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Wheat and barley are among the most

vital cereal crops supporting global
food security, particularly in countries
like India where they form a staple part
of the diet. However, their productivity is
increasingly threatened by emerging
and re-emerging plant diseases,
among which Spot Blotch has gained
significant  attention due to its

widespread occurrence and yield-
reducing potential.
Blotch,

Bipolaris

Spot primarily caused by

sorokiniana, is a major
constraint in warm and humid wheat-
growing regions. The disease not only

affects leaf health and photosynthetic

efficiency but also leads to
considerable vyield losses if not
managed timely. In recent vyears,
changing climatic conditions have

further aggravated its incidence and
severity, making it a serious concern for
researchers, extension workers, and

farmers alike.

both
relevant, offering practical

This contribution is timely and
insights for
researchers, students, and farmers alike. It
need for

underscores the urgent

continued research, awareness, and
adoption of eco-friendly management
Blotch

cereal

practices to combat Spot

effectively and ensure stable
production.
their

valuable contribution and hope this article

We appreciate the authors for

will serve as a useful resource in
addressing one of the key pathological
wheat and

challenges in barley

cultivation.

Dr. Deepak Kumar
FOUNDER & EDITOR
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heat (Triticum spp.) and barley importance of spot blotch or leaf blight is often
(Hordeum spp.) are two of the most underestimated compared to the rust diseases. Over the
important cereal crops cultivated and last few decades, significant progress has been made in
consumed globally. In the case of wheat, India crossed  breeding rust-resistant varieties, and epidemics have
the milestone of 100 million ” Wil l’ | W £ , ‘:‘. R | ”\'""\‘ ;liﬂ ; + been successfully
tonnes of production in 2019. ARIAY Y managed in many
Since then, with the adoption regions through the
of improved varieties and strategic  deployment
technologies, wheat of resistant genes.
production and productivity Because of the major
have continued to increase focus on rust research,
every year. During 202425, India produced more than  other diseases of wheat and barley remained relatively
117.50 million tonnes of wheat from over 33 million neglected, creating an opportunity for spot blotch
hectares of agricultural land. In the case of barley, disease to emerge as a major threat due to the lack of
despite its national and nutritional importance, the area  sufficient resistant germplasm against the pathogen.
and production have not increased as rapidly as  This article describes various aspects of spot blotch
expected. However, efforts are being made to increase ~ disease of wheat and barley, including symptoms,
barley cultivation and production in India. The economic importance, pathogen characteristics,
production and productivity of wheat and barley are  disease development, spread, and management
challenged by several biotic stresses, mainly diseases  strategies.
such as rusts, spot blotch or leaf blight, powdery = Economic Importance of Spot Blotch: In India, spot
mildew, bunt, and smut. Among these diseases, the blotch disease was first reported in Bihar in 1914. The
www.agrirootsmagazine.in
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disease commonly occurs in the warm and humid
regions of Bihar, West Bengal, Uttar Pradesh, Odisha,
Assam, Madhya Pradesh, Maharashtra, and Karnataka.
Initially, it was considered a serious problem mainly in
the north-eastern region of the country, but due to
climate change and crop intensification, the disease has
now spread extensively to north-western, peninsular,
and central regions of India. Countries where wheat
and barley crops are grown under warm temperature
conditions during crop growth are highly vulnerable to
spot blotch disease, which can cause severe yield
losses. Under favorable conditions, the disease may
cause more than 50% yield loss in wheat. In barley,
susceptible varieties may suffer up to 80% yield loss
under favorable disease conditions. During severe
epidemics, the pathogen may even cause nearly 100%
yield loss.

Symptoms of Spot Blotch Disease: The spot blotch
pathogen is capable of infecting all plant parts
including internodes, stem, nodes, leaves, awns,
glumes, and seeds. The pathogen can cause pre-
emergence and post-emergence damping-off, seedling
blight, root rot, leaf spots, and spike blight at different
growth stages of the plant. Initial lesions on leaves
appear as small, dark brown spots measuring about 1—
2 mm in length without chlorotic margins. In
susceptible varieties, these lesions rapidly enlarge and
develop into light to dark brown oval or elongated
blotches, giving the appearance of leaf blight. Under
favorable environmental conditions, spikelets may also
become infected, resulting in shriveled grains and the

development of “black point” symptoms on grains.

www.agrirootsmagazine.in

Fig 1: Symptoms of Spot blotch on wheat (4) and
Barley (B); Colony of Bipolaris sorokiniana on PDA
culture medium (C) and spore of Bipolaris sorokiniana
under compound microscope

Causal Agent of Spot Blotch Disease: In 1959,
Shoemaker proposed the generic name Bipolaris for
those Helminthosporium species possessing fusoid,
straight, or curved conidia that germinate through germ
tubes from both ends. Spot blotch is caused by
(synonyms:  Drechslera

Bipolaris  sorokiniana

sorokiniana, Helminthosporium sativum), a
dematiaceous hyphomycetous fungus. The perfect
stage of the pathogen has been identified as
Cochliobolus sativus. The pathogen develops light to
dark brown colonies on culture media. In older
scientific literature, Bipolaris sorokiniana has also
been referred to as Helminthosporium sorokinianum,
Drechslera sorokiniana, and Helminthosporium
sativum. Its conidia are thick-walled, slightly curved,
and approximately 120 x 12-20 um in size, generally
containing 3-9 septa. A conidiophore may produce
either a single conidium (monosporic conidiophore) or

multiple conidia (polysporic conidiophore).
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Disease = Development and Spread: Most
Helminthosporium species are capable of causing
disease under moderate to warm temperatures (18—
32°C), especially in humid conditions. Spot blotch
becomes most severe in environments characterized by
high temperatures (above 17°C during cooler months)
and high relative humidity. Infected seeds, crop
residues, volunteer plants, secondary hosts, and
dormant spores present in soil act as sources of
inoculum  for  Bipolaris  sorokiniana.  This
hemibiotrophic fungus sporulates on necrotic tissues
during the crop season and eventually reaches the
spikes and seeds, ensuring efficient pathogen survival.
When infected seeds are sown, the coleoptile becomes
easily infected, resulting in seedling infection that
provides inoculum for the growing crop. Soon after
sowing, fungal growth begins on moist seeds, and
sporulation is induced under direct sunlight after
seedling emergence at the first-leaf stage. Under
favorable conditions, the pathogen rapidly infects
leaves and spikes, causing severe yield losses. Conidia
produced on the first infected leaves spread to healthy
leaves through rain splash and wind, leading to
polycyclic epidemics. Besides wheat and barley,
several grass species also serve as hosts for B.
sorokiniana, although their exact role in disease
perpetuation in the Indian subcontinent is not fully
understood.

