenmneca dfeaves
ascorbic acid. carotene and other phytor
9 Red CabibBgauti ful, readndpuze@d»>xant hi n. Cancer
mi crogreen, mi | d sweeaéantciaabghiangge. fl avour .

Rich in vit A, -Ba,CMBl6Aramididmhbairakbs gl ucosi nol &
and chlorophyl I . Sti mwliat eC iammdumpéespssemhat ar
and -iaanftliammat ory propenmteimovy.e toxins from human
10FRenndli ght l eaves and 7@Qli vwiesip af cl kaevdo u w.i t h cal ciu
Hi gher in vit K, C, B. niaegcnreesai suem rainsdk zoifnch.eaSgr i

di seases due to fibre aowernt eamny salad for a tast
11IMustarSdpicy mi cr ogr e eSteps of Mitrbgreeh Fagriing

l evel s of anti oxi dant sMicrogeens tae bereasily grawh at imdme s |,
mineral s. Sti mul at e dr broadatger scale, makingathem @m excellent
effective against f evchoice n Hothcbedindess. and experienced
12Ped Sweet and t e nd e rgroners. dletessential stepg include:
nutritious and rich sloGhcesohpg®BtebhagAt h@, rK
and minerals Ca, Fe, Mgs, tPhe Kfi aminaotaempi disn gr
and protein. Ensure the seeds are fr
13Red VeinéWelSypyrtahgy socuhrentiacsaties and untreated c
comes from oxal i c ac2 RreparinytheGrawsg Media¢ Bréfegably |
strengthen the I mmune imy oneeclike, codopeat,| vérmisutite and g
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cocopeat alone or in combination of 3:1, As mi crogreens cul tivati
hydroponic mats, soil especially high quality provide organic edible f
organic potting mix etc. peopl e, because seed itsce

w

Sel ection off SiCoent af nematysi ti on to the young cr
shoul d be chosen dep@.hmdinmdnageotnhet Feedl i ngs

availability of space tamdi easéerisn hamal il rega veensd,
should have good drainager ¢mrcwdedy. ThAst yppiewalnt
size is-laronpdes0i2n | emgesdiuramals land encourages
inches deep. Snip excess seedlings at
4. Soakingi Essential practice to be followed the strongest ones to deyv
before the sowing. Presoaking is done for 1 Har ve $ Mi agogreens are hal
large seeds like peas, beetroots tai0hours the appearance of first
in warm water for few hours to overnight for Mo s t of t he mi crogreens
quick germination. Seeds of spinach and harvestilibg datysl@after S 0\
fenugreek require soaking for getting good seed. Use scissors or a
germination percentage. t hem, holding them verti
5. Sowiikgeds are sprinkledootver cEbge memddisal i ke cor
with high density andfeovgredk wnayh rpgperw and
towel / vermiculite ort i meosc.opedar veWhilien the n
sowi ng, density i s v efrlya viomp aarntdanftr.eshaege.
seedd seed/ cm2, T d4malllPodHae d £ st @Q/a s & t he har v
seeds/ cm2. Gently covemi thegseeds with aofkkimnur
|l ayer dafo Roiilnches ) andepmatdrit wowh a <c¢cl ean t
to help the seeds settilmmedi ately in your meal
6. Spacingi Evenly spread microgreen seeds better. Il t 6s advisabl e t
on the soil sur face. bTehfeorreed susmeo OMear af oarnd K
precise spacing; hand sprinkling works well.  Future Scope
You may use more than one crop seed at the The future of microgreens research is vast
same tray. and promising. A key focus area involves
7 Wateriihpgr ay water o v edentifying esuitable i VMegetable species and
ensur e i ts moi st b u tcultheans i oghtimized micrageeen gproduction.
Overhead mist irr i gatFurther investiggtionn ésr meededy inmsthed a't
germination stage. A fchamaterizatienrohbioactive compoyndsdss a y s
shoul d be sub i rr i g aspedes to ketter uraerstanddheir spedifie e alth
moi sture on pl ant c anbenefigs. Studies exploring the impact of seed
8.Light RedWHirrgeamdntght catadiplani demsity on yield and quality will
with | ow humidity an delpgeairedultiaiion techniques. Additionallyp n .

It reguér @&sun® o#f24l i gdedrch aimod grdwdg microgreens under

degrees Cel sius t e mpgli#ereattenworemental Ronditores can guae
container in a r oom vregidnpecifico loest ptacicep eEmphasisroa
f o approxi mately t wustainadbla grasluctian methodd, duah as organic

g
n
r
germinati on.pearc,e m@waditaganiadpydroponic systems, will support
a sunny -dpbouwst bf 3 s ueadfrienglp cultivéiteon. IPgsharvest handling
9 Nutritional IR eFeu it ri d neexdeimanagement also require attentit;m
requirement i s very imgrove shelilife, nutriert ietention, and overall
easily be achieved t Iproduat quality forrthg marketc s our ces.
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Conclusion

Microgreens are an emerging class of
specialty crops that have gained increasing
attention over the last decade due to their
nutritional and sensory properties. Their
richness in vitamins, minerals, antioxidants, and
phytochemicals makes them an exceltiiatary
supplement. With minimal input requirements
and flexibility in growing environments,
microgreens can thrive in urban and pathan
areas where land is limited. Their potential to
enhance food security, support public health,
and promote sustainablagriculture positions
them as a vital component of future food
systems.
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Agro-Economic Potential of Makhana: A ClimateResilient

Superfood Crop

Neha Kumari, Jaya

Bi ndal , Govind T

Research Scholar, Department of Agronomy
Sardar Vallabhbhai Patel University Africulture &Technology, Meerut

Introduction

In the face of escalating climate change,

declining soil health, and rising demand for
nutritious food, the need for sustainable and

resilient crops has never been greater. One such

underutilized yet highly promising crop is
Makhana (Euryale ferox Salisbadlso known as
fox nut or gorgon nut. It is a minor crop covering
approximately 16,000 ha in India, which yields
nearly 2426 thousand tons of Makhana seed.
(Singh et al., 2020). It is an aquatic plant
belonging to the Nymphaeaceae family. It grows
in stagnant water bodies such as ponds,
wetlands, and floodplains. The edible part is the
popped seed, consumed in various faneom
roasted snacks to puddings.

India is the largest producer of Makhana,
contributing to more than 90% of global
production, with Bihar being the epicenter,
particularly the

status in 2022, recognising its uniquetity and
traditional cultivation methods. This recognition
shall further boost its appeal in both domestic
and international markets, adding value to its
branding efforts.
Nutritional and Health Benefits

Makhana seeds are celebrated for their
impressive nutritional composition. It contains
12.8% moisture, 76.9% carbohydrates, 9.7%
protein, 0.1% fat, 0.5% total minerals, 0.02%
calcium, 0.9% phosphorus, and 0.004% iron
(Shankar et al., 2010).

Additionally, makhana contains significant

Mi t hi
makhana gained Geographical Indication (GI) preigies

The presence of antioxidants like flavonoids and
phenolic compounds further enhances its appeal
as a functional food.

Diabetes, a metabolic disorder or disease, is
a growing epidemic, and millions of people
worldwide are affected. Diabetes treatment
encompasses lifestyle modifications, oral
antidiabetic medications, and insulin therapy. To
combat diabetes, the incorpomati of foods

abundant in plant phytochemicals is
recommended due to their extensive
pharmacological properties. Persons with

diabetes should eat a lot of Makhana, as it tends
to lower blood sugar levels (Sodi and Kumar,
2019). The antioxidants present halpmbat
oxidative stress, potentially reducing the risk of
chronic diseases. Moreover, the low sodium and
high potassium content support cardiovascular
health by regulating blood pressure levels. These
atﬁribéjtre]:sc ﬂaé/q po?itigneq 0m':%lk_hana as, a
snack among~ healtftonscious

consumers globally. It is very popular among
Indian households and is largely consumed in
the form of fried snacks, vegetable curry, sweet
porridge, etc. Makhana consumption increases
during various festivals like Navratri, Kojagara
Eid, and wedding season since it is used for
various religious rituals and consumed by
devotees during their fast as nrogreal food.
Nursery Raising, Transplanting, and
Cultivation of Makhana

For the field cultivation of makhana, a
nursery area of 500 m? is required to transplant
one hectare. About 20 kg of healthy seeds are

amounts of potassium, magnesium, and zinc, brog?}ca(ljst n-a We_tbrepgred, hc;;ganlcally

contributing to itshealthpromoting properties. enr.lc e_ _ nursery —n ecem anuary:
maintaining adequate water levels. Saegii
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become ready for transplanting by March and
should be carefully uprooted and transplanted in
March April at 1.25 m spacing. While pond
based systems rely on natural nutrient recycling,
field cultivation demands external nutrient
inputs, especially under tensive cropping. A
recommended fertilizer dose of 100:60:40 kg
N:P: K/ha is advised (Kumar et al., 2011),
alongside ample organic matter. Heavy
textured, wateretentive soils rich in organic
carbon are preferred. Micronutrient deficiencies
(Zn, B, Mg, Cy are common in eastern India,
and their supplementation has shown yield
benefits (Kumar et al., 2016).

Maintaining 1.01.5 feet water depth is
crucial throughout the growing season. Manual
weeding is required up to 45 days post
transplanting. Once leaf canopy develops, weed
control is no longer needed. Organic pest control
is recommendedl neem cake (25 kg/hauring
land prep and 0.3% neem oil spray to manage
aphids and caseworms.

Flowering begins in May, with fruiting
continuing till November. Fruits mature 45
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1,20,000.00 per hectare of makhana farming is
not uncommon, but to raise the income level to
nearly Rs. 2,00,dD00 per hectare, the growers
must adopt scientific methods of makhana
cultivation, which they are mostly unaware of,
particularly outside the northern part of Bihar,
which has traditionally been the capital of
makhana farming. Even the majority of the
farmers in north Bihar are practicing the
conventional techniques of makhana cultivation,
effectively keeping themselves away from
realizing the real income potential of makhana
farming. The net income can further swell up to
Rs. 3,00,000.00 ha and beyondfithe farmer
chooses to sell the processed makhana instead of
raw makhana seeds.

Being a nutrientich product, popped
Makhana has several uses. It is popularly used to
prepare dishes like dal makhani and mixed with
other vegetables as a thickening agent. Raw
popped makhana can be eaten directly or served
with tea or coffee after roasyy with salt and
ghee or other oils. Popped makhana in raw form
is a bulky product that is difficult to handle. The

days after flowering and release seeds that settle development of processed products from it will

at the pond bottom. Since flowering is

certainly enhance the value of makhana and its

unsynchronized, harvest decisions must balance consumer demand in the market. Handling

yield with crop scheduling. Makhancan be
harvested by August, enabling other crops like
rice, wheat, berseem, and water chestnut.
Double cropping and fish integration are also
possible. Yields up to 3.0 t/ha are achievable
with improved varieties like Swarna Vaidehi
and Sabour Makhark Postharvest processing
involves drying, grading, roasting, and polishing
to produce consumable white pops.
Economic Potential

Realizing the economic potential of
makhana farming and processing in the wake of
the rapidly rising global demand for this
miraculous fruit, many farmers across the
country are willing to start its cultivation and
processing. However, a lack of technikabw-
how on different aspects of makhana farming
and processing is a major hindrance for them. A
net income in the range of Rs. 80,000.00 to Rs.

Volume-01, Issued6
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becones easy, and shelf life also increases due
to compact packaging. Several companies
prepare makhana snacks in the form of small
attractive packs or containers by adding some
popular flavors like chili, onion, tomato, pudina,
butter, etc. Companies like ShakSudha
Industries, Patna, are also offering makhana atta
(Makhana flour mixed with wheat flour),
Makhana bhujia, Makhana flakes, cookies, etc,
in addition to roasted flavoured makhana pop.
Conclusion

Makhana holds immense potential as a
sustainable, nutriesrich, and economically
viable crop. With increasing global demand,
scientific cultivation, value addition, and
processing can significantly enhance farmers'
incomes, promote rural entrepreneurstapgd
position Makhana as a global superfood aligned
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with health and environmental sustainability Chain Analysis of Makhana in Bihar. Technical
goals. Bulletin, 3-3.
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Introduction

|mag|ne a future where crops can survive

extreme drought, resist deadly diseases, and
provide better nutrition all thanks to the power
of Artificial Intelligence (Al) and CRISPR
Cas9. As climate change threatens global food
security, scientists are turning these advanced
technologies to revolutionize farming and
ensure a stable food supply. CRISERS9,
of t en call ed Aimol ecu
scientists to make precise changes to plant DNA.
This has already helped improve crop yields,
resistance to pest and nutritional value.
However, CRISPR alone has some challenges,
such as the risk of unintended genetic changes
and the complexity of editing plant genomes.
This is where Al makes a big difference. By
using machine learning, Al can analyze vast
amountof genetic data, select the best CRISPR
targets, and predict how gene edits will affect
plant traits. This speeds up the process and
makes genome editing more accurate and
efficient (Chen et al., 202}

The combination of Al and CRISPR is not
just a small improvement, it is a gardleanger
for agriculture. With Al, scientists can develop
crops that grow better in tough conditions, resist
pests without pesticides, and provide better
nutrition (Tyagi et al., 2020; Hamet &
Tremblay, 2017. Al also helps in reducing
mistakes, automating genome analysis, and
improving plant breeding techniques. This new
approach to genome editing is opening exciting
possibilities for farming. As we face growing
challenges in fod production, Al and CRISPR
are shaping the future of agriculture, making it
smarter, faster, and more sustainable. The way
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we grow food is changing, and with these
powerful tools, we are creating a future where
crops are stronger, healthier, and better suited
for our planetds needs.
Applications of Artificial Inteligence in
CRISPR technology

1) Precision Target Selection

One of the biggest challenges in genome editing
is ensuring that CRISPR makes cuts at the right

Iplace in the %\A ome. AI tools Ilke DeepCRISPR
and CRISSP L anayze genomlc ata to
identify the most effective target sites,

minimizing off-target effects ananaximizing
editing efficiency Quazi, 2023. These tools
use machine learning algorithms to predict
which gRNAs will work best, saving researchers
time and resources.

2) Predicting Editing Outcomes

Once CRISPR makes a cut, the cell repairs the
break using mechanisms like rhomologous
end joining (NHEJ) or homologglirected repair
(HDR). Al models like FORECasT and inDelphi
can predict the outcomes of these repair
processes, helping researchers glesi
experiments that achieve the desired genetic
changesAllen et al., 2019; Shen et al., 20)8
This predictive power reduces trial and error,
making genome editing faster and more
efficient.

3) Designing Better CRISPR Enzymes

Al is also revolutionizing the discovery of new
CRISPR enzymes. Tools particularly the
emergence of protein structure prediction tools
like AlphaFold Genior et al. 202, AlphaFold2
(Jumper et al. 202}, and RoseTTAFoldRaek

et al. 202), have significantly enhanced the
accuracy of protein structure and function
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predictions., which predicts protein structures
with remarkable accuracy, are being used to
engineer enhanced Cas proteins with improved
specificity and functionality Huang et al.,
2023. These nexgeneration CRISPR enzymes
can target a wider range of DNA sequences and
reduce offtarget effects, making genome
editing even more precise.

4) Epigenome Editing

Beyond DNA, Al is helping scientists edit
epigenetic marks chemical modifications that
regulate geneexpression without altering the
DNA sequence. By targeting these marks,
researchers can fitene gene expression to
improve stress tolerance, vyield, and other
important traits Kluang et al., 2022 For
example, Alguided epigenome editing has been
used to enhance drought tolerance in crops like
maize and rice. Beyond DNA, Al will
advancespigenome editing, allowing scientists
to modify chemical marks that regulate gene
expression without alterinthe DNA sequence
(Huang et al.,, 2022 This approach could
unlock new pathways for improving stress
tolerance, yield, and other important traits,
offering a powerful tool for precision breeding.
5) Biotic and Abiotic Stress Tolerance

Al models are predicting pathogeesistance
genes and optimizing CRISPR modifications to
enhance plant immunity. In rice, for instance,
editing the OsSWEET14 gene has improved
resistance to bacterial blight, a devastating
disease that affects millions ofarmers
worldwide (Xu et al., 202). Soil salinity is a
major challenge for agriculture, especially in
arid regions. Al is helping researchers identify
and edit genes involved in ion transport, making
crops like rice and tomato more tolerant to salty
soils(Huang et al., 2023. Al-assisted CRISPR
editing is being used to develop crops that can
thrive in waterscarce environments. For
example, editing the ARGOS8 gene in maize
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regulation, making crops like wheat and soybean
more resilient to drought.

6) Nutritional Enhancement & Biofortification
Al-driven CRISPR editing is addressing global
malnutrition by improving the nutrient content
of staple crops. Foexample, scientists have
used CRISPR to increase iron and zinc levels in
wheat and to create Golden Rice 2.0, a variety
enriched with beta@arotene, a precursor of
vitamin A (Quazi, 2023.

7) Accelerated Domestication of Wild Crops
Al-guided CRISPR editing is transforming wild
plants into viable crops by introducing desirable
traits like higher yields and disease resistance.
For example, researchers have used CRISPR to
domesticate wild tomato relatives, creating new
varieties with inproved agronomic traits
(Zs6gon et al.,, 2018 Al is facilitating the
design of new plant varieties with engineered
traits, such as seféertilizing crops that reduce
the need for synthetic fertilizerdHémet &
Tremblay, 2017. Al-guided CRISPR editing
will accelerate theomestication of wild plants,
transforming them into viable crops with
desirable traits like higher yields and disease
resistance@hen et al., 2023 By comparing the
genomes of wild and cultivated species, Al can
identify key genes for domestication, enabling
the rapid development of new crop varieties
from wild relatives.

Future Prospects

Future Al models will integrate climate, soll,
and genomic data to design crops tailored to
specific environmental conditions (Tyagi et al.,
2020). This approach will enable the
development of climateesilient crops that
thrive in diverse environments.)Al-driven
robotic labs will automate the entire genome
editing process, from target selection to
experimental validation (Chen et al., 2024).
These autonomous platforms will drastically
accelerate the discovery and deployment of

has been shown to increase yields under drought improved crop varieties, deicing the time and

conditions §hi et al., 2017. Similarly, Al is
helping scientists identify and modify genes
involved in root architecture and stomatal
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cost of traditional breeding methods. Imagine a
future where Adpowered robots design, edit,
and test new crop varieties in a fraction of the
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time it takes today. Al can help identify genes
that enhancearbon capturen  plants,
contributing to global efforts to combat climate
change (Hamet & Tremblay, 2017). By editing
genes involved in photosynthesis and carbon
fixation, scientists could dewa crops that not
only produce food but also act @arbon sinks,
helping to reduce atmospheric CO2 levels.
Predictive Al tools will uncover new gene
functions and regulatory networks, unlocking
innovative approaches to crop improvement
(Quazi, 2022). By malyzing vast genomic
datasets, Al will identify previously unknown
genes that control important traits likgess
toleranceyield potential, anchutrient
efficiency. This will open up new avenues for
precision breeding and genetic engineering. Al
will refine nexigeneration genome editing
technologies likdase editingprime editing,
andepigenetic reprogramming, making plant
genome modifications more precise and widely
applicable (Huang et al., 2023). These
advancements will enable scientists to make
targeted changes to single nucleotides or entire
regulatory networks, paving the way
for CRISPR 3.0, a new era of genome editing
with unprecedented precision and versatility. Al
will play a key role imsynthetic biology,
enabling the design of entirely negenes or
even new species with tailored functionalities
(Hamet & Tremblay, 2017). For example, Al
could help engineeself-fertilizing cropsthat
reduce the need for synthetic fertilizergptants
that produce biofuels, revolutionizing
sustainable agricture and energy production.
Conclusion

The future of Atbased genome editing in plants
is brimming with possibilities. Fromlimate
resilient cropdo carbonsequestering plants,
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integration of Al and CRISPR represents
atechnologcal revolutionthat will redefine
agriculture as we know it. By harnessing the
power of these tools, we can create a future
where food security is ensured, environmental
impacts are minimized, and the potential of plant
biology is fully realized. The seed$this future
are being planted today, and they are powered
by the unstoppable combination
of Al andgenome editing.
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1. Introduction Benefits
Soil is not just a—imed;Fru?nV‘?'Ebtrsg$%iwlin%r%$io‘b%
a |iving system that r(o‘ededds OV\Vagtaenr',C ANA¢t i®dnt s,
care. One of the blggegqh%rhca‘?%e djézgofbérarherls' ffeacé
today iretmow tmoi swhirkeeIh" Y heUYEE
al so improving its ferct)ilcf‘_')[_qlser qth' %r}ra'tlllcagreainf
i ncreasing drought s, Wabﬁ"‘c} _"dRe?p'dlﬂeCt'innggtr%%tferrequen
resources, conserving %fvetr.'fy!ld'r%% QREe WAt e?"$n the
soi l has become essentqeanle'. 'hSi s article explore
integrated methods to rmeotraoivnessg"ialt_eholQ{U}Erg\tn'do
ensurgé et mnsoi l fertiI|Ptrfsleﬁvgss%%'tlaishtarbLl'ceture
way . educes water |l oss from ev
2. Why Soil Moisture Matters for Fertility? d) Far mY ard Manure and
Water is essential forAPplication
Dissolving nutrients &@WihEyhe&lrs avallable t o
plant roots Enhancelsolwhitrey capacity of
Supporting microbial a®hoWiXyrehagseynhlihiugris ¢
soil fertility Encourages beneficial mi cr
Reducing soil erosion $¢heouestyReduceEvarorationgngd c i n g
Wit hout adequat e m0|stT[?'PS%|rat'Oanosért|Ilzers bﬁcome ¢
ineffective, and soil j1oe'al WOIStt ‘leor'éc’tes,elrg%sdl
. ryland agrlculture. 't 1s

to poor crop yields.

. R the soil surface and as t
3. Key Integrated Techniques for Soil Moisture .
Retention pl ant surfaces. Evaporatio
a) Mulching it is not directly related
What :itCoivering the sotiﬂamﬁﬁihrca%trPigé’ﬁi_credjruced to
synthetic materials (WikRoudyt &fyfecyipg | prodyct
plastic sheets) . evaporation | osses can be
Benefits MUIFheS _
Reduces evaporation Antitranspirants
Regul atempeoat ur e Wind breaks
| mproves organic matWeesrd cpdd ol using
bi odegradabl e mul ch Mul ches
b) Cover Cropping / GrRauimaffliritRg 75> per cent o
What :itGrioswing crops §0k@udhypnevpppgation. These

cowpea, or horseagaomm dahihkhg beduced by applying
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any material applied onondiests®i bf sdi ggcagt omachea
evaporation and i mprovel cpel awaterter hppbi aadi @n
of mulches results in mediduesnal nbetnheefsiet st 1 e keh s
conservation, moder atmamner b al ti emppel raacteudr ei,n con
reduction i n soi l salbetiweeen weevds oonti not r eanncdh e
i mpr ovemerntr ucft ug cei. | concentraach cyaarl eisn eone ci
> 7 7, : =

Reducing Transpiration Losses
Antitranspirants
About 99 per cent of the v

plants is |l ost in transpirtr
controll ed, it may hel p
favour abl e water bal ance.
Antitranspirant i s any m
= — ,, transpiring plant surfaces
Types of Mulches 7 from tAdhegleamr e of four ty
SoMul oDust Mul ch Stomatal Closing
|l f the surface of the Fiolim fiosr mionopdsened, it acts
mul ch for reducing evRiefolrecttiiowme This 1loose
surface soil is call edGrsoontih meelt@ar damtdust mul ch
I ntercultivation creat®tsomatidl mlllacshi non tay pger o wi n
crop. Most of the transpiration
St ubMulec h st omata ounr tdheel eaf
Crop residues | i ke wheFaungsitcriadwe sorl i ket tpdre nytl a Imes
etc., are |l eft on theamndhi|hesrubifcaicdee sas | a ket ubbr
mul c h. The advant agesCopfendtriadbloens msledh e as

farming are protecti oni mducsiong sftroothd tearlo sCil oors i argd
reduction of evaporatibhesessméght reduce the pl

StrMwl ch simultaneousl! y. PMA was f
I f straw is used as mbtr@amspitaitbsomraltl®d aas 99 tera
mul c h. photosynthesis in a number
Pl a#ui ch Film Forming Type

Plastic materials |iké&l astiyetBpdewaxypoRyeirnhwpnl ¢

chloride are also usedfialsmmanchiheg Ingaatferg wrnfsace
water due to formation 0 |
Mobil eaf, hexadeconol , si |l
film forming type of ant
success of themetethesmi caés
al so reduce photosynthesis
The desirable characteri si
type of antitranspirants a
They should form a thin | a
They should be more resist
water vapour than carbon ¢

Ver tMwlad hi ng should maintain continuity
To improve infiltration and storage of rainwater
in these soil s, vertical mul ches are formed. |t
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Refl ectant Type certain amount of wi nd p
These are white materisalel twarilcehl tfsorwnhial &€ olalh & nge
on the |l eaves and incroeasethlkeeshehferkeél st ahte
(al bedo). By reflectingitheut adciaautsiionngg thebhuli edu
|l eaf temperatures and ovfafpeoruerd pbrye stshue es hgelatdd remdal t
from | eaf to at mosphdeéareé ghatndo ft bavesnitmr atl net @ £lee Irt e
transpiration. Generally, shelterbelts g
Application of 5 per dersticlcadliing sspmay tedubes e
transpiration | osses. thaeirght on windward si de

A diatomaceous earth opor ddevecwar  ceil deé e) Duael sm r e
increases reflection odvamdraat ircamilads sens farnen e
canopy is available for plants. )
Growt h Retardant shelterbelts i s seen mor e
These chemical s reducyeasgtsaot!| neerladdetriti e latmsgl rsérd u c
increase root growth aeirdostihouns. enabl e the plants

t o resi st drought . TWeeg@omay olal s o, i nduce
stomatal <closure. Promgted control el iminates
Cycocel i S one such ocfhewmeedsl wusafaolropfsorf or | i
i mproving water statusTrodngppier ptliaoosn rate from we
Antitranspirants gemerail dys. reduce
photosynthesis. Therefbfrffectiheé r wesd iconltirmilt eidn
save the crop from dealtehadusn dtea isreorea @&s immog sd waiel &
stress. | f crop survivtes,crigdps.an utilise the rai
t hat is received subsdusntilsy.t lAet imomsan supsierfaunlt s
are al so dwscefnwl tfhoer trreanapspintati on | osses.
shock of nur sery Pl a s - : - e

= P T b

practical wuse in nurse
Wind Breaks and Sheltei
Wi nd barekany structurg
wind flow and reduce

shelterbelts are rows:t = : : for
protection of crops ag ’ ection
from which wind is bl og ar d
side and direction to ng i s
called | eeward si de.
Wind direction
LS T e e e o o v o e
=" 26-50% . s L L
G of open field “ . 5070% Sl . 70.80% T Ssal_

velocity

-4H 0 5H 8H 10H 15H ]

Shel t earrteelptilsant ed acr osSSprtafNaundgii remmat iSod uafi on
wi nd. They do not obNwurtudtent heolwitnidonf Isppw ay i
compl etely. Depending eu@on otfheriervi patosifty.,ain
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strrsesa or DAP spray ( 2wWa hsaorlausthibvorib aigde hiwatf estl i n g
for quicker regener at icooombafnedar og g hl ickhesrctke gldame s L
and castor after rain.moisture to farmlands.

4, Water Harvesting and Management 9. Benefits of Integration Over Isolation
Techniques Using one techniqgue al once
a) Contour Farming e x toebrnutt combi ni mgl d hiemmg (.

Practicing farming al omrggdrhiec nma miunarki (Eootmi ®@mtooss o &
the |l and helps sl ow dsoywnerwatserwheafbée&@tc anmet hoo

increase infiltration.the other and results in:
b) FRomds and Check Dahsgher soil moi sture reten
Coll ect rai nwater andBestttoare sioti | f aer atrirong aatnido nf
during dry spells. | mproved yields and resild.
| mprove the groundwateSupercdalasagrbent Pol ymer s

c) Mi crbgation (Drip EahdncSpnrgi nkdielr Moi sture a
Systems) Sustainabl e Agriculture

Delivers water directl§upeor diheompbemtt r pot ymens.
Reduces wat darncweaesatseege waotmbnmo nd sye known as hydroge
efficiency. capabl e of absorbing and
5. Agroforestry and Intercropping | arge amounts of water re
Planting trees along wmddis.cr 0pleisbledcdr opsl ymeri c 1
Shade the soil and reduaxre moli dt waeelodsndyrheds of
Break wind that causesandyirmd ease it sl owl y oV
Add Il eaf I|itter and bidenaslsop®d efnarn chhy gihene opgrlod
Intercroppamdg -ddethe dwcfrooupnsd si gni ficant applicat

i mproves nutrient and tnmoitsheuirre-ruensiegiurep rmegavieenrb pegt
one crop from exhaustiDgfitmiet ison |

6. Role of Soil Amendments SAPs ar e high mol ecul ar
Gypsaann i mprove water in$oltubkhéi pol ymessditdhhat c:
soil s. | arge volumes of water or
Bi ocihmar eases water -rewkethhboth dndsoluvirngnt

hol ding capacity. Chemical Composition
Zeoladtesl i ke sponges, Bootri 8gPmousedr énamdricul {
releasing it slowly toppllywadrsyl ami de, potassium
7. Community -Based Approaches st abaxshed biodegradable pol

Wat ershed management pWatgermamsetentiib@006aphbmesythb
Group construction of dhgecwedgms, trenches, and

bunds Ability to release stored
Shared knowl edge pl atLfoonrgmsf uhot i ommchd ptliinfgespan i
moi s-$ avieng technol ogiedepending on material and
8. Real-Life Success Stories 2. Mechanism of Action in Soil

Raj ast hfadnopti on of mul SAPsg famdt mioar oby absorbi
irrigation helped farmersi gabwovmegetabhl agailh anid

areas. into the soil, thereby mai
Tamil : Ndkswe of green m@moiuseurcg.opBhiasndmechani sm n
composting improved bathkpengt esmbedcdeadei nantdhe r
yield.
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Wor ki ng :Process Soi l Bi ol ogy Enhancement
Absorpt BAR particles sMeildt aianpeidd Inyoivsheur e suppor
in contact with water.and decomposition processe
Retent iWan er is held wEAB$SN htehe hiyndr begetlt er root
matri x. beneficial mi croorgani sms
Rel eaR@eots draw water rfirtorAfoiddee sSAPs as t he
surrounding soil drieslntegration :with Fertilize
Soil I nit eraction SAPs can be blended with wu
Hydrogel s i mprove soilf esrttriulcitzuerres eltye asreledaroceimsd a w
aggregation and reduci hlges® mpambiimati ons reduce
They increase porosi tyenheannacbel innugt rbd eetntte ru paiarkk ea e d
water movement . Organic SAPs

Their buffering acti drec epnrte v e mtnso v anoii srtaunrdei nv ol
extremes in the root zoalel-baowesd biodegradabl e hy
3. Role in Soil Moisture Retention i mprove soill organic mat

Water scarcity is one déegthdabioggest chall enges

agriculture. SAPs hayv eb AppleatiogsandSustaiwable angClimatei-s i n g
solution for managi ng ResilietAgricelturei ci ent | y.

Benefits for Soil Moi s$SARP® offer a strategic too
Reduced Evapor3ARnhdlockesialtieent agricultural sys
near t he root zone, Usng nCans s ng surface

evaporation. Ari d Semlr i d Reglimmsoves cr

| mproved Wat er Use: Efyfiied idesnovh er(aVUENri gati on i s
Pl ants wuse stored watlor teifcfuelcttuirveel g n:d r Bl Ereen gy
irrigation frequency. uniform watering and reduc

Better DroughtPaRddicutl adrdleya nus &fawlmi ng and : Vertic
in dryland agricul tureHydhrdogal s1f esdu pgprogas. ef fi ci e
Uni form Moi stur ddeDipst porewteinbmer syst ems.

waterl ogging and dry pRitsdasetser : Reklseillpisenceops Wi
Application Met hods del ayed monsoons or early
Mi xing with soil beforEcehna@amitéi ngnd Environment al
Band placement along rloowerzowatser bills and pump
Seed coating or pell etReaduawe d hf &rAtPisl.i zer use and
Dosage Recommendati onsEnhances the sustainabilit
Typicidal kg per hectare degpteeids .ng on crop

type and soil texture.Challenges and: Future Pros
4. Contribution to Soil Fertility Enhancement Cost Cons tHiaihntisni ti al cos

Whil e SAPs are pri mar ialdy pkn own afmemgmeimat bthel der
management, they also Bioondeédgmbad £kbdinvidtieyge atdlaypy | @ndS

directly to soil fertihmayyraise environmental <co
Nutrient Conservation Policy :Suppoltsion i n so
SAPs reduce l eaching mafnagetmeinentps ogruams a&san bo
nitrates and potassi um nbnyovhaali drvien Rewatagichi Ar ¢ 4 e
root zone. Devel opmdmti enfdlegyc SAPs fror
Slow and sustained nugoliyemdr srrel ease ensures

continuous availabilitiyntegmadtainds .with smar:t irr




—C / INNOVATIVE AGRICULTURE \ ISSN : 3048 - 989X
Ty /

SAPs tail ored for spé&xiafmpd e s Rielc o mmeredsat a o d fo

cropping systems. Vegetable Crop (e.g., Toma
Gener al Hydr ogel Dosag®oiRle:c oSramrechyd alt 6 aom s
(Per Hectare) Regi onar iSad mi
Applic Dosag(Met hod Crop spacing: 60 x 60 cm
Field 2i5 kg/| Mi xed i Suggested h7y dkrgo/gheal dose:
furrows Application: Mix with soil
_ _zone or r owsc,mBbel ow seed | evel
Vegetal 510 kg M';efd w Superabsorbent polymers r
eror technol ogy i n sustainabl e
transpl Their abil it to retain w
Orchar| 2050 g Appli e colL y .
Perenn| planti|direct]| use ¢ rcrency, an sup.por
zone them a valuable asset in
Nurser|li2 gppae Mixed When used approgeli at eclayn
Seedl i potting evolutionize soil moi st u
or roo ontribute significantly
Sandy Up to 1 Higher fertility i n t he face of
due to increasing water scarcity.
_ ] wat e Q¢ 10. Conclusion
Drip 2i4 kgl Applied Sustainable agriculture r
lrriga drip | shedretrm produlcaiguimy s diol
system heal thntegrated soil moi s
Not e Al ways foII—1~:twecr1'1af{1u:f'j"ﬁtcturef’jl
. I \ ec ?I% €S not only save v
recomme nQivaeirp plnisc at i on ma y e %Ji t o : . .
) x ) { S O] : making it ferti
soil aeration issues or rplant. stresg. .
generations. y adopting
knowl edge and modern scie
secure their crad p sr,e SCOQIT sceel
and contribute teeaugeeen
future
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Agriclinics and Agribusiness Centers (ACABC) which is a subsidy based credit linked scheme for
setting up agriventures by agriculture graduates launched by the government of India to strengthen the
technology transfer, public extension system and emplolygesreration in rural areas and has proved

in a healthier way. Different agriventures started by agripruners under the scheme has increased
awareness among farmers on scientific ways of farming. The agriclinics centers have been successful
in imparting knavledge to the farmers about the new and scientific methods of farming, thus leading to
an increase in the production per hectare, cropping intensity and income from allied business in
agriculture. Southern region has been the forerunner by employing &@Unof the total employment
generated while North East region is deficient in establishments of agriventures. There is heed to make
efforts by government to focus on north eastern states and on the ventures which are having untapped
potential. ACABC schem and ventures started under the same are way for attracting and retaining
youth in agriculture (ARYA).

Keywords: Farming, Agribusiness, Entrepreneur, Agriventures

Introduction opportunities for business. Agtlinics and

Entrepreneurs play a key role in any economy. Agri-businss Centres (AC&ABC), a flagship
These are the people who have the skills and scheme of Ministry of Agriculture and Farmers

S : Welfare, Government of India was launched on
initiative necessary to take good new ideas to .~ " . . .
. . 9™ April, 2002. National Institute of Agricultural

market and make the right decisions to make the ) _
: . . . Extension Management (MANAGE) is the
idea profitable. The reward for the risks taken is . : .

. . . nodal agency for implementing the scheme with
the potential econoim profits the entrepreneur

) . a network of Nodal Training Institutes spread
could earn.In recent years; entrepreneurship has o
. S . . _across the country. The core objective of the
achieved significance as a driver of economic

growth and poverty alleviation. scheme is to supplement the effoof public

Entrepreneurship is all about finding the gaps in extenspn by facilitating quahflgd agricultural
. . o professionals to set up Agrventures and
input supply and marketing and building . )

. . - Agriclinics that can deller valueadded
business aund them. Farmers while cultivating . . . .

: . extension advisory services to farmers at their
crops can also take up enterprises to substitute . .
) . . . . door step, besides providing selhployment
their earnings and to get continuous income. It is . .
) opportunities to Agripreneurs
hearting to see how some young people started ~ . o o
. . Origin and Objectives of Agriclinic and
enterprises and build upon them successfully. .
They are not only able targvide employment Agribusiness Centre Sche_me - :

y y _ L ploy Government of India constituted a steering
to othgrs b‘?t also ?“'" eesyste.m for other committee on agriculture and allied sectors
ehterprlses in thg villages. Agrlcu.lture Sector | nder the chairmanship of Prof. M.S.
with 52% population dependent on it and every

) i ) Swaminathan. The committee suggested
human beingd& Dbeing consumer throws | ot of
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creation of agriclinics and agribusiness centers x Set t i ng up okKeeMpinagr)i easnd

managed by aggraduates so as to provide honey & bee products proc
consultancy services to the farming community | S. | Particulars Remarks
. . , No
in rurql areas (Karjagl'et.al.,. 2006). In Ind@, 1 Recommendation of M.S. Swaminaihan
there is need for revitalization of extension ACABC scheme committee
system in the countryotaddress these issues, |2 | Dateof 28" February 2001
. . . announcement of
providing value added extension services to the scheme

farmer through additional qualified main power | 3 Date of launching of| 9™ April 2002
and adequate infrastructure (Shekara et al., scheme

2011). Parimaladevi et al.(2006) reported that | 4 | Eligibility criteria | Gr aduat es 4
agricul tur g

trained agricultural graduates have positvel fields.
favorable attitude towards sedmployment and Di pl oma ( wi
: : ; 50% mar ks)
to starting of agriventure in rural areas. Agricul turd
ACABCOGs provi des agrijficul tural faikkvy Hs.ory
services to farmers through technically trained Biological science
" . . graduates with post
fagripreneur so. graduation in
Training to Setup Agri-clinic or Agri -business agriculture and allied
subjects.
Centre ;
. . 4 . Agriculture related
As an integral part of this nationwide courses at intermediate
initiative specialized training is being provided (+2) level, with at least
; ; : 55 % marks.
to t.hese entre.preneurs '|ntere.st.ed in setting up - implementing MANAGE. NABARD.
their own business. This training would be agencies Department of
provided free of cost for duration of 2 months by Agriculture, Nodal
L .. Training Institutes
select institute across the country. Initiated by (NTIs) and Commercia
SFAC, and cecoordinated by MANAGE the Banks

courses comprises Entrepreneurship and | & | Totalnumberof | 147
NTIs in India

improvenent modules in the chosen areas of project cost
tivit (Maximum)
ac ) Y- o 8 Subsidy from 44% for SC/ST/Womer|
Project Activities: NABARD candidates and 36% fo
x Soil and water qualitv cum | npgeohereandidatesg ¢ | p g

. . Training. duratlop 60 days .
| aboratories (with >(-'\lJ_,,IL)(Snl- G\HbUIIr)lILEIktenSion
Spectrophot ometers) SerV|ces
x Pest surveillance, r%<p|—f“atrcshearndescua§r¥o° ppbahggl
of agricul tural impleme?rp] g ]agp a{rhaucah'wletLV
including micro irrlgxalg,IJé)VnI SYSHh eps { DLk 9%
and.drlp). up veterlnary dispensar
x Agr i Service centres ;i uddI ftrhoezehhrseeemen
activities mentioned arP|°tVreogeGnr°uLPppA1cyt'V' y)

Seed Processing Units.ggyyjp up of Informati on
x Mi cproopagation through ,pland, F38Y€for access
culture Labs and HardernélnagtéJd"'ﬁc?rtals

x Setting ﬂpll(bfur‘éerumlltsxFéaéoodFyrcotd §]S|ng and testi
of -bfiertilipestsici-0e8,,3P,@® Addition centres.

controls agents. x Setting up of cool chain
onwa(r@rsoup Activity)
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x Ret ai l mar keting
product s.

x Rur al mar keting
and outputs.