Management Strategies for Spot Blotch Disease
Effective management of any crop disease, including
spot blotch, can be achieved through the use of
resistant varieties. This approach is cost-effective and

environmentally safe. However, adopting this option

www.agrirootsmagazine.in

proves challenging due to a lack of sufficiently
resistant varieties. Furthermore, alongside the use of
resistant varieties, other strategies—such as cultural
practices, fungicide application, and biological control
methods—can help reduce the incidence of the disease.
Details of these strategies are provided below.

1. Cultural The

Practices: inoculum

primary
pressure of B. sorokiniana can be effectively
reduced through crop rotations such as
wheat/barley—sunflower and wheat/barley—soybean
systems. Monoculture of wheat or barley should be
discouraged. Burning crop residues may reduce
inoculum by up to 90%, but due to its harmful
environmental effects, it is not recommended. Early
sowing, deep ploughing, balanced fertilizer
application (especially nitrogen), destruction of
crop residues, recommended seed rate, and proper
plant spacing help reduce disease incidence.
Cultivation of highly susceptible varieties in
disease-prone areas should be avoided, and weeds
and collateral host plants around the field should be
controlled.

2. Use of Resistant Varieties: The most effective,
economical, and environment friendly method for
disease management is the cultivation of resistant
varieties. Therefore, spot blotch-resistant varieties
recommended for specific regions should be used.

3. Selection of Seed: Healthy and disease-free seeds
are essential for obtaining a healthy crop. Seeds
should be procured from reliable sources and
produced in disease-free fields.

4. Seed Treatment: Seed treatment with fungicides

helps protect germinating seeds and seedlings from
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pathogens causing seedling blight. Effective control
of spot blotch can be achieved by treating seeds with
Carboxin 37.5% + Thiram 37.5% at the rate of 2.5
g per kg seed. Other effective fungicides include
Captan, Mancozeb, Thiram, Tebuconazole, and
Triadimefon.

5. Foliar Spray: Fungicides such as Propiconazole,
Mancozeb 75%, Zineb 75%, Tebuconazole 25.9%,
Carbendazim 50%, Dithane Z-78, Iprodione, and
Imazalil provide effective control of the foliar
phase of the disease.

6. Biological Control: Biological control agents such
as Trichoderma viride, Trichoderma harzianum,
Chaetomium globosum, and Trichoderma virens
have been found effective against spot blotch
caused by Bipolaris sorokiniana.

Conclusion

www.agrirootsmagazine.in

Spot blotch or leaf blight disease has emerged as a
major constraint in the production of wheat and barley,
particularly in warm and humid growing regions. Early
disease diagnosis and proper pathogen identification
are essential for successful disease management.
Although several fungicides are available for disease
control, concerns regarding their effects on human
health remain important. Therefore, the exploration
and use of effective biological control agents are
becoming increasingly necessary. Sources of
resistance against spot blotch are limited, and Bipolaris
sorokiniana 1s emerging in areas where it was
previously considered a minor disease. Hence, the
development of resistant germplasm is critically
important. Ultimately, adopting integrated disease
management practices remains the best approach for

effective disease control and achieving higher crop

productivity.
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griculture plays a vital role in ensuring food
security, employment, and economic
growth, particularly in developing
countries like India, where nearly 55% of the
population depends on agriculture for their livelihood.
However, intensive farming
practices, excessive use of chemical
fertilizers,  monocropping, and

continuous exploitation of natural

The agricultural sector is a cornerstone of
global food security and economic development. In
India, agriculture supports more than half of the
population. However, modern agricultural practices
characterized by excessive chemical inputs,
monoculture, and
overexploitation of resources
have significantly degraded
soil health. According to the

resources have led to severe soil 4% . INTEGRATED PR Food  and  Agriculture

degradation and declining
productivity. Integrated Farming
Systems (IFS) offer a sustainable
solution by integrating multiple
agricultural enterprises such as
crops, livestock, poultry, fisheries,
agroforestry, and composting. This approach enhances
resource-use efficiency, nutrient recycling, and farm
profitability while reducing environmental
degradation. This article evaluates the role of IFS
models in improving soil health, nutrient cycling, farm

income, and sustainability.

www.agrirootsmagazine.in

FARMING Organization (FAO), nearly
SYSTEM 33% of global soils are

moderately to highly
degraded due to erosion,
salinity, compact ion, and
nutrient imbalance. In India,
approximately 120 million hectares of land are affected
by various forms of degradation.

Integrated Farming Systems (IFS) present a holistic
approach to addressing these challenges by combining
various farm enterprises into a single, interdependent

system. Studies by the Indian Council of Agricultural

Volume 4, Issue 7 | July, 2026
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Research (ICAR) indicate that IFS can increase farm
income by 25-60% and improve soil organic carbon by
15-20% compared to conventional farming.

Concept of Integrated Farming System

Integrated Farming System (IFS) is a sustainable
agricultural approach in which different farm
enterprises are integrated so that the output or waste of
one component becomes the input for another. This
integration enhances resource-use efficiency, promotes
nutrient recycling, increases farm income, and
minimizes environmental pollution.

Major Components of IFS

1. Dairy Farming

Dairy farming is a key component of IFS, providing
continuous income, nutritional security, and organic
manure. Cattle convert crop residues into valuable
products such as milk and dung. India is the largest
milk producer globally, producing over 230 million
metric tonnes annually. Each animal produces 10-15
kg of dung daily, which enhances soil organic carbon
and microbial activity. Integration with crops reduces
chemical fertilizer use by 25-30%.

2. Poultry Farming

Poultry farming involves raising birds for meat and egg
production. It is highly profitable due to its short
production cycle and low space requirements. Poultry
manure is rich in nutrients, especially nitrogen (~3%),
and can be used in composting or fish ponds for
nutrient recycling.

3. Goat Rearing

Goat farming is suitable for small and marginal farmers
due to low investment requirements. Goats feed on

shrubs and crop residues and contribute manure rich in

www.agrirootsmagazine.in

organic matter and nutrients. India has over 148
million goats, making this enterprise economically
significant.

4. Fisheries

Fish farming utilizes water resources efficiently and
integrates well with livestock systems. Nutrient-rich
pond water can be used for irrigation, while livestock
waste promotes plankton growth, enhancing fish
productivity by 30—40%.

5. Vermicomposting

Vermicomposting converts organic waste into
nutrient-rich compost using earthworms. It improves
soil structure, fertility, and microbial activity. Crop
yields can increase by 15-25% with reduced
dependence on chemical fertilizers.

6. Agroforestry

Agroforestry integrates trees with crops and livestock.
It improves biodiversity, reduces soil erosion, and
enhances carbon sequestration (2-9 tonnes/ha/year).
Common species include neem, eucalyptus, poplar,
bamboo, and fruit trees.

7. Mushroom Cultivation

Mushroom farming utilizes agricultural waste and
generates high-value produce. The spent substrate can
be reused as animal feed or manure. India produces
over 0.3 million tonnes of mushrooms annually.
8. Biogas Production

Biogas technology converts organic waste into
renewable energy. The by-product slurry is a nutrient-
rich organic fertilizer. Small biogas plants can meet
household energy needs and reduce reliance on fossil

fuels.
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Objectives of Integrated Farming Systems

o To improve soil fertility and soil health

e To enhance nutrient recycling and resource-use
efficiency

o To increase farm productivity and profitability

e To reduce environmental pollution and conserve
natural resources

o To generate year-round employment and income

o To promote sustainable agricultural development

Components of IFS Models

e Crop Component: Central to IFS; provides
residues for livestock and composting

o Livestock Component: Supplies milk, meat, and
manure

o Fishery Component: Utilizes water resources and
recycles nutrients

e Poultry Component: Provides nutrient-rich
manure

o Agroforestry Component: Enhances biodiversity
and soil health

e Vermicomposting & Biogas: Converts waste into
compost and energy

Evaluation of IFS Models

1. Soil Health Improvement

IFS improves soil health through continuous recycling

of organic materials such as crop residues, livestock

manure, and biogas slurry. This enhances soil organic

carbon, structure, microbial activity, and water-holding

capacity.

2. Nutrient Cycling Efficiency

IFS promotes efficient nutrient recycling by converting

waste into valuable inputs. This reduces dependence on
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chemical fertilizers by 20-40% and improves nutrient-
use efficiency.

3. Farm Productivity and Profitability

Integration of multiple enterprises increases overall
farm productivity. Farmers benefit from diversified
outputs such as milk, eggs, fish, and compost. Studies
indicate a 1.5-3 times increase in net income compared
to conventional systems.

4. Employment Generation

IFS creates year-round employment opportunities and
supports rural livelihoods, including the participation
of women and family labor.

5. Environmental Sustainability

IFS reduces chemical input use, enhances biodiversity,
promotes carbon sequestration, and ensures efficient
utilization of resources, making it environmentally
sustainable.

Constraints in Adoption of IFS

o Lack of technical knowledge

e Small landholdings

o Limited financial resources

o Poor market access

» Inadequate extension services

o Labor-intensive management

Strategies for Successful Implementation

o Farmer training and capacity building

o Development of location-specific IFS models

» Financial assistance and subsidies

» Promotion of organic recycling technologies

o Strengthening market infrastructure

o Integration of modern technologies with traditional

practices
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Conclusion

Integrated Farming Systems (IFS) provide a
sustainable and holistic approach to modern agriculture
by transforming linear production systems into circular
ones. Through the integration of crops, livestock,
fisheries, and agroforestry, IFS enhances soil health,
improves nutrient cycling, and increases farm
profitability. It also contributes to environmental

References

conservation and social sustainability by generating
employment and reducing climate risks. Despite
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a resilient, profitable, and sustainable agricultural

system in India.
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n animal’s body temperature is closely

linked to its metabolic and physiological

activities, serving as a primary indicator of
its overall health. Accurate monitoring of thermal
fluctuations is  essential  for
identifying diseases, environmental
stress, and specific reproductive
stages. Traditionally, livestock
health assessment relied on
physical examinations and invasive
procedures  such as  rectal
temperature and  heart rate
measurements (Stewart et al.,
2008). Although cost-effective,
these methods require physical
restraint, which induces stress and may lead to
measurement errors (Soerensen and Pedersen, 2015;
McManus et al., 2016).

Moreover, conventional diagnostic approaches
depend on visible clinical symptoms such as lethargy
or altered gait, which typically appear only at advanced
stages of disease. To overcome these limitations,
modern agricultural systems are increasingly adopting
remote sensing technologies within the framework of

Precision Livestock Farming (PLF). Among these,
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infrared thermography (IRT) has emerged as a
revolutionary non-invasive diagnostic tool (Redaelli et
al., 2014).

IRT detects natural infrared radiation emitted
by the animal’s body and
converts it into a visual
thermogram, reflecting
microvascular  circulation
and metabolic activity in real
time. Its contactless nature
eliminates handling-induced
stress and provides highly
accurate physiological data
(Lokesh Babu et al., 2018;
Zhang et al., 2019). By
enabling early, subclinical detection of diseases and
stress conditions, IRT significantly enhances animal
welfare and farm productivity.

Physiological Principles of Infrared Thermography
(IRT)

All objects above absolute zero emit infrared radiation
(Zaninelli et al., 2018). Infrared thermal imagers
capture this radiation using non-contact sensors
(Godyn and Herbut, 2018). Instead of directly

measuring temperature, IRT translates these emissions
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into thermograms that represent surface temperature
patterns.

These thermal patterns reflect underlying tissue
metabolism and blood flow. For example,
inflammation or infection leads to wvasodilation,
creating localized “hot spots,” whereas reduced

circulation appears as cooler regions. Since IRT is

entirely non-invasive, it ensures accurate data
collection without stress-induced alterations in
physiological responses.

Applications of Infrared Thermography in

Livestock

1. Viral Disease Detection
IRT is an effective tool for early detection of viral
infections. In Bovine Respiratory Disease (BRD),
thermal changes in orbital, nasal, and auricular regions
can be detected 48—72 hours before clinical signs
appear. Early detection improves recovery rates and
reduces antibiotic use. IRT is also useful in detecting
infections caused by pathogens such as Mycoplasma
bovis, Coronavirus, Parainfluenza-3, and Bovine
Respiratory Syncytial Virus. Additionally, it aids in
diagnosing bluetongue in sheep and rotavirus
infections in calves.

2. Mastitis Detection

Mastitis, a major issue in dairy production, causes
inflammation of the mammary gland leading to
reduced milk yield. While clinical mastitis is visible,
subclinical mastitis requires laboratory analysis. IRT
provides a rapid, non-invasive screening method by
detecting increased udder surface temperature due to
Routine thermal

inflammation. scanning during

milking helps in early identification and intervention.
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3. Lameness and Hoof Health Detection

Lameness is a critical welfare and economic concern in
livestock. IRT helps detect inflammation in the distal
limbs and coronary band. Temperature differences
between limbs can predict lameness up to two weeks
before visible symptoms appear. It is widely used in
cattle, sheep, swine, and poultry for hoof health
assessment.

4. Environmental Stress and Thermoregulation
Assessment

Livestock are highly sensitive to environmental stress,
which affects immunity, productivity, and feed

efficiency. IRT evaluates thermoregulation by
monitoring heat dissipation from regions such as the
eyes, ears, and muzzle. It helps farmers optimize
housing conditions, ventilation, and cooling systems.
Additionally, IRT is useful in transport and abattoirs
for rapid stress assessment.

S. Oestrus Detection

Accurate estrus detection is essential for reproductive
efficiency. While wearable sensors are commonly
used, they can be expensive and uncomfortable. IRT
offers a non-invasive alternative by detecting
temperature variations caused by hormonal changes
during the estrous cycle, enabling precise identification
of reproductive stages.