Any combination of two or more of the
above viable activities along with any other
economically viable activity selected by the
Graduates, which is acceptable to the Bank.
Training Programmes

As an integral part of the programme
specialized training is being imparted to
Agriculture graduates interested in setting up
such a Centre. Training programmes are being
launched in recognized training institutes
throughout the country to prepare the
professionals in entrepreneurship andriA
Business Ventures. The training would be free
for selected candidates for a period of two
months in selected training institutes. All the
candidates are imparted training within their
state. The programmaewill continue over the
next five years. The entire training programme
is funded by SFAC and MANAGE is the nodal
agency for imparting training. NABARD is
actively associated in the programme at all

stages.
The first part of the training covers the
following subject in the field of

entrepreneurship development.
1. Agri- Business Management
Small Business Management
Agri Marketing Management
Agri-Marketing Management.
Group discussion schedule.
Financial Management.
. Information Technology.
The second parof the training focuses on
individual enterprises selected by the graduates.

Hand Holding Facility
The scheme of the also ensure hand facility

for a period of 10 months for agriculture
graduate who undergo the training programme.
A task force constituted at each training institute
consisting of the Nodal Officer state and central
government representedi, representatives of
MANAGE, SFAC, NABARD leading banks,
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representative of graduate who pass out of the

d e al ¢rainind praggramme fake fipahe raspansibpity af s

hand holding facility.

Benefits to the Farmers and Employment
Generation through the Scheme:
The agriclinics centers have been

successful in imparting knowledge to the
farmers about the new and scientific methods of
farming, thus leading to an increase in the
production per hectare and the cropping
intensity. The overall scenario reflects that
araund 43% of the agripreneurs have responded
that their advice has resulted in income
enhancement of the farmers and this has resulted
from their timely advice and transfer of
technology. In case of employment generation,
Southern region has been the forever by
employing around 50% of the total employment
generated. Rest of the zones has fared well
except for North East where the employment
generation has been to the tune of around 3 per
cent this impact is the ripple effect of the
agriventures establistién the zones. Since the
numbers have not been encouraging in the North
East in terms of agriventures established so has
their contribution to the employment generation.
Further highest number of women workforce
that has been employed is in South amogrtiin
35 per cent of the total employment in South.
Similarly of the total employment generated in
South more than 50 per cent belongs to Schedule
caste and tribe. Other zones have also fared well
in generating employment within different
categories.
Conclusion

From the above findings, it can be
concluded that continuation of ACABC scheme
with some improvement is required to attract
and provide opportunities for agricultural
students to set up agriventures and for effective
paid extension services. Also more emagh
should be given for encouragement of youth
from North East region to start up agribusiness.
Availing the loan facilities should be made
expedient for which involvement of cooperative
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and private banks will be helpful. Though
MANAGE, NABARD and Ministry of
Agriculture has launched and contributed very
effective in appreciable manner but still
involvement of states is negligible and not up to
satisfactory level. These gaps should meét ou
and coordinated efforts should be done for
encouraging youth in agriculture. In present
situation there is utmost need of programmes
like ACABC scheme to attract and retain youth
in agriculture which are providing services to

farmers for better farming.
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Agriculture development of any country depends upon its disquisition and development along with extension
agencies creating a network of Reseéixiension system which also known as Agricultural Knowledge
Information System (AKIS). AKIS is described agwitedge triangle formed by disquisition, education, extension

and farmers at heart of the triangle. To strengthen National Agricultural Research Extension System (NARES),
ICAR has initiated several frontline extension approaches analogous as Nationaitisiono(1964), functional
Research Project (1974), Krishi Vigyan Kendra (1974), and Lab to Land program (1979) which conjoined together
in KVKin 1992. The delegation of KVK has been evolved from vocational training to Technology Assessment and
Demonstraon for its operation and Capacity Development in a quarter for its rising donation in NARES in India.
Though technologies generation at Research centre of ICAR or State Agricultural University, but technology
assessment for position particularity, refieat for micro position on estate real problem base, also final evidence

of technologies for large scale handover by farmers were conducted by KVK. Capacity development of farmers,
estate women, pastoral youth, NGOs, extension functionaries is carMsdKK through training program,

relation with confederated agencies for complementary service provider. KVK also act as Single Window Delivery
System and Knowledge Resource Centre for varied technological products force and advisories to reactslarger gues
in quarter through ICT medium. A lot of convergence exertion carried out by KVK with stakeholders in a quarter to
give swish service to the husbandry community in a quarter

Keywords: Knowledge, Capacity building, Technology, Demonstration, Research

Introduction the heart of the triangle. Gradual elaboration of

Agricultural Knowledge System (AKS) generality. from direct (Transfer of
o : . Technologies) to a more complex and network
generality is began in 1960s, a policy to

. . . of knowledge, knowledge and invention of
coordinate invention and knowledge transfer to ) . .
. . researchers, counsels, instructors in National
accelerate agricultural improvement, converted _
. . Agricultural Research Systems (NARS) also
to Agricultural Knowledge InformatioBystem( .
L . . . transferred to the agricultural sector through
AKIS) with increased attention to information _ _ _ _

: . agricultural extensiorservices and education.
by prolusion of computer conceptualized by Part of AKIS i ; v to t tor th
OECD and the FAO policy discourses in 1970s. tarh OI _ f's nod' on.y't'o ranster f
Rolling defined AKIS as a system in which ec no.ogles rom _ 'squisition s_ys em 1o

. : S extension system ultimately to the client system
agricultural information is generated, converted, .
. but alsotoleasn&rm t he f ar mer 6s e x
transferred consolidatl, entered and employed . i )
. using the new technologies with on estate and
with feedback so that these processes serve more

. . off ranch biephysical and sociprofitable
effectively to strengthen knowledge operation technological Ivsis. AKIS links stakehold
by agricultural directors. FAO described AKIS echnological ahalysis. INKS Stakeholders

as a G6knowledge tri t? gromotfe coIIaboragtlvebknowIedge throulgh
disquisition, and extension along with fars at generatlng storing and repossessing a varlety Of
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information, applicable technologies as and
when demanded in NARS

Concept and Approach of First Line Extension in
India

What is Extension Education?

The term
latin roots means Stretching out the education
educated at academy, sodalities and university to
the people in pastoral areas first began in
England in 1866. This type of education is
nomi nat ed as 6extens
Cambridge University and Oxford Univésgsin
1873 and 1878 independently. Education means
to train or mould which preferably changes in
the geste of existent. Therefore extension is a
system of norformal (out of the formal class
room) education aimed at converting desirable
behavioural change in its guests for their
increased knowledge, skill, station and income.
The introductory gospel of extension education
is to educate people how to suppose, not what to
suppose. In other words Extension is helping
people to help themselves with major pipies
of O6literacy by
Rolling made a distinction between extension
and extension education similar as extension
refers to o6the factual
extension agents at colourful situations of

Y/ INNOVATIVE AGRICULTURE \\
Ny /

ISSN : 3048 - 989X

significant donation by showing heritable
product eventuality of new technologies to
impact both the farmers and extension workers.
In 1974, functional disquisition design (ORP) of
ICAR started to circulate proven technologies in

6extensi onogy by afdnl faMBre bnfatefsHed haked® M

covering whole village or cluster of villages
involving confederated agencies for studying
technological and sociprofitable constraints in
spreading of technologies. In 197&rishi
Vigdh Kerfelrd, Wothdr toPnBr Froubl® ¥tarted
to conduct vocational training in husbandry
through empirical knowledge of farmers and
pastoral youth for upgrading their knowledge
and skill with bettered technologies. In 1979,
Lab to Land Program n{&LP) was launched to
meliorate the profitable condition of small and
frame farmers and Landless agricultural fags by
transferring bettered technologies

Mandates of KVK according to ICAR
The mandate of KVK is Technology

Assessment and Demonstration for its operation
and Capacity Development. To apply the

are imaged for each KVK.

1.0nfarm testi to

ng

doi n g Odeléghtidn sy, thd followding Rsefidne Vi n g

asses

peorrtki cuildari t yproff e sagirq real

under various husbandry s
oper at i oerténsion ¥dudatlorerefersto 2 Frontl i ne demonstrations
body of knowledge concerning that work or eventual ity of technolog
practise. fields.

First Line Extension Methods of ICAR and 3.Capacity devel opment of
Inception of KVK _ _ ; extension | abour force t
As per above history, extension education knowl edge and chops on mo
has Ipwgr responsibility to carry out extension technologies
functlgn in smoother yvay. thergfore, ICAB tqok 4To work as Knowl edge and
lead .|n easing .publlc extension by |r?|t|at|ng o f agricultural technol o
frontl!ne extension styles by transferring the enterprise of public, or
frontline resear.chers arudrofe.ssorsf.of ICAR sector in perfecting the
Research .Instltute_ and pnlyergltles to .the of the quarter
farmers field with  disquisition  affair 5 Give farm advisories usi
technologies testing, evidence and creation of media means on varied sub
technqlogigs for Iarge scale handover by farmers moment , KVKs ar e
satisfying field extension workers and farmers for Assessment, Refin.
guests. To promote YW/P during green Demonstration of anteri ol
revolution, National Demonstration (1964) had for al |l experiment al e x
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husbandry, communi ty FrantLohe Démordtratient r i ous ness

in rural I ndi a. FLD is a demonstration of proven
Operational Modalities of KVK technologies first time to move growers and
Identifying Farming Systems, Field Problems extension workers under close supervision of
and Developing Action Plans: NARS scientists. FLD is conducted only on

Rel ating the  co0mMmO fhose’ t€&RAnblogie® Bifitdble i t® Bheir micro
problems being in the h¥shdndrya SiRi&ion? ftilling Ns§ste U atert er |
vital for KVK Scienti dvi§aor ufiér OHTE BVK TohHuBtELDAGR t | O N
plan with interventi onhoge$pachicdtedhhokodgles aSsested melidraked s
and training progdeapmeespdindlit8dtEbR reallj duifablel tdthe quarter
analysis of husdahdgy mgd sobitoieitherddhdued OFT by its own
situation are prerequi g iakyeothérQauthestidé genciesUibivoled & P €0
with need grounded r e sdefelbping RchioBdies i thd e PIIDGsMS . T o
identify concrete pr obdoRiBRd on-Hahéchare bidtk réadskidtd el 0 gy
relinquishment and tr gogfahtMNd otHer®fBllbv §réwBS Ard SnewoO f
growers KVK need to genMofodied Bperafion pfattitedis drfidnstrated
Resear chon ExRlears i SREP) with §uPplyifgicibal inputs along with training
Participatory met hodoltPteeingrs. Both FUDiahd&ield dénfonstfatldr /

RRA involving all the gniefgésetlodyped Bemsnstitibilie MetRode r s
for the quarter. SRERDeménstat®n (MDj shéwing the neve skill of h e
expl oreexttieomsi on stratedr£5t i Wiet Rioh t hBeheirs witt
qguarter in confluence pythoATn?MsS HAHerReSRER, Dem
tillsitnegn saynal ysi s i s ansholiAg te8vBrih bf adnbv@ gtdcticd i fermy €
analysis of an being BugPRtRiAGhparison b Bein§preet@ he t h e
study area in a compredgmnésd @t aainNeesr WiSt M I prin
indewsciplinary appr oacpe|Whe Cihn gtogo MpHepnegnst sa col | e
exploration and eXxpe d BeRMidts? bxtensioR Bffitérd an@ Growerd
responsive to smeliiedyay e dqubidids g tiaified dn the spot. Thus

in Scientific Advi sorkyk scledisidHeddtoeb® watéhfBi akd) well
meeting comprised of scprdifoRedsetIof sticcedsful chnBiudtiRg FLISt at e
Agricul tural Univer si t@apadtypdiding:t ate agricultural ¢
related officers, NGOs, @apaei@ risethes abMite to ofulfip s eagks et c .
of quarter as member s gfféctively Oapdcisy Stiudufe.is the process of

On Farm Trial: upgrading the ability of an individual or any

This is nothing but navigator which tests ndividualities working in any association with
the new technology for locality particularity and  pettered knowledge and skill to perform job or
Suitableness on gr owe rigse adéptlye CapacitytctiRe’ KVR lisOaye r 6 s
condition by using pl asieddpkef in Culeht siRdich §dpihgiem a s
control. Technology revision as a part of yocational training since commencement of
technology development procesan be at this  KvK in 1974. Training is a subset of Capacity
phase to be harmonious and compatible to structure fastening only furnishing specific
planterds circumst anc egop@dhdkndvdgé i6rpdribrifigt spedifis t € m.
Then cultivator saves important time by tgsk workng specific problems. Whereas
espousing the assessed and meliorated satisfyingcapacity structure encompasses whole range of
technologies much before feeding into extension conditioning designed to empower

system. individualites and associations. UNDP
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mentioned capacity structure is a long term supervision of KVK scientists in presence of
nonstop cooperative process involving all state department officers. KVK also act as
stakehol dersd parti ci pcapaditypstructiireocentraviar bettesield husbandrp ur c e

development of individualities and and confederated conditioning to empower
organizational development. There are several pastoral youth, tilling communities and lawn
styles of root position extension workers in knowledge

Capacity structure similar as literacy by skill up gradation.
doing, existential literacy, mentoring etc. Reference

Training improves job performance and behaves 1 .EU S CAR. Agricul tural k
else than others. Training is an active literacy i nnovati on sysitaemsefilrect i @i
process by individualities for over gradationin paper, Brussels; 2012.
specific knowledge, skillstation and actionto 2 .Rol I i ng N. Extension sci
induce desirable change in geste. systems in agricultural de
There are mainly five categories of training Uni ver sity Press, New York
conducted at on campus (KVK premises) or off 3 .FAO. Agricul tural Know
campus (Farmers field, other line department | nf or mati on Systems for R
office premises etc.) such as (AKI S/ RD). SD Dimensions;
x Farmers and Farm Womemttp:// www. fao.org/fileadm
x Rural Y®btagé¢ 1§roups)l3/ 1l ink publications/intro

x Extension professiondlRadmannne. d@parctumeé ntr al Kk
of ficers such as AAO, IAMOtdmdsgitadsd: | olotwalredvse | a
extension functionariekfieuent Huppwiritl agfe Lear
Agricultur al Wor kers) Networ ks f or Sustainabl
x Sponsored traimeagt pf(oSOLdmMindeAs) , Project Descrip
farmers, rural youth am¥aexdensiBam A¥Wrsblawki ns |

x Vocational trdameiang peoxotgernashifodns.t i d n . CBS Publ i s
farmers and rural youthistributors, New Delhi; 1
Conclusion 6 .Ray GL . Extensi on cCommu
AKIS as a system in which agricultural management . 8th Edition, |
information is generated, converted, transferred Lud hi ana; 2011.
consolidated, entered and employed with 7 .Pet er son W. | mproving
feedback in such a manner that these processese xt ensi on: A reference man
serve more effectively to strengthen knowledge 8 .Pat i | SS, Kokat e KD. T
application by agrarian directordNARES is assessment of subject ma t
perpendicular relation from Indian Council of Kr i shi Vi gyan Kendras. 1| nd
Agricultural Research (ICAR), Ministry of of Extension EducZaz.ion. 20
Agriculture to the tail enders growers and 9 .Si ngh K, Peshin R, Saini
vertical relation with public private agenciesin t he agri cul tur al vocationa
a country and institutions across globe Conducted by the Krishi Vi
amusement as stakeholdéos knowledge and Science Centres) in I ndial
invention sharing platform. There are threearms Agr i cul t ur e and Rur al De\

of NARES which round each other iie. Tr opi cs and SubtOdb@;i cs [
Research, Extension and Educationand growers1 1 1 ( Z)7:. 6 5

are the tail ender guests. The successful 1 0Saj es h VK, S u rseescht o rA .
technologies are fed into main extensionsystemagr i cul t ur al extension 1in
through frontalline demonstration under close of Agr ari an St u3dli.es. 2016 ;
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Desai N. An evaluationdeveltampmemnntng ogr o@g aimenelst ur
conducted by Krishi ViSgnwaanrs ole Bd rEa, (TEwWmk urAgr i cul
Karnat aka. I nternati oRaefF erJawrenaMan wdl , FBEA O, Rom
Sciences. 8014;4(2):24D7Venkatasubramanian V, San
12Kel sey LD, Hear ne gR, DCeo oplewiag i Ae Concept s,
extension wor k. CorneMelt hbdolvegisesyf oRfr etseschnol c
Il t haca, New Yor k; 1967transfer: A resource book
13Rol | i ng N . AlternatPvej eappbDoalelble s rlatAeRr; 2Z200n0e9 .
extensi on. I'n Jones and8LRaoltlonn (EBs. )PaPrreek esUs i ¥
Rur al Extension and Codmmwelli dpymeretv.e | bipsanteanar. Publ i
19821187 1990.

14Mondal S. Fundament all9s ndoifana gCoiucnuwelitlur afl Agri ci
extension educati on. Koa lvyiassnionPudfl i Algern < ul Nawal
Del hi; 2017. New Del hi. 2019; 765.
155haner WW, Philipps 2PECAR5chmehIl WR.. 2020.
Farming systems researAvhaidmdb| edehelt ppmeéndt cahA. org
gui deline for devel opi ngt idatuiratgrdiecse.kt Boal der ,
Col orado: Westview Pre2fAnnlu®ad82;Rdport. Annual R«
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Nano Biochar: A Solution for Sustainable Agriculture

Kannappamd MVaganth P

PostGraduate ResearchéPh. D. scholar, Department Afronomy, Faculty of Agriculture,
Annamalai University, Chidambaram

Nano biochar is an innovative, carbooch material produced from biomass at the nanoscale, offering
significant benefits for sustainable agriculture. By enhancing soil fertility, improving water retention,
and boosting microbial activity, nano biochargseincrease crop productivity while reducing the need

for chemical fertilizers. Its unique properties also contribute to carbon sequestration and environmental
remediation, making it a powerful tool against climate change and soil degradation. This:xgotmles

how nano biochar serves as a promising solution to address global agricultural challenges, promoting
resilient, ecefriendly farming practices for a sustainable future.

Introduction T Hi gPhr essur e Homogeni zatic
Sustainable agriculture is a pressing need to Meéch 4N ical process i ng suc
meet the growing global food demand while particle size to the na
protecting environmental resources. Nano 4! SPersibility and unifor
biochar, an advanced form of biochar with 1 Nammodi fi Cateimowal or phy
nanoscale particle size, offers promising 't €atments —increase sur
solutions to enhance soil health, boost crop 9foupPs., improving adsorpt
productivity, and mitigate environmental 1 COmposi t e NSynmot hbeisoicshiar ¢ a
challenges. It represents an innovative approach ¢ o mbi ned with metallic o
combining nanotechnology with traditional nanomaterials to form ¢
biochar applications, paving the way for enhanced catalytic and ad
sustainable and resilient agricultusgstems. Properties and Characteristics Relevant to
What is Nano Biochar? Agriculture _ ) _

Nano biochar is a carbeich material Nano bi ocharos uni que

derived from the thermal decomposition of significantly impact its agricultural function:
biomass under limited oxygen conditons, 1 Large Specific Surface Ar

processed to achieve nanoscale particle sizes. Al | ows better nutrient r
Unlike conventional biochar, nano biochar promoting soil fertility.
exhibits a much larger surface area, greater 1 Abundant Surface Functio
porosity, and enhanced physicochemical Facilitate interactions v
properties due to its nanostructure. These unique ©F gani c matter, enhanc
attributes enable superior performance in soil avai l abi lity.
amendment and environmental remediation. T Water Hol di nlgmpGaopvaecsi t yo i
Production Methods of Nano Biochar moi sture retentipornonecr uci
Production of nano biochar involves areas.
several advanced techniques: T Enhanced MicrobupporHabit
1 PyrolByisoinea:ss is ther malbieyn edfeiccoimgplo sseadi | mi crobi of
in an -loixnyiggeend environméthti engjtwcwycling and plar
control over temper atfupkd amd dr e sBldeecntcrei ctailme Co
to optimize nano biochModuwlhatrAxdygnuesrtiss t iscosi. | c he

favorably for crop growtt
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Benefits of Nano Biochar for Soil Health Environmental Benefits
and Fertility Nano biochar contributes significantly to

Nano biochar application to soil offers environmental sustainability:
multiple benefits: T Carbon SeqB8estesatsbabl e c
T I mproved Soil Physician s®rbpéotiesnturies, m
Il ncreases soil aggregagthese esmiavsdilony,, reduces
erosi on, and del ays rumolfifut icomAsRe d/d i wvead ey me
and nutrients. and organic pollutants,
T Enhanced Nutrient Rewaetnetri ocnontamd nati on.
Avail aRetlaitrys nitrogepnMi tpihgstpihonm usf Greenhouse
and ot her essenti al INuwern £ ntesni s srieodnusc i B § ni t
| eaching and i ncreasimegd h afneer tfirloinz eargr iucswel t ur al
efficiency. 1 Soi l Water and Nutrient
T Promoti on of Soi l Mi ovii b imalz e Ac tniuvirti yeint run o
Stimul ates beneficial pmiecsreorbveisn gt lsati | s@ampomwiat er
nutrient cycling and ([dResc@stei 6P RFesSGHeoOMi.cal F
T Boosted Soil Cogami d® uCRrsthbadomces nutrient use ef
to increased soil orgaripenmainicgr oni mphownebgc i
soil fertility and c aghdllengesan@ldmitgtions r at i on.
T Soi l pH RAagel abranes Deaspitel i its  benefits, nano biochar
soils by increasi ng aplication facesrsevéral chdllanges: ovi n g
nutrient uptake. T Toxicity at Hi gh Conc
Impact on Crop Yield and Plant Growth Excessive doses may i nhi
Nano biochar positively influences plant and soi l mi crobi al commur
growth and crop yields: f Producti on and Process
T Enhanced Ger mi nati on Namtds cSxleed!pm@duct i-on met |
Growt hmproves root ainrdt e rsshiovoe and require

devel opment at opti mai nvdeosstangeenst st hr ough
better nutrient and watedomyiadd @a®ti VRt Bhdi IRetsy |

fTIlncreased Biomhsad®rodcgwdtli on:ypes, bi ochar f
hi gher fresh and dry ewmevigrhdmsmethrtchdr ncaonnodi t i on
bi ochar treat ment. heterogeneous effects.

T 1 mproved Cropieldel einflot ent i al Environment al
greenhouse trials repNwanoput el dl eisncrmeyseshave
ranging from 5% to ovtedx i80o% oign cabriedfiects on
crops including mai zerreqaukra,ngmaagbédfeahn, ri sk as
chickpea, and rice. f Lack ofTebLmnd@tluadrge s m

1T Stress Toleran&E€ahamdeRiempaddtenc &n soi l heal t h,
pl ant resistance to aknetronméneabes ssafceh yas
salinity and drought kympmehewishgesevhl aadi on.
plant physiological cQumefti Researdhs Trends and Future

1 Bi ochased -FNeano | Na®ao sProspects

bi ochar coated f ert i Rasearhr an nanonipiactar ie expanding with n t
release and uptake, ffocusestomr i ncreasing growth
and yield.
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T Synt hpstiismi zlamp roonvii-ng T c¢ro ®tl d | mprovement s and
effective and scal abl @ npes:tdméindloch immectrheondesnt s n
wi t h control over @dgrso miocdlelmy caattracti ve,
properties. resompaogacre settings.

T Functionali zati on afnf8ust EompbEet eWastUsi Manage
Devel opmBahmhtanci ng bi ocdhgqami cdlorur al wastes as
specific applications dliiskpeosmadl Iputodbnte msemawdaladc
and nutrient deliveryf. Adopti on HBarhriierrig:i al i nv

T I ntegration wi t h Namat et hmbt edy:awareness e
Combining nano bi ochaecewisth atrean@extensi on a
fertili-pess | cindaenso, andemearobitad overcome barr
i nocul ant s t o i mpr o@onclusienf f i ci ency and
sustainability of agr i cNarotiachae stands out as a versatile and

1T Field TrialTer mnhklorniotngewerfulg tool in the transition toward
Addressing k nowl e d g esustaigahlgpagricultureh Its capagities to improve

extensive

field tr i alsalhealth,dncrease erbpopgpiluctisity, mitigaie a c t

assessment s. environmental risks, and support climate action

f Policy and AdoBpuadlowmna tShakeait angridigpgnsablsolution. However,
socioeconomic fact or 9ptimizing produstiore methgds, yndersianding

adoption
Economic Aspects and

and devel opiitalgngterm gnpasts, addressing pasential giskse s .

Cost-Effectiveness and strengthening economic feasibility are vital

Economics play a vital role in nano biochar for its widespread adoption. With coordinated

adoption:

research, policy support, and stakeholder

f Production Costs an denggemante thanoy pigchay |cant grofoundly

Cheaper
abundant

viability,
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madaBd nidu

Sadhana

Research Scholar
Sri Konda Laxman Telangana Horticultural University

Growing media, or substrates, are foundational components in plant cultivation, providing mechanical
support, water, air, angssential nutrients required for plant growth and development. The selection of
an appropriate growing medium significantly influences the success of plant propagation and overall
productivity. Ideal substrates must be firm enough to anchor plants, esififfgborous for aeration and
drainage, capable of retaining moisture, free from contaminants, and possesseutraaipH for

optimal nutrient availability. With the advancement of agricultural technologies and soilless cultivation
methods, a diverse mge of media is now utilized in horticulture and controkgd/ironment
agriculture. These include organic options such as compost, peat, sawdust, and cocopeat; inorganic
materials like sand, perlite, and vermiculite; and natural products such as splmagssiand soil. Each
medium has unique physical and chemical properties that influence its suitability for different plant
species and cultivation systems. This paper provides a comprehensive overview of the characteristics,
benefits, and limitations of vimus growing media, supported by scientific literature, to aid in the
informed selection and management of substrates for sustainable and efficient plant production.

Key Words: Media, Compost, Perlite, Vermiculite, Cultivation

Introduction

M edia (Substrate) is the substance that
provides physical support to plants by anchoring
the root system. Additionally, it supplies

essential nutrients needed for metabolism,
growth, and overall plant development (Raviv
and Lieth, 2008; Nelson, 2012). Theacsess of

employed to optimize pht growth (Resh, 2013;
Raviv and Lieth, 2008). This section explores
the key properties of effective growing media
and provides an overview of the various types
used in modern horticulture and agriculture.
The following criteria should be considered
while selecting an ideal growing medium:;

S Vit should be firm enough
plant cultivation depends not only on proper care | ¢ . | Nel
and environmental conditions but also heavily pllants in place (Nelson,
) . . . VIt shoul d be porous eno
on the choice of growing media (Raviv and ti andld .
Lieth, 2008). A growing medium serves as the F2) :) 8 E er aeration ean ral
foundation for plant roots, providing essential ) .

: . . VIt shoul d retain adequa
support, aer@&n, moisture, and nutrient Cai q ¢ 1 abi
availability (Nelson, 2012). The characteristics S ;S 3 ;29?9 5 water aval abl
of an ideal plant cultivation medium include (Eva 6) .

. . . Vit should be free from c
good watetholding capacity, adequate drainage, th q q
proper aeration, and the ability to retain and P ‘(33 3 gen ; O 0 ;ve © seeds, ©
slowly release nutrients (Abadt al. 2005; Vv I( ) ru ha, | d ) 'f b | h
Gruda, 2009). With the advancement of 'Sd ou ¢ .pr et e,r ab Iy av
agricultural practices and the rise of soilless and av ? ! K nu Rr ! ? n ! rg aL . 2 ? ; s
controlled environment farming systems, a wide uptake (Raviv an '€ '
range of media ranging from traditional soil to
synthetic and organic alternatideare now
Volume-01, Issued6 APRIL 2025 Page [127
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Types and Its Characteristics moss is dehydrated and used, particularly in
1. Compost: layering and as a propagation medium.
Compost is decomposed and rotten material Sphagnum moss exhibits excellent water
derived from farm waste. It is a commonly used retention capacity, capable of holdingi 20
and highly effective material for growing seeds times its dry weight in water. It is slightly acidic
and cuttings. Rich in organic matter, compost in nature, with a pH ranging from 3.5 to 4.0,
contributes significantly to the growth and Vigor  making it suitable for acitbving plants (Bunt,

of plants. Typically, ompost is prepared using  1988).

dung, which may contain faecal matter, viable 5, pPerlite:

weed seeds, and can sometimes harbor soil |t is greywhite salicaceous material obtained
dwelling pests such as beetles, grubs, and root after processing of crude ore which appears after
pathogens. To ensure safe and effective use, yolcanic eruption. It is obtained after heating the
compost should preferably be sterilized before ¢ r ushed ore to about 760
apgication (Ravivet al.2002). heating, the moisture in the particle changes to

2. Sail: steam and exparthe particles to small, sponge

It is the most common, easily available, and |ike kernels that are very light. It holds three
inexpensive material used as a growing medium. oy times more water to its weight. It is neutral
Seedlings that are transplanted with their earth j, reaction with a PH of 6-8.0 It does not

ball intact establish better when raised in heavy contain mineral nutrients. Perlite in combination

critical role in pant growth. for cutting (Nelson, 2011).
Soil texture is determined by the relative g \ermiculite:

proportions of sand, silt, and clay, which affect |tisa micaceous mineral obtained from mica ore
water retention, aeration, and root penetration 3 f t er processing the ore a
(Brady and Weil, 2016) is a hydrated magnesiuaiuminiumiron

3. Sand: silicate. It is neutral in reaction with good

It is essentially small grains formed after pyffering property and insoluble in water. It is
withering of rocks. It is totally devoid of organic  gpje to absorb large gutities of water and has
matter and nutrients. Hence, sand culture is gqod cation exchange capacity and thus can hold
mostly used for nutritional experiments 10 pytrients in reserve and releases it slowly and
eliminate the biasness of the result as affected by slowly. It contains enough magnesium and
base nutritional stas of the growing medium. It yotassium needed for plants (Raviv and Leith,
is devoid of zero in water retention capacity. It 20pg).

is preferable to use it along with organic 7 peat

materials like compost, leaf litter etc. Quartz peat consists the remains of aquatic, marsh, bog
sand is used for propagation and plastering grade or swamp vegetation which has been preserved
is used for rooting of cuttings. 8a should be  under water in a partially decomposed state. It
sterilized before use (Raviv and Leith, 2008). is of three types: a) Moss peat b) Reed sedge c)

4. Sphagnum Moss: Peat humus (Raviv and Leith, 2008).

Sphagnum moss is a bog plant belonging to the 5 Mo s s Raatics | east decomp
genus Sphagnum including species such as derived from sphagnum or
Sphagnum papillosunsphagnum capillaceum has high moisture hol ding
and Sphagnum palustre times to its dry weight,
It typically grows as a lithophyte (on stones) in 4.5 PH) and cont ains | i
swampy or waterlogged environments. nitrogen (Bunt, 1988).

For horticultural use, the living portion of the
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b)Reed Sedge consi sts
grasses, reeds,
plants. 1t hol ds

wei ght and its PH
(Bunt, 1988).

c)Peat Hdrmusi s highly
material and

reed sedge peat. It
hol ding capacity and
to 3.5, Peat can be
i noculum of soil dwe
shoul d ebhei pacdt whil e
1988) .

8. Saw dust:

It is a byproduct formed during the processing
of wood material. It is fine in appearance, holds
sufficient moisture and retains moisture for
sufficient period. Saw dust takes long time to
decompose and convert into organic compound.
Therefore, aeratiorsihampered with the use of

saw dust. It has no nutrient content and hence

nutrient should be supplied externally to support
the growth of the plants. Being organic in nature,
saw dust is ideal for the growth of fungus and
hence its use is limited in propgpn (Raviv
and Leith, 2008).

9. Cocopeat:

Cocopeat is a bproduct obtained from
processing coconut husks during fibre extraction
(Raviv and Lieth, 2008). It can retain water up
to 78 times its weight while simultaneously
allowing excess water to drain, making it ideal
for maintaining balanced oisture levels (Abad

et al. 2005). Its fibrous structure enhances soll
aeration and drainage, which supports healthy
root development (Evaret al. 1996). Cocopeat
also acts as a buffer for nutrients, reducing
leaching and gradually releasing nutrients to

plants, which improves nutrient uptake
efficiency (Savanet al.2018).
Conclusion

The choice of an appropriate growing medium
plays a pivotal role in determining the health,
productivity, and overall success of plant
cultivation. Each substrate, whether organic or
inorgani® possesses unique physical and
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ahdmicar e@nopeerties sthato influence water

S e d gretentionaaerdtion,mutrierd availabilityaamiroot
a b o udevelbpinent. i m e UWndevstandiag
r achayaetsristids allows cultivators ta tailor media

t dheset s

selection to specific crop needs and cultivation
systents,0 enecadlye id modepractices like

or i gi n atseikessfarmingind prgtectedicoitivationsVghileo r

traditisnal vmediay such @sv soimand sdmpaste
rémais widelHused anmayativwe alfernadives like. 0
cacaopeat, gerlitej vegniculitey tared npeat offer e d
ledhanced comtral bMerglgre gravth coBditions. it
Ultimatety gsele€tiBguthe tight mediuinvolves
balancing factors such as moisture retention,
drainage, nutrient content, pH, and disease
resistance to support sustainable and efficient
plant production.
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1. Introduction

The fox nut (Euryale ferox), also called production, and makes the most use of available
’ resources. Farmers may increase biodiversity,

MAKHANA, is an aquatic crop of the
Nymphaeaceae family. It is a unique, nutrient
dense, noftereal food that is grown in areas of
lower Assam, north Bihar, and part of Bengal
that are prone to flooding. Grown in steapt
perennial water bodies such as ponds, land
depressions, oxbow lakes, swamps, and ditches
it is sometimes referred to as makhana, gorgon
nut, or fox nut. More than 80% of the nation's
Makhana output comes from the state of Bihar
(Mishra 1998). It is dltivated in wetlands with
water depths of 0.5 to 3.0 meters or even more
throughout the warmer months of the year,
especially during hot and muggy seasons
(Pramanik et al., 2013). Makhana is mostly
produced in the districts of Darbhanga,
Madhubani, Sahaas Katihar, Purnea, Supaul,
Kishanganj, Araria, and Sitamari. The average
productivity of the 15000 hectares of makhana
cultivation in these districts is 1.5 t/ha.

Fish farming and makhana (fox nut)
production are combined in one water body as
part of the creative and sustainable agricultural
technique known as makhatfigh integration.
This integrated system promotes

Volume-01, Issued6
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environmentally friendly agriculture, increases

improve soil and water quality, and make two
incomes from the same plot of land by
cultivating makhana on the wate surface and
raising fish underneath it. Thigrategy offers an
effective means of enhancing rural livelihoods

and is particularly advantageous in areas with
"low-lying or flooded fields.

2. Why is This System Needed?

In order to effectively use lowying,
waterlogged agricultural regions that
frequently left underutilized, Makhasféash
Integration is required. Makhana agriculture is
naturally possible in various places, particularly
in Bihar and eastern India. Bine area under the
sea is still unutilized. Farmers may gain twice
from the same land and water supply by
combining fish farming with makhana
production.

This integrated system helps-in

A. Maximizing productivity - from a single
water body

B.l ncreasi ng f athronghdusld
cropping (makhana and fish)

C. Improving resource efficiency- especially

are
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D. Enhancing sustainability - by maintaining
ecological balance

E. Providing year-round employment - to
rural communities

In short, this system transforms traditional
farming into a moreprofitable, ecofriendly,
and efficient model making it highly relevant
in todayo6s
3. How Does Makhana-Fish Integration
Work?

MakhanaFish Integration works by growing
makhana (fox nut) on the surface of a pond or
waterlogged field, while rearing fish like Rohu,
Catla, or Common Carp underneath the water.
This dualuse of the same water body helps
farmers produce both crops withtaextra land.
Hereds how it -bwsep:call
Site Selection

A waterlogged or lowying field that can retain
water for 6 8 months is ideal.

Pond Preparation

The pond or field is cleaned and leveled.
Organic matter is added to enrich the soil.
Planting Makhana

/ INNOVATIVE AGRICULTURE \
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4. Key Benefits

Double Income from One Resource
Efficient Use of Water

Eco-Friendly andSustainable

Improved Fish Growth

Better Livelihood Opportunities
Enhanced Soil and Water Quality
Reduced Risk

Utilization of Unused Lands

5. Government Support and Schemes

A. Pradhan Mantri Matsya Sampada Yojana
(PMMSY)

Launched by the Department of Fisheries,
Government of India.

Supports integrated fish farming, including fish
cultivation with crops like makhana.
Brovides r knancia t aspistance for
construction, input costs, and training.
Encourages use of innovative aquaculture
models.

Rashtriya Krishi Vikas Yojana (RKVY)
Promotes integrated and sustainable farming
practices.

States may fund Makhatksh projects under

ITOmMmMoO w2

pond

Makhana seeds are broadcasted or transplantedthis scheme as per local priorities.

in shallow water. The plants float on the surface.
Co-Management

The pond is managed in a way that both

makhana and fish can grow without disturbing

each other. Fish eat mosquito larvae and help
keep the water clean.

Harvesting

Makhana is harvested from the surface, usually
in 4i5 months, while fish are harvested later

when they reach market size.

State-Specific Schemes (like Bihar Makhana
Mission)

Bihar Government supports  Makhana
cultivation through technical training, subsidies,
and research.

Integration with fish farming is
encouraged in regions like Mithilanchal.
Subsidies available for makhana seeds, pond
development, and input costs.

being

Fish Stocking After makhana plants are established, fingerlings (small fish) are released into the wate
below. They live and grow under the makhana leaves.

Volume-01, Issued6
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NABARD Support D. Research & Technological Scope

The National Bank foAgriculture and Rural Agri-tech Innovation: Smart monitoring of
Development (NABARD) supports integrated water quality, pest control, and fish health can
farming projects. boost productivity.

Offers loans and grants for fishakhana units Institutional Support : Government and NGOs
under rural development programs. are increasingly investing in integrated farming
6. Future Prospects systems.