6. Testicular Abnormality Detection

IRT is valuable in assessing male reproductive health.
Since lower testicular

spermatogenesis requires

temperatures, thermal imaging helps detect

abnormalities caused by heat stress or inflammation.

Elevated scrotal temperatures are associated with
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reduced sperm quality, making IRT an effective tool

for screening breeding males.

Economic Viability and Return on Investment

(ROI)

The cost of thermal imaging technology has decreased

significantly, making it accessible to farmers. Modern

devices, including smartphone attachments, are

affordable and user-friendly.

The return on investment is achieved through:

» Early disease detection and reduced veterinary costs

e Optimized drug usage and reduced antibiotic
dependence

o Improved animal productivity and reduced culling

rates

References

Overall, IRT supports sustainable and profitable
livestock management practices.

Conclusion

Infrared thermography has evolved into a practical and
highly sensitive diagnostic tool in livestock
management. Its non-invasive nature aligns with
modern animal welfare standards, while its ability for
early disease detection provides significant economic
benefits.

The integration of IRT into routine farm practices
shifts livestock management from reactive to proactive
approaches. With advancements in automation and
machine learning, IRT is expected to play a central role
in precision veterinary medicine and smart farming

systems.
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recision farming treats a field not as one

uniform space but as a mosaic of micro-

environments, each with its own soil
chemistry, moisture profile, and yield potential. By
converging sensors, drones, satellite imagery, and data
analytics, it offers a genuinely different approach from
past agricultural shifts. This
article examines what precision
farming involves, its relevance
to environmental sustainability
and disaster risk, and where it
still falls short—providing a
balanced assessment of a i
technology with real promise
for feeding humanity in a
warming world.
Why Farming Needed a Rethink
Industrial agriculture boosted yields dramatically but
at enormous environmental cost—aquifer depletion,
topsoil erosion, nitrogen runoff, pesticide resistance,
and greenhouse gas emissions. Precision farming
works within and alongside this model with a core
insight: not every square metre of a field is the same.

Patches differ in drainage, clay content, and shading,
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and treating the whole field identically means over-
applying inputs in some areas and under-applying in
others. Precision agriculture uses technology to detect
these differences and respond at the appropriate scale.
The Core Technologies

Precision farming is an ecosystem of tools that together
give farmers unprecedented
situational awareness. GPS-
based positioning allows
machinery to know its
location to within
centimetres, enabling
variable-rate application of
seeds, fertilizer, and water—

eliminating overlaps and

missed strips.

Remote Sensing and Satellite Imagery

Near-infrared satellite and aerial imagery generates
NDVI (Normalised Difference Vegetation Index)
maps—heat maps of crop health—revealing plant
stress weeks before the naked eye detects it. Falling
imagery costs and drone proliferation now allow a
farmer to map a fifty-hectare field in an afternoon and

have processed NDVI data by evening.
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Soil Sensors and IoT Devices

Networked soil sensors measure moisture,
temperature, pH, and nutrients continuously, enabling
automated irrigation systems to respond in near real-
time. Studies in semi-arid regions report 30—50% water
savings with sensor-based irrigation compared to
conventional timed systems.

Big Data and Predictive Analytics

Machine learning algorithms trained on historical yield
data, weather patterns, and soil profiles generate
recommendations on planting, harvesting, and field
underperformance. Disease prediction models
integrating weather forecasts and pathogen spread
patterns alert farmers before outbreaks take hold—and
accuracy is improving rapidly.

Precision Farming and Environmental
Sustainability

The environmental case for precision agriculture is
fundamentally a case against waste. Variable-rate
fertiliser application—guided by soil tests—reduces
nitrogen  leaching into  waterways,  cutting
eutrophication and nitrous oxide emissions. Sensor-
guided pesticide application, targeting specific plants
or pest clusters rather than blanket spraying, can reduce
herbicide use by up to 90% in trial settings. Precision
tillage systems preserve soil organic matter and its
carbon-storing capacity, with some advocates arguing
the combination of precision and regenerative practices
could shift farmland from a net carbon emitter to a net
carbon sink—though evidence remains context-
specific.

Disaster Management and Agricultural Resilience

www.agrirootsmagazine.in

Climate change is increasing agricultural disasters—
droughts, floods, unseasonal frosts, and expanding pest
ranges. Early warning systems built on crop
monitoring data give farmers and governments
advance notice of impending failures, enabling pre-
emptive action. Satellite imagery has already detected
locust swarms in sub-Saharan Africa in early stages,
enabling coordinated regional responses impossible
with ground observation. At farm level, precise
microclimate data allows growers to prioritise limited
irrigation water by soil zone during droughts—
granular decision-making that is life-changing where a
failed harvest means more than financial loss.
Challenges and Honest Limitations

* Cost: GPS-enabled machinery, sensor networks,
and analytics platforms are prohibitive for
smallholder farmers. In India, where average
farm holdings are under two hectares, hardware-
dependent business models do not obviously
scale.

 Digital Literacy And Connectivity: Precision
agriculture assumes reliable mobile data
networks and digital competency—both shaky
assumptions in regions where productivity gains
are most urgently needed.

« Data Ownership: Agri-tech corporations
collecting farmers' agronomic data raise
unresolved questions about ownership,
commercial use, and whether sharing detailed
yield and soil data hands leverage to entities

with divergent interests.

The Road Ahead
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Precision agriculture is a direction, not a finished
project. Al integration in farm management is still
early-stage; autonomous planting and harvesting
vehicles are in commercial trials; lab-based soil
genomics detecting disease microbes before surface
spread are moving from research to application; and
hardware costs continue to fall. The harder question is
equity: if precision farming remains confined to large-
scale commercial agriculture in wealthy countries, its
benefits will be real but geographically limited.
Adapted, subsidised, and delivered accessibly to
smallholders in South Asia, sub-Saharan Africa, and
Latin America, its impact on food security, climate
resilience, and rural livelihoods would be of an entirely

different magnitude.
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Conclusion

Precision farming offers one of the more credible
answers to producing more food on finite, stressed land
without irreparably damaging ecological systems. Its
toolkit—satellite imagery, soil sensors, GPS-guided
machinery, predictive analytics—is already changing
how millions of farmers make decisions, with deeper
integration ahead. Technology is only as useful as the
human and institutional context around it. The honest
case for precision agriculture is not that it solves
everything, but that it offers powerful tools which,
combined with good policy, inclusive access, and
continued research, can make a meaningful difference

in the most critical field of all: food production.
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griculture is one of the oldest human

occupations and remains the foundation of

civilization. Traditionally viewed merely as

food production, modern
agriculture has evolved into a
highly dynamic sector that
combines scientific knowledge,
practical skills, and economic
principles. It is rightly described as

an art, a science, and a business

because  successful  farming
requires  creativity in  field
management, scientific

understanding  of  biological
processes, and sound business decisions to ensure
profitability and sustainability.