The concept of "MakharBish Integration®  Skill Development Training programs and

which involves cultivating makhana (fox nuts) €xtension services can make this model more
alongside fish farming is an innovative model —accessible.

for sustainable and integrated agriculture, E. Challenges to Address

especially relevant to regions like Bihar in India Lack of awareness and training.

where makhana is traditioifiagrown. Here's a Initial investment for setting up integrated

look at its future prospects across economic, Systems.

environmental, and social dimensions. Need for organized supply chains for both

l ®Economic Prospects makhana and fish.

Increased Farm Income Integrating fish F. Future Outlook

farming with makhana cultivation helps farmers With increasing focus en

earn from two highvalue crops, improving U Sustainable agriculture
profitability and resilience. 0 Climate resilience

Market Demand: Makhana is gaining global U Nutritional security

popularity as a health food (low calorie, gluten  the MakhanaFish Integrationmodel is weH
free, antioxidantich). Fish remains a staple positioned forscaling up especially in Eastern
protein source with consistent demand. India and other watestbundant regions across
Export Potential: Valueadded makhana Asia.
products and freshwater fish both have growing 7. Conclusion
export markets. A viable path towardlicrative, climateresilient,
®Environmental & Agr ormumustainableagriedliturd issthe Makhéieh
Efficient Land & Water Use: Ponds used for  Integration concept. Particularly in watéch
makhana can double for fish farming, areas, this approach provides farmers with
maximizing resource efficiency. increased revenue prospects, effective resource
Nutrient Cycling: Fish excreta can naturally use, and increased livelihood security
fertilize the pond water, benefiting makhana integrating two complementary and-demand
growth; similarly, decomposing makhana parts commoditie® fish and makhana. This
support aquatic biodiversity. integrated strategy has the potential to
Reduced Chemical Input Integrated systems  significantly  impact rural  economies,
encourage more organic and balanced practices. agroecological balance, and future food and

C. Socioeconomic & Employment Benefits nutritional security with the right infrastructure,
Rural Employment: This model creates year training, and institutional support.

round jobs, especially in rural and flepdone Reference

areas. Misra, R.L., 1998. Gorgon plant: an aquatic

d fish feed fi ofed Pramanik, B.R., Puste, A.M., Jana, K., Banerjee, K.,
andfishleed preparalion can engage w n Das, D.K. and Dasgupta, M., 2013. Makhana (Euryale

SHGs (Self Help Groups). ferox Salisbcumfish culture: An integrated

Livelihood Security: Diversification reduces  management for better yielBangladesh Journal of
. . . Scientific and Industrial Research8(4), pp.281286.
risk from crop failure or market fluctuation
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Introduction
Strengthening agriculture is critical for facing

the challenges of rural poverty, food insecurity,
unemployment, and sustainability of natural
resources. Agriculture is the science and practice
of activities relating to production, processing,
marketing, dstribution, utilization, and trade of
food, feed and fiber. This definition implies that
agricultural development strategy must address
not only farmers but also those in marketing,
trade, processing, and agmisiness. In this
context, efficient marketm and rural credit
systems assume added importance. Marketing
system is the critical link between farm
production sector on the one hand and nonfarm
sector, industry, and urban economy on the
other. Besides the physical and facilitating
functions of trangrring the goods from
producers to consumers, the marketing system
also performs the function of discovering the
prices at different stages of marketing and
transmitting the price signals in the marketing
chain. The issues and concerns in marketing
relatemainly to the performance (efficiency) of
the marketing system, which depends on the
structure and conduct of the market. An efficient
marketing system helps in the optimization of
resource use, output management, increase in
farm incomes, widening of maeks, growth of

capital investment, makes availability of timely
credit at affordable rates of interest a
prerequisite for improving rural livelihood and
accelerating rural development.

[I. Main Problems in Agricultural Marketing

Agricultural marketing in India is characterized

by pervasive government intervention. The
objectives and forms of intervention have
changed substantially over time. Some basic

features of the system and associated problems

1 The market size is already large and is
continuously expanding. Farmers market
linkages (both backward and forward) have
also increased manifold. But the marketing
system has not kept pace.

9 Private trade, which handles 80% of the

marketed surplus, has not invested in

marketing infrastructure due to the
excessive regulatory framework and
dominance of the unorganized sector.

Increased demand for vatadded services

and geographic expansion of markets

demands lengthening of the marketing
channel but this is hampered by lack of rural
infrastructure.

Direct marketing by farmers to consumers

remains negligible. In the 30, 000 rural

periodic markets, where small and marginal

il

agrobased industry, addition to national farmers come to the markets, 85% lack
income through value addition, and facilities for efficient trade.

employment creation. The rural credit system T For facilitating trade at the primary market
assumes importance because most Indian rural level, 7561 market yards/syards have
families have inadequate savings to finance  been constructed but they are ill equipped.
farming and other ecamic activities. This, 1 Food processing industry has a high income
coupled with the lack of simultaneity between multiplier effect and employment potential.
income and expenditure and lumpiness of fixed ~ But in India the value addition to food
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production is only 7%, mainly because of
the multiplicity of foodrelated laws.

Due to poor handling (cleaning, sorting,
grading and packaging) at the farm gate or
village level, about 7% of grains, 30% of
fruits and vegetables and 10% of seed species
are lost before reaching the market.

An estimated Rs. 50,000 crore are lost
annualy in the marketing chain due to
poorly developed marketing infrastructure
and excessive controls.

State  Agricultural  Produce  Markets
Regulation (APMR) legislation hampers
contract farming initiatives, which otherwise
can be highly successful.

Farmers shifting to higheralue crops face
increased risk of fluctuation in yield, price
and income.

While agricultural price policy and
associated instruments have induced farmers
to adopt new technology and thereby
increase physical and economic access to
food, they have reduced private sector
initiative and created several other problems
in the economy

l1I. Priority Areas in Agricultural Marketing

Based on the problems identified in the
earlier section, six areas need priority attention.
Regulation of Agricultural Produce Markets

To improve the marketing system of farm
products wholesale agricultural produce markets
began to be regulated in the 1950s and 1960s.
Based on a Model Act circulated by the central
government, almost all major states (27) enacted
APMR legislation. This leiglation covers 7161
markets, which cover more than 98% of the
identified wholesale markets in the country. In
the emerging scenario, however, the relevance
of the market regulation program seems to have
declined.

The state governments should be persuaded to

=
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1 Compulsory plowing back of market fees
for development of marketing facilities.
Liberalization of licensing of traders and
market functionaries.

Promotion of grading, standardization and
quality certification.

Creating cleaning, sorting, grading and
packaging facilities in villages and allowing
traders to buy in the villages by declaring
these places as syhrds.

Policy Suggestion

a. Simplification and Rationalization of
Regulations Related to Marketing

The unfinished agenda of domestic agricultural
marketing reforms would need to take the
following into account:

9 Despite deregulation, smatale low
technology firms established under the old
restrictive laws still dominate the food
processing industry.

Licensing requirements, stocking limits and
movement restrictions for major agricultural
products have only been temporarily
removed. In some states these restrictions
still prevail in effect. The threat of their
reimposition discourages both domestic and
foreign investment. Also, restrictions on
investment in bulk handling and storage
have been removed only temporarily.
Though investment incentives have been
provided the private sector is hesitant to
invest in bulk handling and storage.

Despite automatic approval of foreign
equity up to 100% in food processing, the
multiplicity of food laws hampers the
investment potential. The Unified Food Law
is yet to be formalized and put in place.
Restrictions on sale of sugar by sugarcane
processors continue, though at a reduced
level. The government levies 10% of the
controlled releases in tmearket.

1

1

1

l

1

1

act on the following lines: 1 Restrictions on futures trading in livestock
1 Holding regular elections of market products continue.

committees.
Volume01, Issued6 APRIL 2025 Page |135




. INNOVATIVE
¥ AGRICULTURE °

-

S~

1 Monopsony procurement of raw cotton in
Maharashtra is still in place, which hampers
free marketing of raw cotton in the country.

b. Simplification and Rationalization of

Regulations Related to Food Processing

Even so, some important emerging problems

related to agricultural price policy and food

management system may be noted:

9 During the last six to seven years, the
government fixed the minimum support
prices (MSPs) of rice and wheat at levels
much higher than recommended by the
Commission for Agricultural Costs and
Prices (CACP). This led to accumulation of
excessive stocks and also raised the public
cost of foodgrain policy. With coalition
governments being the more likely political
dispensation in the future, the likelihood of
considerations of political economy
outweighing rational factors in determining
the level of MSPs also increases.

9 Food grain stocks with the government also
increased because of frequent relaxation of
fair average quality (FAQ) norms,
inappropriate timing of raise in issue prices
of grains for PDS, and improper meshing of
exportimport policy. Currently, however,
thestocks are below or close to the minimum
prescribed leveld-or sugarcane, many state
governments have been fixing what may be
called State Advised Prices (SAP), much
higher than the Statutory Minimum Prices
fixed by the Center. Sometimes the sugar
industy finds them unremunerative. SAPs,
coupled with the policy of levy on sugar
factories, has frequently led to piling up of
cane price arrears and ultimately to the

phenomenon of sugarcane/sugar cycles in the

country.
9 Other than in Punjab, Haryana, western Uttar

Pradesh and Andhra Pradesh, price support

operations for rice and wheat are not being
implemented in some states. A result has
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mainly because the nodal agency (Food
Corporation of India, FCI) and state agencies
in the new emerging surplus states are not
geared to undertake price support operations.
The FCI remains occupied with la&rg
volumes of purchases in traditional surplus
producing states. Some decentralized
procurement and refocusing the operations of
FCI to nontraditional states may help in this
regard.

University Support for Agricultural Market

The State Agricultural Marketing Board has

instituted a Professorial Chair in the Department

of Agricultural Economics in 1983 to strengthen
education, research and trainimgAgricultural

Marketing with the following purpose, research

perspectives and programme of work

i) to build up additional facilities for post
graduate teaching and research
agricultural  marketing management.

i) to undertake comprehensive and large scale
research in the problems of agricultural
marketing in Tamil Nadu with the view to
suggest policy alternatives to improve
market efficiency.

iiiy to encourage posjraduate studies in
agricultural marketing management to
develop manpower for key administrative
positions in the Department of Agricultural
Marketing in Tamil Nadu.

iv) to provide training facilities for marketing
executives and other functionaries.

V) to build market information system and case
profiles, to serve more effective monitoring,
training and research and

vi) to serve as a pioneer to set up an all India
Centre for Agricultural Marketing in the long
run.

Conclusion

Market should emphasize a visibly open process of

price discovery, more accurate and reliable

weighing, standardized market charges, payment

of cash to farmers without undue deductions,
dispute settlement mechanism, timing and

in

been that surpluses have emerged during the sequencing of auctions, redion in physical

last decade, but farmers couhdt get the
MSP for their produce. This happened

Volume-01, Issued6
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losses of produce, and availability of several
amenities in market yards.
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As the global population continues to rise, agriculture faces increasing challenges from environmental
stressors that threaten food security. If these abiotic stresses remain unmanaged, they could lead to a
significant decline in crop yields potentially tgp25% by the year 2050. To cope with such unfavorable
conditions, plants have evolved a variety of defense mechanisms, including the detoxification of
harmful reactive oxygen species (ROS). Different plant species employ distinct adaptive responses to
ahiotic stress, many of which are finely regulated by plant hormones. Among these, brassinosteroids
(BRs) have emerged as key regulators of several vital plant processes, such as seed germination,
vascular development, and reproduction. Through complex Isignaetworks, BRs help plants
perceive and respond to environmental challenges like drought and temperature extremes. This article

aims to highlight the integral role of BRs in stress signaling and their potential to improve plant

resilience under adversavironmental conditions

Keywaords: abiotic stress, abscisic acid, brassinosteroids, Jasmonic Acid Crosstalk, Signaling Pathway

1. Introduction
The ability of plants to withstand abiotic

stresses is enhanced through internal defense
mechanisms (Kanwaet al, 2012). Abiotic
stresses encompass Hoing environmental
conditions detrimental to plant development,
eliciting diverse physiological, molecular, and
growth responses in plantgigure 3. These
responses include gene regulation adjustments,
altered protein and metabolite production,
hormone signaling changes, and increased
antioxidant enzyme activities (Shahzad al,
2018). Phytohormones, which are naturally
occurring organic compounds, exert a
substantial influence on crucial plant life cycle
processes at low concentrations (Rharetaal
2021). Their involvement in signal transduction
networks enhances plant development and
productivity in response to abiotic challenges
(Muhammad et al,2022). Plants often face
unfavorable environmental conditions such as
drought, salinity, temperature extremes, and
oxidative stress, collectively known as abiotic

Volume-01, Issued6
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stresses, whbh negatively affect growth and
productivity (Zhaoet al, 2021). To counter
these stresses, plants have developed a complex
network of signaling pathways regulated by
phytohormones (Vermat al, 2016). Among
these, brassinosteroids (BRs), a class of
polyhydroxysteroids, play a pivotal role not only
in plant development but also in stress tolerance
(Divi et al, 2010). Brassinosteroids (BRSs)
regulate a variety of biological and cellular
processes, including stem elongation, pollen
tube development, leafarphology, root growth
inhibition, fruit maturation, ethylene production,
xylem separation, chlorophyll production, and
gene expression (Bajguz, 2011; Ahamratdl.,
2013). Furthermore, BRs have been
demonstrated to modify antioxidant enzyme and
nonenzymatic defense mechanisms as well as
enhancing plant development and chlorophyll,
sugar, and proline content (Basit al, 2022;
Yusuf et al, 2023). Recent research indicates
that BRs interact extensively with other
hormones such as abscisic acid (ABA)icsdic
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Growth Physiological changes
Inhibition of germination Reduced water uptake
Reduced growth Reduced photosynthesis

Premature senescence
Reduced productivity

Altered respiration
Metabolic toxicity

'

Molecular changes

Altered gene expression
Breakdown of macromolecules
Reduced activity of key enzymes
Reduced protein synthesis

Accumulation of growth
inhibitors

Figure 1. Abiotic stresses affect different aspects of plant growth and
development (Khan et al., 2023)

acid (SA), ethylene (ET), jasmonaxid (JA),
gibberellins (GA), and auxins during stress
responses (Nolaet al, 2020). This article aims
to explore the genuine role of BRs in signal
cascades and outline their beneficial
contributions to abiotic stress resistance.
2. Structure and Biosynthesis
Brassinosteroids

Brassinosteroids (BRs) are a class
polyhydroxysteroids structurally similar to
animal steroid hormones and are essential for
various physiological and developmental

of

of

processes in plants (Clouse & Sasse, 1998).

Enzymes such as DWF4 (a cytochrome P450
monooxygenase) hydroxylate campesterol at the
C-22 position, followed by further oxidation
steps catalyzed by other P450 enzymes like CPD
and BR60X (Choet al, 1998). These reactions
lead to the formation of castasterondjiah is
converted into the most biologically active form,
brassinolide, by BR60OX2 via Baey#¥illiger
oxidation (Kim et al., 2005. The expression of
genes involved in BR biosynthesis is tightly
regulated by feedback inhibition to maintain
hormonal homeossés (Tanakaet al.,2005).

3. Brassinosteroid Signaling Pathway

These hormones are characterized by a steroidalBRs bind to the extracellular domain of

skeleton with varying hydroxylation patterns,
typical y p os s e=swlestage skeletodh U
and hydroxyl groups at €, G3, and G22
positions (Fujioka & Yokota, 2003). More than
70 naturally occurring BRs have been identified,
with brassinolide (BL), castasterone (CS), and
24-epibrassinolide being the maattive forms
(Bajguz & Tretyn, 2003). The biosynthesis of
BRs begins with campesterol, a plant sterol that
undergoes several oxidative modifications
through two parallel routes: the early and late C
6 oxidation pathways (Fujioka & Yokota, 2003).
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brassinosteroithsensitive 1 (BRI1), a leucine
rich repeat receptor kinase (LRRK) that is
localized in the plasma membrane. This leads to
phosphorylation of the intracellular serine
threonine kinase domain of BRlcausing it to
dissociate from the membrabeund BRI1
kinase inhibitor 1 (BKI1) and to form a complex
with a second receptor kinase, BRigsociated

receptor kinase 1 (BAK1l). The active
BRI1/BAK1 receptor kinase pair then
propagates the signal downstrea by

inactivating a soluble kinase, brassinosteroid
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Figure 2: Brassinosteroid signaling in the plant cell (Oklestkova et al., 2013)

insensitive 2 (BIN2), which is a negative binding factors (Zhangt al, 2009). Moreover,

regulator of BR signaling. BES1 (brEMS- BZR1 can physically interact with ABI5, a key
suppressor 1) and BZR1 (brassinaz@asistant ABA signaling component, to eeegulate stress
1) are phosphorylated by BIN2 and are closely genes (Liet al, 2020).

related transcriptional activators of BRluced b) BR and Ethylene Interaction

genes. BSU1 (bril suppressgrcbunteracts the =~ Ethylene plays a dual role during abiotic stress,
effects of BIN2 (Fellner, 2003). depending on its concentration and plant
4, Interaction of BRs with Other Hormonal developmental stage (Igbaét al, 2017).
Pathways Crosstalk between BR and ET has been

Plants respond to various environmental cues demonstrated through the interaction of BZR1
and developmental signals through crosstalk with EIN3, the master regulator of ethylene
between the BR pathway and other hormonal signaling (Zhouet al, 2013). This interaction
pathways. Both plant hormones and BRs play enhances the transcriptional activity of both
pivotal roles in regulating plant development, transcription factors, leading to the activation of
growth, and stress responses. |a tbllowing stressresponsive genes (Gaob al, 2022).
sections, examples illustrating the crosstalk c) BR and Gibberellin Crosstalk

between BRs and other hormonal pathways are Gibberellins are growtpromoting hormones

provided. involved in seed germination, stem elongation,
a) BR and ABA Crosstalk and flowering (Daviére and Achard, 2013). BR
Abscisic acid is a key stress hormone, especially and GA signaling intersect through DELLA

during drought and salinity stress (Fujaaal, proteins, which act as repressors in the GA

2011). BR and ABA exhibit antagonistic as well pathway and interact with BZR1 to chdate
as synergistic interactions depending on the gene expression (Bat al, 2012). During stress
stress and developmental stage (Clouse, 2016). conditions, the BRGA interaction ensures
For instance, BRs can enhance ABA optimal energy allocation between growth and
biosynthesis and sensitivity during drought defense (Colebrooét al, 2014).

stress by activating ABAesponsiveelement
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5. Conclusion and Future Perspectives
Brassinosteroids (BRs) play a crucial role in
helping plants cope with abiotic stresses by 5.
modulating the expression of specific genes
involved in stress tolerance. These hormones
influence the transcription of genes that code for Horm.2011, 1i 27.

vital proteins and enzyrse thereby enhancing 6. Ahammed, G.J.; Choudhary, S.P.; Chen, S.;
the plantdés def ense mec KanXi; Shin&.; Zhou,dye iYu, h Holeeofr s e

conditions. Rather than acting in isolation, BRs Brassinosteroids in  Alleviation  of
function within a complex hormonal network, PhenanthreriecCadmium Co

interacting closely with abscisic acid (ABA), Contaminatiorinduced Photosynthetic
ethylene (ET), gibberellins (GA) to coordinate Inhibition and Oxidative Stress in

stress
insights

response pathways. Gaining deeper
into these molecular and genetic 7.

Tomato.J. Exp. Bot2013 64, 199 233.
Basit, F.; Bhat, J.A.; Dong, Z.; Mou, Q.;

interactions could pave the way for innovative
strategies to improve crop resilience. Moving
forward, integrating omics technologies and
genome editing tools may provide powerfu
means to findune hormonal signaling and
bolster tolerance to environmental stressors.
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Tree Nut Allergenicity: Major allergens, effect of thermal

and nonthermal processing techniques

K. Bembemand Sameer Sharma

ICAR-Central Institute of Podtlarvest Engineering and Technology, Ludhiana, Punjab, Inc

Introduction : namely, milk, egg, peanuts tree nuts, soy, fish
and shellfish; sesame being the latest inclusion
as well as by Europe Union which have listed 14
food commodities which additionally include
cereals containing gluten, celery, mustard, lupin
and sulphur xide (CommissiofDirective
2006/ 142/ EC) . Therefore, l
nduced all ergyo indicate
towards consumption of tree nuts. The major
allergens in tree nuts are basically the seed
storage proteins, namely, legumin, 2S albumin
and vicilin. Other nut allergen includes profilins,
pathogenesiselated protein, lipid transfer
proteins. There are two different ways in which
tree nut allergy can afflict allergic sensitisation
in individualsviz. direct exposure to certain tree
nut prdeins (allergens) and cressactivity with
structurally related birch pollen allergen (Bet v
1). Studies indicate that the allergy related to tree
nuts is more common in infants, children and
sensitized patients. Among tree nuts allergies,
Hazel nutbased food allergies are more
prevalent followed by cashew nut, pistachio,

Tree nuts are the singé=eded dry fruits that

are characterized by hard outer layer that
develops with maturityBotanically, nut is a
kind of dry, closed, unbroken, singteeded
fruit, which has a ligneous pericarp made up of
several fruiting bodies. Majorly grown tree nuts
include almonds Rrunus dulci}, hazelnuts
(Corylus avellany cashew nutsAnacardium
occidental¢, walnut (Juglan regia and
pistachios Pistacia verd while Brazil nuts
(Bertholletia excels chestnutsGastanea spjpp.
macadamia nutd{acadamia spp, pecan nuts
(Carya illinoinensi$, etc. are produced in
comparatively less quantities. Tree nuts are
widely recognised as beneficial food sources as
they are rich in unsaturated fatty acids along
with  phytosterols, tocopherols, phenolic
compounds, protein, minerals and fibre. Owing
to these reasons, the consumption of tree nuts
hassignificantly increased over the years either
in raw or processed form. However,
consumption of tree nuts has been linked to food

almond, etc.

allergies (specifically Ig= mediated  allergic Effect of Thermal and Non -thermal Processing:

][ © aIC t dl'o OCI” ) - ;_h © At erm- o aéo Sabriflgtfe astbiidted poditiveeliedd | | ¥
Om:; at.e. y Llemens \Ollon wqr}a‘nl hustrlan of tree nuts on human health, the avoidance of
paediatrician as an adverse healt FESPONSE ree nuts in foods is not suggested. Therefore, the

_rrehsultlpg fltonzj s”pecmc 'm_?ur:le dresponse. current approach to counteract their allergic
erefore, 1ood allergy specifically denotes an  qgo s s o process tree nuts using different

gdverse immune response to foods. Food allergy thermal and nothemal processing techniques.
is found to be the most common cause of Food processing usually deals  with
anaphylaxis in individals throughout the worlq. transformation of raw agricultural commodities
The compounds responsible for these reactions into consumable food products ensuring the

ar ‘; Cbo mmo n | 3:1 re f" ert ‘: ddqutalﬁ)y, s&ety ard Brbidn§idg & S8ir life. " € ©
huts have been recognised as an allergenic foo addition to these benefits, studies have

l;y us Fo;)]d and D:cug Adrglnlstratlon alongm\'\f'th | suggested tht food processing can eliminate or
other cods, commont ¥k ?né glléréeﬁic(?ty o gllergalcsprot%itt? byg
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impacting the integrity of epitopes of specific temperature and enzymatic degradation
antibodies. Thermal processing methods respectively.

includes methods that involves application of The effect of various thermal and ntivermal
heat in order to bring desirable changes to the processing techniques on the allergic proteins of
food items and can be swdlivided into various specific tree nuts has been enlisted below:
classewizdry heating methods (roasting), moist Hazelnut:

heating methods (boiling, autoclaving), ohmic Hazelnut allergens, namely Cor a 1, Cor a
heating and dielectric heating methods (Radio 2, Cora8, Cora?9, Cora1ll, Cora 112, Cora 13,
frequency and Microwave). The effect of heatin Cor a 14, Cor a 15 are characterized by high heat
reduction of allergenicity could be attributed to resistance. A study suggested reduction in the
different kinds of the modifations includng allergenicity of roasted hazelnut at 140 °C for
hydrolysis of peptide bonds, protein around 40 min. Hoever, this reduction was
denaturation, etc. Literature suggests that found to be nossignificant clinically as 29% of
temperature around BB C can cause the subject were found to show aIIergic
unfolding of tertiary structure of the allergic ~Symptom even after consumption of roasted
proteins. Further increment of temperature tom hazelnuts. In a study, the individual effect of
70-80 "C range may cause disruption of protein autoclaving (138 °C for ¥80 min) and high
conformation and temperature above IMD pressureprocessing was analyzed reduction of
results in there is formation of new sulphide IMmmunoreactivity of hazelnut allergens.
bonds resulting in random structure formation. It Autoclaving was found to be effective in

had been found that these changes may either "€ducing the allergens Cor a 1, Cora 8, Cor a 9
reducei.e. loss of epitopes or enhance (causing and Cor a 11 while high pressure treatment was

formation of newepitopes) the allergenicity of nonsignificant. Another study depictelat the

proteins. There may be formation of Reo glycation reaction in Maillard reaction was
antigens in case of maillard reaction which found to be effective in reducing immuno
depends on the allergic proteins involved. For "€activity of hazelnut specifically, Cor a 11
example, aggregation and glycation during allergen.

Maillard reaction has been found to reduce Cashew nut:

binding stes of epitopes as found in legumins The immunereactive cashew nut proteins,
while there was no ef fnaogy Ang el fnajo, Angqargheat \gq n

specific lipid transfer proteins (nsLTP) and resistant especially IgBinding epitopes of Ana

vicilins. Non-thermal processing techniques do © 3 @re found to be the most resistant. These
not involve application of heat to bring structural ~ Were found to be unaffected by boiling treatment
changes in the food itemo@monly used non (60 min) while autoclaving @s found to be
thermal techniques involve enzymatic treatment, €fféctive in reducing Ig&eactive bands.
fermentation, high pressure processing, pulsed Combination of pressure and heat was found to
electric field, ultrasound processing, irradiation, "educe the immunceactivity drastically. In
etc. Nonthermal techniques when combined another study, autoclaving at 138 for 30 min
with nonthermal techniques are found to be reduced the immuno detection of Ana o 2 and
more dfective in comparison to application of Ana o 3. The thenal pressured treatment,
the northermal technique solely. For instance, namely, instant controlled pressure drop (DIC),
combination of pressure & heat, pressure & strongly reduced the detection of allergenic
enzymatic hydrolysis were found to decrease the Proteins by 67.2%. Similarly, combination of
allergenicity of the protein owing to change in Protease treatment (2 hr) and sonication was
protein  conformation at high pressure found to reduce Igibinding protein bands.
application hence, making it more susceptible to Furthermore, — combination  of  enzymatic




. INNOVATIVE
¥ AGRICULTURE °

-

Y/ INNOVATIVE AGRICULTURE \\
Ny /

nature of the allergen whereas pulééd light

ISSN : 3048 - 989X

S~

hydrolysis under sonication and thermal
treatment was found to be more effective. was reported to bring some sttw@l changes in
Pistachio: the protein owing to photthermal -effect,
Reported allergenic proteins for pistachio hence, decreasing the viable binding sites.
are Pisv 1, Pisv 2, Pisv 3, Pisv 4, Pis v5. A Furthermore, the combination of thermal and
study was depicted that steaming reduced the pressure treatments was found to be effective in
reactivity of the pistachio allergens compared to comparison to pressure treatment solely given at
dry roasting methods. Pistachios were soaked 600 MPa aginst Pru du 2, Pru du 3 and Pru du

for 12 hr prior to anyprocessing in a solution
containing lemon water (pH 3.32.2) and
sodium chloride (1.6% wi/v). It was concluded
that the ionic strength of the soaking solution in
combination with steam might have modified
the secondary structure of the protein, resulting
in reduced reactivity. They found no significant
difference in various sensory attributesz.
aroma, color, flavor, taste and overall
acceptability. Recently, it has been
demonstrated that there is reduction in 11S and
2S protein detection by autoclave treatment at
138 C for 30 min. In contrast, LTP was even
detected after autoclaving under the same
conditions. In a study, the IgE binding of
pistachio proteins decreased by 73% after
boiling treatment. Instant controlled pressure
drop (DIC) has been fountb be effective in
reducing the immune reactivity of the proteins.

Based on these outcomes, it was suggested that

this method could be employed to obtain
hypoallergenic pistachio flour for use in the food
industry. The effect of enzymatic hydrolysis on
pistachio allergens was more effective such that
the IgE immunereactivity of pistachios was
almost eliminated.

Almond:

Pru du 3, Pru du 4, Pru du 5, Pru du 6
(amandin), Pru du 8, Pdu 10 are the reported
allergenic protein reported in almond, the main
allergen being a storage protein (amandin). In a
study carried out to investigate the effect of dry
roasting and blanching on the stability of
amidin, it was inferred that there was%0
reduction in its immunaeactivity after these
treatments. In another study, autoclaving and
microwave processing was found to be
ineffective  which suggest the heaafsistant

Volume-01, Issued6

APRIL 2025

6.
Walnut:

Allergenic proteins reported in walnut are
Jugrl,Jugr2,Jugr 3,Jugr4, Jugr 5 which
are found to be quite resistant against processing
methods as suggested by different studies. A
study depicted that roasting decreased the
allergenicity of the wailut allergens which can
be attributed to secondary structure
modifications in the protein. The secondary
structure of Jug r 1 allergen was found to be
stable under thermal treatment up to ®0
Furthermore, the combination of heat treatment
with high-pressire processing was found to
reduce the Igtinding capacity of walnut
allergens in comparison to the application of
high-pressure treatment alone where no such
effect was found.

Pecan nut:
Thermal treatments like  roasting,

blanching, autoclaving caused slight reduction
in the activity of allergenic proteins (Cari 1 &
Car i 4) of pecan nut owing to their heat stability.
The effect of these processing methods were
found to be more pronounced reduction of
allergenicity when the time (microwave
treatment for 15 min) and temperature (roasting
at 160C) of the heat treatment was increased
which could be attributed to the loss of protein
solubility.

Chestnut:

Cas s 5, Cas s 8, Cas s 9 are the reported
allergenic proteins in chestnut. There have been
various reports of cross reactivity between
allergy to chestnuts, latex rubber and various
fruits like banana, kiwi and pineappléhestnut
allergy can be linked to allergies to other fruits
and vegetables due to shared proteins,
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particularly in cases of latefuit
syndrome. Studies have depicted that the
allergenicity of the protein decreased with
boiling as well digestive enzymes which was
attributed to solubility of allergens rather than
modifications in secondary structure.

Brazil nut:

Ber e 1, Ber e 2 are the allergenic proteins
reported for Brazil nut allergy, btie
allergenicity can be influenced by processing,
including heat treatmentdeat processing, such
as roasting or cooking, can modify the structure
of proteins and potentigl reduce their
allergenicity. However, the major allergen Ber e
1 is quite heastable and may not be completely

ISSN : 3048 - 989X

promise in reducing allergenicity induced hgt
nuts, complete elimination of allergenic
potential is still challenging. Moreover,
modifications during processing may lead to
formation of necantigens raising new
concerns.
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Conclusion:

Tree nuts are highly nutritious and
beneficial dietary components, rich in essential
fatty acids, proteins, vitamins, and antioxidants.
However, their consumption is found to pose
significant health risks for sensitized individuals
owing to presence of alfgenic proteins that are
capable of triggering Iginediated immune
responses in them. As food allergies continue to
rise globally, understanding and mitigating tree
nut allergenicity has become a critical area of
research. This article has highlighted #ftect
of thermal and noithermal food processing
techniquesthat may influence the allergenic
potential of tree nuts. While some allergens
exhibit partial or complete reduction in immuno
reactivity, others remain largely unaffected by
conventional processing. Theffectiveness of
these methods varies significantlly the type of
nut, the allergenic proteins involved, the
combination and intensity of treatments applied.
Importantly, while food processing shows
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Introduction
Indi aos agriculture 1is

transformation, moving beyond the legacy of the
Green Revolution. While the mi2Z0th-century
Green Revolution boosted food production and
ensured food security, it also led to overuse of
chemical inputs, soitlegradation, and regional
imbalances. Today, Indian farming is shifting
toward sustainable, dathiven practices.
Technologies like precision farming, Al, and
satellite monitoring are helping optimize
resource use and improve yields. Awgth
startups B2 empowering farmers with market
access, redime information, and better
financial tools. Government initiatives such as
the Digital Agriculture Mission and support for
organic farming and climatesilient crops are
reinforcing this shift. However, changes
remaird fragmented land holdings, digital
illiteracy, and climate change continue to impact
progress. Despite these hurdles, the combined
efforts of  technology, policy, and
entrepreneurship are redefining agriculture in
India, making it more incluse, ecefriendly,
and futureready. This ongoing revolution
promises truly greener fields and a more resilient
food system.

1. From the Green Revolution to the Digital
Green Revolution
The Green Revolution in the 1960s and 70s

helped India become sdfifficient in food.
High-yield seeds, chemical fertilizers, and
irrigation systems boosted crop production,
especially wheat and rice. However, overuse of
chemicals, too much water use, agwing
only one type of crop caused Ilotgrm

Volume-01, Issued6

APRIL 2025

problems like poor soil health, less underground
wafer, gne lpsg ¢f higgliyersity.
Now, India is moving towards a Digital Green
Revolution. This new approach uses modern
technology like soil sensors, drones, satellite
images, and artificial intelligence (Al). These
tools help farmers know when to sow seeds, how
much water or fertilizera use, and when to
expect pests or bad weather. Riale
information is sent to farmers through mobile
apps and SMS, making farming smarter, more
productive, and environmentally friendly.

2. Smarter Water Management

Water shortage and changing rainfall patterns
make smart irrigation very important. Modern
systems like drip and sprinkler irrigation save up
to 60% water compared to traditional flood
irrigation and deliver water directly to plant
roots.

Government schemes such as "Per Drop More
Crop" support these systems, making them
affordable for small farmers too. Other new
solutions include solgpowered pumps to save
electricity and Internet ofhings (IoT) based
valves that turn irrigation on or off based on +eal
time soil moisture. Along with higkech
solutions, traditional methods like rainwater
harvesting, building small dams, and bunding
fields help recharge groundwater and manage
water duing dry periods.

3. Rise of Organic and Regenerative Farming
Farmers and consumers are becoming more

aware of the importance of healthy soil and
chemicalfree food. As a result, organic and
natural farming methods are growing in
popularity. These include using compost, green
manure, natural fertilizers, and integrdtpest
control.
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New technologies like drones are now used to
spray natural pesticides only where needed,
reducing cost and damage to the environment.
Farmer training centers and online platforms
help spread knowledge about practices like crop
rotation, intercropping, anglanting trees with
crops. Certification programs like NPOP and
PGS allow farmers to sell their organic produce
at better prices in India and abroad.

4, Strengthening Collective Action: FPOs and
Cooperatives
Small landholdings make it hard for farmers to

get good prices or affordable inputs. Farmer
Producer Organizations (FPOs) and

cooperatives help farmers come together and
work as a group. This way, they can buy seeds
and fertilizers in bulk, rent machinesat lower

ISSN : 3048 - 989X

customers online. Drone services are available
on a payperuse basis for spraying and field
surveys.

Portable soil testing devices are now available to
check fertility quickly on the field. Research
bodies like ICAR and private seed companies
are working together to develop climamart
crops. New techniques like gene editing
(CRISPR), nandertilizers, and microbebased
solutions are helping increase yields with fewer
resources.

7. Better Storage and Value Addition

As farm output increases, proper storage and
handling are essential to reduce losses. India
loses 1015% of perishable goods due to poor
storage. Cold storage units, refrigerated trucks,
and solar cold rooms are being promoted by the

costs, and sell their produce together to get better government to prevespoilage.

rates.

Platforms like eNAMconnect FPOs directly
with buyers across the country. This reduces the
role of middlemen and ensures farmers get fair
prices. Mobilebased trading and digital
payments are making these systems more
transparent and trustworthy.

5. Policy Support and Government Schemes
Government support plays a big role in the

progress of agriculture. PMISAN gives
income support directly to farmers. The Kisan
Credit Card (KCC) helps farmers get loans
without giving any security. The crop insurance
scheme PMFBY helps protect farmersonfr
weatherrelated losses.

Other schemes like Agiiech Missions promote
innovation and digital tools in agriculture. States
also run their own programs like Haritha
Keralam in Kerala, Jal Yukt Shivar in
Maharashtra, and soil health initiatives in
Punjab. These programs are tailoredlocal
conditions and help make farming more
sustainable.

6. Innovation and Startups in Agriculture
I ndiads agriculture st

Startups are creating smart farming apps, using
blockchain for supply tracking, Al for crop
analysis, and selling farm produce directly to

Volume-01, Issued6

APRIL 2025

Pack houses with sorting, grading, and smart
packaging help preserve produce longer and
open access to distant or export markets.
Processing units that make juice, spices, or
readyto-cook items help farmers earn more.
Unique products like Alphonso mangoasd
Darjeeling tea are getting special tags (Gl tags)
and better prices in international markets.

8. New Age Farming: Vertical Farming and
Hydroponics

As cities grow and farmland shrinks, new
methods like vertical farming, hydroponics, and
aeroponics are becoming popular. These
systems grow plants in stacked layers using
water and nutrients without soil.

Though they need high investment, they produce
clean vegetables yeapund in cities like
Bengaluru, Hyderabad, and Pune. They also
save space and water. When powered by solar
energy and supported with biogas units, these
farms become eefrsiendly and sustinable.
Research is being done to make such systems
work in dry and seraurban areas too.

9. Climate Change and Resilient Agriculture

farming s batic & victim ansl cantributari to g
climate change. Irregular rains, heat waves, and
new pests affect crops badly. Climstaart
practices like minimum tilling, growing multiple
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crops, planting trees on farms, and usingd+@at  Conclusion

droughtresistant seeds are necessary. India's agricultural journey is undergoing a
Insurance linked to weather data, early profound transformation from the highput,
warnings, and community seed banks help high-output model of the Green Revolution to a
farmers manage risks. Publjrivate projects new era of smart, sustainable, and inclusive
are restoring water bodies, planting trees, and farming. The integration of cuttirgdge

storing carbon in soil which also helps India  technologies, grassroots inno\ats,
meet its climate promises. progressive policies, and collective farmer
10. Challenges and the Way Forward action is redefining how food is grown,

Despite progress, many problems remain. distributed, and valued. Yet, this transformation
Remote farmers may not have mobile networks is not without its challenges. To truly achieve a
or digital skills. Price fluctuations and lack of resilient and equitable agricultural future, India
proper markets still cause losses. Infrastructure must continue tobridge the digital divide,
for roads, cold storage, and processing is still strengthen infrastructure, and ensure that
developing. Policies tfn vary across states, reforms are inclusive and ecologically
slowing down big reforms. grounded. The fusion of traditional wisdom with
To move forward, successful pilot projects must modern science holds immense potential to
be expanded. More farmers need access to tailor solutions to diverse Agrdimatic zones
digital tools, training, and infrastructure. Public and farning communities. The path ahead calls
and private partnerships should work closely. for collaborative effort between farmers,
Traditional wisdom and local practices must be entrepreneurs, scientists, governments, and civil
respected and combinedth new technologies  society. If steered wisely, this agricultural
to create solutions that are both modern and revolution can not only secure food and
practical. livelihoods but also restore the heatti | ndi ad s
soils, water bodies, and rural ecosystems leading
the nation toward truly greener fields and a more
sustainable tomorrow.
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Women in Aquaculture: Emerging Entrepreneurs of the

Blue Economy
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As the global aquaculture sector experiences rapid growth, a silent but powerful wavedswisingn
entrepreneurs redefining the contours of the Blue Economy. Traditionally seen asdomialated
industry, aquaculture is now witnessing increased fjaation of women in hatcheries, fish processing,

feed production, and direct fish farming enterprises. This article explores the growing role of women in
aguaculture as innovators, business owners, and community leaders. It highlights inspiring success

staries, the challenges they face, and the institutional supmuth as government schemes, training
programs, and cooperativeshat empower their journey. By spotlighting these emerging change
makers, the article aims to inspire inclusive growth, rural evepment, and gender equity in the

sustainable aquatic value chain.

Keywords: Women in aquaculture, Blue Economy, Aquaculture entrepreneurshigjoBidish

farming, Sustainable aquaculture
Introduction:

Aquaculture has evolved into one of the fastest

growing food production sectors in the world,
offering a beacon of hope in the face of rising
global challenges such as food insecurity,
unemployment, climate change, and the
depletion of natural fisheries. As nations
increasingly turn to the oceans, rivers, and
inland waters to meet the nutritional and
economic demands of their growing
populations, the concept of the Blue Economy
has emerged as a holistic and sustainable
approach to harnsmg aquatic resources. At the
intersection of environmental sustainability,
economic development, and social inclusion lies
a powerful yet often underappreciated fdrce
women.

For generations, women have been
involved in aquaculture and fisheries,
contributing silently and tirelessly in roles such
as caregivers of fry, pesiarvest processors,
market vendors, and aquaculture laborers.
Despite their significant contributions, the
visibility, recognition, and access to resources
have remained limited. However, the narrative is
beginning to shift. Around the globe, women are
redefining their roles from traditional support
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workers  to  innovators, leaders, and
entrepreneurs in thejaaculture sector.

In the age of climate awareness and inclusive
development, promoting gender equality in the
blue economy is not just a matter of social
justiced it is a strategic imperative. Studies
increasingly demonstrate that empowering
women in aquaculture leads to iroped
productivity, sustainability, and food security.
Their participation drives innovation, enhances
community resilience, and creates ripple effects
that uplift families and communities.

This chapter explores the emerging role of
women as entrepreneurs in the aquaculture
industry, shining a spotlight on success stories,
analyzing the challenges they face, and
emphasizing the need for gendeclusive
policies and support systems. It cebgbs the
pioneering women who are not only nurturing
fish and shellfish but also cultivating a more
inclusive and sustainable future in the blue
economy. By recognizing and investing in
womenbés potential, we
for both economic progss and ecological
balance.
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The Evolution of Women's Role in
Aquaculture:
Hi storically, WO men

fisheries and aquaculture was largely informal
and often overlooked in formal statistics and
policy frameworks. Their primary contributions
were confined to podiarvest operation®
including cleaning, drying, saltingprting, and
marketing of fishd all of which were essential
but undervalued components of the aquatic
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and facilitating linkages with markets, banks,
and government agencies.

0 s This eveluidnvise pagicularly visible in
rural and coastal areas, where aquaculture has
become a viable alternative to traditional
agricultured especially in regions affected by
climate change and salinity intrusion. By
engaging in aquaculture, women are
diversifying household income, improving food

and nutritional security, and playing a critical

value chain. These tasks were usually carried out role in the sustainable development of their

within the confines of their households or
community spaces, with minimal recognition or
remuneration.

However, with the gradual recognition of
the economic potential of aquaculture and the
importance of gendenclusive development, a
transformative shift has taken place. Multiple
factorsd including the expansion of training
programs, microfinance initizes, and
supportive government schen@eshave opened
new doors for women in this sector. Today,
women are not only participating more actively
but also are stepping into entrepreneurial and
leadership roles within aquaculture.

Women now manage and own hatcheries,
operate small to mediwscale fish farms, and
are actively involved in breeding, feeding,

communities.

In essence, the journey of women in
aguaculture reflects a broader movement toward
gender equity, rural entrepreneurship, and
sustainable livelihoods. Their  growing
participation is not only transforming local
economies but also contributing significartiby
the goals of the Blue Economy and global food
security.

The Emerging Role of Women as
Entrepreneurs in Aquaculture
In the evolving landscape of the Blue

Economy, women are increasingly carving out
spaces for themselves not just as workers, but as
dynamic entrepreneurs in aquaculture. Their
journey from informal labor to formal business
ownership marks a significant soeconomic

harvesting, and disease management. Many transition 8 one that is empowering rural

have adopted integrated aquaculture sys@ms
combining fish farming with horticulturejuck
rearing, or rice cultivationd to maximize
productivity and income. Others have become
innovators in value addition by developing fish
based pickles, snacks, dried products, and
cosmetics that cater to niche markets. Such
ventures not only provide egomic
independence but also inspire other women in
their communities.

Furthermore, women are forming and
leading cooperative societies and dadfp
groups (SHGs), which serve as platforms for
collective bargaining, knowledge sharing, and
marketing. These communibased
organizations have been instrumental in building

confidence, ensuring better access to resources,
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households, diversifying local economies, and
promoting sustainable aquatic practices.

1. Breaking Stereotypes and Taking the Lead
Traditionally, aquacultured especially tasks
like pond preparation, water management, and
harvestingd was perceived as labortensive
and maledominated. However, with growing
access to information, mechanized tools, and
gendersensitive training, womemave begun to
challenge these norms. They are now
independently managing fish farms, overseeing
hatchery operations, and making key decisions
in enterprise planning, marketing, and
investment.
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2. Micro-Enterprise Development and making them vulnerable in competitive markets.
Innovation Addressing these challenges requires a
Many women have ventured into micro and combination of policy intervention, gender
small aquaculture enterprises, including sensitive financial products, mentorship, and
ornamental fish farming, integrated aquaponics, institutional support.

backyard ponds, seaweed cultivation, and 6. Policy Support and Enablers

freshwater prawn farming. These lawst, Government schemes such as the Pradhan
high-reward systems are particularly suiafdr Mantri Matsya Sampada Yojana (PMMSY) in
women in rural and petirban areas with limited India, and international initiatives by FAO, UN
access to largscale land or capital. Some are Women, and World Fish, are helping women
innovating by creating valuadded products  access training, subsidies, and market linkages.
such as fish pickles, fish powder, dried fish These programs promote gendslusive
snacks, and organic fertilizers made from fish entrepreneurship by offering priority funding,
wasted tappinginto urban and export markets.  capacitybuilding modules, and the creation of
3. Creating Employment and Community womenled producer groups.

Impact Drivers of Women's Participation

Women entrepreneurs often function as Several factors have facilitated the rise of
multipliers of impact. Through selfelp groups women entrepreneurs in aquaculture:

(SHGs), cooperatives, and producer companies, APolicy Support National and international
they are not only running their own businesses policies increasingly recognize gender equity as
but also training and employing other women. vital to sustainable development. Programs
This fosters collective growthnd improves the promoting womends access t
resilience of entire communities, especially in training in aquaculture have been pivotal.
coastal and floogrone regions where ATechnological Advancements The
alternative livelihoods are critical. Their introduction of usefriendly and smaikcale
enterprises also contribute to improved aquaculture technologies has reduced physical
household nutrition, children's education, and labor, making it more accessible for women.
asset creation. ACommunity-based Models Cooperatives and

4. Digital and Market Access sel-help groups (SHGSs) provide platforms for
With the rise of digital platforms, women are women to collaborate, share resources, and gain
increasingly using social media, mobile apps, market access.

and ecommerce to sell their products directly to  AClimate Resilience As traditional farming
consumers, bypassing middlemen. Digital becomes less viable due to erratic climate
literacy initiatives, online training modules, and patterns, aquaculture presents a resilient
remote market linkagesre enabling women to  alternative livelihood for many women,

access redime information on pricing, especially in climatevulnerable regions.
weather, and supply chains, enhancing their Case Studies of Success

decisionmaking power and profitability. 1. Indiai Coastal Women in Shrimp Culture:

5. Challenges in the Entrepreneurial Pathway In the coastal states of Andhra Pradesh and
Despite their rising numbers, women Tamil Nadu, womes#ed SHGs have
entrepreneurs still face systemic barriérs successfully adopted shrimp farming, generating

limited access to land, credit, and capital; low significant income and local employment.

representation in decisiemaking bodies; and  Training and technical support from state

societal expectations that burden them with fisheries departments and NGOs have enabled
domestic responsibilities. Many lactormal these groups to adopt better practices and
education or exposure to business management,improve yields sustainably.
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2. Bangladesh 1 Integrated Aquaculture

Systems:
Women in rural Bangladesh have adopted
integrated farming systems  combining

aquaculture with vegetable gardening. These ATechnology Transfer.

low-cost, highoutput systems improve family
nutrition and generate income. Many women
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AAccess to Finance Micro-credit schemes,
womencentric loan products, and financial
literacy campaigns can empower women
economically.

Promoting user
friendly, ecefriendly, and scalable technologies
can help women scale their aquaculture

have become trainers and role models in their ventures.

conmmunities.
3. Kenyal Women Seaweed Farmers:
In East Africa, particularly Kenya and Tanzania,

Alnclusive Policy Frameworks Gender
sensitive policies that ensure equal access to
resources, decisiemaking, and institutional

seaweed farming has empowered coastal women support are critical.

economically. With minimal investment and

ANetworking and Mentorship: Creating

high market demand, seaweed offers a lucrative platforms for women entrepreneurs to connect,

ni che within t he
cooperatives are now exporting poots and
tapping into cosmetic and pharmaceutical
industries.
Challenges and Barriers

Despite progress, women face several
obstacles in aquaculture entrepreneurship:
AAccess to Capital and Land Many women
lack ownership rights and collateral, making it
difficult to secure loans or access land for
aguaculture.
ALimited Training and Extension Services
Gender bias in training programs can limit

B | u ecollaBaraten anchyearn fidim each dther can

accelerate innovation and confidence.
Conclusion

Women in aquaculture are no longer silent
workers behind the scenés they are leaders,
innovators, and architects of a sustainable Blue
Economy. By fostering an ecosystem that values
their contributions and removes systemic
barriers, we can unlock the Fydotential of half
the population in a sector vital for global food
security and environmental resilience. As
stewards of water resources, women are not just
participating in aguaculture; they are redefining

women's exposure to the latest technologies and it.

practices.
ACultural Constraints: In some communities,
traditional gender

mobility and decisioamaking, impacting their
ability to manage enterprises effectively.
AMarket Access and Value Chain
Integration: Women often remain in lowalue
segments of the aquaculture value chain,
limiting their income potential.
The Way Forward

To support women as entrepreneurs in
aquaculture and the Blue Economy, a multi
pronged strategy is essential:
ACapacity  Building:  Regular
programst ai | ored t o

training

The emergence of women as entrepreneurs
in aquaculture is not merely a story of economic

r garteipationd @ is & moveméent towand menaed s

justice, sustainability, and innovation. These
women are redefining traditional roles, creating
jobs, and ensuring theesilience of aquatic
ecosystems through responsible farming
practices. With the right support, their
contributions can significantly advance the goals
of the Blue Economy while inspiring future
generations of female leaders.

References

1.FAO (2021). The State of World Fisheries and
Aquaculture 2020: Sustainability in Action.

w o0 me n Rame: RoedeaddsAgriculture Orgaoization of the

languages can enhance their technical and United Nations.

business skills.

Volume-01, Issued6

APRIL 2025

https://doi.org/10.4060/ca9229en

Page |153




. INNOVATIVE
¥ AGRICULTURE °

-

S~

2. FAO (2021). Mainstreaming gender in
fisheries and aquaculture: A stetgking and
planning exercise. Food and Agriculture
Organization of the United Nations, Rome.
This report outlines the increasing role of
women in aquaculture entrepreneurship,
including case  studies and policy
recommendations.
https://www.fao.org/documents/card/en/c/cb28
77en

3. Weeratunge, N., Snyder, K. A., & Choo, P. S.
(2010). Gleaner, fisher, trader, processor:
Understanding gendered employment in
fisheries and aquaculture. Fish and Fisheries,
11(4), 405420.

https://doi.org/10.1111/j.1467
2979.2010.00368.x

4. World Bank (2012). Hidden Harvest: The
Global Contribution of Capture Fisheries.
Washington, DC: World Bank.
https://openknowledge.worldbank.org/handle/1
0986/11873

5. CGIAR (2020). Gender Transformative
Approaches in Aquatic Food Systems. Penang,
Malaysia: CGIAR Research Program on Fish
Agri-Food Systems (FISH).
https://hdl.handle.net/20.500.12348/4250

6. International Collective in Support of Fish
workers (ICSF) (2020). Women in Fisheries: A
Collection of Articles from SAMUDRA Report
(1994 2020).

Volume-01, Issued6

Y/ INNOVATIVE AGRICULTURE \\
\ Ny /

APRIL 2025

ISSN : 3048 - 989X

https://www.icsf.net/resources/woman
fisheriescollectionsamudrareport

7. Kruijssen, F., McDougall, C. L., & van
Asseldonk, 1. J. M. (2018). Gender and
aguaculture value chains: A review of key issues
and implications for research. Aquaculture, 493,
328 337.
https://doi.org/10.1016/j.aquaculture.2017.12.0
38

8.UNCTAD (2021). Blue BioTrade: Harnessing
Marine Trade to Support Sustainable
Development. Geneva: United Nations
Conference on Trade and Development.
https://unctad.org/webflyer/bldgiotrade

9. Department of Fisheries, Government of India
(2022). Handbook on Fisheries Statistics 2022.
https://dof.gov.in/fisheriestatistics

10. Satapathy, C., & Pati, S. (2018).
Empowering women through aquaculture: An
initiative in coastal Odisha, India. Indian Journal
of Gender Studies, 25(3), 42439.
https://doi.org/10.1177/0971521518797155
11. UN Women (2020). Gender Equality in the
Context of Sustainable Development and the
Blue Economy.

https://www.unwomen.org/en

12. Kruijssen, F., McDougall, C., & van
Asseldonk, I. (2018). Gender and aquaculture
value chains: A review of key issues and
implications for research. Aquaculture, 493,
328 337.

Page |154




—C / INNOVATIVE AGRICULTURE \ ISSN : 3048 - 989X
Ty /

Protein Revolution: The Rise of Single Cell Protein .

Nisarga, M%, V.B. Sanath Kumar?, Sunil C.M.3

PG ScholarDepartment of PlarRathology College of Agriculture, V.C. Farm, Mandya, Kundile
University of Agricultural Sciences, Bengaluru, Karnataka
2Professor and Rice Pathologist, ZARS , V.C. Farm, Mandya, University of Agric\Bitieadces,
Bangalore, Karnataka
3Jr AgronomistAICRP on Small MilletsZARS, V.C. Farm, Mandya University of Agricultural
Sciences, Bengaluru, Karnataka

Single Cell Protein (SCP) production has emerged as a promising solution to address global protein
scarcity and promotsustainable food systems. SCP production utilizes microorganisms such as
bacteria, algae, yeast, and fungi to produce-hQigdlity protein, offering numerous advantages over
traditional protein sources. The microorganisms used in SCP production are capéiling diverse
substrates, including waste materials, and can produce high yields of jicitelsiomass. The
fermentation process involved in SCP production is critical, and various factors such as temperature,
pH, and nutrient availability can pact the quality and quantity of the final product. SCP has a high
nutritional value, rich in protein, amino acids, and other essential nutrients, making it a valuable
ingredient in human and animal nutrition and food products. However, SCP productidacalso
several challenges, including the need for efficient fermentation processes, effective harvesting and
processing methods, and ensuring the safety and quality of the final product. Further research and
development are necessary to fully realize tbeemtial of SCP production and address the global
protein scarcity challenge.

Introduction nutrition. These microorganisms are rich in

g protein, as well as other nutrients like

arithmetically  while = population  grows carbohydrates, fats, vitamins, and mingral

geometrically, first proposed by Thomas Robert diiiougriggiiiey, gfso  contain  nqmotein

Malthus in AThe Princi nltrPgenous suPstarr:;:e ZFgNPII\I) Illib amlno aCLdS has

been echoed i n Charl es P eaconcet[:)tclafut?l NG Mce? (Iesafafoog
natural selection. Recent statistical anislysy source may initia y seem unappealing to some,

the Food and Agricultural Organization (FAO) yet it presenFs. an |nnoyat|ve solution to the
reveals a similar trend in human population global food crisis. In reality, humans have been
growth and the availabilty of affordable consuming microbial products for centuries,
proteintrich food sources. The pressing issue of often unintentionally, treugh foods like cheese,

protein scarcity and widespread poverty has yogurt, soya sauce, and alcoholic beverages,

. . . which all involve microbial biomass. Today,
driven the search for altnative protein sources . _ .
. - . . Single Cell Protein (SCP) is produced from a
to replace expensive traditional options like

soymeal and fishmeal. As a result, microbes variety of microorganisms, with bacteria and

iy . fungi being particularly welbuited for
have emerged as a promising solution for food S \ : .
N . . cultivation on inexpensive waste materials.
fortification or consumption as single cell

protein (SCP). SCP refers to the dried cells of Their rapid growth 'rates and. high - protein
. . . content make them ideal candidates for SCP

microorganisms such as algae, bacteria, and _ . .
production, offering a promising avenue for

fungi, cultivated on a commercial scale for use _
. . . addressing global food needs.
as a protein source in human and animal

The concept that food supply increase
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The Microorganisms Used Are

When selecting microorganisms for SCP
production, several key traits must be considered
to ensure their safe and effective use in human
or animal nutrition. These microorganisms
should possess certain characteristics, including:
X nonpathogenic to plants and humans,

x it has good nutritional value,

X low production costs.

By prioritizing these traits, SCP production can
provide a safe and sustainable source of protein
for various applications.

1) Bacteria

Bacteria are a popular choice for SCP
production due to their high growth rates and
ability to utilize a wide range of substrates,
including agricultural wastes, fruit processing
wastes, and methaneCellulomonas and
Alcaligenes are commonly used bacterial
species, while phototrophic bacteria like
Rhodospirillumsp. have also been explored for
SCP producti on. Bacter
(5080%) and rapid growth rate make them an
attractive option. However, harvesting bacterial
cells can be challenging due to their small size
and low density, which increasesosts.
Additionally, bacterial cells have a high nucleic
acid content, requiring extra processing steps to
reduce levels, further adding to production costs.
Despite these challenges, bacteria remain a
viable option for SCP production, particularly
when gravn on inexpensive substrates.

2) Algae

Algae are a promising source of protein, with
Chlorella, Scenedesmusind Spirulina being
prominent genera used in production. These
algae can be cultivated through photosynthesis,
which relies on light as a limiting factor. Open
ponds under sunlight are commonly used for
algal biomass production, but this method poses
challenges, includg pollution risks and
sterilization conditions cannot be maintained at
a reasonable cost under this system. While algal
proteins are of high quality, comparable to
convenional vegetable proteins, production
costs and technical difficulties hinder largescale
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cultivation. Additionally, algal cell walls,
comprising around 10% of dry matter, can be
indigestible for humans and neoominants,
necessitating effective treatments to disrupt the
cell wall and make proteins accessible to
digestive enzymes. Despite thesballenges,
algae remain a valuable potential source of
protein, particularly for feed production.

3) Yeasts

Yeast production on a commercial scale has a
long history, spanning over a century, with
species like Saccharomyces Candida and
Torulopsis being prominent. Yeasts offer
several advantages, including larger cell size,
which facilitates harvesting, lower nucleic acid
content, and high lysine levels. They can thrive
in acidic environments and have been used in
traditional fermentations, makirtgem familiar
and acceptable. However, yeasts have some
drawbacks, such as lower growth rates and
protein content (8-65%) compared to bacteria,

as wel gs lower gethiopine levels. Despite toeret e n t

limitations, yeasts remain a viable option for
SCP production, particularly when fortified with
methionine to enhance their nutritional value.

4) Fungi

Filamentous fungi, such @spergillus nigeAS
101 and Chrysonilia sitophilia have been
explored for SCP production. Notably,
Scytalidium acidophilumexhibits promising
SCP production capabilities, comparable to
Candida utilis Although molds generally have
lower growth rates than bacteria and yeasts,
certain micrefungi can achieve growth rates
similar to those of yeasts. Maintaining a pH of 5
or lower can minimize bacterial contamination,
but yeast contamination may occuress sterile
conditions are msured. When fungi grow in
filamentous or pellet form, their raw protein
content can reach H86%, making them a
valuable source of singleell fungal protein rich

in amino acids. Ensuring the safety of SCP for
human or animal consumption requires careful
consideration to prevent toxin production.
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SCP Production

The future of SCP production hinges on
reducing costs and enhancing quality through
advancements in fermentation, downstream
processing, and producer organism
improvement. SCP has diverse applications in
animal nutrition, including poultry, pig, and fish
feed, as well as in food products like baked
goods, soups, and reattyserve meals.
Additionally, SCP is used in technical fields

such as paper processing, leather processing,

and as foam stabilizers. The production process
involves  fermentation using seted
microorganism strains, which are cultivated on
suitable raw materials and then separated.
Traditional substrates include menoand
disaccharides, but alternative substrates like
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2) SCP from Wastes

Utilizing agricultural and industrial wastes for
SCP production can significantly reduce
pollution in water sources while generating
edible protein. Cellulose, a renewable resource
abundant in agricultural and forestry sources,
has emerged as a promisingpstrate for SCP
production. However, its complex form, often
combined with lignin, hemicellulose, and starch,
requires pretreatment to release fermentable
sugars. Various methods, including acid
hydrolysis, enzymatic treatment with cellulases,
alkali or a&id treatment, and steam explosion,
have been explored to make cellulose accessible
for SCP production. Effective pretreatment and
processing methods are crucial for unlocking the
potential of cellulose and lignocellulosic

bagasse, citrus waste, and animal manure are materials for SCP production.

being explored. The choice f osubstrate
determines the design and strategy of SCP
processes, offering opportunities for cost
effective and sustainable production.

1) SCP Derived from High Sources

High-value energy sources like methane,
methanol, and 1alkanes are being explored for
SCP production due to their potential economic
benefits. Bacteria and yeast are the primary
microorganisms  involved, with several
processes already in operation. Methafor
instance, has been extensively researched,
particularly withMethylomonas methanicaut

technical difficulties have hindered
optimization. In contrast, methanol offers
promising economic advantages, dissolving

easily in aqueous phases without tayici
concerns. Ethanol is a suitable source for SCP
intended for human consumption. However, n
alkanes have raised health concerns due to
potential carcinogens, leading to ceased
operations. Yeasts and molds can utilize
aliphatic hydrocarbons for growth an8CP
production, secreting emulsifying substances to
increase solubility. Largecale production has
been explored using gas oil and G107
alkanes as substrates, wilandida tropicalis
andC. lipolyticabeing notable examples.
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Fermentation Process

The fermentation process for SCP production
involves several key steps, including preparing a
pure culture of the chosen organism, sterilizing
the growth medium, and using a fermenter to
cultivate the cells. A fermenter is a specialized
vessel designed for mass culture of
microorganisms, equipped with features like
aerators, stirrers, thermostats, and pH detectors
to maintain optimal growth conditions. The
fermented solution is then processed through
various methods, such as filtration,
centrifugation, or smipermeable membranes,
to concentrate the cells. To prevent spoilage,
SCP is typically dried to 10% moisture or
condensed and denatured. Continuous
fermentation systems, like chemostats, are often
preferred for largescale SCP production,
allowing for caotrolled addition of fresh
medium and simultaneous harvesting of
product. Airlift fermenters, in particular, have
been successfully used for SCP production,
including myceprotein, due to their effective
design and ability to manage foam and
contaminatiorrisks.

Nutritive Value

The nutritional value of Single Cell Protein
(SCP) is determined by its composition, which
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includes protein, amino acids, vitamins, and
other nutrients. Algae are rich in protein {40
60%), vitamins A, B, C, D, and E, and minerals,
with low nucleic acid content {8%). Fungi,
such asAspergillus niger provide Bcomplex
vitamins and have a wetlalanced amino acid
profile. Yeast is a good source of thiamine,
riboflavin, and other essential nutrients.
Bacterial SCP is high in proteitaround 80% of
dry weight) and certain essential amino acids,
particularly methionine (2:3.0%). However,
bacterid SCP also has a high nucleic acid
content (1516%). The amino acid composition
of various SCP sources, including algae, fungi,
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SCP safety

Single Cell Protein (SCP) safety is a critical
concern due to potential allergens, toxins, and
contaminants. Foreign proteins in SCP can cause
skin reactions, allergies, and gastrointestinal
issues, while contaminants from substrates may
include carcinogdn factors. Heavy metals and
other metallic compounds can also pose risks,
even at low levels. To ensure safety, rigorous
sanitation and purification processes are
essential, including decontamination and quality
control measures.

Maintaining  strict standards throughout
production is crucial to prevent spoilage and

yeast, and bacteria, can be comparable to FAO contamination by pathogens and toxigenic

reference proteins and traditional
sources like soybean oil meal.

Toxic Compounds in SCP andTheir Effects
Single Cell Protein (SCP) must meet global
standards for safety and nutrition, passing
rigorous toxicity tests to ensure its suitability for
human consumption. Key concerns include
nucleic acid content, toxins, and contaminants
accumulated during growth oncertain

protein

substrates. High nucleic acid intake can lead to

uric acid buildup, potentially causing kidney
stones and gout. To mitigate this, nucleic acid

levels can be reduced through methods like heat

treatment, alkaline hydrolysis, or enzymatic
degradation Toxins, such as mycotoxins
produced by Aspergillus flavus,Penicillium
citrinum, can cause damage to the liver as well
as kidneys. Aflatoxins, in particular, have been
a focus of research, with ammonization showing
promise in reducing levels by up to 99%.
Bacterial toxins, including exotoxins and
endotoxins, require careful considéoa, with
exotoxins being relatively easy to remove due to
their soluble nature, while endotoxins pose a
greater challenge due to their integration into
cell walls.
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microorganisms.

Conclusion

Single Cell Protein (SCP) production offers
numerous advantages over traditional methods,
leveraging microorganisms that grow as single
or filamentous individuals.  Microbial
production boasts shorter generation times, easy
transformability, and the ability utilize diverse
substrates, eliminating the need for arable land
or specific growing seasons. This enables
continuous production worldwide, reducing the
strain on traditional protein sources and helping
to alleviate future protein scarcity. The ceklg
varies depending on the substrate and
microorganism used, but the potential benefits
of SCP production make it an attractive solution
for global protein needs.
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Climate-Resilient Agriculture in India: Challenges, Impacts

and Strategic Interventions
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1. Introduction rainfall patterns are resulting in droughts and
floods; increased humidity is promoting the
proliferation of pests and diseases; and rising sea
levels are causing saline ingion in coastal
areas. These factors collectively threaten food
production, destabilize rural livelihoods, and
pose a risk to national food security.

In response to these challenges, the concept
of Climate-Resilient Agriculture (CRA) has
gained prominence. CRA refers to the
integration of adaptation and mitigation
strategies into farming systems to enhance their
capacity to absorb climatic shocks, reduce
vulnerabilities, and ensure sustainability. It
encompasses a wide array of intmtions
ranging from the development of climamart
crop varieties to the adoption of resource
conserving technologies, from livelihood
diversification to institutional r=d policy

Agriculture lies at the heart of India's secio

economic fabric, serving as a cornerstone for
food, nutritional, andlivelihood security. It
supports over 60% of the population, contributes
around 18% to the country's Gross Domestic
Product (GDP), and sustains industries by
supplying raw materials. However, this critical
sector is under mounting stress due to a rapidly
changing climate. The manifestations of climate
change rising temperatures, erratic rainfall,
increased frequency of extreme weather events,
and gradual sekevel rise are no longer future
threats; they are preseddy realities that are
impacting Indian agculture at an alarming
pace.

Climate change and variability have
emerged as major impediments to sustainable
agricultural growth. India, with its vast

eographical diversity, heterogeneous farmin LTSS
X t%mp and a re)glominange of small an% 2. Impacts of Climate Change on Indian
N o S Agriculture

marginal farmers, is particularly vulnerable to 5 Crop Productivity

these disruptions. Over 60% of India’s cultivated -|imate change has mullimensional impacts
land is rainfed, making it highly susceptible to

fluctuations in monsoon patterns. Additionally,

the increasing pressure of a growing population

intensifies the demand for food, water, and jncreased temperatures, reduced rainfall, and

energy, even ahe natural resource baséand, higher evapotranspiration. Key imgts include:
water, and soil is being progressively degraded. ¢ gportened crop duration and reduced grain
Scientific assessments, including the filling due to terminal heat stress.

reports by the Intergovernmental Panel on ¢ pgeqyced yields of major cereals like wheat,
Climate Change (IPCC), have underlined that fice, maize especially in rainfed areas.
South Asia is among the most climate ¢ |ncreased pest and disease incidence, driven

vulnerable  regions in the world. The by warmer and more humid conditions.
implications for Indian agriculture are profound. Decline in quality of fruits, vegetables, and

Warmingtemperatures are leading to shortened  ,|4ntation crops due to heat and water stress.
crop durations and reduced yields; altered

on crops. Whi | e el evated
enhance photosynthesis in C3 crops like rice and
wheat, this potential is often negated by
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For instance, a 1°C increase in temperature Irrigated crops are at greater risk compared
can cause ai% million tonne loss in wheat to rainfed crops. Coastal areas face additional
yield. Rainfed rice yields are projected to fall by challenges from selavel rise and cyclones.
~10% by 2080, depending on the emission 4. Strategic Interventions for Climate Resilience
scenario. 4.1 Climate-Ready Crop Varieties
2.2 Soil and Water Resources Developing and disseminating higrelding,
Soil health is deteriorating under climate change multi-stress tolerant crop varieties is crucial.
due to increased erosion, reduced organic matter Breeding should target traits such as:
decomposition, and nutrient leaching. The C:N 1 Tolerance to heat, droughsalinity, and
ratio of crop residues is also rising, slowing submergence.
down nutrient cycling. 1 Improved root efficiency for water and
Water stress is another serious concern. nutrient uptake.
Glacier melt may increase shaoerm water flow 7 Resistance to evolving pest and disease
in rivers but will eventually reduce availability. profiles.
Higher evapotranspiration demands will lower Fi el d tri als using Free /
groundwater levels and escalate irrigation needs. (FACE) and Open Top Chambers (OTCs) have
Sealevel rise threans freshwater reserves in demonstr at ed t hanitigael evat e

coastal zones through saline intrusion. temperature stress up td58C in some crops
2.3 Livestock and Fisheries like chickpea and mustard.
Livestock is severely affected by climate 4.2. ResourceConserving Technologies
induced heat stress, leading to: Adopting technologies that optimize input use
1 Reduced feed intake and milk yield. and conserve natural resources is essential.
1 Reproductive disorders and higher disease These include:

incidence. 1 Zerotillage and residue management.
1 Estimated losses up to 15 million tonnes of 1 Efficient irrigation (drip, sprinkler, alternate

milk by 2050 without intervention. wetting and drying).

Fisheries are facing changes in species 1 Precision nutrient application and Integrated

distribution, reduced breedisgccess, and coral Pest Management (IPM).

bleaching due to sea surface temperature rise. 1 Water harvesting and soil moisture
This endangers both inland and marine conservation structures.
biodiversity and the livelihoods dependent on 4.3.Diversification and Livelihood Protection

them. Diversification into agroforestry, horticulture,
3. Regional Vulnerability and Future Projections dairy, and poultry reduces dependence on a
Simulation models project ai2°C rise in single crop and spreads risk. Ciopestockfish
average temperatures by  nudntury, integration models offer resilience by enhancing

accompanied by more erratic monsoons and income sources and recycling farm outputs.
extreme weather. Vulnerability assessments Climateresilientinfrastructure such as grain and
reveal that regions like eastern Uttar Pradesh, fodder storage, weathéased insurance, and
Bihar, and northeastern India are highly mobilebased agromet advisories can further
suseptible due to exposure, sensitivity, and low protect farmer livelihoods.

adaptive capacity. 5. Policy and Institutional Framework for CRA

By 2080 2100, climate change could result in  Mainstreaming climate resilience in national and

yield declines of up to: state agricultural policies is a necessity. Key
1 49% in wheat policy recommendations include:

1 14% in rice
1 19% in maize
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Investment in R&D: Focused research on
climatesmart crops, livestock breeds, and
agroecological models.

Capacity Building: Training farmers in

climateresilient practices and early warning

systems.

{1 Public-Private Partnerships: Mobilizing
resources and innovations from diverse
stakeholders.

1 Incentivizing Green Practices: Subsidies
and rewards for adopting sustainable farming
practices that offer mitigation doenefits.

1 Monitoring and Evaluation: Reattime
climate data and fardevel monitoring to
inform adaptive planning.

The convergence of efforts under schemes
like the National Mission on Sustainable
Agriculture (NMSA) and initiatives like NICRA
(National Innovations on Climate Resilient

=

=
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Agriculture) by ICAR have shown early promise
and need to be scaled up.

6. Conclusion

Climate change poses a formidable challenge to

Indian agriculture, threatening food security,
farmer incomes, and rural stability. However,
with targeted interventiodsscientific,
technological, institutional, and behavid@al
India can build a resilient agultural system.
Climateresilient agriculture is not merely
an adaptation mechanism but a pathway toward
sustainable and inclusive development. It
demands a paradigm shift in thinking, planning,
and actiod from reactive to proactive, from

individual practices to systetavel
transformation.
Investments in science, empowered

farmers, and supportive policies will be the
cornerstones of a climatnart future for Indian
agriculture.

Page |161




—C / INNOVATIVE AGRICULTURE \ ISSN : 3048 - 989X
Ty /

"From Smoke to Sustainability: Replacing Tobacco with

Healthier Alternatives in Indian Agriculture”

Dr . D. Ha ms a

Assistant professor of Biochemistry
JKK Munirajah College of Agricultural Science, Erode, Tamilnadu

Tobacco cultivation has long been an integral part of Indian agriculture, providing income to millions
of farmers across several states. Howevergtbeing concerns over its environmental degradation,

soil depletion, and adverse health impacts have brought the sustainability of this crop into question.
This paper explores the so@oonomic and ecological costs of tobacco farming in India and presents

a comprehensive overview of viable alternative crops that are healthier, environmentally sustainable,
and economically feasible. Drawing from recent research, government initiatives, and farmer success
stories, the study advocates a gradual transitiam fabacco to higivalue crops such as medicinal
plants, vegetables, and millets. The paper also emphasizes the role of value addition, policy support,
and market linkage in facilitating this transition. Ultimately, the shift from tobacco to sustainable
alternatives can not only protect public health but also enhance farmer livelihoods and promote
environmentally responsible agriculture in India

Introduction Typology of Tobacco Cultivated in India

India is among the worI'ddd 298add g% $GF ¥ldULiet &! of]

. . [tivation of multipl varieti h

tobacco, with states likeAndhra Pradesh, cut.ato _0_ utpeto .acco a. etgs, eac
. . .. serving distinct industrial applications. A
Karnataka, and Gujarat heavily dependent on its N Y - .
. . . classification is presented table 1
cultivation. While tobacco farming supports |
. . Value-Added Tobacco Derivatives

rural employment and trade, its environmental ) . .

: : . Tobacco processing underpins a wide range of
and health impacfs such as deforestation, soil

. ) : industrial commodities, including:
erosion, and increased disease buddare g

o . . 1 Cigarettes 1 FCV  tobaccebased,
becoming inceasingly unsustainable. Tobacco . S
. ) X mechanized production; significant export
is a resourcéntensive crop that degrades .
commodity.

ecosystems and contributes to major public
health issues. Many farmers remain unaware of
the longterm harm associated with its

cultivation and processing. In response, there is
a pessing need to adopt sustainable, health
friendly alternatives such as medicinal plants,
pulses, millets, and horticultural crops, which

Bidis i Low-cost, artisanal manufacture
involving suncured tobacco rolled in
Diospyros melanoxyloleaves.

Chewing Productsi Includes khaini, gutka,
and zarda; deeply embedded in regional
consumer markets.

_ , Cigars/Cheroots i High-value niche
offer better ecological and economic outcomes. . .
. . products with notable aromatic
This paper examines the current tobacco L
specifications.

landscape in India, its soegmonomic and
environmental costs, and highlights viable crop
alternatives, aiming to guide a transition toward
a healthier and more sustainable agricultural
system.

Snuff 7 Finely ground inhalable tobacco;
common among elderly demographics.
Hookah Flavors 7 Infused tobacco for
recreational smoking in urban cafés and rural
households.
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Table 1. Typology of Tobacco Cultivated in India

Type of Principal o Curing/Processing
S.Ng Tobacco Region(s) Application Method Remarks
Flue-Cured
1 Virginia Andhra Pradesh, Cigarettes Temperature:_ontrolled Exportoriented
(FCV) Karnataka flue curing
Guijarat, Bidis (hand Laborintensive,
2 Bidi Tobaccg| Maharashtra, rolled cigaretted Suncuring predominantly femal
Madhya Pradesh 9 b labor
3 Chewing || Tamil Nadu, Uttar|| Oral use (pan,| Crude surdrying and High rural
Tobacco Pradesh, Bihar || khaini, gutkha) mixing consumption
Hookah & " . .
4 Chillum Uttar _Fr’]radesh, Tr?((_jltlcfmal Mixed with mo_lasses ar Culturally entrenche
Tobacco Bihar smokingforms aromatics
5 (C:E:r:)i‘t -I;%T]”dl'\lﬁ?u Cigar Specific leaf processin Premium export
Tobacco Tirunel?/el}) manufacture and fermentation potential
6 Natu Tobacc Tamil Nadu Fjufh gnd Ground surdried leaveg| Traditional product
chewing
71 Nicotine Extracts 1  Utilized in 1 Public Health Crisis: Tobacco is the single
pharmaceutical formulations and largest preventable cause of mortality in

India, responsible for over 1 million annual
deaths (WHO, 2023).

Occupational Health Risks:
experience AGreen

biopesticides.
Socio-Economic Merits of Tobacco Farming
Despite the controversy, the crop persists due to §
thefollowing agronomic and economic factors:

Farmers
Tobacco

1 High Profitability: Tobacco commands dermal absorption of nicotine; pesticide
lucrative prices in both domestic and exposure compounds morbidity.
international markets. 1 Environmental  Stress: Monoculture

1 Adaptability to Marginal Lands: It thrives tobacco exhausts soil nutrients, contributes to
on lowfertility soils unsuitable for other deforestation (for curing firewood), and
crops. pollutes aquatic ecosystems.

1 Employment Potential: Extensive labor 1 Displacement of Food Crops:Competes
absorption in cultivation, curing, and rolling with staple crops, undermining regional food
processes. security.

1 Institutional Support: Regulatory f Economic Volatility: Subject to fluctuations
frameworks like the Tobacco Board of India in international demand, pest epidemics, and
facilitate auction systems, market stability, policy shifts.
and technical guidance. Transition Imperatives and Crop Substitution

1 Export Revenue: Contributes significantly Strategies
t o I ndi ads foreign Giex dhe adelgtesious tefiecty ofg tpbacco,
processed and raw tobacco exports. transitioning to alternative crops is imperative.