With the global population expected to exceed
9 billion by 2050, agriculture faces unprecedented
challenges, including climate change, shrinking arable

land, water scarcity, and environmental degradation.
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Addressing

g business

these challenges requires a
multidisciplinary approach that integrates scientific
innovation, artistic farming practices, and effective
management.
Modern agriculture therefore
represents a perfect blend of
technology, human skill, and
entrepreneurship.
Agriculture as a Science:
The Role of Scientific
Innovation

Agriculture is fundamentally
a science as it relies on
principles of  biology,

and environmental

chemistry,

physics, genetics,
sciences to enhance crop and livestock production.
Scientific advancements have transformed agriculture
from traditional subsistence farming into a
technologically advanced sector capable of producing

more with fewer resources.
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The Green Revolution significantly increased
food production through the development of high-
yielding varieties. Modern innovations in plant
breeding, biotechnology, and molecular genetics
continue to improve resistance against pests, diseases,
and abiotic stresses such as drought and salinity.
Precision agriculture technologies—including GPS,
GIS, remote sensing, and drones—enable efficient
monitoring of crop health and resource use. Soil
science contributes to sustainable farming through
improved nutrient management and conservation
practices. Approaches such as Integrated Nutrient
Management (INM), Integrated Pest Management
(IPM), and conservation agriculture enhance
productivity while reducing environmental impact.
artificial

Emerging technologies such as

intelligence, machine learning, robotics, and
nanotechnology are further revolutionizing agriculture.
Innovations like nano-fertilizers and smart irrigation
systems improve resource-use efficiency. Climate-
smart agriculture, supported by weather forecasting,
stress-tolerant varieties, and carbon sequestration
practices, enhances resilience against climate
variability.

Agriculture as an Art: The Importance of Artistic
Skill

Despite technological progress, agriculture remains an
art that depends on experience, observation, and
intuition. Farmers often rely on their ability to interpret
subtle changes in crops, soil, and environmental
conditions.

Decisions such as sowing time, irrigation scheduling,

pruning, harvesting, and crop rotation are often guided
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by practical knowledge developed over generations.
Artistic skills are particularly evident in horticulture,
floriculture, landscaping, and organic farming, where
quality and aesthetics are essential.

Traditional agricultural practices—such as
terrace farming, rainwater harvesting, and mixed
of

cropping—reflect the

knowledge

ingenuity indigenous

systems. Farmers integrate scientific
recommendations with local experience to develop
location-specific solutions.

The artistic dimension also includes adaptive
resource management. Successful farmers
continuously modify practices based on seasonal
variations, market demands, and environmental
conditions, demonstrating creativity and innovation in
farm management.

Agriculture as a Business: The Economic
Perspective

In the modern era, agriculture functions as a business
enterprise. Farmers act as entrepreneurs who manage
investments, risks, and resources to maximize returns.
Profitability depends on efficient use of inputs such as
seeds, fertilizers, labor, machinery, and water.

Market awareness is crucial due to
globalization and changing consumer preferences.
Farmers must understand market trends, quality
standards, and value addition opportunities.
Agribusiness extends beyond production to include
processing, packaging, storage, transportation, and
marketing.

Financial management plays a vital role in
agricultural success. Access to credit, crop insurance,

subsidies, and proper investment planning helps
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farmers manage uncertainties. Digital technologies,

including mobile applications and e-marketing

platforms, provide real-time access to market
information and advisory services.

Entrepreneurial opportunities in agriculture are
expanding through areas such as organic farming,
protected cultivation, hydroponics, and agritourism.
Young farmers and agri-startups are increasingly
adopting innovative and technology-driven business
models.

Integration of Science, Art, and Business in Modern
Agriculture

The strength of modern agriculture lies in the
integration of science, art, and business. Scientific
knowledge provides technological solutions, artistic
skills ensure effective application, and business
management guarantees economic sustainability.

For example, precision farming combines
advanced tools with farmer expertise to optimize
productivity and profitability. Integrated farming
systems require ecological understanding, practical
skills, and sound financial planning.

Sustainable agriculture depends on the
balanced integration of these three components.
Efficient resource use, crop diversification, and
conservation practices not only improve productivity
but also ensure long-term sustainability.

Educational institutions and extension systems
must  focus

on developing multidisciplinary

competencies, combining technical knowledge,

practical exposure, and entrepreneurial skills among

future agricultural professionals.
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Future Prospects
Agriculture is entering a transformative era driven by
technologies, climate and

digital adaptation,

sustainability.  Innovations such as artificial
intelligence, robotics, biotechnology, and big data
analytics are reshaping farming systems.

Emerging approaches like vertical farming,
controlled environment agriculture, and renewable
energy integration will play a significant role in future
agriculture. These advancements require farmers to
become skilled managers capable of integrating
multiple disciplines.

The increasing demand for safe and sustainable

food creates opportunities in organic farming,
regenerative agriculture, and carbon farming.
Collaboration among governments, researchers,

industries, and farmers is essential to ensure inclusive
and sustainable agricultural development.

Conclusion

Agriculture is far more than the cultivation of crops and
livestock; it is a unique integration of science, art, and
business. Scientific innovation enhances productivity,
artistic  skills enable adaptability, and business
management ensures economic viability.

The future of agriculture depends on effectively
combining these three dimensions to address global
challenges such as food security, climate change, and
resource conservation. Recognizing this integrated
nature will help build resilient and sustainable

agricultural systems for future generations.
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limate change has emerged as one of the
most critical challenges affecting global
agriculture and food security. Increasing
temperatures, altered rainfall patterns, rising

atmospheric carbon dioxide

(CO») levels, and the growing ’ g

frequency of extreme weather
events are significantly
influencing the interaction
between plants, pathogens, and
the environment. These changes
are accelerating the emergence
and spread of plant diseases
across different regions of the world, thereby affecting
crop productivity, biodiversity, and farmers’
livelihoods. Recent studies indicate that climate
change is not only intensifying existing diseases but
also creating favorable conditions for the emergence of
new pathogens in areas where they were previously
absent (Anderson et al., 2004; Garrett et al., 2006).
Climate Change and Plant Disease Dynamics

Plant diseases are highly dependent on environmental
factors such as temperature, humidity, rainfall, and
wind. Any variation in these parameters directly affects

the survival, multiplication, and dissemination of
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pathogens, as well as the susceptibility of host plants.
Rising temperatures enhance the growth and
reproduction of fungal, bacterial, and viral pathogens,
while irregular rainfall patterns favor both moisture-
induced diseases and
drought-associated stress
disorders.

Elevated CO:

levels may also alter

plant physiology,
sometimes  weakening
natural defense
mechanisms and

increasing susceptibility to infections. A significant
consequence of climate change is the geographical
expansion of plant diseases. Diseases once confined to
tropical and subtropical regions are now being reported
in temperate zones. For example, several pathogens
affecting major crops such as wheat, rice, and maize
have expanded into new areas due to warmer
temperatures that support their survival and increased
infection cycles (Garrett et al., 2006).