Externalities and Adverse Impacts Recommended categories include:

Notwithstanding its profitability, tobacco ¢§ Medicinal and Aromatic Plants (MAPS):

production  exerts substantial negative Ashwagandha Vetiver, Tulsi, Senna

externalities: Supported by NMPB subsidies and Hogck
programs.
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1 Pulses and Oilseeds:Improve nitrogen 1 Vetiver roots contribute to soil binding,
fixation, soil health, and marketability reducing erosion.
(SoybeanGroundnut Sesamg Social Impact:

1 Millets and Coarse Cereals: Drought 1 Women have found increased employment in
resistant and nutritionich crops likeRagi, postharvest processing of MAPs.
Bajra. 1 Communityled Farmer Producer

1 Horticultural Crops: High-value produce Organizations (FPOs) now manage
such aDrumstick Tomatg Banana procurement and primary processing centers.

1 Spices: Turmeric Ginger, and Coriander Case Study 2: Bidar and Ballari Districts,
offer high returns with longer shelf life. Karnataka 1 Promotion of Millets

{1 Floriculture: Flowers like Jasmine and Under t he Karnatfm%iari gove

Marigold for religious and export markets. Dhanyaodo mi | dpgrdaximatelys,5000 n
1 Agroforestry and Bamboo: Promote carbon  tobacco farmers in serarid regions have

sequestration, soil restoration, and lgagm switched to droughtesistant millets likeRagi
income. (Eleusine coracana) Foxtail Millet (Setaria
Expanded Case Studies in Crop Diversification italica), and Little Millet (Panicum
Case Study 1: Dindigul and Karur Districts, sumatrense)
Tamil Nadu 1 Transition from Tobacco to Economic Impact:
Medicinal Crops 1 Yield stability even under rainfall deficits.
Historically recognized for their bidi and § Procurement prices supported by state
chewing tobacco production, Dindigul and marketing federations.
Karur districts have witnessed a gradual but § Access to organic niche markets in
significant transition toward the cultivation of Bengaluru and Hyderabad.
medicinal and aromatic plants (MAPS). Nutritional and Environmental Gains:
Supported by théNational Medicinal Plants 1 Millets are nutritionally superior, aiding in
Board (NMPB) and NGOs such as the local nutrition security.
Foundation for Revitalization of Local Health 1 Low carbon and waterfootprints make
Traditions (FRLHT) , over 1,200 farmers have millets an ideal climateesilient alternative.
shifted to cultivating higivalue crops like 1 Intercropping with legumes enhances soil
Vetiver (Chrysopogon zizanioides) and nitrogen levels.

Coleus (Coleus forskohlii) These crops are Institutional Support:
used in the production of essential oils and q Collaboration with  University  of

Ayurvedic formulations. Agricultural Sciences, Dharwad for seed

Economic Impact: distribution and training.

1 Net returns increased by i280% compared  { Millets featured in stateun school mieday
to tobacco. meal programs, ensuring assured demand.

T Input costs decreased due to reduced Case Study 3: Prakasam District, Andhra
pesticide and irrigation requirements. Pradesh i Ashwagandha and Aloe Vera

1 Guaranteed bupack agreements with herbal ~ Adoption
and cosmetic industries (e.g., Himalaya, Once known for FCV tobacco production,
Arya Vaidya Pharmacy) provide price Prakasam has seen a transformation driven by

assurance. grassroots initiatives from organizations like
Environmental Benefits: Rythu Mitra Sangham in partnership with
f Significant reduction in agrochemical use. ICRISAT and local Krishi Vigyan Kendras.
1 Replenishment of soil organic matter. Farmers transitioned to medicinal crops such as

Ashwagandha (Withania somniferajandAloe
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vera, capitalizing on their use in the herbal

supplement and cosmetic industries.

Economic and Agronomic Outcomes:

T Ashwagandha has afi
120/ kg (dry roots).

Aloe vera has been contracted by local

processors for gel and juice production.

1 Shorter crop cycles (12050 days) allow for
multiple harvests annually.

Environmental Impact:

1 These crops require 600% less water than
tobacco.

1 Pesticidefree cultivation is feasible under
integrated pest management (IPM).

Market Linkages:

1 Direct links with nutraceutical companies in
Hyderabad an@hennai.

1 Formation of sethelp groups (SHGs) for
value addition (e.g., Aloe vera soap and gel
production).

Challenges Overcome:

T Initial resistance due to lack of knowledge.

{ Training camps and exposure visits helped
build farmer confidence.

1 Cooperative societies now manage drying,
grading, and preliminary packaging.

Institutional and Policy Support

Key Frameworks Include:

1 WHO FCTC (Article 17): Advocates for
economically viable alternatives to tobacco
cultivation.

f National Medicinal Plants Board
(NMPB): Financial and logistical support for
MAP growers.

1 Mission for Integrated Development of
Horticulture (MIDH): Supports
infrastructure and capacityuilding.
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1 Krishi Vigyan Kendras (KVKs): Provide
extension services and organic transition
models.

ma ¥ kaner Poodiucer ©rganifations 9F@Os):

Facilitate aggregation, and
cooperative marketing.

Challenges in Transition

1 Knowledge Gaps:Limited farmer exposure
to sustainable agronomic practices.

1 Market Volatility: Inconsistent demand for

branding,

niche crops.

1 Capital Constraints: Initial investment
hurdles.

9 Cultural  Resistance: Socicreligious
affinity to tobacco cultivation.

Conclusion

Tobacco farming in India, though economically
important, causes significant environmental
harm and public health issues, including NCDs
l' i ke cancer and
resourceintensive nature leads to soll
degradation, water scarcity, cardeforestation,
making it increasingly  unsustainable.
Sustainable alternativ@ssuch as medicinal and
aromatic plants, pulses, millets, and horticultural
crop® offer lower ecological footprints, require
fewer inputs, and are better suited to climate
variahlity. These align with agroecological
principles that prioritize biodiversity, ecosystem
health, and efficiency. Transitioning to these
crops demands coordinated efforts: agronomic
reorientation, supportive policies, financial
instruments, market access)d value addition.
With integrated action, India can move from
tobacco dependency to a more sustainable,
healthconscious, and economically viable
agricultural future.
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The recent changes in climate have resulted in high temperatures, which negatively impact plant growth.
High temperatures have the dual effects of causing widespread famine and reducing crop output. In
order to develop resistance to heat stress, plantsrgmch variety of physiological, cellular, and
molecular changes during the stress. However, plants go through changes at every stage of
development, which might be used as markers. Furthermore, to counteradndinesd biochemical

and physiological dmnges, key tolerance mechanisms that use proteins, ion transporters,
osmoprotectants, antioxidants, and other elements involved in signalling cascades and transcriptional
regulation are triggered. The capacity to sense the HT stimulus, produce and tensignal, and

start the proper physiological and biochemical changes are all necessary for plant survival under HT
stress. Additionally, Hiinduced metabolite production and gene expression significantly increase
tolerance. In order to improve thermotaece in plants, this weknown article examines the most
recent research on the symbols, effects, and indicators of heat stress at the physiological, cellular, and

molecular levels.

Key words: Heat stress, symptoms, Indicators, physiological and yield parameters

Introduction

T he main abiotievents that cause significant

cellular damage in plant species, including crop
plants, are heat, drought, cold, and salinity.
Temperature variations are a normal part of
plant growth and reproduction. Extreme
fluctuations during the sweltering summer
months, however, can harm the intermolecular
connections required for healthy growth, which
will hinder fruit set and plant development. In
the tropics and subtropics, growing season
temperatures can potentially surpass the most
intense seasonal temperaturest yecorded,
which will increase the process of land
degradation. According to Battisti and Naylor
(2009), a i€ increase in seasonal temperature
may directly result in yield losses for staple
crops of 2.516% in tropical and subtropical
countries.The average annual temperature in
2024 was 25.75°C, 0.65°C higher than the
average from 1991 to 2020, according to

Volume-01, Issued6
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Statista,2024. With recotldigh average and
minimum temperatures in 2024, the east and
northeast are especially affected by this
warming trend.

Widespread more often negative, changes in
plant growth, development, physiological
functions, and yield are brought on by heat
stress. The overproduction of reactive oxygen
species (ROS), which causes oxidative stress,
irreversible protein denaturation ath causes
protein misfolding and aggregation, and changes
to the lipid membrane that cause damaged
membrane permeability and raft disruption
(Lippmannet al., 2019). In order to guarantee
global food security, we provide a summary and
discussion of the sigs and symptoms of heat
tolerance mechanisms using a variety of
methods.

Symptoms of Heat Stress
When plants are exposed to various types of

stress, their symptoms vary. For instance, plants
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under drought or water stress show signs of leaf
curling or rolling, stunted growth, tip and branch
dieback, and loss of turgor. In contrast, plants
under salinity stress show signs of nutrient
imbalances, ion toxicity, and problems with the
root system. 8me of the indications of heat
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5. Damag®zbwne

Ozone can harm plants when high temperatures
are combined with poor air quality. The gases

burn plant tissue as they pass through the
stomata of leaves. Ozone damage is indicated by
dry brown spots between leaf veins that turn pale

stress include the leaf's surface area decreasingyellow and appear veryyl

and the closing of its stomata, which are small

6 .Drileddaf Mar gins

pores that allow for the exchange of gases and To ensure their survival, certain crops dry off the
moisture. Here are some of the signs that have outer edges of their leaves. Even when heat

been noted in cases of heat sdres
1. Sunscal d
In extreme temperatures, a number of fruits,

stress burns the edges of plant leaves, crops like
pumpkins and squash can continue to function
normally because their leaves have "extra"

such as apples, tomatoes, and melons, scorch,space.

usually on the side that faces the sun. Different
fruit types can exhibit sunscald symptoms, such
as discolouration, wet spots, blisters, or firm
sucken patches orhé surface, in addition to
parched fruit.

2Bolting

Impacts of Heat Stress
The stage of plant development determines a

plant's susceptibility to high temperatures; heat
stress affects all vegetative and reproductive
phases to some degree. There are significant
inte- and intraspecific differences in the

Plants often respond to heat stress by bolting, or observed effects, which r& dependent on

premature flowering. This is especially true for
coolseason crops like spinach and lettuce,
which are particularly vulnerable to bolting

when temperatures rise beyond 30° C. since they elongate

must produce seedls order to survive in harsh
environments.

3Wilting

A plant wilts when there is less moisture
available than it can absorb, which results in a

species and genotype.
APhysiological

In many situations, hypocotyls and petioles
and plant architecture alters,
mimicking the morphological responses of
shadow avoidance (Tiaet al., 2009). High
temperatures, however, inhibit plant growth by
altering the rates of shoot net absorption and,
consequently, the plant's overall dry weight. It

shortage of water pressure inside the plant. The has long been known that heat stress greatly

longer it is left to cure a plant that has wilted due
to heat stress, the more likely it is that it may
sustain irrparable damage. If a plant wilts

affects sexual reproduction and flowering in
particula, which frequently lowers crop plant
productivity. Numerous physiological systems,

during the hottest part of the day and then comes such as photosyesis, primary and secondary

back to life in the evening or morning, it is very
likely having heat stress.

4 Fl oweFrand Drop

metabolism, or lipid and hormone signalling, are
adversely affected by high temperatures. Heat
stress impairs the stability of certain proteins,

Heat stress causes plants to either lose their budsmembranes, and cytoskeleton structures, which

and blooms or fail to blossom. The plant may put
maintaining its essential organs ahead of other,
less important requirements during a heat wave.
Many agricultural and vegetable crops have
flower and fruit drops in hot weather.
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has an adverse influence on planbwgth and
development. The formation of pollen grains is
the process that is most impacted, as is the
reproductive growth stage.

B.Cellul ar

When exposed to extreme heat, at least 5°C over
their optimal growing circumstances, higher

Page |167




—C / INNOVATIVE AGRICULTURE \ ISSN : 3048 - 989X
TNy /

plants exhibit a unique set of cellular and stress (Saidet al.,2011). Plant adaptability to
metabolic responses that are required for the abiotic stressors is significantly influenced by
plants to withstand the high temperatures. These ROS/redox signalling networks in the
effects include modifications to membrane mitochondria and chloroplast. By regulating
functions and the arrangement of cellular vital functions including transcription,
components including organellesnda the translation, energy metabolism, and protein
cytoskeleton. Additionally, heat shock protein phosphoriation, these signals help to maintain
transcription and translation is increased, normal the homeostasis of organelles under stress and
protein synthesis is decreased, phytohormones other cellular components (Mittlet al.2011).
such as abscisic acid (ABA) are created, The HSPs regulate cellular signalling, protein
antioxidants and other protective compounds are folding, translocation, and degradation under
formed, and sodirth (Maestriet al.,2002). normal development settings. However, when
Increased G influx, cytoskeletal exposed to heat stress, they stop protein
reorganisation, and the activation of ligidsed aggregation and misfolding and also serve to
signalling cascades are all caused by the shield cellular membranesieat stress, which
membrane's increased fluidity. In reaction to can be caused by sudden or gradual temperature
heat stress, osmolytes and antioxidants are changes, causes plants to produce more HSPs.
produced as a result of signalling between these Additionally, heat stress causes the temporary
pathways. For instance, a part of the membrane loss of epigenetic gene silencing and the
cyclic nucleotide gated Gachannels, which temporary activation of repetitive sequences or
serve as the main thermosensors of land plant silent gene clusters in the centromeric regions.
cells, is encoded by the Arabidopsis CNG C2 Heat stress has detrimental effects on a variety
gene. These plasma membrane channels initiateof plant physiological and developmental
an ideal heat shock response ra#sponse to processes. Stress at critical developmental
increases in the surrounding temperature. These stages, including reproduction, becomes one of
plasma membrane channels initiate an ideal heat the main obstacles to a plant's ability to adapt to
shock response in response to increases in thea changing environment.
surrounding temperature. This information HeatStress Tolerance Indicators
highlights how important lipid membranes areto To survive in high temperatures, plants have
plants' ractions to heat stress (Horvéth al., developed a number of defence systems. These
2012). It has recently been demonstrated that tactics fall into one of two categories: shtetm
vegetative and reproductive tissues may differ in stress avoidance and acclimation mechanisms,
how different signalling pathways are activated or longterm phenological and morphological
depending on the tissue. evolutionary adaptationssuch shifting leaf

By downregulating specific genes orientation, transpirational cooling, or changes
involved in carbohydrate metabolism, high in the lipid content of the membrane. Stress
temperatures alter the activity of enzymes proteins, osmgrotectants, free radical
involved in carbon metabolism, starch scavengers, ion transporters, and elements
accumulation, and sucrose synthesis (Rean involved in  signalling cascades and
al., 2010). transcriptional controlare among the general
CMol ecul ar stress tolerance mechanisms that are crucial to
Although they are frequently considerably reducing the consequences of stress (Weing
stimulated by heat stress, chaperones are only aal., 2004).
small portion of the overall heat shock response,
with about 5% of the plant transcriptome being
up-regulated twofold or more in response to heat
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1 Physiological i ndi c atchaoaateristiésoincluding aamtioxsldntr activisy,
tolerance membrane lipid unsaturation, gene expression
Mechani sms that help phgd fanhstatiod ' groted tstabi®y, Anf ae 1 N
the field, i ke modi f ixG@ulhtiOn o cofpatibl¥ SoluRd, ard Mdpyct i or

l'ike photosynthesis anongdinte HebebopnfeRnd MainferhficE & 2 S € S
in transcripts encodifedmotoRfaitd, héubh, & Heat Plerlntelid &1 S -

Hi gher photosyntheti CnytignR tréit {Vierling, &L991) aHbReSed, as
membrane ther necastt asbvi dii ghalpifiaf@chdberohes that promote protein

are frequently -tolearaniepging aid fredent Bf& tproteins from
(Nagaetajzalrl.0) . Heat t olqyenxu@iffd? aggrBgdtind, PSPs are essential
capacity to maintain kpg@dmadefatice &enfs."DRIGED ptolifdl € T
heat stress are dir ectindlocafon, Sphofedlydid, Gdhslatiofl, foling! P! @
species. Tissue senescghdyion, 4B refolding' afe all YeBortddly € d b

membane damage | inked {Qjakdbfdefatd P70 Expréssidh.iinthe
of membrane [ipids, [|pheBriife, ith& e shBwh thhtlthionife N d
protein degradation ipgn dhHDRS HSS probidhdrRotibilé ©
processes, is one of tyhofsydier MBI conSeyudrlly, RHd&in © f
heat stress. electron transport when exposed to heat stress.
Enhanced  synthesis of  secondary In addition to many physiological and

metabolites under heat stress conditions also pigchemical processes, molecular techniques are
protects against oxidative damage. Several peiping to clarify the idea of plants' ability to
studies in tomato and watermelon indicate that \ithstand heat stress. By regulating several
thermal stress induces the accumulation of genes and coordinating gene expression in
phenolics in the plant by activating their yarious pathways, plants are abtewithstand
biosynthesis as well as inhibiting their oxidation, ¢ ,ch pressures. According to current research,
which could be an acclimation mechanism of the ihe gynamic protein family known as HSPs is
plant against thermal stress. Increased Sy”theSiSconstantly growing and is incredibly diverse in
of secondary metabolites during heat stress paryre. Only specific plant developmental
provides further protection against oxidative stages, such as seed germination,

damage. Numerous search on tomatoes and embryogenesis, microsporogssis, and fruit
watermelon have shown that heat SUess matyration, exhibit HSP expression. Five
increases the formation of phenolics and inhibits  yistinct families of welicharacterized HSPs in
their oxidation, ~which leads to their pjants include HSP100 (also known as CIpB),
accumulation in the plant. The plant may be able spgp, HSP70 (also known as Dnak), HSP60
to adjust to the heat stress in this way (Riv&ro (also known as GroE), and HSP 20 (also known

al., 2001). as small HSP, or sHS. Therefore, it seems that
Molecular and Biotechnological Indications plants can use the HSF system to precisely
for Heat Stress Toleranceg(Bita and Gerats, regulate the expression of héaduced genes.
2013) Additionally, some research indicates that the

The Dbody can withstapd or acclir_ngtise 10 cell's HSP level and corresponding stress
temperatures above optimal by repairing heat igjerance are positively correlated
sensitive parts, preventing more heat damage, (Hasanuzzameet al.,2013).

and preserving metabolic equilibrium under ~qnclusion

stress. The most important aspect of |t js now widely acknowledged that the

thermotolerance is the production of HSPs in complexity of the heat syndrome can only be
vast amounts. Many biochemical and metabolic addressed by a comprehensive strategy that
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combines agronomic techniques with the
analysis of crop heat tolerance features using
both conventional as well as modern molecular
genetic technologies, producing improved crop
genotypes in the process.
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Plastic Pollution in Agriculture: Challenges and

Biodegradable Alternatives

Kajal Bhimrao Rathod, Monali Kisan Kokate, Bhupeshri Vinay Shetye

College of Fisheries, Ratnagiri, Maharashtra

Introduction:

In recent decades, plastics have become an

integral part of modern agricultuea practice
known as plasticulture. Plastic materials, from
mulch films and drip irrigation systems to
greenhouse covers and silage wraps, have
helped farmers increase productyitonserve
water, suppress weeds, and extend growing
seasonsAsia alone is responsible for about half
of the world's 12.5 million tonnes of plastic
materials used in agriculture yearly (FAO,
2021).

However, there is a price for this increased
reliance on plastics. Plastic pollution of the soil
is a silent but serious hazard to agricultural
areas, much like the plastic debris that clogs the
oceans. These polymers slowly break down into
microplastics ltat linger in the soil for years
when exposed to UV light, temperature changes,
and mechanical stress. According to studies,
these microplastics can change the structure of
soil, decrease microbial diversity, impact the
cycling of nutrients, and maybe makheir way
into the food chain through crops (Rillig &
Lehmann, 2020; Zhang et al., 2019).

The Role of Plastics in Agriculture:

In modern farming systems, plastics are
essential for increasing productivity, yield, and
resource efficiency. Different types of plastics
are used throughout the agricultural cycle is
known as plasticulture. For example, plastic
mulch films are frequentlysed to control soil
temperature, inhibit weed growth, and preserve
soil moisture, all of which increase crop
productivity (Kasirajan & Ngouajio, 2012).
Particularly in areas with harsh climates,
greenhouse films composed of polyethylene or
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polycarbonateoffer regulated conditions that
enable the yeamund production of fruits,
vegetables, and flowers (Singh et al., 2020).

By supplying water straight to plant roots
via plastic tubing, drip irrigation systems
drastically cut down on water waste and increase
fertilizer efficiency. In animal husbandry, plastic
silage wraps are essential for maintaining the
guality of feed ovetime. Additionally, because
of their affordability and durability, plastic is
frequently used to make nursery bags, seedling
trays, packaging materials, and protective
netting. There is no disputing that the extensive
use of these materials has aided inicadtural
development. However, their longerm
environmental cost, especially when improperly
disposed of, is prompting the need for
sustainable alternatives.

Environmental Impacts of Plastic Use in
Agriculture:

Plastics have  definitely = changed
agriculture, but there is growing worry about
their longterm effects on the environmeiithe
contamination of the soil by microplastics,
which are small plastic particles (<5 mm) that
are the result of the degradation of larger plastic
components such as mulch films, drip tapes, and
greenhouse covers, is one of the most pressing
concernsAccording to de Souza Machado et al.
(2018), these microplastics build up in the top
soil layers, changing the soil's physical
composition and decreasing its ability to aerate
and retain water.

Additionally, nitrogen cycling and soil
microbial communities are disturbed by
microplastic contamination. According to
research, microplastics might decrease
enzymatic activity and microbial biomass,
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which can impact soil fertility and productivity
(Rillig et al., 2019). Furthermore, microplastics
may be consumed by earthworms and other
beneficial soil fauna, which could have an
impact on their ability to grow, reproduce, and
mix the soil (Rodriguesdjo et al., 2017).

Another  major  problem is the
environmental persistence of plastics. The
majority of agricultural plastics are not
biodegradable and can linger in soil for decades
before slowly decomposing in the presence of
physical stress and UV light. A direct |atm
ocean pollution pathway may be created by
these particles, which could be carried by wind
or runoff water before entering rivers and adding
to marine plastic pollution (Zhang & Liu, 2018).
The cumulative effect of these contaminants
threatens larger envinmental and food security
systems in addition to terrestrial ecosystems.
The Push for Sustainable Alternatives:

In response to the increasing environmental
concerns associated with agricultural plastic use,
researchers, inventors, and policymakers are
increasingly pressing for loAgrm solutions
that balance efficiency and ecological security.
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mechanisms are also being advocatad. a
result of government programs like India's
Paramparagat Krishi Vikas Yojana (PK) and
consumer demand for sustainable produce,
many farmers are also switching to organic or
plasticfree farming practices.

Innovative agritech organizations are
contributing a significant contribution by
producing biodegradable agricultural inputs,
plastic alternatives, and plastic waste recycling
technology. This concerted endeavor for
environmentally benign farming technicues
critical to mitigating the longerm effects of
plastic pollution and fostering resilient
agricultural systems.

Policy and Future Outlook:

National and international organizations
have taken measures to encourage sustainable
methods in agriculture after understanding the
ecological risks caused by plastic
contamination. Singkeise plastics, especially
those used in agriculture, are prohibited
subject to regulations in several Indian states.
Extended producer responsibility (EPR) is
required at the national level under the Plastic

The use of biodegradable mulch sheets derived Waste Management Rules (2016, modified in

from natural polymers like cellulose, polylactic
acid (PLA), and starch is one of the most
promising options. While decomposing in the
soil without leaving any hazardous residues,
these materials can efficiepttarry out the same
tasks as polyethylene muilches, including weed
control, moisture conservation, and Yyield
enhancement (Hayes et al.,, 2019). Under
supportive regulations and incentive schemes,
their use is becoming more popular, particularly
in Europe and some parts of Asia.

Similarly, to reduce the reliance on
synthetic plastic packaging in the posirvest
supply chain, bidbased polymers or
compostable packaging materials made from
agrowaste are being developed (Siracusa et al.,
2008). In order to guarantee resource cadty,
recyclable drip irrigation systems that are
constructed from premium polymers with
extended lifespans and entlife recovery

Volume-01, Issued6

2021), which also encourage the use of-eco
friendly substitutes. Orgac and lowinput
agricultural practices that lessen reliance on
plastic are also supported by government
programs like the Paramparagat Krishi Vikas
Yojana (PKVY) and the National Mission on
Sustainable Agriculture (NMSA).

The United Nations
Programme (UNEP) and the Food and
Agriculture  Organization (FAO) have
emphasized the urgent need to phase out non
durable and noessential plastic items in
agriculture on a global scalémproved waste
management, lifecycle assessments, and policies
that encourage biodegradable substitutes are
also recommended in the studythg FAOIn
2021.

There is a pressing need for farmer

Environment

education, investment in research and
development, and targeted subsidies for
APRIL 2025 Page |[172
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biodegradable inputs. Building awareness
among farming communities about the leng
term harm of plastic residues, coupled with easy
access to sustainable alternatives, will be crucial
in ensuring a cleaner and more resilient
agricultural future.

Conclusion:

It is now imperative to reduce plastic
pollution as agriculture adapts to the demands of
a changing climate and an expanding
population. While plastics have substantially
increased  agricultural  efficiency, their
unchecked usage has resulted in environnhenta
effects that jeopardize lorigrm sustainability.
Fortunately, a variety of biodegradable
alternatives, sensible legislation, and farieer
innovations are paving the road for more
environmentally friendly farming operations.
With more government baalkg, increased
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Spirulina @Arthrospira platensis/maxima a bluegreen microalga, has gained attention for its
remarkable nutritional profile and ecological applications. Rich in proteins, essential amino acids,
vitamins, minerals, and antioxidants, spirulina offers numerous health benefits, including enhanced
digestion, immune support, and aimilammatory properties. Beyond its nutritional value, spirulina
has emerged as a promising biofertilizer and biostimulants in agriculture. Its nutfebiomass,
including prdeins and vitamins, can improve soil fertility, enhance plant growth, and increase crop
yield by promoting root and shoot development, improving seed germination, and boosting plant
i mmunity. Spirulinads bioact i ve nisnesagaostbotcandal s o ¢
abiotic stresses, such as pathogens, drought, and salinity. As a sustainablefaaddig@lternative

to synthetic fertilizers and pesticides, spirulina holds significant potential for fostering sustainable
agricultural practies and addressing global challenges in food production and environmental
conservation.

Keywords: Spirulina, agriculture, phycocyanin, chlorophyll, protein, crop yield.

Introduction

Spirulina (Arthrospira platensis/maxima
is a naturally occurring blugreen microalga
that thrives in warm, alkaline water bodies. This
singlecelled microorganism utilizes sunlight to
synthesize nutrients, supporting life and

The Aztecs in Mexico
consumed naturally occurring
spirulina from salt lakes.

German sigologis Dr. Durpin
discovered spirulina and named
it “spirulina”.

Dr. Clement from the French Public Petrol

providing energy. Dating back more than 3.6
billion years, it is arang the earliest life forms
on Earth. The distinctive spiral structure of
spirulina gives it its name. With a microscopic
size ranging from 300 to 500 microns (@.5%
mm), it is difficult to see with the naked eye but
can be observed under a microscope. Spirulina
is classified as a type of cyanobacteria, where
6cyanod refers to its
denotes its singteelled nature.

Use of spirulina as a biofertilizer in
1981. Spirulina is a blue-green
microalgae that is rich in nutrients and
phytohormones. It can be used as a
biofertilizer, animal feed, and food
source.

Toundation conducted extensive research
spirulina's  nutritional  benefits  and
introduced microbiological conference in
Mexico. Reports highlighted spirulina's
potential future food source, leading to
increased Interest and rescarch.

Century

Spirulina began to be mass-cultivated
artificial ponds worldwide for use as a
health food. NASA started exploring
spirulina's potential as a future food source
for space missions

nutrients, surpassing beef in protein content,
spinach in iron, carrots in betarotene, and
milk in calcium. Furthermore, it is a rich source

Unlike plants, spirulina lacks a cellulese
based cell wall and instead has a peptidoglycan
structure composed of sugars and proteins. This ) o _
unique composition allows human digestive ©f Phytonutrients and antioxidants, which
enzymes to break it down easily, ensuring rapid contibd e~ t o the bodyods nat
and efficient absorption ofits nutrients. ~ Mechanisms. Low in fat and highly digestible,

Spirulina offers an abundance of bioavailable spirulina is an excellent nutritional supplement.
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Historical Timeline of Spirulina

Morphological Properties Fibre, 6% others,
Spirulina is a filamentous, unbranched Minerals 4%
cyanobacterium characterized by its coiled or 8%

spiral trichomes, which consist of elongated
cylindrical cells linked endo-end. Each cell is
surrounded by a thin, flexible wall devoid of
cgllulose, gnhqncmg its d.lgeSthlllty. .T.he Carbohy
diameter of individual cells typically falls within drates,
3 to 12 um. Under optimal conditions, spirulina 10%
maintains its chracteristic spiral shape;
h r riations in growth environmen = . . . .
owever, valat.lo S ! gowt ewq ents OHigh absorptisonbimatve:i | ab
may lead to straightened filaments. Unlike some .
. . all ows for gui ck and e

cyanobacteria, spirulina does not develop a q S q(r ot h on

specialized structure I ke Fterocy@sitaossidif:r

. . : . P i Essenti a Lminn e
akinetes, which contributes to its efficient light . . .
) . . ) essenti al amino acids ne
absorption and ability to thrive in warm, alkaline heal tYh
water bodies. ~ . ) .
L . OChIl or erpihcynl I ¢ o mpgCoait taii ors:
Physiological Properties substanti al magnesi um | e\
Spirulina is a  photoautotrophic gr
resembl e home i n human

cyanobacterium that efficiently converts carbon th b h )
dioxide into biomass using light energy through erebdy énhancitng oxygen

chlorophyll a and phycocyanin. It thrives in 3 |V.mmu : _e i CS; ! _0 n '” _ | -
high-temperature, alkaline aquatic EGEEE =P | miurld mal siis - a

environments, outcompeting other s AN E ; OGamvit ? mp h _e XA, 1€ ,o(;

microorganismslts metabolism facilitates the bi matgs € stl‘ u m,Uhep g assitum, an

accumulation of higlguality proteins, essential AT IE . B ol
Spirulinadés pigment prof

amino acids, vitamins, and bioactive compounds
such as antioxidants and aimtflammatory
agents.  Additionally, spirulina  exhibits
remarkable resilience in extreme pH and
temperature conditions, enhancing its ecological
adaptability and making it a valuable resource
for nutrition and biotechnology.

Nutritional Profile

Advantages

photosynthetic efficiency and commercial
appeal. The primary pigment, chlorophyll a, is
essential for capturing light energy to drive
photosynthesis. At the same time, the
phycobiliproteinsespecially phycocydn and

allophycocyanin form complex structures called
phycobilisomes that extend the range of light
wavelengths the organism can utilize.

Spirulina is packed with approximately 100 Phycocyanin, which imparts a distinctive blue
essential nutrients, including: colour, not only enhances light absorption in

OPhycocpannnque prote iV\ﬁ\velgn)gtgs'Wn%eich,logbpl'ltisdess effectivg
spirulina, aiding br@H nalsog Provdes, apfiexidant  bengfits.
cel l production, a n fdditignally, earoenojs, present in Spyrylina
antioxidamt | amdnaa ot iy YU ygllqw to orange hues and offer

OLowal ori eOcloyteanr c 2IOPProegtion by guenching excess energy.

gr am, making -dftfi ainlOHe e g Pigments optimize energy
suppl ement . capture inspiru a 6 s n a talkatine,land hi g h

high-light habitats and have spurred extensive
use in nutritional supplements, natural colorants,
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and various cosmetic and pharmaceutical 2. ImprovesSoil Fertility

products. T Contains essenti al mi cr o
Uses in Agriculture (such as nitrogen, p hc
potassium) that enric
R | { Enhances microbial
Sisa -~ promoting a heal th
Lipids " ecosystem.
oan w3, Acts asA Natural Biofertilizer
el SPIRULINA LU0l 9 The high nitrogen
spirulina makes it
APPLICATIONS organic fertilizer,
e - dependence on synthet
e f Helps in fixing at
RO nitrogen when used
Spirulina is increasiamkepdimenng. explored in
agriculture for i ts po4. Boostslaamtlimmarity & Stiess doferance i | 1 z er
bi ostimulantsricHTtsbi omLoynreaitns antioxidant s, p
containing proteins, vahammnsg sy obainadl esmpotuinals t

mi nerals, can be appliedetsd ssainlc eort ou spead haosg ean s .0
spray toartnhagmewtplandqiHEppHeV @ |sanitls tol erate dr
fertility. When introdugedvignhtmpettdlle $eirlesssppy Ul
not only supplements ofrrgeaneint i @&t tasmrd BEt oRil Si0ocat
stimulates beneficial ®iEghanedsPhatdsynthesisd Ehlotophyll Whi ¢ h
turn boost s nutrient Coment i ng and upt ake by

pl ant s. Addi t i ccoarlploy,n gisg psi rkuil @ ;@t iivs€ rich in chl
have been found to PARMOL ep hy NEd yearier, whi ct
chlorophyll production aphnéthelsntaresplsart fdeffemes
mechanisms against envqrLepm@ent@ad gHheeheds ROl t
pat hogensds.riTmidd yeamppr oajche (SeUgPsPeOd tnSet abol i c acti v
sustainabl e farming pGVF?eGuEeB’:ﬁe?n&alD@pé!ndenbyedUCi ng

dependence oartechemecglwhi heorgafnrllcenadricy eadd err

i mproving crop yield and fdyghébhd- biostimulants
Role of Spirulina as Biostimulants need for chemical pestic

Spirulinabased biostimulanigre promising in fertilizers, promoting st
organic and sustainable agriculture, offering a natural Application Methods
way to boost crop productivity while protecting the TEoliar
environment.

1. EnhancesPlant Growth & Yield

Spray: Diluted spi
sprayed on | eaves for f as

_ _ ) _ _ T Soil Amendment: Spirulina
T Spirulina is rich in aé"i(tnpaé‘f:'%%n POt Eh88d a&Me
phytohormones (1i ke aquérnts ntdycytoklnlns),
which promote root _anﬂds.g@é)oﬁ. glge/ﬁlélqp_me%te ds s o
T I mproves seed germlnatelxotnraach sehaJV\I/yiR\bP g

establi shment. seedling vigor.
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Role of Spirulina in Plant Defence Mechanisms T Supports rhizobacteri a
Spirulina, a nutrientich cyanobacterium, fungi , whi ch enhance nut

enhances plant defense mechanisms against st ress.tol erance

biotic (pathogens, pests) and abiotic (drought, 6. Supports heavy metal and salinity stress
salinity, heavy metals) stresses. Its bioactive tplerance

compounds stimulate plant immunity and ¢ Spjirulina contains compo
promote resilience through variouatpways: chelation and detoxificat
1. InducesSystemic Resistance in plants.

T Spirulina contains q| polagysacCcahagrsi diefs, osmoti c
phycobiliproteins, andp|pepitd despd hattmrcthrveat ey
I nduced Systemic Resijsdpng£l ahlceR) and
Systemic Acquired R e pdiicttibnd Adriiture{ S AR) in
plants. RFoliarEBphaages plant i mmt
T These pathways | ead toediee sprpadtuncdageom aaft ack

def emedeat ed enzymes RiSko&é | p eA neexnil dimpesrety: e s mi cr ok
phenyl al anipyasaemmand achc¢ti wiasg, and storengthens

which protect againsRStedgadl eParnedpeaht&at esreieadls f c
infections. tol erance and di sease r es

2. EnhancesAntioxidant Defense Conclusion

f Spirulina is rich in @Sprulinap xa drematkable (Bjugreen as
phycocyani«ar ot eoreet,a micrealgad has demonstrated vast potential
tocopherol s) t hat h é¢ypnd its |neiritianal valnee emergiagl as zae
Reactive Oxygen Spec bustaginabler ag) edgendly d splotiord in
during stress condi t iagrieuture. Its rich composition of proteins,

1 Reduces oxi dative d asaeatigle amigog @aids, d antigxigants, and
environment al str es s bipagive |compaundsd makes gith & powarfuy
radiation, and pol | utbogimulants, enhancing plant growth,

3. StimulatesPhytoalexin Production improving soil fertility, and boosting plant

9 Spirdeinaed c o mp o u n drgsilienggagajnst envirgpigental stresses. As a
synthesis of phyt oa Inaugal pigfertilizep nspirulipg dedusas i they
chemicals that pl ant sdepgndengyy ene syntheticy deglilzeysy saed t o
pat hogen attacks. pesicides, making it a key player in promoting

1 These compounds cr e gUstginablg fayming cpsaptices, fhg diverse
biochemical barri er sDbengfigsoispirdlipa, fram,ty puigitional grofilg
bacteri al pathogens. to its role in strengthening plant defense

4. EnhancesCell Wall Strength mechanisms, position it as a vital resource for

9 The amino acids, p odddressing glopal ghallepg i food prodjigtion
minerals (calcium, m@YPnedrengpental systaigabilty. Harmessipgy,
Spirulina strengt hen SPpHigas, pogegtpl) inagijcyltgre cguldy ; n g
them more resistant Sgngicanysiaprove grop yield, quality, gnd,
infections. overall plant health while contributing to the

5. Improves plantmicrobe interactions development of greener and more resilient

Spirulina promotes the growth of beneficial &rmMing sytems.
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The necessity to increase global food production due to the population explosion and climate change
opened the door for new agricultural avenues. Applying rietséd nanoparticles (NPs) in agriculture

is a novel concept. In agriculture, NPs have been eséshsively to improve plant physiology,
productivity, and the nutritional value of plamased products. Some of the desired properties of NPs
are their tiny size and large surface area, which can significantly enhance plant physiological processes
and lmost crop productivity. However, due to their toxic nature, NPs have been reported to have having
toxicity impact on organisms by accumulating in the food chain. These detrimental effects of the NPs
depend on several factors, including size, concentrayipe, and zeta potential. The main goal of using
these nandased fertilizers is to reduce dependence on conventional chemical fertilizers for crop
production, which has many adverse environmental effects. Notably, the regulations for using nano
fertilizers in agriculture are for a better ecosystem and biodiversity is highly needed now. This article
covers the pros and cons of mdtased NPs' implication in agroecosystems.