Examples of Emerging Plant Diseases

Several plant diseases have gained prominence under

changing climatic conditions. Wheat rust diseases,
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particularly stem rust caused by Puccinia graminis f.

sp. tritici, have become more aggressive and
widespread due to rising temperatures and changing
wind patterns. Similarly, late blight of potato, caused
by Phytophthora infestans, is becoming increasingly
severe in regions experiencing high humidity and
erratic rainfall.
Another notable example is Xylella fastidiosa, a
bacterial pathogen causing severe damage to olive
trees in southern Europe. Warmer climatic conditions
have enhanced the survival and spread of its insect
vectors, resulting in widespread outbreaks. Rice blast
disease, caused by Magnaporthe oryzae, is also
intensifying in many Asian countries due to increased
humidity and temperature fluctuations.

In horticultural crops, viral diseases transmitted by

insect vectors such as aphids and whiteflies are

spreading rapidly, as warmer conditions favor faster
reproduction and migration of these vectors (Bebber et

al., 2013).

Factors Responsible for Disease Emergence

Climate change contributes to the emergence of plant

diseases through several interconnected mechanisms:

1. Rising Temperature: Higher temperatures
accelerate pathogen growth and shorten incubation
periods, allowing multiple life cycles within a single
cropping season.

2. Changes in Rainfall and Humidity: Increased
moisture favors fungal and bacterial diseases,
whereas drought stress weakens plant defense
systems.

3. Extreme Weather Events: Floods, storms, and

strong winds facilitate long-distance dispersal of
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pathogens, while heatwaves stress plants and reduce
resistance.

4. Increase in Vector Populations: Warmer climates
support the expansion of insect vectors such as
aphids and whiteflies, increasing the spread of viral
diseases.

5. Rapid Pathogen Evolution: Changing
environmental conditions can accelerate genetic
variation in pathogens, leading to more virulent and
adaptive strains.

Impact on Agriculture and Food Security
Emerging plant diseases driven by climate change pose
a serious threat to agricultural productivity and global
food security. Plant diseases already account for
substantial crop losses worldwide, and climate-
induced outbreaks are expected to intensify these
losses. This may result in reduced farmer income,
increased cost of production, and heightened food
insecurity, particularly in developing countries.

Reports from international organizations such as FAO

and WMO highlight that rising temperatures, drought,

and disease outbreaks often occur simultaneously,
making disease management increasingly complex and

challenging for farmers (Garrett et al., 2006).

Strategies for Management and Adaptation

Effective management of emerging plant diseases

under changing climatic conditions requires integrated

and sustainable approaches, including:

o Development of disease-resistant and climate-
resilient crop varieties through breeding and
biotechnology

o Strengthening disease surveillance systems and

early warning mechanisms
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o Adoption of integrated pest and disease
management (IPM) practices

o Implementation of strict quarantine measures to
prevent the introduction of new pathogens

o Improvement of soil health and promotion of
beneficial microorganisms

Advanced technologies such as artificial intelligence,

precision agriculture, and climate forecasting can

further assist in predicting disease outbreaks and

enabling timely interventions.
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Conclusion
Climate change is significantly altering the distribution
and behavior of plant diseases worldwide. Variations
in temperature, rainfall, humidity, and extreme weather
events are creating favorable conditions for the
emergence and spread of pathogens. These changes
pose serious threats to agricultural sustainability,
biodiversity, and global food security. Therefore,
addressing diseases

emerging  plant requires

coordinated efforts in research, surveillance,

development of resistant varieties, and the adoption of

climate-smart agricultural practices.
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cross the plains of Punjab, the plateaus of

Odisha, and the drought-prone tracts of

Bundelkhand, farmers are confronting a
climate that no longer follows the rhythms their
grandparents once trusted.
Erratic monsoons,
prolonged dry  spells,
sudden hailstorms, and
rising temperatures are
steadily eroding the
productivity gains built
over decades, threatening
the food and livelihood
security of hundreds of millions of smallholders.
Climate-resilient farming has therefore emerged not as
an option but as a necessity a way of cultivating crops,
livestock, and fisheries that can absorb shocks, recover
quickly, and continue to sustain rural communities
even as the climate shifts beneath their feet. Yet
resilient practices and technologies remain of little use
if they stay locked in research stations and policy
documents. This is where agricultural extension steps

in: as the vital bridge connecting scientific innovation
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with the everyday decisions of farmers, translating
complex climate science into practical, field-ready
action.
1. Understanding Climate-Resilient Farming
Climate-resilient
farming  refers  to
agricultural systems and
practices  deliberately
designed to withstand,
adapt to, and recover
from climate-induced
stresses such as drought,
flooding, heat waves,
and erratic rainfall, while sustaining productivity and
farmer incomes. Its objectives are threefold: reducing
vulnerability to climate variability, enhancing adaptive
capacity through diversified and efficient resource use,
and, where feasible, contributing to mitigation by
lowering greenhouse gas emissions from farming
operations. The importance of this approach lies in its
direct bearing on food security; as India's agri-food
systems face rising heat stress and declining soil

organic carbon in several regions, climate-resilient
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agriculture (CRA) initiatives are considered critical for
stabilising food supplies and safeguarding nutritional
security (Shukla et al., 2025). The guiding principles
of CRA include site-specificity, since no single
package suits every agro-climatic zone; integration of
traditional ecological knowledge with modern science;
and a systems approach that links crops, livestock,
water, and soil management rather than treating them
in isolation. When implemented well, climate-resilient
farming does more than protect yields during bad years
it strengthens the overall sustainability of the
agricultural sector, ensuring that today's productivity
does not come at the cost of tomorrow's resources.

2. Role of Agricultural Extension

Agricultural extension has traditionally been
understood as the set of organisations that help farmers
access information, skills, and technologies to improve
their livelihoods, and this role becomes even more
central under climate uncertainty. Public extension
services help farmers survive climate-induced disasters
and adapt over the longer term, making them
indispensable to both climate action and broader food-
system transformation, even though such systems in
developing countries often struggle with low budgets
and weak technical capacity (FAO & IFPRI, 2023).
Extension functions in several complementary ways:
through climate advisory services that translate
weather and seasonal forecasts into actionable sowing,
irrigation, and harvest decisions; through structured
farmer education and on-farm demonstrations that let
people see a practice before adopting it; and through
capacity-building activities that upgrade the skills of

both farmers and frontline extension staff. Farmer
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Field Schools (FFS) remain one of the most evaluated
tools in this space: a systematic review of impact
evaluations across low- and middle-income countries
found that FFS participation was associated with
meaningful gains in yields and farmer income,
alongside reduced pesticide use (Waddington et al.,
2014). Beyond formal training, extension also builds
participation,

community encourages the

dissemination of appropriate technologies, and
provides decision-support that helps farmers weigh
trade-offs under uncertainty rather than simply
following one-size-fits-all recommendations.
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3. Climate-Smart Agricultural Practices Promoted
by Extension

Extension systems actively promote a basket of
climate-smart practices tailored to local conditions.
Conservation agriculture, built around minimum
tillage, residue retention, and crop rotation, helps
protect soil structure and moisture. Crop
diversification reduces the risk of total crop failure by
spreading farmers' exposure across multiple crops and
varieties, while drought- and flood-tolerant varieties

developed through national research programmes give
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farmers options suited to increasingly unpredictable
seasons. Water conservation and rainwater harvesting
structures farm ponds, check dams, and field bunding
are widely demonstrated by extension agencies to
reduce dependence on erratic rainfall. Soil health
management, supported by soil health cards and
integrated nutrient management, helps maintain
fertility without over-reliance on chemical inputs,
while integrated pest management (IPM) reduces both
costs and environmental damage. Agroforestry
systems that combine trees with crops or livestock add
an additional layer of resilience by diversifying income
and improving microclimates, and organic and natural
farming approaches are gaining extension support as
farmers seek to reduce input costs and rebuild soil
biology over the long term.

4. Digital Agricultural Extension

Digital technologies are reshaping how extension
reaches farmers, particularly where the ratio of
extension workers to farming households remains thin.
The Food and Agriculture Organization notes that
digital extension and advisory services can
substantially widen the accessibility, transparency, and
reach of information for smallholder farmers, though
this potential remains unevenly realised across regions
(FAO, 2023). Mobile advisory services, delivered
through apps, SMS, and interactive voice response,
now reach farmers directly with weather forecasts,
market prices, and crop-specific guidance; in Sri
Lanka, for instance, a geo-localised advisory app
helped participating rice farmers achieve substantially
higher productivity and market prices during a pilot
season (FAO, 2025).

Artificial intelligence 1is
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increasingly layered onto these platforms to
personalise recommendations, while the Internet of
Things, drones, remote sensing, and Geographic
Information Systems (GIS) allow extension agencies to
monitor soil moisture, pest outbreaks, and crop stress
at scales that human field visits alone cannot match.
Social media and digital platforms further extend the
reach of extension messaging, allowing farmer-to-
farmer learning to spread rapidly across networks that
once depended entirely on physical proximity.

5. Success Stories

India offers several instructive examples of extension-
led climate resilience in action. ICAR's National
Resilient

Innovations in Climate

(NICRA), launched in 2011, combines strategic

Agriculture

research, on-farm technology demonstration, and
capacity building across crops, livestock, and fisheries,
and has since developed climate-resilient varieties and
hundreds of district-level agricultural contingency
plans through its network of Krishi Vigyan Kendras
(KVKs) (ICAR, 2011). Globally, the CGIAR-led
Climate-Smart Village approach demonstrates how
participatory, community-based testing of
technological and institutional options can be scaled
from local pilots to policy-relevant lessons across Asia,
Africa, and Latin America (Aggarwal et al., 2018). In
Bihar, Digital Green's video-mediated extension model
in which locally produced videos are screened by
trained community mediators has been rigorously
evaluated through randomised controlled trials; a study
layering video content onto face-to-face training on the

climate-smart System of Rice Intensification found

sizeable, if imprecisely estimated, gains in yields
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among participating farmers (Baul et al., 2024). Farmer
Producer Organisations (FPOs) are also emerging as
important vehicles for climate resilience in semi-arid
India, helping small and marginal farmers pool
resources, access markets, and adopt resilient practices
collectively (Nikam & Wester, 2025).

6. Challenges

Despite these gains, significant obstacles constrain the
reach and effectiveness of extension-led climate
resilience. Climate uncertainty itself complicates
planning, since even the best advisory systems cannot
fully predict localised, short-duration weather
extremes. A persistent digital divide means that many
smallholders, particularly women and remote or
resource-poor farmers, still lack reliable access to
smartphones, connectivity, or the digital literacy
needed to use advisory apps effectively. Financial
limitations at both the farmer and institutional level
slow the adoption of resilient technologies, while
extension networks in much of the developing world
remain understaffed and under-resourced, limiting the
frequency and quality of farmer contact (FAO &
IFPRI, 2023). Policy constraints, including fragmented
coordination between research, extension, and
disaster-management agencies, further dilute impact,
and limited awareness among farmers about available
support schemes or advisory services means that even
well-designed interventions can go underused. Finally,
technology accessibility issues from patchy rural
internet to advisory content not available in local

languages continue to limit how evenly the benefits of

climate-smart innovation are shared.
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7. Author's Perspective

In my assessment, the next phase of agricultural
extension in India must move decisively from being a
one-way channel of information to becoming a
genuinely two-way, trust-based partnership with
human

farming communities. Strengthening the

backbone of extension recruiting, training, and
retaining sufficient field-level functionaries remains as
important as any digital innovation, since evidence
consistently shows that technology performs best when
it complements, rather than replaces, human-mediated
learning (Baul et al., 2024). Equally important is
engaging rural youth as extension intermediaries and
agripreneurs; young, digitally literate community
members can serve as a bridge between formal
research systems and older farmers less comfortable
with new tools. Finally, building durable partnerships
between public research institutions, private agri-tech
firms, Farmer Producer Organisations, and civil-
society networks such as Digital Green can help pool
resources and expertise in ways that no single actor can
achieve alone. These are evidence-based reflections
offered as one contributor's view on the path ahead, not
a claim to definitive answers.

Conclusion

Climate change is no longer a distant projection for
Indian agriculture; it is a lived, daily reality shaping
planting dates, input costs, and harvest outcomes.
Agricultural extension, in its evolving mix of field
demonstrations, Farmer Field Schools, KVK networks,
and digital advisory platforms, remains the essential

connective tissue between climate science and the

millions of decisions farmers make each season.
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Strengthening this system through better-resourced
institutions, inclusive digital access, and genuine
partnership with farming communities is not merely a

technical fix but an investment in the resilience of rural

livelihoods themselves. If nurtured with foresight,
agricultural extension can help ensure that India's
farmers do not merely endure a changing climate, but

adapt, innovate, and thrive within it.

Table 1. Traditional Farming versus Climate-Resilient Farming

Aspect

Traditional Farming

Climate-Resilient Farming

Cropping pattern

Mono-cropping; reliance on a few

staple varieties

Diversified cropping with stress-

tolerant and short-duration varieties

Water management

Dependence on unregulated irrigation

or rainfall alone

Rainwater harvesting, micro-irrigation,

and soil moisture conservation

Soil health

Continuous cropping with limited

nutrient replenishment

Integrated nutrient management,

organic matter enrichment, soil testing

Pest management

Calendar-based, often excessive

chemical pesticide use

Integrated Pest Management (IPM)
guided by field monitoring

Information access

Informal, delayed, largely word-of-

mouth advice

Real-time mobile, Al, and satellite-

based advisories

Risk management

Limited crop insurance or contingency

planning

District agro-climatic contingency plans

and index-based insurance

Institutional support

Sporadic, top-down extension contact

Participatory extension via KVKs,
FPOs, and Farmer Field Schools
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cross the villages and farmlands of the precisely where extension services play their most
Global South, agriculture is quietly being  powerful role: by equipping youth with knowledge,
reimagined. Agricultural extension the  skills, and market linkages, extension does not merely
organized system of advisory, educational, and disseminate information it converts job seekers into job
technology-transfer services "‘ r 1 creators, and farmers
that connects  research : '4 into entrepreneurs.
institutions to  farming o E—— 1. Understanding
communities has long been Agricultural
the bridge between the Extension
laboratory and the field. Agricultural extension
Today, that bridge is can be defined as a
carrying a new kind of system of non-formal
traveler: the young agripreneur. As climate change, education that helps farmers and rural communities
market volatility, and rural unemployment reshape the  acquire the knowledge, skills, and attitudes needed to
countryside, agripreneurship offers a compelling improve their agricultural practices, incomes, and
answer, transforming farming from a subsistence overall quality of life. Its objectives extend beyond
activity into a viable, profitable enterprise. Young simple technology transfer to include capacity
people, who bring energy, digital fluency, and fresh  building, problem-solving, and the facilitation of
ideas, are essential to this transformation, yet many still ~ linkages among farmers, researchers, markets, and
view farming as unattractive or unprofitable. This is  policymakers.
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The importance of extension lies in its role as a

translator converting scientific innovation into
practical, field-level application. In rural development,
extension functions as a catalyst, strengthening human
capital, encouraging collective action through farmer
groups, and enabling communities to adapt to changing
agro-climatic and economic conditions. Where
extension outreach is strong, farmers tend to adopt
improved practices faster and more confidently than
where such support is absent.

2. Rise of Agripreneurship

Agripreneurship refers to entrepreneurial activity
across the agricultural value chain from production and
processing to packaging, branding, and marketing.
Unlike conventional farming, which is often oriented
toward subsistence, agripreneurship treats agriculture
as a business, seeking to create value at every stage.
Its importance is growing rapidly. Agrifood systems
remain one of the largest sources of livelihoods
worldwide, employing roughly one-third of the global
workforce, yet the quality of youth employment within
them remains a concern, with a large share of young
workers in vulnerable, informal arrangements (FAO,
2025). Agripreneurship directly addresses this gap by
generating new forms of local employment,
particularly through value addition turning raw
produce into processed, packaged, and branded goods
that command higher prices and reduce post-harvest
losses. Collectively, these enterprises strengthen rural
economies, retain wealth within farming communities,
and slow the migration of youth toward overcrowded

cities.
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3. How Agricultural Extension Inspires Young
Agripreneurs

Modern extension systems inspire young agripreneurs
through a combination of skill development, capacity
building, and structured entrepreneurship training that
goes beyond traditional crop advisory. Programs
increasingly emphasize a broad set of agripreneurial
competencies spanning business acumen,
communication, technical agricultural skill, and access
to external support networks recognizing that
successful enterprises depend on more than agronomic
knowledge alone (Zickafoose, Niewoehner-Green,
Landaverde, & Rodriguez, 2026).
Technology transfer remains central, but it is
increasingly paired with business incubation support,
helping young entrepreneurs move from an idea to a
functioning enterprise. Institutional mechanisms such
as Farmer Producer Organizations (FPOs) have proven
especially effective in this regard: by aggregating small
and marginal farmers, FPOs improve members'
bargaining power, reduce transaction costs, and
provide collective access to credit, inputs, and markets,
thereby measurably improving farm incomes (Singh &
Vatta, 2019). Government-backed capacity-building
frameworks have further strengthened this ecosystem
by offering handholding support, financial facilitation,
and market linkage assistance to newly formed
producer organizations (Jaya, Ramya Lakshmi,
Gummagolmath, & Bhawar, 2020).

Extension also nurtures a broader start-up ecosystem,
encouraging financial literacy budgeting, credit access,
insurance, and savings alongside stronger market

linkages that connect young producers directly to
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buyers, processors, and retailers, cutting out
exploitative intermediaries and improving realized
prices.

4. Digital Revolution in Agricultural Extension
Digital technologies are transforming how extension is
delivered. Mobile advisory services, interactive voice
response systems, and SMS-based alerts now reach
farmers who were previously beyond the practical
range of face-to-face extension visits. Rigorous field
evidence from Uganda demonstrates this shift
concretely: farmers who received video-mediated
agricultural information, delivered through a
combination of audiovisual messaging, interactive
voice response, and SMS, showed measurably higher
knowledge and adoption of recommended practices
than those relying on conventional extension alone
(Van Campenhout, Spielman, & Lecoutere, 2021).
Beyond mobile advisory, the sector is experimenting
with artificial intelligence for pest and disease
diagnosis, the Internet of Things for real-time soil and
weather monitoring, drones for input application and
crop surveillance, and precision agriculture tools that
tailor recommendations to individual fields. Social
media groups and digital learning platforms now allow
young farmers to exchange knowledge horizontally,
learning as much from peers as from official extension
agents. Meanwhile, a growing wave of agri-tech start-
ups is building digital marketplaces, farm-management
applications, and supply-chain platforms that plug
smallholders directly into modern value chains.

5. Success Stories

Digital Green offers one of the most widely studied
of participatory,

examples technology-enabled
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extension. By training local farmers to produce and
screen short videos featuring their own peers
demonstrating improved practices, the model builds
trust and relevance that conventional top-down
messaging often lacks, amplifying the reach of existing
extension systems rather than replacing them (Gandhi,
Veeraraghavan, Toyama, & Ramprasad, 2007).
Farmer Producer Organizations have similarly
delivered tangible results on the ground. A study of
FPOs in Gujarat found that member farmers achieved
better price realization and reduced input costs
compared with non-members, illustrating how
collective agripreneurship can translate directly into
higher household incomes (Singh & Vatta, 2019). In
Odisha, project-based interventions aimed at rural
youth have shown that structured support combining
skills training with entrepreneurship promotion can
curb distress migration by making agriculture a locally
viable career path (Acharya, Sahoo, Nayak, & Mishra,
2024).

Together, these examples show a consistent pattern:
when extension moves beyond one-way information
delivery to active facilitation of enterprise, farmers and
especially younger ones respond with genuine
entrepreneurial engagement.

6. Challenges

Despite this promise, significant obstacles remain.
Awareness of extension services and available
schemes is often low, particularly among the youngest
and most remote rural populations. Financial
constraints continue to limit the initial investment
required to start an agri-enterprise, and schemes such

as Agri-Clinics and Agri-Business Centres, while well-
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intentioned, still face implementation gaps in credit
access and follow-up support (