1. Introduction: not new to the environment; they are found
naturally in clays, mineralgtc In agiculture,
NPs have been widely employed to enhance
plant physiology, yield, and the nutritional
content of planbased products. Metallic and
biodegradable polymer NPs are the primary
sources for better plant growth. Crop growth and
yield could be incre&sl by applying NPs, which
could rectify undesirable practices like
excessive fertilizer, synthetic plant growth
promoter use, and other nosnewable
resources. Additionally, applying NPs s
reported to improve or confer tolerance to
environmental stressor such as drought,
salinity, heavy metals, and biotic factors.
Numerous metallic NPs enhance

T he increase in the human population and the

change in global climatic conditions are
challenges the world faces in recent decades.
According to the Food and Agriculture
Organisation (FAO), food production should
double due to the world's population growth.
Due to the growing human population, many
countries may experience severe food shortages,
malnutrition, and food insecurity. Innovation of
new technologies in the agricultural sector is
required to overcome this peril. Over the past 20
years, more studiehave proposed various
nanomaterial applications in  agriculture,
through foliar spray, segafiming, insecticides,
fertilizers, and pesticides. NPs fall under the

nanoscale and have size ranges from 1 to 100 photosynthesis, stress tolerance, and act as
nm. The nanometdlased fertilizers gain mineral nutrition. The NPs not only exhibit

attenton  for  augmenting  agricultural positive effects on plants, but they also show

. adverse effects, like poautrient assimilation,
production. The large surface area to volume . : _ _
: . . ineffective stress toleranceic Figure 1 depicts
ratio and requirement of a lesser quantity enable

S . the benefits of using nano fertilizers over
novel properties in the nanomaterials. NPs are " o . .
traditional fertilizers in agriculture. The metal
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Figure 1. Benefits of Applying Nano Fertilizer and Conventional Fertilizer in Agriculture

based NPs are not easy to degrade, but theimmobilization in the soil, limiting the nutrient

biopolymer nanomaterials are easily degradable
under optimal conditions. Furthermore, this
article deliberately discusses the directions for
utilizing metal NPs in agriculture. Implementing
nanomaterials in agritture is a revolutionary
invention in the farm sector. This article has
furnished information on the advantages and
disadvantages of applying metased NPs in
agroecosystems.

2. Role of Metal NPs in Agriculture:

According to recent reports, hanomaterials can
impact water treatment, sanitation, health, well
being, production, and consumption of
resources.The most widely used metal and
metal oxide NPs are titanium dioxide (B)QO
gold (Au), silver (Ag), zinc oxide (ZnO), cerium
dioxide (CeQ), copper (Cu), copper oxide
(CuO), aluminium (Al), nickel oxide (NiO), and
iron (F&0,). As a result, their effects on various
plants are predominantly investigatedhe
smaller size, minimal quantity, and higher
surfaceto-volume ratio of NPs make them
easily interact with the plant tissue and cells,
leading to improved plant growth and
development. Figure 2 illustrates the various
action mechanisms of NPs in plant system.
Various NPs possess unique physicochemical
characteristics that potentially enhance crop
production. The main problem in using
conventional agrochemicals is leaching and
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use efficiency, and poor crop protection in
plants. Subsequently, reduces the quality and
guantity of the commodity. When NPs are
applied to crops, they improve various aspects
such as seed germination, ma growth,
biomass, photosynthetic efficiency, nitrogen
uptake, vyield, and crop prodigty. The
application of the NPs is mainly through foliar
spray, seed treatment, and root application.
Additionally, because of their increased surface
area, NPs (NPs) give plant roots a greater area of
contact, improving the absorption of nutrients.
NPs cause variable effects in plant species
depending on the particle size and dosage.
Imperatively soil ecosystem should not be
affected owing the application of NPs. The
majority of these reports primarily describe the
delivery of a single NP. Recentlyesarchers
have advanced to evaluate the impact of the
combinatorial application of NPs, for example,
by applying multimetallic NPs (MMNPSs),
nanocomposites (NCS), or combining multiple
monometallic NPs. Applying composite
metallic NPs has become a fascingtfield of
study because combining two or more metal NPs
has evolved functionalities vastly different from
those of their monometallic counterparts.
Depending on the number of metals present in
the metal and metal oxides, the metallic NPs are
classified nto monemetallic NPs (Table 1), bi
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Figure 2: Mechanism of NPs in the Plant System

metallic NPs (Table 2), tinetallic NPs (Table 4. Regulatory Framework and Future

3), and multimetallic NPs.On the other hand, Prospects:

metal and metal oxide possess some adverseEven if the nano fertilizer has a good impact on

effects due to thejpersistence in the ecosystem. crop growth, there are regulations and global

Moreover, researchers have to priorities dose policies for using NPs in agriculture to evaluate

optimization and toxicityoriented studies of the adverse effects on humans and the
NPs. The upcoming section briefly discusses ecosystem. The countries are reported to have

using different types of NPs in agriculture. separate guidelines for alging and using nano
3. Human Health Implications due to metal - fertilizers, nano herbicides, and other types of
based NPs: NAIP. For example, thé&european Union has

Metalbased NPs significantly affect agriculture REACH (the Registration, Evaluation,
but adversely impact the environment and Authorization, and Restriction of Chemicals).
human health. The excess use of NPs may China has its Chinese food safety laws. India has
remain in the ecosystem and pose a high risk of its guidelnes for the usage of NPs in the

accumulating in the food web. Due to their size, agr i cul ture sector. (AGuUi c
NPs can easily get into theutman body. For of NaneBased Agrilnput and Food Products in
instance, human skin is a gateway for NPsand | ndi ad) . Here we have add

interacts with the dermal cells and tissues, regulatory bodies for managing NAIPS'
directly leading to skin diseases. All the effects implication in agriculture across the globé&;.y

of the NPs on the human body are still unclear. 1) USA: Food and Drug Administration (FDA),
When the green synthesized Ag/Au NPs are the Environmental Protection Agency (EPA),
applied tohealthy human cells (human dermal and thdJnited States Department of Agriculture
fibroblasts), they may have less cytotoxic (USDA). 2) United Kingdom:Food Standards
activity when applied to cancerous cells Agency (FSA), The Department for
(melanoma), even at the same concentrations. Environment, Food and Rural Affairs (DEFRA),
The longterm exposure to the metal NPs might and Health and Safety Executive (HSE). 3)
lead to pulmonary diseases such as fibrosis and Europe:European Chemicals Agency (ECHA),
even lung cancer. The individual applying nano European Food Safety Authority (EFSAJ)
agri input products (NAIP) should wear all Canada: Canadian Environmental Protection
protective gear to prevent the inhalation or Act, 1999 (CEPA), Food and Drugs Act (FDA),
uptake of the NPs. Pest Control Products Act (PCPA), and Canada
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Table 1. Research Findings on Monometallic NP Application in Agriculture:

S. No Nanoparticle Crop Effects

1 Ag Oryza sativa Thehigher concentrations, the cell wall is disrupted, and damage t
vacuoles occurs.

2 Ag Boswellia ovalifoliolata | Increase in the seed germination.

3 cuo Elodea densa At Iqwer concentratl_ons, |'t stlmulates the rate of photosynthe3|s.
At higherconcentrations, it impedes photosynthesis.

4 TiO, Solanum lycopersicum| Better growth of the plant and an increase in the fruit yield.

5 TiO, Spinacia oleracea Increase in more than 60% of the fresh weight and dry weight.

6 TiO, Brassica napus Promoting radicle and plumule growth.

7 CeO Pinus sylvestris Increased seed germination.

8 CeO Pisum sativum Improved photosynthetic pigment content and photosynthetic efficig
At lower concentration (1000 ppm), seed germination and

9 ZnO Arachis hypogaea incrgased. . L
At higher concentration (2000 ppm), showed a reduction in growth
yield.

10 Fe0, Triticum aestivum Showed a favourable response to prevent oxidative damage.

11 NiO Hordeum vulgare Showed a decrease in the leaf surface area, chlorophyll, and carote

Table 2. Research Findings of Bimetallic NP Application in Agriculture:

S. No | Nanoparticle Crop Effects
1 Ag/Au and Eruca sativa Greater germination rate.
Au/Cu
Gum Arabic . - Better development of roots, shoots, biomass, leaves, brarn
2 Cicer arietinum -l K N
capped Cu/Zn and germination and growth indices.
. Reduction of oxidative stress by improved antioxidsstivity.
3 FeCu Oryza sativa . .
Decreased generation of free radicals and cell death.
Protein content, secondary metabolite levels, and enzyr
4 Ag/ZnO Triticum aestivum antioxidant (SOD, CAT) activities were all improved
Ag/ZnO NP.
Zn/Fe bimetallic NPs improved antioxidant enzyme activ
5 Zn/Ee Cicer arietinum (SOD, CAT, APX, GPX), increased chlorophyll conte
decreased ¥D2 content, and improved seed weight and {
number, among other yield parameters.
MnO/FeO Zea mays Iq addltl_on to improving fresh weight and roqt ar_1d shoot gro
bimetallic NPs also encouraged seed germination.
7 Cu/Zn Solanum tuberosum Resistance to late blight of Potato.
8 Si/lAg Vicia faba Suppressing the chocolate spot disease.

Table 3. Research Findings of Trimetallic NP Application in Agriculture:

S. No Nanoparticle Crop Effects
. Resistance againstFusarium oxysporum and
L Culzn/Fe Solanum lycopersicum concomitant tolgrance to drought strgsg.
5 Fe/Ni/Cu Soil application Degrad_e organic_contamin_ants and immobilize he
metals in contaminated soils.
3 AU/PUAg Antibacterial activity An'gibacterial activjty againss. aureus, S. typhi, H
coli, and E. faecalis.
Effective in promoting chlorophyll conten
5 Fe04/Cu/CuO Vigna radiata accelerating leaf development, and increag
photosynthetic efficiency.
Volume01, Issued6 APRIL 2025 Page [182
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Agricultural Products Act (CAPA)P) Australia:
Australian Pesticides and Veterinary Medicines
Authority (APVMA), Food Standards Australia
New Zealand (FSANZ), Work Health and
Safety (WHS), and the Therapeutic Goods
Administration (TGA). 6)China: Regulations
on the Safety Assessment of Agricultural
Genetically Modified Organisms, Safety
Requirements for Food and Food Additives
Containing Nanomaterials, Technical
Guidelines for Safety Assessment of NéBaale
Agricultural Products, Measures for the
Administration of Environmental Safety and
Assessment  of Agricultural  Genetically
Modified Organisms. 7)ndia: Department of
Biotechnology (DBT), the Ministry of
Environment, Forest and Climate Change
(MoEFCC), the Food Safety and Standards
Authority of India (FSSAI), and the Indian
Council of Agricultural Research (ICARAII
these regulatory bodies and rules for rbased
fertiliser products help make betwworking
nano fertilizers with no negative effects on
humans and the environment. This could help
the researchers to improve the field of nano
based feitizers efficiently.

5. Conclusion:

Boosting crop yield and production can be
accomplished with the judicious use of nano
based fertilizers at an optimal dose without
detrimental effects on human health and the
environment. To combat the limitations of
current agricultural practices, nabased
fertilizers are a new revolutionary intervention
in agriculture. With all the above discussion, we
can conclude that using the ndomsed
fertilizers in an optimal dose will positively
influence the plants. At the same time, using the
NP-based fertizers at higher concentrations
will have adverse effects. To avoid this, we have
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regulatory bodies that define the rules and
regulations for using these Nfased fertilizers

in agriculture. All these regulation and rules
helps the researchers to develop the quality and
performance of nanbased fertilizers with zero
toxic effect on orgnisms. Also, we have to
impart knowledge about these NP based
fertilizers to farmers, and make them use these
NP based fertilizers in agriculture instead of the
conventionh chemical fertilizers. More
research on the metal and metal oxide NP
application in agriculture is happening around
the globe, which could provide solutions for a
better future for using NP in agriculture.
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Introduction

As the global community continues to confront

the challenges of climate change, environmental
degradation, and the depletion of fossil fuels, the
demand for sustainable and renewable energy
sources has gained unprecedented urgency.
Among the array of alteative energy sources
being explored, biofuels stand out as a
promising solution. Biofuels are fuels derived
directly or indirectly from organic material
biomass including plant materials and animal
waste. Because they are derived from renewable
biological resources, biofuels have the potential
to significantly reduce greenhouse gas
emissions, lower dependence on fossil fuels, and
stimulate rural development.

Types of Biofuels

Biofuels are generally categorized infiost -
generation, seconeheneration, and third-
generation biofuels based on the source of
biomass and the technology used for their
production.

First-Generation Biofuels

Firstgeneration biofuels are made from food
crops like corn, sugarcane, soybean, and
vegetable oils. The two most common types are
bioethanol and biodiesel Bioethanol is
produced by fermenting the sugars in crops like
corn or sugarcane, while biodiesel is made from
vegetable oils or animal fats through a process
called transesterification. These biofuels can be
used directly in existing internal combustion
engines or blended with traditional fuels.

Volume-01, Issued6
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Second-Generation Biofuels

Seconedgeneration biofuels are produced from
nonfood biomass sources such as agricultural
residues (e.g., corn stover, wheat straw), forestry
waste, and dedicated energy crops like
switchgrass or miscanthus. These feedstocks are
rich in cellulose, hemicellulose, and lignin
which require advanced processing technologies
such as enzymatic hydrolysis or thermochemical
conversion. Because they do not compete
directly with food crops, secorgkneration
biofuels offer improved sustainability and
reduced enviramental impact.

Third-Generation Biofuels

Third-generation biofuels primarily refer to
fuels derived from algae Algae can be
cultivated in various environments, including
brackish water and wastewater, and are capable
of producing large amounts of oil per unit area.
This oil can be converted into biodiesel or other
forms of fuel. Algaebased biofuels hold
significant promise due to their high
productivity and minimal landise impact,
though commercialization remains in its infancy
due to high production costs.

Production Processes

The production of biofuelgvolves a variety of

biochemical and thermochemical processes,
depending on the feedstock and desired end
product.

Fermentation

Used primarily for ethanol production,
fermentation involves converting plant sugars
into alcohol using yeast or bacteria. For first
generation biofuels, simple sugars are fermented
directly, while secondjeneration biofuels
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require pretreatment and enzymatic breakdown can also stimulate rural economies by creating
of cellulose into fermentable sugars. jobs in agriculture, processing, and distribution.
Transesterification 4. Biodegradability and Lower Toxicity

This process is used to produce biodiesel. It Biofuels are more biodegradable and less toxic
involves reacting vegetable oils or animal fats than petroleunbased fuels, reducing the risk of
with alcohol (usually methanol) in the presence environmental damage in case of spills.

of a catalyst to produce fatty acid methyl esters 5. Utilization of Waste Materials

(biodiesel) and glycerin as a byproduct. Second and thirdgeneration biofuels can be
Pyrolysis and Gasification produced from agricultural residues, waste
These thermochemical processes are used tocooking oil, and even municipal solid waste,
convert biomass into bioil, syngas, or biochar.  contributing to waste management and circular
Pyrolysis involves heating biomass in the economy principles.

absence of oxygen, while gasification occurs in  Challenges and Limitations

limited oxygen to produce a mixture of gases Despite their benefits, biofuels also face several
(mostly carbon monoxide challenges that have

and hydrogen) that can b limited their
converted into biofuels or widespread
electricity. adoption.
Hydrothermal 1. Food vs. Fuel
Liquefaction Debate

This method mimics the Firstgeneration
natural geological biofuels rely on food

processes that create foss
fuels but does so in hour: and economic
instead of millions of concerns about
years. Biomass is diverting food for
subjected to high pressure and moderate fuel, which can increase food prices and threaten
temperature in water, converting it into a crude food security, particularly in vulnerable regions.

crops, raising ethical

bio-oil that can be refined into usable fuel. 2. Land Use and Deforestation
Advantages of Biofuels The cultivation of energy crops can lead to land
1. Renewable and Sustainable use changes, including deforestation and habitat

Unlike fossil fuels, biofuels are derived from destruction, which undermine the environmental
renewable resources. With  responsible benefits of biofuels. Largscale biofuel farming
management, biofuel crops can be regrown each can also contribute to soil degradation and water
season, ensuring a consistent and sustainablescarcity.

supply. 3. High Production Costs

2. Reduction in Greenhouse Gas Emissions Advanced biofuels, particularly those from
Biofuels can significantly reduce carbon dioxide algae or lignocellulosic biomass, involve
emissions compared to fossil fuels. Plants complex and costly technologies. Without
absorb CO duri ng gr owignificant p asubsidiea | lory technblsgidl t i n g
emissions when the fuel is burned. While not breakthroughs, they remain economically
entirely carbomeutral, biofuels present a uncompetitive with fossil fuels.

substantially smaller carbdaotprint. 4. Technological and Infrastructure Barriers

3. Energy Security and Economic Benefits Widespread use of biofuels requires
Biofuels can reduce dependency on imported modifications to fuel infrastructure and vehicle
oil, enhancing energy security. Their production engines, especially for higher blend ratios.
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Moreover, the technology for efficient regulatory frameworks are essential for scaling
conversion of complex biomass is still under up production and ensuring sustainability.

development. 4. Wasteto-Energy Technologies
5. Limited Emission Reduction Potential Emerging technologies focus on converting
Whil e biofuels emit | evaripus ©/@es oft wasten indludimsgsnuhicipdl u e | s ,

they may still produce othgmllutants, such as  solid waste and industrial byproducts, into
nitrogen oxides (NOx), depending on the type usable fuels. This helps address waste
and quality of fuel. In some cases, the overall management issues while producing clean
lifecycle emissions (including farming, energy.

processing, and transport) can offset the 5. Hybrid and Blended Solutions

environmental gains. Blending biofuels with conventional fuels in
Future Prospects and Innovations optimized proportions can be a practical
The future of biofuels hinges omnovation, transitional strategy, allowing for gradual

policy support, and sustainable practices adaptation of infrastructure and consumer
Several developments are pointing toward a habits.

more promising horizon: Conclusion
1. Genetically Modified Crops and Biofuels represent a compelling pathway toward
Microorganisms achieving a lowcarbon, sustainable energy

Research into genetically engineered algae and future. With their potential to reduce greenhouse
bacteria aims to increase yield, improve gas emissions, enhance energy security, and
conversion efficiency, and lower production revitalize rural economies, biofuels can play a
costs. Enhanced energy crops could also be crucial role in the glodl energy transition.
more resistant to pests, drought, and disease. = However, to realize their full potential, it is
2. Integrated Biorefineries essential to address the associated challenges,
Biorefineries that produce not only biofuels but particularly in terms of sustainability, food
also chemicals, fertilizers, and electricity from security, and production economics.
biomass are being developed. This integrated Advancements in biotechnology, supportive
approach maximizes resource efficiency and policy framewaks, and the development of
economic viability. second and thirdgeneration biofuels can help
3. Policy and Incentives overcome these obstacles. As part of a
Government policies such as renewable fuel diversified energy portfolio, biofuels offer not
standards, carbon taxes, and subsidies play ajust a replacement for fossil fuels, but a catalyst
crucial role in promoting biofuel adoption. for environmental stewardship, innovatjand
International collaboration and consistent economic resilience.
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Introduction:

Hydrochar, also known as hydrothermal
carbon, is a carbernch solid material obtained
through the hydrothermal carbonization (HTC)
of biomass. In recent years, hydrochar has
gained widespread interest due to its diverse
applications. It is considered a stainable

production of hydrochar as the main products.
These thermohemical processes are employed
to convert the biomass containing the organic
compounds to carbearich materials. Moreover,
HTC is mostly considered economically viable
for wet biomass. Hydrothermal carbonization is
usually carried out at temperatures rauggirom

renewable energy source and a potential 180 °C to 240 °C for i240 min under
alternative to fossil fuels. Hydrochar can be subcritical water pressures.
utilized as a sustainable alternative to fossil fuels Benefits of Hydrochar
due to its high carbon content and energy U I n agri cul t urmp,r oshgsdr soh:
density, making it suitable for combustion in health by enhancing its
power plants or @firing with other fuels. and biological properties
Additionally, it can be processed into biofuels, U I't i ncreases water reten
offering a renewable energy solution to reduce avai l ability, and reduce
dependence on neenewable resources. thereby enhancing crop yi
Hydrochar, a carbonaceous material sustainable farming pract
produced through hydrothermal carbonizaton U | t s abil ity to stabilize
of lignocellulosic biomass, has gained reduce soil erosion.
significant attention due to its versatle U One of the most signific
applications in agriculture, energy, and benefits of hydrochar is
environmental protection. sequestration. By storint
Process:Biomass can be converted to biofuels form that persists in th
(liquid and/or solid), through thermchemical periods, it reduces atn
and biological processes. Biomass undergoes di oxi de | evels anmg contr
different and complicated chemical reactions ¢l i mate change while enhze
such as dehydration, decarboxylation, carbon content.
decarbonylation and depolymerization to U Hydr ochar al so exhibits e
produce biofuels. Reaction temperature has Properties, making it hi
significant impacts on which reactis dominate removing contaminants s
and, generally, some of these reactions are met al s, pesticides, and
carried out simultaneously during the process. from water. This makes it
Hydrothermal carbonization (HTC) is a route of in wastewater treatment
thermo chemical conversion technology forthe ~wat er qual ity for various
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ag1lts adsorptive c a p aldydrockar is abtasned from thp hydrothesnal
environment al c | e a n u parberizétionr ands hydothermralegasdication of
toxi ns, poll utants, hionthss @nv ten preseéncer af sybdritica tof ¢ s
from contaminated s cupércriticalavatet.iTime goropdrtias of hytr@char
restoration of d e g rcamn dbe @nalogbua rardl scontraatingd in certain
rehabilitating ar eas aspectpaf the eattiorbcpndits. iIRegardlass, i a |
di scharrgecsulotru raagl a c t hydrochar praperties are majorly governed by

U0 Often compared t o bi opcobeastempenayuic, reaatidnsime, heating vate s
as an excellent s u b suapot rastdence tinoef dne feddstogk predenieis | a r
benefits for soi l gite.hparticle size,anoistyre, and earbbna@antent,
sequestration, and p oak Wall bsacellulosehehscellulgse, ana tignin

0 lts porous structur e canpakitior)l Thecapptications bf hydrocbapager t i e s

al so make it a pr omi ddrfetghingneaeonsaeringathhe increased eterest g y
storage applicat i oimsclean energy candi dmater@gls. Novel
supercapacitors and bappicatensiofehydrocharcarethighlyblikely ton g t o
advancements i n ener gemergetwih tlegeentinsied sesearahsefforts in

0 The di ver se appl i c athéseareasatadlobalbcplel r oc har
hi ghlight i ts pot ent Refetences s a versatile and
sustainabl e sol uti on Gdllakota, AaRdKdKiskosesN.; Gy S. Araview g vy ,
agricultural, and. envonrhydnotherma diquefactiom ol bionpass.s
Applications of Activated Hydrochar Renew. Sustain. Energy Rev. 2018, 81, 1378

O Agriculture and Crop 1B9pr ovement
0 Pollutant Adsorpti on SpehRr o/m AWaevieve woa t kydrothermal

Fl ue Gases) carbonization of biomass and plastic wastes to
UG Catalyst Support energy products. Biomass Bioenergy 2020, 134,
0O Energy Production 105479.
0O Carbon Sequestrati on Hu,B.; Wang, K.; Wu, L.; Yu, S.H.; Antonietti,
U El ectrochemical De v i cM,;ditrici, M.M. Engineering carbon materials
Conclusions from the hydrothermal carbonization process of

Waste biomass and organic residues are a biomass. Adv. Mater. 2010, 22, §B28.
storehouse of residual carbohydrates, proteins, Nizamuddin, S.; Baloch, H.A.; Griffin, G.J,;
lipids, fat, fibers, and other biopolymers that can Mubarak, N.M.; Bhutto, A.W.; Abro, R.; Ali,
be efficiently transformed into biofuels, B.S. An overview of effect of process
biochemicals, and bioproducts through waste parameters on hydrothermal carbonization of
to-energy technologies. Thrgh thermo biomass. Renew. Sustain. Energy Rev. 2017, 73,
chemical technologies such as pyrolysis, 1289 1299. 28.
liquefaction, carbonization, and gasification, Guo, S.; Dong, X.; Zhu, C.; Han, Y.; Ma, F.;
waste biomass can be converted to-dilp Wu, T. Pyrolysis behaviors and thermodynamics
gases, and char. Char is a carbich solid ce properties of hydrochar from bamboo
product of pyrolysis, carbonization, and (Phyllostachys heterocycla cv. pubescens) shoot
gasification along with ther biofuel products. shell. Bioresour. Technol. 2017, 233, 98.




—C / INNOVATIVE AGRICULTURE \ ISSN : 3048 - 989X
¥ acricuture ®

_;7 \ www.innovativeagriculture.in /
- ~—

Black Gold for Green Fields: How Biochar is Revolutionizing

Soil Health

Avinash Bochalya, Jyoti Choudhary, Rupali Sharma, Aakash Kumar Saini, Omkarswami
Channayya Hiremath

SMS-Soil Science, ICAR, KVKKutch-I
Research Scholar, Department of Soil Science and Agricultural Chemistry, Maharana Pratap
University of Agriculture and technology, Udaipur
Research scholar, Division of Silviculture and Agroforestry, ®H€ashmir University of
Agricultural Sciences & Technology of Jammu,180009
Research Scholar, Division of Soil Science, IGhigian Institute of Soil Science, Bhopal
Research Scholar, Department of Soil Science and Agricultural Chemistry, Vasantrao Naik
Marathwada Krishi Vidyapeeth, Parbhani, Maharashtra

Biochar, a carbomich material produced through the pyrolysis of biomass, has emerged as a significant
soil amendment with thpotential to enhance soil fertility, improve agricultural productivity, and
mitigate climate change. This article explores the role of biochar in soil amendment, focusing on its
effects on soil physical, chemical, and biological properties. The benekitsabfar include increased

water retention, improved nutrient availability, enhanced microbial activity, and carbon sequestration.
By addressing the challenges faced in modern agriculture, such as soil degradation and nutrient
leaching, biochar offers a stainable solution for improving soil health and crop yields

Introduction increase wateholding capacity, and promote
beneficial microbial activity in soils.

In a world grappling with the dual
challenges of climate change and food security,
the quest for sustainable agricultural solutions
has become paramount. One promising answer
lies in an ageld technique reimagined for
modern needs: biochar. This carbich
material, produced by burning biomass in the
absence of oxygen, is proving to be a game
changer for soil health and agricultural
productivity.

Imagine turning agricultural wastewood
chips, crop residues, even nutshéllsnto a
powerful soil enhancer. This is the magic of
biochar. It's not just a way to dispose of biomass;
it's a transformative tool that can revitalize
depleted soils and boéstcrop yields, all while
sequestering carbon and mitigating climate
change.

This article delves into the multifaceted
role of biochar in amending soils, highlighting

| n the face of global challenges such as climate

change, desertification, and increasing food
demand, sustainable agricultural practices have
become more critical than ever. Soil degradation
due to intensive farming practices has led to
diminished soil feitity, reduced crop yields,
and increased reliance on synthetic fertilizers.
These fertilizers often  contribute to
environmental issues such as nutrient leaching
and greenhouse gas emissions. As a result, there
is a pressing need for innovative solutidhat

can restore soil health while promoting
sustainable agricultural productivity.

One promising approach is the use of
biochar as a soil amendment. Biochar is
produced through pyrolyisheating organic
materials in the absence of oxy@ewhich
transforms biomass into a stable form of carbon.
This process not only sequesters carbon Isat al
creates a porous structure that can significantly
improve soil properties. Research has shown
that biochar can enhance nutrient retention,
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its benefits for agricultural productivity and 9§ Reduction of Bulk Density The

environmental sustainability. incorporation of biochar into soils can reduce
The Silent Crisis: Soil Degradation and the Need bulk density by 3% to 31%, which helps
for Solutions alleviate soil compaction and improves root

Our soils, the foundation of agriculture, are penetration. This effect is especially

under immense pressure. Intensive farming pronounced in coargextured soils.
practices, including excessive tillage and the Epnhancement of Soil Chemical Properties
overuse of synthetic fertilizers, have led to Biochar also plays a crucial role in improving
widespread soil degradation. This degradation the chemical characteristics of soils:

manifests in several ways: 1 Nutrient Availability : Biochar enhances
1 Reduced Soil Fertility: Depletion of cation exchange capacity (CEC), allowing
essential nutrients like nitrogen, phosphorus, soils to retain essential nutrients like nitrogen
and potassium. (N), phosphorus (P), and potassium (K) more
1 Decreased WatefHolding Capacity: Soils effectively. This leads to improved nutrient
struggle to retain moisture, leading to availability for plants.
increased water stress for plants. 1 pH Regulation: Many types of biochar are
T Soil Compaction: Heavy machinery and alkaline in nature, which can help raise the
continuous cropping lead to compacted soils, pH of acidic soils. This adjustment can create
hindering root growth and water infiltration. a more favourable environment for plant
f Loss of Soil Biodiversity: The decline in growth and microbial activity.
beneficial microbial populations disrupts q Reduction of Nutrient Leaching By
nutrient cycling and soil health. improving nutrient retention within thsoil
These issues not only reduce agricultural matrix, biochar minimizes the risk of nutrient
productivity  but also contribute to leaching into groundwater systems. This is
environmental problems like nutrient leaching particularly important in regions prone to
and greenhouse gas emissions. Biochar offers a  heavy rainfall or irrigation practices that lead
sustainable, natwi@spired solution to these to runoff.
pressing challenges. Promotion of Soil Biological Activity
The Role of Biochar in Soil Amendment The biological impact of biochar on soils is
Improvement of Soil Physical Properties profound:
Biochar application has been shown to enhance § Microbial Diversity : Biochar provides a
various physical properties of soil: habitat for diverse microbial populations due
1 Soil Porosity. Biochar increases soil to its porous structure. This promotes
porosity by creating channels that allow air beneficial microbial activity that is essential

and water movement. Studies indicate that for nutrient cycling and organic matter
biochar can enhance overall soil porosity by decomposition.
14% to 64%, leading to improved water ¢ Improved Soil Microbiome: The

retention and aeration. introduction of biochar has been linked to
 Water Holding Capacity (WHC): The increased microbial biomass carbon and
porous nature of biochar enables it to retain enhanced microbial diversity. These changes
significant amounts of water. This is contribute to healthier soils that are better
particularly beneficial in sandy soils where equipped to support plant growth.

moisture retention is typically low. Research ¢ Nitrogen Fixation: Certain types of biochar
has demonstrated that biochar can improve  can enhance nitrogen availability for Ron
WHC by up to 65% compared to uedted leguminous crops by improving conditions
soils.
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for nitrogenfixing bacteria. This is critical
for crops that cannot fix their own nitrogen.

Environmental Benefits
Beyond its agricultural applications, biochar

offers several environmental advantages:

1 Carbon Sequestration Biochar's stable
carbon content allows it to sequester carbon
in the soil for extended periodigotentially
thousands of yeadsthus playing a role in
climate change mitigation.

{1 Pollutant Sorption: The porous nature of
biochar enables it to adsorb pollutants from
the soil environment, including heavy metals
and organic contaminants. This property can
help remediate contaminated soils while
improving overall soil health.

1 Reduction in Greenhouse Gas Emissions
By enhancing soil health and reducing
reliance on synthetic fertilizers, biochar
application can contribute to lower

greenhouse gas emissions associated with widespread

agriculture.
Conclusion
The integration of biochar into agricultural
practices presents a multifaceted solution for
enhancing soil health and productivity while
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addressing pressing environmental challenges.
Its ability to improve physical properties such as
porosity and water retention, chemical
properties like nutrient availability and pH
regulation, and biological activity through
enhanced microbial diversity as it an
invaluable tool for sustainable agriculture.

As global food demands continue to rise
amidst climate change pressures, adopting
biochar as a sodmendment could be pivotal in
creating resilient agricultural systems. Future
research should focus on optimizing application
rates and methods tailored to specific soil types
and crop varieties while exploring the leterm
impacts on soil health and egstem services.

In summary, biochar not only holds
promise for improving agricultural outputs but
also plays a crucial role in fostering
environmental sustainability through carbon
sequestration and pollution reduction. Its
adoption could significantly
contribue to achieving food security while
mitigating adverse environmental impacts
associated with conventional farming practices.
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Introduction substances, farmers can protect their crops
Pest management has always been an essential""r']thOL_Jt I resorting to harmful  synthetic
chemicals.

aspect of agriculture and horticulture. However,
as concerns about the harmful environmental

. . > Management
and health impacts of synthetic pesticides grow, Plant Active Pesticidal | Target
sustainable  alternatives are  becoming | Extract | Compound | Action Pests
. . . . Neem Azadirachtin | Antifeedant, Aphids,
increasinglyrelevant. One such alternative is the growth whitefiies,
use of planextractbased pesticides, which regulator mites
.. . . Pyrethrum Pyrethrins Neurotoxin, Flies,
offer a promising, ecfriendly solution for pest repellent | mosquitoes,
control. These bidased pesticides, derived : _ beetles
. . Garlic Allicin Repellent, Aphids,
from plants, not only provide effective pest insect growth| caterpillars
R A i regulator
mapagement bu.t also gllgn .Wlth ssainable ™ Gapsaion | Repellent. A,
agricultural practices. This article explores the disrupts aphids,

: : feeding caterpillars
concept of sustainable .pgst mana.gement ywth behavior
plantextractbased pesticides, their benefits, Tobacco Nicotine Neurotoxin Aphids,

. . . . fleas,
challenges, and practical applications in modern caterpillars
agricu|ture. Eucalyptus | Eucalyptol Repellent, Flies, ants,

. insect growth| mosquitoes
Sustainable Pest Management regu%tor |

Sustainable pest management refers to an
approach that minimizes the environmental
impact while effectively controlling pests.
Unlike traditional pest control methods, which
rely heavily on chemical pesticides, sustainable
pest management aims to balana®legical
health, human safety, and pest control efficacy.
Plantextractbased pesticides fit within this
framework by offering a natural solution that
minimizes harm to beneficial organisms and
reduces chemical residues in food and water.
Plantextractbased pesticides are derived from
natural compounds found in various plant
species. These compounds, which include
alkaloids, terpenoids, phenols, and flavonoids,
have insecticidal, fungicidal, and antimicrobial
properties. By utilizing theseplantbased
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Benefits of Plant -Extract-Based Pesticides
Plantextractbased pesticides provide several
key benefits, makinghem a desirable option for
sustainable pest management.

1. Environmentally Friendly

One of the most significant advantages of plant
extractbased pesticides is their minimal
environmental impact. Unlike synthetic
pesticides, which can persist in the environment
and harm no#target organisms, plafiased
pesticides are biodegradable. THegak down
naturally in soil, water, and air, leaving behind
litttle to no harmful residues. This reduces the
risk of contamination in ecosystems, making
them safer for wildlife, beneficial insects, and
water bodies.
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2. NonToxic to Humans and Animals

Synthetic pesticides often pose health risks to
humans and animals, including poisoning, skin
irritation, and longterm health effects. In
contrast, planextractbased pesticides are
generally regarded as safe for humans and
animals when used appropriatelThe use of
plantbased chemicals reduces the likelihood of
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Ny /

ISSN : 3048 - 989X

growth regulator. Neem extract also has
antifungal and antibacterial properties, making it
a versatile tool for pest and disease control.
Neem oil is effective against a wide range of
pests, including aphids, whiteflies, and scale
insects. It is also commonly used in organic
farming, as it is safe for humans, animals, and
beneficial insects when applied correctly.

pesticide residues in food, making crops sat=
for consumption.

3. Selective Action

Many plantextractbased pesticides are mot
selective than synthetic chemicals. F
example, neem oil and pyrethrum targ
specific pests like aphids, caterpillars, ai
flies, while leaving beneficial insects like
pollinators largely

unaffected. This selectivity ensures that t
ecosystem balance is maintained, a
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essential pollinators are protected.

4. Resistance Management

One of the major challenges in pest management
is the development of resistance to chemical
pesticides. Over time, pests evolve and develop
mechanisms to resist the toxic effects of
chemicals. Planextractbased pesticides, due to
their complex compositimand diverse modes of
action, can delay or reduce the development of
resistance in pest populations. For example,
neem oil disrupts pest feeding, mating, and
growth, making it difficult for pests to adapt.

5. Cultural and Ethical Appeal

The use of plarbased pesticides aligns with the
growing movement towards organic farming
and ethical agricultural practices. Farmers who
embrace plaAbased pest controimethods
contribute to more sustainable food production
systems, supporting biodiversity and promoting
natural pest regulation.

Types of Plant Extracts Used in Pest Control
1. Neem Extract

Neem QAzadirachta indica is one of the most

well-known plants used in sustainable pest
management. The active compound in neem,
azadirachtin, interferes with the growth and
reproduction of insects, acting as a natural insect

Volume-01, Issued6
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2. Pyrethrum Extract

Pyrethrum, derived from the flowers of the
Chrysanthemum cinerariaefolium plant,
contains  pyrethrins, which are potent
neurotoxins that disrupt the nervous system of
insects. Pyrethrum has a rapid knockdown
effect, making it effective against a wide variety
of pests, including mosquitoes, flies, and
beetles.

Despite its toxicity to insects, pyrethrum is
considered safe for humans and animals when
used properly. It also decomposes quickly in the
environment, minimizing its ecological
footprint.

3. Garlic Extract

Garlic (Allium sativuny contains allicin, a sulfur
compound that is toxic to many pests and acts as
a repellent. Garlic extract is especially effective
against aphids, caterpillars, and some fungal
pathogens. It can be used in combination with
other plamtbased pesticides to lance pest
control efficacy.

4. Chili Extract

Chili (Capsicunspp.) contains capsaicin, which
irritates the sensory nerves of insects, causing
them to avoid treated areas. Chili extract is
commonly used as a repellent for ants, aphids,
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and other pests. It can be mixed with water and control methods increases, economies of scale
applied to plants to deter pest infestations. and technological advancements may help
5. Tobacco Extract reduce costs.

Tobacco contains nicotine, a potent neurotoxin 3. Regulatory Issues

that disrupts the nervous system of insects. In  many countries, plargxtractbased
Tobacco extract can be used to control pests like pesticides are subject to regulation. While some
aphids, fleas, and caterpillars. However, nicotine plant extracts are approved for use in organic
is toxic to both insects and humans, so its use farming, others may not meet the standards

ISSN : 3048 - 989X
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must be cautiasiand regulated.

Challenges of Plant-Extract-Based Pesticides
While plantextractbased pesticides offer

required by regulatory bodies. This can limit
their availability and adoptionespecially in
regions where chemical pesticides are heavily

numerous advantages, they also face several subsidized.

challenges that need to be addressed for
widespread adoption.
1. Efficacy Variability
The effectiveness

of plasmixtractbased

Conclusion
The use of planextractbased pesticides

represents a significant step forward in
sustainable pest management. These natural

pesticides can vary depending on factors such as pesticides provide an effective, environmentally

plant species, extraction methods, and
environmental conditions. For example, neem
oil may be less effective against certain pests in
hot, dry climates. Additionallyplant extracts
often have a slower action compared to synthetic
chemicals, which can be a disadvantage when
immediate pest control is needed.

2. Cost of Production

The production of plaréxtractbased pesticides
can be more expensive than conventional
chemical pesticides, particularly if the plants
need to be sourced from specific regions or
grown under controlled conditions. The
extraction process can also be labdensive
and costly. However, as demand for natural pest

Volume-01, Issued6
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friendly alternative to synthetic chemicals,
promoting biodiversity, reducing cimcal
residues, and improving the safety of food
production. However, challenges such as
variability in efficacy, cost of production, and
regulatory hurdles need to be addressed to
maximize their potential. As interest in
sustainable agriculture continués grow, the
development of new plamxtractbased
solutions and innovations in pest management
will play a crucial role in shaping the future of
food production. Embracing these dcendly
alternatives will not only benefit farmers and
consumers but Wialso contribute to the lorg
term health of our planet.
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Hydrogen sulphide (H2S) toxicity poses a

significant threat to rice production particularly
in flooded and anaerobic soil conditions. This
article explores the causes and effects of H2S
toxicity in rice plants, highlighting the role of
water management, $otype,and microbial
acivity in H2S production, the type of microbes
involved, impact of nutrient uptake ,relation
between hydrogen sulphide and rice diseases
,how to detect hydrogen sulphide toxicity ,role
of Fe. Under waterlogged conditions, sulfate
reducing bacteria thirve ,leading to increased
H2S levels ,which can inhibit root growth
,disrupt nutrient uptake ,and result in reduced
crop yields. Additionally ,factors such as soil
acidity ,organic matter content, and plant variety
influence the severityf toicity.Understanding
these dynamics is crucial for developing
effective management strategies to mitigate H2S
toxicity including improved drainage practices
and the selection of tolerant rice varieties. This
aims to provide insights into sustainableeri
cultivation under challenging environmental
conditions

What is Hydrogen Sulphide Toxicity in Rice
Field?

Aki ochi di sease means
Hydrogen sulphide toxicity in rice refers to the
harmful effect that the gas hydrogen sulphide
can have on rice plants, particularly in
conditions where the Soil is flooded or
anaerobic. H2S is produced by the activity of
sulphatereducing bacteria in wategged soils,
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and when it accumulates, it can become toxic to
the plants. The toicity is manifested in the form
of 1. Root damage 2. Nutrient Deficiency 3.
Reduced Yield 4. Physiological stress

Causes and Conditions
Hydrogen sulphide toxicity in rice can be caused

by several factors, particularly related to soil
conditions and water management. Here are
maincauses:

1. Anaerobic conditions: When rice fields are
water logged lack of oxygen in the soil leads to
anaerobic conditions.This promotes the growth
of sulphate reducing bacteria which produce
H2S as byproduct.

2. Soil type: Certain soil types, especially those
with high clay content or poor drainage, can
retain water and create conditions favorable for
H2S production

3. High organic matter: Soils rich in organic
material can enhance microbial activity, leading
to increased H2S production during
decomposition processes.

4. Acidic soil pH: Acidic soils can increase the
solubility of H2S, making it more available for
uptake by rice plants.

5. Temperature: Warmer temperatures can
apgelerpty  {he,  mefabaligy n gptivity  of

bacteria resulting in higher rates of H2S

production.
6. Nutrient imbalance: Deficiencies in
essential nutrients, such as nitrogen or

Potassium can stress rice plants and make them
more susceptible to H2S Toxicity.
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7. Plant Variety: Different rice varieties ehibit

- —

more resilient, while others may be highly

sensitive.
Symptoms Exhibited by Rice:

Stunted growth: Rice plants may exhibit
reduced height and overall growth compared to

healthy plants.

Yellowing of leaves: The leaves may turn
yellow, a condition known as chlorosis |,
indicating nutrient deficiencies often caused by

root damage.
Poor

root development: Roots may be

ISSN : 3048 - 989X

2. Thermal imaging: Use thermal cameras to
varying levels of tolerance to H2S. Some are detect temperature changes in the soil or water,

which can indicate H2S production.

1. pH testing:Measure the pH of the floodwater
to determine if it's acidic (pH < 6.0).

Stunted growth 3. Blackening of roots

T Hi gh i
by pro

underdeveloped, darkenked , or have arotten q | r on ¢

appearance, whi ch

absorb water and nutrients.

rel eas

Leaf wilting: Leaves may appear wilted or T1ron

droopy, even when the soil is adequately moist

,due to impaired root function.

Reduced tillering: The number of tillers
produced by the rice plants may decrease

Jleading to fewer graHbearing stems.

Overall decline in plant health: Affected

plants may show signs of stress including
reduced vigour , which can ultimately lead to
These symptoms are quiet

lower yields.
noticeable in the field
How to Detect H2S Toxicity

1. Soil pH testing: Measure the soil pH to
determine if it's acidic (pH < 6.0), which can

contribute to H2S production.

2. Sulfide testing:Use a sulfide test kit or send
soil samples to a laboratory to measure sulfide

concentrations.

3. Redox potential testing:Measure the redox
potential (Eh) of the soil to determine if it's
reducing (Eh < 0), which can favor H2S

production.

1. Multispectral or hyperspectral imaging:
Use remote sensing technologies to detect
changes in vegetation health, such as yellowing

or stunted growth.
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Bacteria Responsible for H2S Toxicity:
Desulfovibrio, Desulfobacter ,Desulfobulbus.
Role of Iron in H2S Toxicity
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Disease Incidence due to H2S Toxicity :

Diseases

i Bl ast
U Br own
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H2S toxicity increases incidence ofrungal

di sease,
spot disease,

Bacterial Diseases

Impact of H2S on Nutrient Uptake :
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Area Effected In India states prone to H2S production.

toxicity are U Organi c Amendment s: Us

f1lndogangetic plain amendments | ike compost,

T Andhra pradesh farmyard manure to i mpr o\

f Tami | Nadu reduce H2S production.

f Ker al a Chemical Management Strategies

1 Odi sha O Fertilizer Mandgement zeO

Estimated Area Affected by H2S Toxicity _appliteation to minimze }I
U Soi |l pH Management : Mai nt
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Case Study : H2S Toxicity in Rice Fields of — S===-t=@ Xl ISl DNz d

India in 1990s its highlighted UBeneficial Microorganis
 Location: Rice fields in the Punjab, Haryana, P€&neficial microorgani sms
Uttar Pradesh, Bihar, West bengal o.r Pseudornonas to reducg

U Biofertilizers: Us e bi

- Problem: High levels of H2S were detected in
the soil and water of rice fields, causing damage
to rice crops and affecting farmers' livelihoods.

- Causes: Excessive use of fertilizers, poor soi

Azotobacter or Azospirild!l
health and reduce H2S proc
I Resistant Varieties

drainage, and high temperatures, decompositionu CR 1 QD(EQ/:eI oped by the 1nd

of organic matter ,led to the accumulation of _°f Rice Research (11 RR).

H2S. U Samba MaAd spuorpul:ar variety

Yield decrease reported: UBPT 5R2&vel oped by the Act

-10-20%: hydrogen sulfide toxicity inrice fields ~ "a@nga Agricul tural Univer

of Punjab, India (2015) 0 Tell ahAmetaher variety dev
’ ANGRAU.

- 15-30%: hydrogen sulfide toxicity on rice yield
in the IndeGangetic Plain (2018)
- 25-45%: hydrogen sulfide toxicity in rice fields

U KMR-130-r Devel oped by the
of Rice Research (DRR).

of the IndeGangetic Plain (2019) UPusa BasmatbDevilellolped by
- 20-40%: hydrogen sulfide toxicity on rice I( In ilRla)n Agricul tural Res

productivity in the IndeGangetic Plain (2020)




—C / INNOVATIVE AGRICULTURE \ ISSN : 3048 - 989X
Ty /

U0 Jaydevel oped by t h e H2&texicity isarucial farideveloping effective

Research I nstitute (@GR&EMentstratelgiess vari ety i s
resistant to H2S t oxi cHyudppting culuralscheimicad bidlogicalf o r
cultivation in vari ouasd integgated mMmanagementl strdtégies, rice

U Rat Devel oped by t he @RmRriscan mitlygatesthe impacts of H2% toxicity
has shown tol erance famimpr@&crop yelds. inplemegnting resistant s
suitable for cul ti v a triceovarieties prezisic irrgation mamagement,

Conclusion: and regular soil testincan also help reduce the

H2S toxicity causes substantial yield losses risks associated with H2S toxicity.
and impairing plant growth. H2S toxicity affects Ultimately, addressing H2S toxicity in rice

rice plants by disrupting nutrient uptake, cultivation requires a holistic approach that
impairing photosynthesis, and damaging root considers soil health, water management, and
systems. nutrient cycling. By working together, farmers,

The effects of H2S toxicity are exacerbated researchers, and policymakers can develop
by factors such as water logging, soil sustainable solutions to minim@ the impacts of
compaction, and excessive fertilizer application. H2S toxicity and ensure food security.
Understanding the causes and consequences of
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Eco-Tourism: A Sustainable Path to Adventure and

Conservation

Paramveer Singh, Dhananjay Gupta, Swapnil Bharti, Meenu Kumari and Sachin
AJ.

Department of Horticulture (Floriculture and Landscaping), Bihar Agricultural University,
Sabour 813210, Bhagalpur, Bihar, India

As the world faces the pressing challenges of ° -C© mlmu nity devEi opmeas :
climate change, biodiversity loss, and f mp Fy me nt | atn.d ' hcome op
environmental degradation, etmurism has oca P .0 pul a .I on .S ) .

. . 6 Preserving biodiversity
emerged as a beacon of hope. This sustainable Sustainable travel encour
and responsible form of tourism promotes the ;J S dlf | d !
conservation of natural resources, [sonts local 2 . ;Nlo ms ; N g ' he raint as Cs pes.
communities, and fosters cultural exchange. 7 Eg i | E g. ' i
More than just a travel style, etaurism is a [ UCANI "2 c-gagememt

. . fosters awareness by edu
philosophy that blends adventure, education, _ S
sustainability, conservat

and sustainability, allowing travellers to explore
pristine destinations while actively contributing
to their preservation. Eetourism is a
responsible travel approach that focuses on
conserving nature, promoting sustainable
development, and supporting local
communities. It involves visiting natural areas
such as national parks, wildlife reserves, and
rurgl landscapes, WiFh the aim _Of appre.,'c.iating protection. Some examples of sustainable
their beauty  while} ensuring _minimal adventure activities are as below:

envwgnmentallmpgct. 1. Trekking arEkpHOKking: remo
Benefits of Eco-Tourism

cul tures.
The Intersection  of Adventure and
Sustainability
One of the most appealing aspects of-eco

tourism is the way it merges adventure with
sustainability. Many travellers seek thrilling
experiences, and e¢ourism provides a way to
enjoy the beauty ohature while ensuring its

: trails i n nat icoonnaslc i pairsk s
Ecotourism offers significant advantages for guides
boththeenwronmentapdIocalcommunltles o Wi | dl i f ObSafraniing: ani mal s
l1.Conservation of natur a|l es,our.c.es.: .

natural® SRalsi®®a2t whil e sup
Supports protected areasortagd promot es

sustai nadvd eprdantdi ces. . ]
_ 3. Scuba Divi
2. Economic support for | ocal communi ti

) _ arine confervaetion act.i
Creates jobs and St'muratteosralmto|c(?n economi es.
3.Cultural _eXEm”am]@'eagleEscbodtg ng SExa[:yesrlenC|ng
understanding and appr.eci |o ver se
able a%'cofmmodat i o

traditions.

4 Mi ni mi zing enV|rE>cncmer?onI

tourism pr-imopadt zesa\\kliN

reduces car bon fOOtpersEhtRﬁa'sCIBUHm)ireEtss wast e, and

respects |l ocal ecosy sdy&iias Monteverde Cloud Forest Reserve
is a haven for biodiversity. With its lush

eneiwr%blce resources.
Ecot-tcwrlasﬁg pstinations around the
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greenery, unigue flora, and diverse wildlife, this
ecosystem supports conservation efforts and
sustainable tourism.

Kaziranga National Park (Assam). A
UNESCO World Heritage Site known for its
population of onéiorned rhinoceroses and
successful conservation efforts.

Kenya's Maasai Mara National Reserve

Home to the "Big Five" and the Great Migration,
this reserve offers thrilling safaris while
supporting conservation initiatives and local
Maasai communities.

o

Kéola{deo National Park (Rajasthan): A
paradise for birdwatchers, this wetland reserve
is home to over 370 bird species, including the

: : rare Siberian crane.
Australia's Great Barrier Reef

The worl dbés | argest co
biodiversity hotspot. Conservation efforts focus

on reef restoration and sustainable tourism to
protect this natural wonder.

Mahatma Gandhi Marine National Park
(Andaman & Nicobar Islands): A marine
sanctuary that supports coral reefs, mangroves,
and seagrass beds, offering snorkelling and
diving experiences.

Top Eco-tourism Destinations in India

India boasts diverse ed¢ourism hotspots, each
offering unique experiences while promoting
conservation and sustainability.

Thenmala EcoeTourism Project (Kerala):

I ndi aés f i rteutism pdstmnatione d
featuring adventure trails, boating, and cultural
experiences in the Western Ghats.
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Kullu and Manali (Himachal Pradesh):
Known for breathtaking landscapes, apple
orchards, and adventure tourism, with a focus on
sustainable travel.

|= "‘\Ll

Sl _'g'ft X

J s e 1

Valley of Flowers (Uttarakhand) A
UNESCGOlIisted alpine meadow with over 600
species of blooming flowers and rare wildlife.

Nongkhnum Island (Meghz;laya):The second
largest river island in Asia, offering serene
landscapes, sandy beaches, and traditional Khasi

culture.
E-sa/» P

Park

Bandhah National
Pradesh): A wildlife sanctuary famous for its
Bengal tiger population and rich biodiversity.

(Madhya
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Tso Moriri Lake (Ladakh): A high-altitude
lake known for its stunning scenery, migratory
birds, and the nomadic lifestyle of the Changpa
people.

Conservation Efforts through Eco-tourlsm
Ecotourism plays a vital role ienvironmental

conservation by funding and supporting

initiatives aimed at preserving natural habitats.

Some of the ways edourism contributes to
conservation are included below:

T Habitat PMathgcit ®awa:i s m
projects fund the protec
of forests, wetl ands, anoc
AntPioachi ng Rreorgernaums :f r om
ectoouri sm helps finance ¢
il l egal hunting and wil dl
Co mmu RBiatsye d Conservati
Engaging |l ocal communiti e
ensures that they Dbenefi
their natural environment
Challenges in Eco-Tourism

Despite its many benefits, etourism faces

several challenges:

Over-Tourism Risks: Popular ecalestinations

sometimes struggle with high tourist numbers,

which can strain local resources.

Lack of Regulation: Unregulated tourism can

lead to environmental degradation.

Climate Change: Rising temperatures threaten

natural habitats and biodiversity.

Limited Infrastructure: Many ecotourism

sites lack essential facilities.

Environmental  Degradation:  Pollution,
deforestation, and resource depletion threaten

fragile ecosystems.

Poverty and Unemployment: Many rural

communities struggle to benefit equitably from
ecotourism.

f
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Cultural Sensitivity Issues: Tourists may Support Conservation Initiatives: Donate to
unintentionally disrupt local traditions and or volunteer with organizations that work on

customs. habitat restoration and wildlife protection.

How Travellers can Support Eco-tourism Conclusion

Tourists play a crucial role in making eco Ecotourism is more than a way to travel; it is a
tourism successful. Hweoveméns towdrds wva mbré sustainable rand
contribute: responsible future. By supporting etmrism
Choose EceFriendly Accommodations: initiatives, travellers can help preserve the
Choose hotels and lodges that rely onrenewablep | anet 6 s nat ur al beauty wlt
energy and implement sustainable practices. wonders of the world in anethical and
Respect Wildlife and Local Cultures: Follow meaningful way. As the global community
ethical guidelines for interacting with animals continues to confront climate change and
and indigenous communities. environmental degradation, etmurism stands
Reduce Waste:Use reusable bottles, bags, and as a beacon of hope, paving the way for a
avoid singleuse plastics. greener, more equitable future. Every journey

taken with ececonsciousness a step towards a
sustainable world, one adventure at a time.
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SOIL CONTAMINATION AND REMEDIATION

'MADHUPRIYAA.D and “MOHANAPRAGASH. A.G

Research scholar, Department of Soil Science and Agricultural Chemistry,
Tamil Nadu Agricultural UniversityCoimbatore, Tamil Nadu, India

Heavy metals, pesticides, petroleum hydrocarbons, and other toxic substances degrade soil quality,
reduce microbial diversity, and pose risks to plant, animal, and human health. Various remediation
approachedncluding physical, chemical, and biological techniques, have been developed to mitigate
soil contamination. Bioremediation using microorganisms, phytoremediation with hyperaccumulator
plants, and the application of biochar and organic amendments haed g#iention due to their eco
friendly and coseffective nature. Advanced methods such as snamediation and electikinetic
techniques offer promising solutions for removing persistent pollutants. Agricultural practices,
urbanization, and industrial @aties have led to the accumulation of hazardous pollutants, making soil
contamination a major environmental concern. With an emphasis on integrated and sustainable methods
of soil restoration, this study examines the causes, effects, and remedidtiigues for polluted sails.
Keywords: Soil contamination, organic pollutants, Remediation, Sorption.

1. Introduction biological remediation techniques might be

Soil contamination occurs when dangerous Uused, depending on the type and degree of
materials seep into the soil, degrading its quality c°Ntamination. Soil vapor extraction, thermal

and endangering wildlife, humans, and treatment procedures, and excavating and
ecosystems. Many things can produce removing contaminated soil are examples of
contaminants, such as industrial processes, Physical remediation approaches. Chemical
agricultural methods, incorrect waste disppsal SUPPlements are used in chemical procedures to
and unintentional spills. Heavy metals, 'Mmmobilize or degrade pollutants. Using

insecticides, petroleum hydrocarbons, solvents, microorganisms  and  plants,  biological

and radioactive materials are examples of .remeo!latlon |mprov.es. oagnc. processgs
common soil pollutants. The effects of including phytoremediation and biodegradation.

contaminated soil are extensive, affecting not The choice of a remediation strategy depends on

only the ecosystem but also the hieaif people. factors like the type of contaminants, soil
Degradation of agricultural fields, leaching of characteristics, site conditions, and regulatory

pollutants into water supplies, and the requirements. Additionally, a comprehensive
bioaccumulation of poisons in plants and understanding of the site's history and the

animals are all consequences of contaminated contaminants present is cial for developing

soils. Human health effects from contaminated effecjuve remr(]adlgtlon plangfhegle haj.been 6,1
soil exposure can raegrom longterm chronic growing emphasis on sustainable and innovative

diseases to respiratory disorders. Remedial remediation approaches in recent years,

solutions are necessary to address the problemscons'(_jerlng the ecological impact and lexegm _
caused by contaminated soil. Utilizing a variety effectiveness of the chosen methods. The field

of methods, soil remediation aims to reduce or of soil remediation continues to evolve with

eradicate the presence of pollutants in sbé& ongoing resar(_:h_ and technological
and return it to a condition that is safe for human advancements, aiming to address the complex

and environmental usage. Physical, chemical, or challenges associated with soil contamination
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and ensure the sustainable management of soil contaminated food, or inhaled, which can result
resources. As society becomes more aware of in a variety of health concerns, including chronic

environmental issues, the importance of
responsible soil management and effective
remediation practices becomes increasingly
critical for a healthier and more sustaite

future. A healthier and more sustainable future

diseases and respiratory disorders. The
economic ramifications of soil contamination
can impact industries, property prices, and the
expenses incurred in tesation attempts. Land
use restrictions may apply to contaminated

depends on responsible soil management and locations, which could affect future economic

efficient remediation techniques, which are
becoming more and more important as
environmental challenges become more widely
recognized in society.

2. Concept of Soil Contamination:

The term "soil contamination" describes the
introduction of materials into the soil that may
endanger ecosystem services, damage living
things, or lower the soil's suitability for a certain
purpose. Pesticides, heavy metals, organic
compounds, industrial products, and other
pollutants can be among these contaminants.
Many different things can contaminate soil,
including mining operations, inappropriate
waste disposal, industrial processes, agricultural
practices, and unintentional spills. Air pollution
can affect soil and water bodies by polluting
precipitation and seeping into water and soil
ecosysteméManisalidiset al., 2020).

3. Scope of Soil Contamination:

a) Environmental Impact and Agricultural
Repercussions

Soil contamination may significantly impact the
environment. Soil pollutants have the potential
to seep into groundwater and impact the quality
of water. Additionally, contaminated soil can
upset biodiversity and ecological balances,
which is detrimentald plant and animal life.
The deterioration of cultivable land due to soil
contamination jeopardizes agriculture. Crops
can absorb contaminants, which could
contaminate the food chain and pose health
concerns to consumers.

b) Health Concerns for
Economic Implications

The health of humans may be directly impacted
by soil contamination. Toxic compounds can be
absorbed through the skin, swallowed through

Volume-01, Issued6
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c¢) Regulatory Framework and Global scale

To address soil contamination, several nations
have put in place regulatory frameworks that
define acceptable contaminant levels and
remedial criteria. These regulations must be
followed to reduce the extent and effects of soil
contamination. On a globalcale, numerous
nations have put in place legal frameworks to
deal with soil contamination, defining
acceptable contaminant levels and procedures
for rehabilitation. To lessen the severity and
effects of soil pollution, adherence to these
regulations is esstial.

4. Historical Background and Development of

the Problem

Soil contamination as an environmental problem
has a long history that spans several centuries,
illustrating the interaction of industrialization,
human activity, and unintended repercussions of
technical progress.

a) Period Before Industry

Before the Industrial Revolution, soil
contamination was mostly a regional problem,
frequently associated with certain industries like
mining, farming, and waste management.
However, the level of contamination was not as
great as what would surface in ttenturies that
followed.

b) Urbanization and the
Revolution (18" 19" centuries)
The beginning of the Industrial Revolution was
a pivotal moment. Pollutants were released into
the environment as a result of mass production,
growing urbanization, and the extensive use of
industrial chemicals. Due to their frequent crude
and disregard fo the environment waste
disposal methods, factories, mines, and urban

Industrial
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areas became important sources of soil
contamination. Metals and other xenobiotic
components have significantly increased in the
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f) Globalization and International
Cooperation (present)

Soil pollution has gained international attention

environment over the past few decades due to in the modern period. Coordinated actions are

rapid industrialization and population growth.
(Qin et al., 2020).

c) Mid-20" century

Following World War 1l, there was an
unparalleled surge in industry and the
widespread use of synthetic chemicals. As
manufacturing  processes expanded and
pesticides, herbicides, and fertilizers were used
more often in agriculture, new pollutants were
widely introduced into the soil. Sail
contamination was further aggravated by the
incorrect disposal of industrial byproducts and
the usage of harmful compounds in a variety of
applications.

d) Regulatory Reactions and Awareness in
the Late 20" Century

Awareness of soil contamination increased as
human activity's effects on the environment
became more evident. Higirofile events have
brought attention to the risks associated with
uncontrolled garbage disposal facilities, such as
the Love Canal accideirt the United States in
the 1970s. To address soil contamination, this
led to heightened inspection and the creation of
environmental legislation. Nations all over the
world started putting rules and guidelines in
place for handling contaminated areas and
stopping new contamination.

e) Remediation technology advancements
from the late 20" century to the present
Technological developments in soil remediation
have advanced significantly in the late"2ihd

required to combat transboundary
contamination because of the interdependence
of economies and the global flow of products
and chemicals. Governments, enviromibad
agencies, and international organizations work

together to exchange technologies, best
practices, and expertise to address soll
contamination globally.

5. The significance of Treating Soail
Contamination

i) Global effects on human health and
ecosystems

Soil remediation is important because it plays a
critical role in resolving soil contamination and
reducing the extensive effects on ecosystems
and human health. Preserving environmental
sustainability and ensuring the health of natural
ecosystems and humaopulations require an
understanding of and emphasis on sall
remediation.

i) Preservation of Ecosystems

Plant life and biodiversity are greatly dependent
on soil, which acts as the base for terrestrial
ecosystems. Because contaminated soil affects
plants, animals that depend on them, and soil
dwelling species, it has the potential to upset
these ecosystem$he goals of remediation are
to improve soil health, encourage the growth of
natural flora, and establish ecological balances
once more.

iif) Protection of Water Resources

Pollutants in the soil might travel to surface

early 2F' centuries. To address a variety of Wwater bodies or seep into groundwater,
contaminants, scientists and engineers have €ndangering the quality of the water, by

created novel techniques such as stopping the spread of pollutants, soil
phytoremediation, bioremediation, and remediation safeguards groundwater and surface
sophisticated chemical treatments. These Water resources. This is essential to protecting

methods attempted to reduce the environmental @quatic habitats and supplies of clean drinking
impact of remedian efforts in addition to water.

cleaning up contaminated locations. iv) Protecting Agricultural Lands
Food safety and agricultural productivity are

seriously threatened by contaminated soil. Crops
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can absorb contaminants, which could then pollutants is essential to creating remediation
make their way into the food chain and endanger and soil management plans that work. Heavy
consumer health. The goal of remediation is to metals, organic pollutants, and emerging
minimize the negative economic effects on contaminants are the three main types of soail
agriculture while restoring the quality of arable contaminants that are covered in this chapter.
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land and guaranteeing theafsty of food
production.
v) Reduction of Health Risks

Exposure to contaminated soil by humans can lowering microbial

Heavy Metals

According to Liet al. (2021), soil heavy metal
pollution severely harms microorganisms by
activity, changing the

cause a variety of health concerns, such as composition of microbial communities, and

chronic diseases, skin conditions, and
respiratory problems. Remediating polluted

changing the activity of soil enzymes. Soil
qguality may eventually decline as a result of

sites minimizes health hazards and enhances thethese changesAccording to earlier research,

general welbeing of communities thare close

to contaminated areas by reducing the
possibility of human exposure to hazardous
substances.

vi) Sustainable Land Use and Development

heavy metals negatively impact the composition
of the soil microbial community (Apontet al.,
2021).Agricultural methods, mining operations,
and industrial processes all produce heavy
metals, ubiquitus soil contaminants. Lead,

Contaminated lands can be cleaned up to make mercury, cadmium, and arsenic are just a few
way for sustainable land use and development. examples of the persistent metals that can
In the absence of efficacious soil remediation accumulate in soil over time and endanger
measures, land use constraints may endure, human health as well as environmental
impeding economic growth and restricting the ecosystems. To lessen heavy metals' detrimental

prospects for conscientiousrban planning,
infrastructural undertakings, and leisure areas.
vii) Global Environmental Impact

The effects of soil contamination can be felt
worldwide because it is a global problem. The
interdependence of ecosystems and
transboundary transport of pollutants highlight
the necessity of international collaboration in
combating soil contaminatio®y lessening the
effects of pollutants on a larger scale, soll
remediation initiatives support environmental
sustainability on a global scale.

viii) Adherence to Rules and Standards

To control soil quality and pollution levels,

effects on soil quality, it is essential to

comprehend their sources, pathways, and
effects. Heavy metal wastes are typically
poisonous, therefore even at low concentrations,
they have an impact on soil, plants, animals,

the humans, and other living things (Priya and

Nagan, 2015; Elizabeth Raet al, 2021).

Organic Pollutants

Pesticides, herbicides, and industrial solvents
are only a few examples of the wide range of
synthetic compounds that are classified as
organic pollutants. These pollutants get into the
soil from a variety of sources, including
inappropriate  waste disposal, industrial

numerous nations have set rules and standards.discharges, and agricultural practices. Concerns

To guarantee adherence to these rules, preventregarding

organic pollutants’ ability to

legal ramifications, and encourage conscientious bioaccumulate in organisms are raised by their

environmental care, soil remediation is crucial.

6. Soil Contaminant Types
The term"soil contaminants" refers to a wide

range of materials that can seriously affect
ecosystem health and soil quality. Identifying
and comprehending the various kinds of
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persistence in the soil, underscoring the complex
difficulties in controlling and cleaning up
polluted soil.

Developing Pollutants

Substances that have just lately come to be
recognized as soil pollutants are included in the
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category of emerging contaminants. This covers
endocrinedisrupting substances, medications,
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sustainable agricultural practices, and the
enmuragement of organic farming techniques

and personal hygiene items. These pollutants are are crucial elements in reducing soil pollution

frequently the consequence of changing social
norms and a rise in the usage of different
chemicals for different yrposes. As our

knowledge of newly emerging pollutants
expands, investigating their effects on human

caused by agricultural operations.

9. Get Rid of Waste

An important cause of soil pollution, improper
waste disposal poses serious risks to the
environment and public health. Inadequate

health and soil ecosystems becomes increasingly management of landfills can cause toxins to seep

important, spurring the creation of innovative
remediation strategies.

7. Soil Contaminant Sources and Routes
Deciphering the origins and movements of soil
pollutants is essential to comprehending the
intricacies involved in soil pollution. This
chapter explores the three main causes of soll
pollution: waste disposal, agricultural practices,
and industrial activies.

Commercial Operations

Significant amounts of pollutants are released
into the environment by industrial activities
through emissions, discharges, and
unintentional spills, which can lead to soil
contamination. The soil is contaminated with

heavy metals, hazardous chemicals, and
industrial byproducts from mining,
manufacturing, and chemical production

facilities. Hazardous pollutants from companies
that are not properly stored or disposed of might
seep into the soil and affect neighboring
ecosystems. The implementation of stvietste

into the soil and impact the surrounding
communities. Household, electronic, and
industrial garbage are illegally dumped, which
makes the issue worse. Toxic compounds
released into the air by open burning of garbage
can eventually find their way into the soil.
Reducing the negative effects of waste disposal
on soil quality require the implementation of
efficient waste management techniques, such as
recycling, appropriate disposal facilities, and
wasteto-energy technology. Toxins found in
wastewater typically include pesticides,
cleansers, medications, prepared foods, and
organic and inorganic toxins (such as heavy
metals and organic or inorganic salts). Soil is
contaminated when wastewater is improperly
disposed of and released into the environment.
The range of nonbiodegradable heavy metals,
including iron (Fe), arsenic (As), amium
(Cr), cadmium (Cd), lead (Pb), mercury (Hg),
and selenium (Se), offers remarkable prosperity
but also often causes problems. To make

management standards and an understanding ofwastewater reusable, it is also imperative that

the particular pollutants associated with various

businesses are essential elements in combatingsubstance precipitatn,

soil pollution resulting from industrial activity.

8. Agricultural Practices
The production of food for human consumption

and the use of agrochemicals in agriculture both
contribute to soil pollution and the maintenance
of human life. Chemicals used in fertilizers,
herbicides, and pesticides can build up in the soil
if they are missed or overused. The discharge
of pollutants into nearby soils and water bodies
by runoff from agricultural fields can have an
impact on both terrestrial and aquatic
ecosystems. The use of precision farming,
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these metals be extracted from it. For example,
surface adsorption
(Jawedet al.,, 2020), film filtering (Cheret al,
2018), particle trading, photocatalysis, and
flocculation are examples of traditional
advances that are still available for effective
remediation.

Issues with Cross-Cutting

Even though every source is distinct, there are
frequent linkages and synergies between them.
For example, pollutants from industrial
operations may affect agricultural practices by
entering waste disposal facilities, and
contaminants from both industriesand
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agriculture may find their way into these sites.
The combined effect of these sources
emphasizes the necessity of managing soil
pollution with an integrated strategy.

10. Soil Contaminant Fate and Transport
Comprehending the dynamic interactions

between pollutants and the soil environment
requires an understanding of the fate and
transport of soil contaminants. This chapter
examines the several elements that affect the
flow of contaminants and the importante that
soil characteristics play in determining these
contaminants' ultimate destination.

10.1 Elements Affecting the Movement of
Contaminants

a. Soil Moisture Content

The content of soil moisture plays a crucial role
in determining the destiny of pollutants.
Contaminants may be carried lyater that
moves through the soil due to irrigation,
precipitation, or natural groundwater flow. A
contaminant's mobility in water is determined by
how soluble it is; more soluble compounds
travel more easily.

b. Soil Texture

The relative amounts of sand, silt, and clay in the
soil determine its texture, which has a big impact
on how pollutants flow through it. Larger
particle sizes in sandy soils facilitate quicker
drainage and water movement, but they may
also offer less suate area for adsorption.
Clayey soils, on the other hand, have smaller
particles and a higher surface area and cation
exchange capacity, which may help them store
contaminants longer.

c. Organic Matter Content

The fate of contaminants is greatly influenced by
the amount of organic matter present in the soil.
Contaminants can be absorbed by organic
materials, which lowers their availability and
mobility. Furthermore, organic matter increases
microbial activity, vhich affects how some
pollutants are broken down by microbes.

d. pH Levels

Contaminant chemical speciation is influenced
by soil pH. The solubility and mobility of
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specific elements and compounds can be
affected by pH changes. For instance, whereas
alkaline circumstances may lessen the mobility
of heavy metals, acidic conditions may improve
their leaching.

g. Temperature

The soil's chemical reactions and microbial
activity are influenced by temperature. Elevated
temperatures typically amplify biological
processes such as microbial breakdown, hence
influencing the destiny of organic pollutants. On
the other hand, temperatuchanges can also
affect physical processes like volatilization.

11. The Properties of Soils and How They Affect
Destiny

a. Sorption and Adsorption

One important factor in determining the fate of
pollutants is their capacity to sorb or adsorb
them into soil particles. Through chemical or
physical means, contaminants can adhere to soll
particles, decreasing their mobility. This
procedure is especiallymportant for some
heavy metals and organic contaminants.

b. Volatilization

The process through which pollutants move
from the soil into the air is known as
volatilization. This is true for several inorganic
chemicals as well as volatile organic
compounds. The texture and amount of organic
matter in the soil can have an impact thie
volatilization rate.

c. Microbial Activity

The breakdown of organic pollutants is greatly
aided by soil microorganisms. The amount of
organic matter present, the moisture level, and
the temperature of the soil are all factors that
affect microbial activity and can affect how
quickly pollutants deampose. Taret al. (2021)
found a close relationship between soll
microbial activity and soil enzyme activity
because many soil enzymes are secreted by
microorganisms and are involved in the
recycling of materials and energy in the soll
(Wang et al, 2013). Bioactive compounds
known as soil enzymes are secreted in the soil
and are a crucial indicator of soil biology (Siczek
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et al, 2020). Enzymes are bioactive molecules
that can be impacted by heavy metal pollution
(Wu et al, 2017). Heawymetal stress has been
shown to impact soil enzyme activity, eventually
blocking and lowering the activity of enzymes
associated with the soil's C, N, P, and S cycles
(Kandeleret al, 1996).

d. Leaching

Leaching is the process by which pollutants seep
into the groundwater through the soil profile.
The permeability and texture of the soail, in
particular, have a significant impact on the
propensity for pollutants to leach. Firextured
soils may retain &ins, whereas coarser, sandy
soils facilitate faster leaching.

12. Effects of Polluted Soil

12.1 Environmental Repercussions:

Significant ecological ramifications result from
soil contamination, including disruptions to
ecosystems' delicaequilibrium and threats to
the variety of life that exists there.

a. Disruption of Biodiversity

Pollutants in the soil can cause harm to species
that live there, such as fungi, bacteria, insects,
and other microbes that are essential to the
cycling of nutrients. If these soil communities
are disturbed, it may have a domino effect on
higher trophic leels, affecting animals, plants,

and eventually the ecosystem as a whole. Less children

diverse ecosystems may be less resilient and
adaptable, leaving them more vulnerable to
disturbances and changes in the surrounding
environment.

b. Food Chain Contamination

As plants take up elements from the soil and
transfer them to herbivores and eventually
carnivores, contaminants from the soil can find
their way up the food chain. Organisms at higher
trophic levels may have greater amounts of
pollutants as a result of ith biomagnification
process. In addition to harming wildlife, this can
also put people at risk if they eat tainted food.
Contamination of the food chain is a serious
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13. Hazards to Human Health
There are direct health concerns associated with

soil contamination, which can harm people

through different routes of exposure and in

different ways depending on the population.

a. Exposure Pathways

Humans can be exposed to pollutants in the soil
via a variety of routes, including:

Inhalation

Respiratory exposure can result from inhaling

polluted dust or airborne particles, particularly

in locations with industrial operations or
contaminated soils.

Ingestion

Consumption of crops cultivated in

contaminated soil or drinking water drawn from
polluted aquifers might result in contaminant
ingestion.

Dermal Contact

Contact with contaminated soil can cause
pollutants to be absorbed through the skin,
especially in work settings or during leisure
activities.

b. The Effects of Health on Different
Populations:

Children

Because of their exploring activity, hatm
mouth activities, and developing physiology,

are especially prone to sail
contamination. Longerm health impacts,
including neurological and developmental

issues, might result from exposure during
critical developmental periods.

Pregnant Women

Exposure to contaminants during pregnhancy
might endanger fetal development, potentially
leading to  birth  abnormalities and
developmental difficulties. Heavy metals, for
example, can breach the placental barrier and
harm the unborn kid.

Individuals Exposed at Work

Workers in industries dealing with soil
contaminants, such as mining or waste

issue that emphasizes the complex relationships management, may be at risk of occupational

that exist between ecosystem dynamics] soi exposure. Proper safety precautions and
health, and human health.
Volume01, Issued6 APRIL 2025 Page [209




. INNOVATIVE
¥ AGRICULTURE °

-

e~

protective equipment are essential for mitigating
these dangers.
Residential Areas

People who live near contaminated areas may be a.
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proper washwater disposal and the potential
production of other waste streams.
15. Novel Approaches

Phytoremediation: Plants are used in

exposed to soil pollutants on a regular basis. The phytoremediation to extract, absorb, or break

closeness of residential communities near
industrial zones or poorly managed waste
disposal sites might pose additional health
hazards.

14. Soil Remediation Technologies
Soil remediation technologies are critical in

down pollutants in the soil. Plants with
hyperaccumulating ability can store significant
guantities of metals, whereas others promote
organic pollutant breakdown via rhizosphere
microbial ativity. Phytoremediation is a cost
effective and sustainable technique, but it may

recovering damaged soils to a safe state for both have limitations depending on the pollutants and

ecological and human wuse. This chapter
examines a range of remediation options, from

plant species involved.

b. Bioremediation: Bioremediation uses

traditional procedures to novel approaches, each microorganisms' metabolic capacities to degrade

adapted to the unique claateristics of soil
pollution.

14.1 Conventional Methods

a. Excavation and Debris Removal

Excavation is the physical removal of
contaminated soil from a site, thereby removing
the source of pollution. This approach is
appropriate  for limited contamination,
particularly when contaminants are present close
to the surface. However, it can be inconvenient,
costly, and result in the disposal of vast amounts
of soil.

Landfills and Containment

To avoid the spread of pollutants, contaminated

or change pollutants in the soil. Microbes
degrade organic contaminants or immobilize
heavy metals, allowing natural remedial
processes to take place. Bioremediation can be
used to a wideange of contaminants in situ (on
site) or exsitu (off-site). Environmental
circumstances, microbial populations, and
nutrition availability are all factors impacting its
effectiveness.

c. Electrokinetics:Electrokinetics is the use of
electromagnetic fields to improve the mobility
of pollutants in soil. This approach can improve
the extraction or immobilization of ions, metals,
and polar chemical molecules by facilitating

soil can be excavated and transported to securetheir movement. Electrokinetics isspecially

landfills outfitted with containment measures.
While this approach separates contaminants, it
may not provide a lorrterm solution, and long
term monitoring is frequently required.
Furthermore, the selection and design of
containment structures are crucial for avoiding
contaminant migration.

Soil Washing

Soil washing is the process of removing
pollutants from soil particles by using water or

solvents. To extract and separate pollutants, this

approach employs physical and chemical

beneficial in clayey soils, when traditional

approaches may be ineffective. However,
rigorous monitoring and control are required to
avoid unwanted consequences.

d. Nanoremediation: Nanoremediation uses

nanomaterials like nanoparticles to improve the
removal or breakdown of pollutants in soil.

Nanoparticles can increase surface area,
reactivity, and mobility, making them useful for

targeted cleanup. This technique has promise for

procedures. Soil washing is an effective deding with persistent pollutants but worries
treatment method for soils contamied with about nanomaterials' potential environmental
heavy metals, pesticides, and organic
contaminants. However, difficulties include

APRIL 2025
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and health implications necessitate careful

consideration.

16. Case Studies in Soil Remediation

16.1 Successful Projects

a. Phytoremediation Success Stories

Green Brownfield Cleanup (Chevron
Richmond Refinery, USA): A
phytoremediation method was successfully used
to treat a former Chevron refinery site in this
case. Willow trees were planted because they

tended to accumulate heavy metals. The trees

effectively absorbed toxins such as lead and
zinc, promoting pollutan transformation and
stability in the soil. The study revealed the
viability of restoring extremely damaged
industrial sites using plants.

Restoring Mining Sites (Tharsis, Spain):As
demonstrated in the Tharsis region,
phytoremediation has shown promise in
recovering mining sites. Soils polluted with
heavy metals from mining activity were
remedied using native plant species. The plants
not only absorbed and immobilized the toxins,
but also contributed to the restoration of the
area's biological balance, demonstrating the
potential of phytoremediation in solving
complicated environmental concerns.

b. Case Studies in Bioremediation

Remediation of an Oil Spill (Exxon Valdez
Oil Spill, Alaska, USA): The Exxon Valdez oil
spill was a watershed moment in which
bioremediation was used to clean up- olil
contaminated soils. Nitrogen and phosphate
additives were employed to boost the growth of
indigenous bacteria capable of decomposing
hydrocarbons. This metd dramatically
improved the oil's natural attenuation,
demonstrating the efficacy of bioremediation in
largescale oil spill cleanup efforts.

Cleaning Up Industrial Sites (Port of Los
Angeles, USA):In the Port of Los Angeles,
bioremediation has been effectively used to
clean up industrial sites contaminated with
petroleum hydrocarbons. The microbial
decomposition of the pollutants was enhanced
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by combining land farming and bioventing
methods. This example showed how
bioremediation techniques may be used in a
variety of industrial environments and offer a
long-term solution for soil restoration.

17. Difficulties and Takeaways:

a. Overcoming Remediation Obstacles:
Complexity of toxins (Love Canal, USA)The
1970s Love Canal incident brought to light the
difficulties associated with cleaning up sites
containing complex combinations of toxins.
Love Canal was successfully cleaned up using a
mix of containment, capping, and excavation
techniques. This casewhonstrated how crucial

it is to have a complete understanding of the
makeup and distribution of toxins to create
cleanup plans that work.

Extended Observation (Kearny, USA): A
Kearny case study highlighted the value of long
term monitoring in cleanup initiatives. Even
though the initial treatment was successful,
continuous monitoring was necessary to find
any lingering toxins and guarantee that the
remediation efforts would antinue to be
effective. This case demonstrated the necessity
of maintaining watchfulness even after
preliminary corrective measures.

b. Learning from Setbacks:

Gathering Insight from Both Success and
Failure In Finland's Olkiluoto:  The
complicated interaction of radioactive and non
radioactive pollutants at the Olkiluoto nuclear
power plant site made remediation difficult.
Even though some tactics didn't work as well as
planned, the lessons from these failures gave
important new pepectives on the challenges of
soil restoration in complicated ecosystems.

The Paducah Gaseous Diffusion Plant in the
United States serves as an example of adaptive
management in action. Its story highlights the
significance of this approach in soil remediation.
Ongoing monitoring and input were used to
modify the initial approach. This methodology
facilitated adaptability in addressing unforeseen
obstacles and enhancing restoration endeavors
gradually.
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18. Suggestions and Future Courses
18.1 Research Advancements:

a. Stateof-the-art Science of Soils: With
cuttingedge technologies to further our
understanding of soil processes, soil science will
continue to advance and will be a key factor in
the future of soil remediation. Metagenomics,
isotope tracing, and molecular biology provide

hitherto  unobtainale insights into the
biochemical processes  and microbial
communities involved in soil restoration.

Scientists and practitioners can forecast and
maximize cleanup outcomes by using big data
and artificial intelligenceo estimate pollutant
fate and movement more accurately.

b. New Directions in Remediation Studies:
Nano-Based Enabled CleanupA developing
field is the investigation of nanomaterials for
soil remediation. Tailored nanoparticles could
be useful for specific contamination removal
and degradation, opening up new possibilities
for effective and londasting cleanup
techniques.  Surfdants and  Féased
nanoparticles work well together to remove
organic pollutants from sail, including up to
99%  of trichloroethylene, 80%  of
polychlorinated biphenyls, and 93% of
perchloroethylene. Because of the synergistic
effects of surfactants and nanoparticles, the
treatment efficiency of organic pollutants in soil
by surfactanstabilized nanoparticles is better
than that of only surfactants (less than 90%) or
nanoparticles (less than 80%). As an adsorbent,
this method isdss economical than using it as a
strong reductant, such as in reductive
dehalogenation or reductive immobilization of
metals (Kieret al, 2023).

Microbiome Engineering:This is a promising
approach to manipulating soil microbial
communities. To maximize soil remediation
processes, this entails either introducing
genetically modified microbes or increasing the
activity of naturally present microorganisms.
More efficient ad customized bioremediation
techniques can result from our understanding of
and ability to manipulate microbial ecosystems.
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Combining Phytotechnologies: Synergistic
techniques can be achieved by combining
phytoremediation with additional technologies,
such as nanoparticles or tailored microbial
consortia. This multidisciplinary approach
optimizes the benefits of several treatments
operating in concert wld enhancing the
remediation capacity of plants.

19. Conclusion

In summary, soilpollution is a complex issue
that affects agriculture, human health, and
ecosystems in a wide range of ways. Numerous
contaminants have been introduced into the soil
as a result of anthropogenic activity, which calls
for immediate and extensive remediation
operations. The intricacy of the problem is
shown by the numerous interactions that
pollutants have with ecosystems, human
populations, and soil qualitiesProspective
solutions for dealing with soil contamination are
provided by developments in soil scee and
creative remediation technology. The field has
advanced significantly from conventional
techniques like excavation and containment to
innovative strategies like phytoremediation,
bioremediation, and nanemediation. Case
studies have added to thedy of knowledge by
offering insightful  information  about
remediation efforts that have been successful as
well as lessons gained from setbacksntinued
research, embracing new developments in soll
science, and incorporating scientific discoveries
into flexible regulatory frameworks are key to
the future of soil remediation. We must remain
committed to sustainable soil management
techniques as we navigate these new paths. This
entails not just cleaning up contaminated areas
but also fostering communitynvolvement,
general soil health, and capacity buildigl
parties must work together to address soll
contamination, including communities,
businesses, governments, and scientists. We
may endeavor to preserve and restore one of our
most important  natural resources by
emphasizing sustainable soil management,
implementing creative remediation techniques,
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and encouraging a comprehensive awareness ofsoil. Journalof EnvironmentalSciencegChina)

soil health. Essentially, soil remediation is a

102,263 272.

social necessity as much as a technical endeavor.Manisalidis |, Stavropoulou E, Stavropoulos A,

It demonstrates our dedication to environmental
stewardship, preserving the health of our soils,
the basis for life, and assuring the welfare of
present and future gendats.
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Drone Technology for Sowing of Seeds °
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1. Introduction these sowing methods are
difficult to operator to work for longer time. In
hilly areas sowing of seeds is major problem
through manual or machineryln which
traditional methods are time consuming, high
labour and machinery cost (Jigtial.,2018).

To solve above problemdrone seeding
technology is used to sow the seeds in
agriculture and forest field. In addition the
development of agricultural unmanned aerial
vehicle for seed sowing has become an emerging
operation method. Especially in hilly regions
where ground machimg cannot enter the fields
or can only enter with very low economic
benefits. Compared with ground seeding
machinery, it is seven times faster than other
methods and UAV seeding has the advantages
of flexibility, high efficiency, hbour and
machinery cost saving, ed¢oendly (Jiyuet al,
2018).

I n India 70 per cent people depends upon the

agriculture, still it is far short from adopting
latest technologies to get good crop production
to meet the food demand. Farming is facing
many economic challenges in terms of
productivity, costeffectiveness m=d the
increasing labour shortage partly due to the
depopulation of rural areas. To increase crop
production and overcome this problem adopting
precision agriculture is imperative solution.
Precision farming is about doing the right thing
in the right plae, in the right way at the right
time. Managing crop production inputs such as
water, seed, fertilizer and land source to increase
yield, quality, profit, reduce waste and becomes
ecofriendly. Precision agriculture operation
includes from sowing of crop to harvesting of
crop. Different tools and equipment used for PA
are sensors device, IoT for pest and disease
control, robotics for analyze crop and harvesting
of crop, automation in drip irrig&n, unmanned
vehicles used for crop health monitoring,
sprayng chemical, planting and sowingeic
(Mogili et al,, 2018).

In precision agriculture, drone can used for
multi-purposes operation like crop monitoring,
spraying of chemical and fertilizer, security,
planting and seeding. Drone seeding technology
is advanced technology in which developed 0 -Mddc ne Cgnmd Sdbgmnknf x
countries started use of fior sowing of seed i High cost of operation
because it isseven times faster than other 4 Low efficiency of work
traditional methods. The conventional and { Poor management of ti me
improved  seed sowing methods are § _Labour probl em
i
i
i

UAV platform

Hopper

Fluted roller and step motor
Ducted fan and brushless motor
Multiduct pneumatic spreader

Handheld ground station

Fig 1. Drone seeding view

broadcastingdibbling, seed dropping behind,
hill dropping, animal drawn or tractor operated
seeddrill cum fertilizer drill. Disadvantages of

Low Area of coverage
Heal th related probl ems
Reduce soil hardening
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0 Remotely operated ani Thegqoddistaadek and gl tquality of

0 Reduce air poll uti on seedsare selected and sown into the soil for
0 Terrain field condit i detter seed germination ratdor aerial

1.2 Application of Drone Technology in seeding

Agriculture U Aerial seedingi Broadcasting with aero

plane, helicopter and drone

U Broadcastingvith aero plane and helicopter
is cost effectiveand requiredarger areaof
sowing

i Drone seeding is simplest and less cost
methods

U It can sow seeds by broadcast, row seeding
andseed shot shooting method

1.3 Methods of Seed Sowing U Seed coated witmutrientsare calledseed

1.Broadcasting balls or seed pelletaind it is used for direct
-Scattering of seeds aeral deddiag fi el d surface
then soil i s cover edi Reason for seed balls is to gipeotective
-1t can done by | ab o renvienmenasead geanhinationerated i n g
technol ogy | i ke pl an#3.2History ¢f&etial Seeding er or dr one
-Rainy season is mos#A Aprialeeedng ia tedhréque of sowing seeds

2.Dibbling by spraying them through aerial mechanical
-Placing two or mor e sneandlssch asm drbne,lplane or heticopger.
in the soil by tool A Aerial seeding is considered as a broadcast
-Vegetables crops method of sowing.

3.Seeding in furrow b dhitiisnad antiemteechaique seedr byl sowing
pl ough was in use irAncient Egypt on farms after
-lt is used for | ar gerthesapnaalifoodihg oktlee Nieai ze, peas,
gram or wheat A It wasrediscovered by the Japanese natural

4 .Drilling farming pioneerMasanobu Fukuoka.
-Dropping the seeds iAnAccorbig tb uter National Mgrioultugah
seed tubes Aviation Assaciation, the birthplace of aerial
-0t may be ani mal 0 rseeding im Anferitd happened 1921 in Ohio.
i mpl ement Lt. John A.

5.Hi || Dropping A Planes were used to seed mountain areas in
-Drilling seeds dr op aHonolllu x thalwere p anadcesgble n ad a
continuous stream traditional methods after forest fires.

6. Transplanting of seeAlnile4p serial seeding was being used in
-Commonly done in paOrdgoncityimegpet abl e
crops and fl ower pl aA RecentlyHara Bharacampaign conducted in

7.Aeri al seeding Telanganand it isfirst Indian aerial seeding
-l't advance br oadcast itrailgusing seedeopter! dogayd company
using UAVs. name isMarut DronedPvt.Ltd.

1.3.1 Aerial Seeding A In drone seeding technology centrifugal disc

U Soil andmoisturecondition is checked seeder is proposed by south china agriculture

U Soil is loosened and plough by tillage university (Lyshet al, 2021).

methods
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ESC, which allows the specific amount of
current to the motor based on the signal it
(UAVs) or remotely operated vehicle. Drone receives. The propellers are mechanically
seeding technology is a combination of drone coupled to the motors so that they rotate and
and seeding mechanism. The drone is equipped produce thrust. The FPV camera takes current
with seed carting container with release supply from tie flight controller and it records
mechanism for control and guidancedieperse the video, the video signals will be processed by
the seed from the air to ground. Drone seeding the transmitter and it will be received by the
application can be categorized into seed capsule receiver in ground@he whole hardware
or germinated seed and seed. Seed capsule orstructure with metering device. The whole
germinated seed can be defined as fertilized seedsystem is composed of three main modules:
immerse in nutrients pellet to increase the aircraft, seed supply module, and seed

ISSN : 3048 - 989X
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2. Drone Seeding Technology
Drone technology unmanned aerial vehicles

survival rae during planting (Marzuket al.,

2021).
2.1 Common Components of Drone Seeding
System
1.Fr ame
2.Landing gear
3.Battery
4 . Flight controll er
5.Mot or
6. Electronic speed
7.Propel |l er
8.Seed box
9.Seed metering
10Seed distributor
11Seed di spenser

2.2 Working and Block Diagram of Drone

| Working and block diagram of drone |

BLDC k
I ctor PROFPELLFER

distributing and guiding module. The seed
supply module is used to get seeds from the seed
box at a preset seedil rate and deliver them

to the distributor via airflow from the fan. The
seeds are accelerated under #idlow and
divided into several rows by the distributor. In
each row, seeds proceed to move through the
hose and hard tube, and then they drop from the
seeding tube toward the field.

€ 03N dedd Mbtehirg System

There are two systems for seed sowing by drone
technology

devi ce 1 Seedmetering device systems
S Y s 2.6 Meed distributions systems

3.1 Seed metering device systems
Seed meter are devices that dosed seeds from

= the seed hopper and place
them in the distribution
system mechanisms that assist
in moving the seed from the
metering device to the ground.
3.1.1 The main functional
requirements  for  seed

The signals will be transmitted from transmitter
and it will be received by the receiver in the
drone. From the receiver the signal goes to the
flight controller where the signal will be
processed with accelerometer and gyroscope
sensors. The processedrsgwill be sent to the
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metering devices are:

u Predetermined rate (for

example, kg or the number of

seeds per running meter)

u Accuracy (interval) in
accordance with the sowing scheme (for
example, row sowing, sowing by quad
groups)

i Minimal damage to seed
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3.1.2. Two different groups can be

distinguished in seed metering system
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unmanned aerial vehicles. This is due to the

following main reasons: the need to create a

1. Mass flow metering devices (stationary vacuum, which is difficult to ensure when

opening metering devices)

Precision seed metering devices (fluted/disc
precision metering device)

The periodically opened type has a drive
that allows changing the size of the hole directly
during operation. It is also possible to feed in
portions, carried out by periodically opening and
closing the metering device. An example is the
metering mechanissnof the sowing device for
the UAV Drone Granula Spreadying System
from Shenzhen GC Electronics Co., Ltd. A
trapezoidal hole with a sliding flap is used here.
In the design of the UAV seeder developed
within the framework of the Dronecoria project,
a cental shutter mechanism is used, which has a
high operating speed and, when opened, forms
an almost round hole.

2.

installed on a UAV; the difficulty of providing
additional acceleration of the seed; restrictions
on the size and shape @fesls.

3.2. Seed Distribution Systems
Seed distribution systems include devices that

assist in moving seed from the meter to the
ground.
3.2.1. Basic functional requirements for seed
distribution systems:
U Stable transfer of seed from the unloading
point of the seed meter to the ground surface
U Ensuring the accuracy of distribution
(distance between seeds) when they are laid
on the soil surface
i Providing  (if
acceleration
In the gravity drop distribution device,

necessary) additional

seeds simply fall
from the seed

Periodically (stationary) opening
metering devices

[

meter onto the soil

Mechanical vertical plate precision
metering devices

)

a g@ .
- ‘:.*

wr surface. The
- ~ process takes place
Fluted roller metering devices ]
only under the
,r influence of
[ Vacuum disc precision metering devices { s . .

—~— s gravitational
- forces. This

principle is used on
all sowing device

Vacuum vertical plate precision
metering devices

[

-
./
-

that do not have a

distribution
mechanism

The mass flow fluted roller metering
devices has found wide application in
agriculture due to its simplicity and high
reliability. 1t is widely used in fertilizer

module. Additionally, the simplest guides can be
used that slightly change the trajectory of their
movement.Seed distribution mechanisms. In the
gravity drop distribution device, seeds simply

applicators and seeders. It can have roller of fall from the seed meter onto the soil surface.
various shapes (fluted, spiral, peg, studdedg The procss takes place only under the influence
fluted roller metering devices is used in the XAG of gravitational forces. This principle is used on
JetSeed pellet spreading system designed for all sowing device that do not have a distribution
installation on UAVs. The vacuum disc mechanism module. Additionally, the simplest
precision metering devices is widely used in guides can be used that slightly change the

agriculture. At the moment, this type has not trajectory of their movem#. Air flow
found application for aerosowing from
Volume01, Issued6 APRIL 2025 Page [217
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distributors with forced higlspeed air flow are
used to improve the quality of seed distribution.
This method can significantly improve the
uniformity of seed distribution over the area
without causing damage.

A similar design solution is used in the
XAG JetSeed pellet spreading system. Eight
duct fans are used, producing higpeed,
focused airflows up to 18 m/s. The centrifugal
distributor is widely used in sowing devices and
fertilizer spreaders installed dgAVs. It has a
fairly simple design and allows the spread of

seeds at a distance of 5 to 20 m. The size of the

seeds used is usually limited to a diameter of
0.5 5 mm. The UGG pellet spreader from
CFRInnovations is specially designed for use
with unmanned aerial vehicles. Its total weight
is 1148 g with a capacity of 8 L. The adjustable
spread width is from 2 to 23 m, the flow rate is
from 1 to 12 L/min [11]. The T Series Spreading
System 2.0 was developed by DJI and is
compatible with the DJI Agras T16 or T20
UAVs platforms [12]. The size of the materials
is from 0.5 to 5 mm, the volume of the hopper is
20 L. The feed rate is controlled by the binlt
agitator and outlet hole. Thlmptimum spreading
rangeis5to 7 m.

1) Gravity Drop Distributor

. 5.1 Diswibutor
2.6 Seed box

ISSN : 3048 - 989X

4) Air Assisted Row Seeding Distributor

| \% & B

5) Shot Seeding Distributor

4.1 Working of Seed Metering Device

The working process of the sowing device:
loading the bunker, seedpture, seed extraction
and dispersal of the seed. The seed feeding
component is a key component that affects the
stability of seed discharge. The seed feeding
component in this aerial seeding system consists
of a seed filling chamber, a seed gear did,a
seed delivery tube. Seeds drop from the seed box
to the seed filling chamber via gravity, proceed
to fill into the gaps between adjacent racks of the
gear disc, and form a seed layer. The seed
feeding motor rotates the gear disc and pushes
the seedsnito the vertical channel of the seed
delivery tube. The seeds falling into the channel
are carried upwards into the distributor by the
airflow generation by fan or some other seed
distributor devices used.

Hoperbadog  Seedscopturing  Seedestactin  Seed dspersal

i

4.2. Limitations

it Flight time and flight
0 Heavy <cost for good f es
i Safety in operations
. ) U Not suited for very sms
/i:‘\o 0 Knowl edge and skill
e 0O Privacy
3) Rotating Disc Centrifugal Distributor
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Unlocking the Multifunctionality of Sesame: Nutrition, a

Sustainability and Agricultural Resilience

~—
Kalaiyarasi Ramachandran', Sruthi S.R?2

Department of Oilseeds, Centre for Plant Breeding and Genetics, Tamil Nadu Agricultul
University, Coimbatore, India
PhD Scholar, Department of Genetics and Plant Breeding, Faculty of Agriculture, Annamalai
University, Annamalai Nagar, India

Historical Roots and Contemporary Importance neurodegenerative diseases (Katal, 2010;
Sesame $esamum indicurainn), a significant Nagendra Prasaat al, 2012). It has been shown
to aid in managing cardiovascular diseases,

0 osteoarthritis, ulcers, infections, infertility and is
also used in massage therapy for painefeli
(Eftekhar Sadagt al, 2013; Mishraet al, 2019;

Khani et al, 2013; Shamloet al, 2019). Their

low sugar content makes them ideal for dow
glycemic foods like biscuits and cookies.
Additionally, sesame flour is used in

oilseed crop Dbelonging to the family
Pedaliaceae, has been cultivated for over 4,30
years (Hwang, 2005) and is widely grown across
tropical and subtropical regions of Asia, Africa,
the Caribbean, Europe and America (kinal,
2017). Its origin is believed to be in Africa or
Asia, where wild relatives likeSesamum
radiatum S. alatum and S. malabaricumare -
found (Ashri, 2007). Sesame is an erect annual com.plemen.tary fOOdS_ to combat malnutrition,
herb with variable height (5@00 cm), bearing particularly in developlr?g regions\{acalet ‘T’""
bell-shaped flowers and dehiscexapsules that 2024) Table 1 summarizes the key constituents

produce seeds of varying colors of white, black, of sesame. 3 .
yellow, or brown, depending on the variety Table 1. Nutritional Composition of Sesame
(Wacal, 2019). White seeds are globally (Wacalet al, 2024)
preferred for their high oil content and better | Component | Detailed Compositionin Sesame
shelf life (Weiet al, 2022). In 2023, the global
trade value of sesame seeds reached $7.5 billion, e
with India, Nigeria, and Pakistan being the top I

B I BN

exporters. India alone exported sesame seeds| " roximate
. o . Compositio

worth approximately $489 million, amounting N

to about 224.7 million kg (World Ban023).

Grown mostly on marginal lands, ssane is

considered a climatemart, highvalue crop that

sustains livelihoods in vulnerable regions

(Dosseet al,, 2017).

Nutritional and Medicinal Importance of

rich in protein, healthy fats, fiber, essential
amino acids, vitamin E and lignans such as
sesamin and sesamolin. These components
contribute to various health benefits, including
protection against hyperision, cancer, and

Sesame Mineral g
Sesame seeds are highly nutritious and versatile, | Content I
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Qil content : 39.56 - 54.64 %
Fatty acid
Oil & Fatty o
Acids s
; =
Essential: Phenylalanine,
Methionine, Threonine, Valine
Histidine
Amino acid present in h F(}” content
Amino
Acids N I
Lignans I
1l .
Tocophercs
(Vitamin E)
Phytosterol | = I
‘ I m
Phenolics & | Phenolics: 2.986.96 mg GAE/g
Flavonoids | Flavonoids: 2.184.99 mg CE/g

Sesame in Agroecosystems: Enhancing Soil
Health and Crop Productivity

Beyond its rich nutritional profile, sesame
exhibits  significant agroecological value,
making it a key component in sustainable
farming systems. Its stovelerived biochar
improves soil structure, enhances fertility, and
mitigates greenhouse gas emissiqasticularly

meal, containing approximately 5.9% nitrogen,
3.3% phosphoric acid, and 1.5% potassium
oxide, enriches soil nutrient content and
promotes microbial activityWei et al,, 2023.
The crop's deep root system facilitates nutrient
recycling from subsoil layergHeuzé et al,
2016) Sesame produces a range of
allelochemicals viz., phenolics, flavonoids,
terpenoids, sesamin, and sesamolin, exhibiting
herbicidal, pesticidal and nematicidal properties
(Zhao et al, 2022) These compounds
effectively suppress weed€yperus rotundys
Phyllostachys eduljs parasitic plants Striga
hermonthicy, and pests such aSpodoptera
litura and Atta sexdens rubropilosawhile
inhibiting soilborne pthogens likeFusarium
oxysporum and Macrophomina phaseolina
(Syed et al, 2015) Furthermore, sesame
enhances arbuscular mycorrhizal fungi (AMF)
colonization, improving nutrient uptake and
abiotic stress resiliencdHu et al 2022)
Intercropping with sesame improves the
productivity of companion crops (e.g., maize,
sunflower, peanut, cotton) through improved
resource use efficiency, pest suppression, weed
control, and nematode managememacal et

al., 2021;Heuzéet al, 2016); Andargieet al.,
2021 Zhao et al, 2022) These attributes
underscor e sesameos mu |l t
promoting environmentally resilient and
biologically integrated agriculture.

Conclusion
I n conclusi on, sesameods

makes it a valuable food foaddressing the
double burden of malnutrition, especially in
developing countries. Its inclusion in daily diets
could significantly improve nutritional
outcomes. With the growing demand for ptant
based foods and nutraceuticals, the future of
sesame cultivadn is promising. Advances in
agronomy and research into its bioactive
properties are poised to further enhance its role
in both agriculture and health industries.
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Rainbow Vegetables
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Vegetables are a significant part of our diet, B! U € blueberries Fiber,

- _ and blackberries, manganese,
Poor nutrition and sedentary lifestyles have led Pur p Concord grapes, potassium,
to hidden hunger, malnutrition, and an increase red/purple vitamin B6,
in noncommunicable diseases. Proper nutrition cabbage, sl e,
. . eggplant, plums, vitamin K1
is essential for the growth and development of e ees
all living beings According to the World Health Dar k Beet s, P Fiber, folate,
Organization (WHO), the recommended daily Red pears magnesium
intake of fruits and vegetables is 400 grams per ?O‘i;ggﬁfnse'
person. The concept of rainbow vegetables is vitamin B6
based on the idea that each color represents al Wh i t Cauliflower, Fiber, folate,
phytochemical pigment. These phytochenscal ~and  garlic, leeks, magnesium
possess properties such as -arftammatory, B Onions, AEEEIESE,

: . _ ) _ mushrooms, potassium,
antibacterial, antifungal, antiallergic, daikon radish vitamin B,
chemoprotective, neuroprotective, Parsnips, white  vitamin K1
hypolipidemic, and hypotensive effects, potatoes _
ensuring optimal nutrition for the body. T Col awwams | iterally pai
The fruits and vegetables are classified into ¢OonNsti tutio : of the
different groups based on their colour: table below:

Colo Fruits aMain Vit Vegetabl e/Pigments
Vegetabl and mine Red coloujLycopene

Red Tomatoes Folate vegetable
tomato paste, potassium, OL ange an Cla roteno Id
tomato sauce, vitamin A White Flavonol
watermelonpink  (lycopena, Bl ue/ Purp/Anthocyan
guava, grapefruit vitamin C, Anti oxi da

vitamin K1 Adding a variety of colorful fruits and

=TT - R N e e vegetables to the diet is an easy and effective

e . Carrots, swee iber, folate, . . : : .

and potatoes, yellow potassium, Wa_y to enrich it with gssentlfall .r.lutrlents.

Or an peppersbanana,s vitamin A (beta RalnbOW Vegetab|eS Cont”bute Slgnlflcanﬂy to
Pineapple, carotene), vitamir overall health by supporting internal and

: y pp g

tangerines, C external physiological processes Isucas
pumpkin, winter . . L . .
squash, corn digestion, respiration, and nutrient absorption,

Gr e e Spinach, kale, Fiber, folate, while also protecting the body from diseases like
broccoli, magnesium, heart conditions. They enhance efficiency by
avocdos potassium, improving neurological functions and promote
Asparagus, greer vitamin A (beta . . .
cabbage, carotene), vitamir skin and eye health through their rich

K1
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https://www.healthline.com/nutrition/daikon-radish
https://www.healthline.com/nutrition/10-proven-magnesium-benefits

/ INNOVATIVE AGRICULTURE \
N /

ISSN : 3048 - 989X

The pictures of the fruits and vegetables are below:

Red

i !
phytonutrient content. Additionally, rainbow
vegetables offer a refreshing change from
routine dietary habits, introducing new flavors.
Studies also show that consuming these
vegetables enhances sensory satisfaction.
Moreover, their high fiber content adds extra
benefis. A rainbow diet positively impacts
mental wellbeing, as yellow and orange
produce contain tryptophan, which boosts
serotonin levels, improving mood.

The transition to incorporating rainbow
vegetables into oneds
chall enging, much
built in a day." However, simple steps such as
meal planning, smart shopping for fruits and
vegetables, and experimentingithw creative

Volume-01, Issued6
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recipes can yield significant benefits. Seasonal
availability can guide the inclusion of rainbow
vegetables, ensuring optimal nutrition. To
maintain yearound access, polyhouse farming
has become a popular solution.

A polyhouse is a controlled structure where
fruits and vegetables are grown throughout the
year, with artificial regulation of factors such as
light, temperature, and humidity. This modern
farming trend, especially common in developing
countries like India is costeffective and

requires mininmalbmaintdnancet Folghbulseg vary e e m
| i k eintslzee frena ysmaibcple " sBtopgr o Vaaes n 6 t

industrial operations. They protect crops by
preventing birds and animals from causing
damage, which accounts for nearly ghid of
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crop losses. In simple terms, a polyhouse is a
greenhouse covered with cladding material.
Examples of vegetables grown in polyhouses
include leafy greens, root vegetables, and fruits
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weather
conditions.
This system
uses

like tomatoes and bell peppers.

Leafy Greens

Spinachlettuce,Cabbage

Fruits

Tomato,CucumberBell

Peppers
Root Carrot,Radish
Vegetables
Other Broccoli, Cauliflower,
Vegetables Okra

Polyhouses serve various purposes, including:
AGrowing seedlings in nurseries.

A Cultivating exotic vV
A Producing vegetable

A Growing plants for h
A Raising ornamental p

Polyhouses are categorized into naturally

ventilated or environmentally controlled types,

with the latter further divided into specific

classifications.

Environmental | Classification | Cost
Controlled Involved
Polyhouse
Low This kind is Rs.300 to
tech/Inexpensive appropriate for| 500/n?
Polyhouse cold weather.

Usingshade

netting, you

can regulate

the

temperature

and humidity.
Polyhouse of These Rs.800 to
medium cost or | polyhouses Rs.1100/m
medium can be used in
technology dry and mixed

Volume-01, Issued6
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thermostats,
exhaust fans,
cooling pads,

and mist

controllers to

regulate

temperature

and humidity.
A high-end or Automatic Rs.2000 to
expensive control system| Rs.3500/m
polyhouse. for

temperatures,
eget abl ehumidity,
Cr 0PN fertilisers,
ybrid s eirrigétion,andOdUCt i lon.
l ant s i Nother complete

environmental
factors for
continuously
growing

crops.

Polyhouse farming is highly economical
and yields significantly more produce compared
to traditional greenhouses. It delivers three to
four times the harvest with minimal damage by
leveraging advanced technologies like
hydroponics and aeroponics. Reponslicate
that polyhouses can achieve-12 times higher
productivity and crop yields, ensuring high
guality, diseaséree fruits and vegetables. To
enhance nutrition, one can begin by including
two or three colorful fruits and vegetables in
each meal. As th saying goes, "The more
vibrant the color, the more nutritious the
vegetable or fruit."
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Smart Farming for Uncertain Weather i Climate-Resilient

Techniques in Balodabazar District of Chhattisgarh

Pradeep Kashyap, Angad Singh Rajput, P.

D. Verma and Anooldumar Rathore

Krishi Vigyan Kendra Bhatapara, Balodabazar (Chhattisgarh)

Introduction

Balodabazar, a major agricultural district in

Chhattisgarh, is increasingly vulnerable to
climate change. Farmers here rely heavily on
monsoon rains, but erratic rainfall, rising
temperatures, droughts, and flash floods have
disrupted traditional farming cles. These
extreme weather events lead to delayed sowing,
waterlogging, and prolonged dry spells, severely
affecting crop productivity. Major crops like
paddy, pulses, and oilseeds are highly
susceptible to these climatic variations.
Additionally, incremed evapotranspiration and
declining soil moisture due to rising

temperatures further challenge farmers. Pest and

disease outbreaks have become more frequent,
increasing input costs. Excessive use
chemical fertilizers and conventional farming
methods haalso led to soil degradation, making
agricultural sustainability a growing concern.

To address these challenges, farmers must
adopt climateresilient farming techniques.
Efficient water management through drip
irrigation, sprinkler systems, farm ponds, and
rainwater harvesting helps mitigate drought
effects. Conservation agriculture teddues
such as minimum tillage, mulching, and cover
cropping improve soil structure and moisture

retention. Crop diversification and short
duration, droughtolerant varieties enhance
resilience, ensuring stable yields despite

unpredictable weather. Organiamendments
like biofertilizers, compost, and green manuring
improve soil fertility while reducing dependency
on chemical inputs. Digital technologies,
including weather forecasting apps, soil health
monitoring, and Addriven advisory services,
help farmes make informed decisions.

Volume-01, Issued6
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Integrated pest and disease management (IPM)
techniques further reduce crop losses caused by
climateinduced pest outbreaks. Beyond
productivity, climatesmart agriculture also
brings financial advantages by reducing input
costs, stabilizing yields, and creating
opportunities for carbon credit earnings through
sustainable practices.

Recognizing the urgency of climate
adaptation, Krishi Vigyan Kendra (KVK)
Bhatapara has launched a Smart Farming
Initiative in Balodabazar. This initiative
promotes climatesmart agricultural practices by
providing training, demonstrations, and digital
tods to farmers. Farmers are educated on

precision irrigation, organic nutrient
management, conservation tillage, and
sustainable cropping systems. Field

demonstrations, model farms, and peer learning
hubs encourage wider adoption of these
techniques. Additinally, efforts are being made
to integrate local weather forecasting systems
into farm planning, helping farmers respond
proactively to extreme weather events.

By embracing smart, clima&daptive
techniques, farmers can secure sustainable,
profitable, and climateesilient agriculture.
With continuoussupport, knowledgsharing,
and policy backing, the district can become a
model for climatesmart farming, ensuring long
term agricultural and economic stability.

Initiation of Krishi Vigyan Kendra and Farmer
Groups
Krishi Vigyan Kendra (KVK) Bhatapara

led a climateresilient farming initiative to help
Bal odabazar6s farmers
Partnering with government agencies, research
institutions, NGOs, and farmer producer
organizations (FPOs), KVK developkxtation
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specific solutions through field demonstrations, B . Rai nwat er Harvesting

training programs, and mobile advisory services. Rainwater harvesting involves the construction
The initiative primarily focused on small  of farm ponds, check dams, and percolation

and marginal farmers, who are most vulnerable tanks to store and utilize rainwateifectively.

to climate change due to their reliance on rainfed This technique helps mitigate drought stress,

ISSN : 3048 - 989X

agriculture. By introducing watesaving recharge groundwater, and provide irrigation
techniques, climateesilient crops, and  water during dry spells.

sustainable soil management, theogram Impact:

reduced dependence on unpredictable {1 Increase in groundwater levelsUp t00.5

monsoons. Special support was extended to
women farmers and tribal communities,
ensuring equitable access to modern farming 1

1.2 metersin regions where farm ponds and
check dams were implemented.
Extended crop-growing period: Additional

methods. irrigation enabled farmers to grow an extra
Climate-Resilient Farming Techniques Crop per season.
Implemented 1 Reduction in dependency on borewells

1. Smart Water Management
Water scarcity and erratic rainfall have been
major challenges for farmers in Balodabazar. To

40% of farmers reported decreased reliance
on groundwater extraction.

address these issues, smart water management Structure | Water Number | Area
techniques have been implemented, ensuring (S:frzgs ?:S:;lrl‘gj 522?2:2:)
efficient utilization of available water resources. (Liter) |

The adoption .of drip |rr|ga'F|on, sprinkler Farm 500,000 > 120
systems, and rainwater harvesting structures has| pon4s 1,000,000

significantly improved wateuse efficiency, Check 1,000,000 1 250
reduced wastage, and increased crop yields. Dams -

ADrip lrrigation and Spri nk/l5e00008ystems
Drip irrigation delivers water directly to plant Percolation| 2,000,000 1 65
roots in a controlled manner, reducing water loss | Tanks -

due to evaporation and runoff. Sprinkler 10,000,000

irrigation ensures uniform water distribution,

making it ideal for dryland farming.

Impact

1 Water savings: 360%
traditional irrigation.

1 Increase in yield: 125% in paddy, pulses,
and vegetables.

1 Reduction in energy costs: 20%, as less
water pumping is required.

compared to

Crop Water Use | Yield Adoption
Reduction Increase | by Farmers
(%) (%) (No.)
Wheat 35% 18% 2,800
Vegetables| 50% 25% 1,200
Pulses 30% 15% 1,000
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2. Improved Soil Health Practices

Soil health is a critical factor in ensuring
sustainable and resilient agriculture, especially
in climatevulnerable regions like Balodabazar.
Poor soil fertility, excessive chemical fertilizer
use, and erosion have led to declining crop
yields. To countethese challenges, farmers in
the district have adopted organic amendments,
conservation tillage, and crop rotation to
enhance soil structure, improve microbial
activity, and maintain lon¢germ productivity.

A. Organic Amendments (Biofertilizers,
Compost, Green Manure)

Organic amendments enhance soil organic
matter, microbial diversity, and nutrient
availability. Key types include biofertilizers
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(Rhizobium, Azotobacter, PSB), C. Increased CropProductivity and Income
compost/vermicompost (decomposed organic 1 Yi el d stability-25%ncreas
matter), and green manure (Sesbania, Dhaincha) ensuring reliable farm ir
to improve nitrogen levels and soil fertility. 1T Crop di versification t hr
Impact: and rotation | ed to highe
T Increase in soil organic matter: From0.4 ¢ Net profit per farmer i nc
0.6% to 1.21.5% in treated fields. 18,000 per t eeaismmr odad
1 Increase in yield: 120% improvement in productivity and | ower
paddy, wheat, and pulses.
f Improvement in Soil Nutrient Availability, Crop |Yield|Reductlncres
reducing the need for synthetic fertilizers. Systetlncregin  ANet P
. . . . . ( %) Incidqg( [/ ha
1 Enhanced microbial biomass in organically ( %)
managed soils, leading to improved nutrient 53 q7d y 20 % 35 % 15.0
cycling. Chi ck
Rot ati
Parameter Before After Change Bl ack 25 % 40 % 18. 0
Adoption | Adoption (%) + Pi
Soil Organic 047106 | 12715 +150 Pe a
Carbon (%) 200% I nt er
Available 18071 220 25071 320 +40- Wh e a f 15 % 30 % 12 , 0
Nitrogen 50% Green
(kg/ha) Gr am
Available 157 20 257 35 +60- Rot at i
Phosphorus 75%
(kg/ha)
Available 1207 150 | 1801 220 | +50%
Potassium
(kg/ha)
Microbial Baseline 3550% +35
Biomass Higher 50%
Increase

B. Reduced Dependence on Chemical

Fertilizers

1 Farmers reduced synthetic fertilizer use by
30-40%, leading to cost savings.

1 Soil fertility was maintained naturally,

reducing input dependency. 3. ClimateSmart Crop Varieties in
1 Higher profitability due to lower fertilizer Balodabazar

expenditure and improved yields. To combat the adverse effects of climate change,
Organic Reduction | Reduction | Increase farmers have adopted climagenart crop
Amendment in Urea in DAP | in Yield varieties that can withstand droughts, floods,

Use (%) Use (%) (%) and erratic rainfall. These varieties have

Biofertilizers 35% 30% 12% improved productivity, reduced risk, and
Compost/ 40% 35% 15% ensured food security in the region.
Vermicompost
Green Manure 30% 25% 10%




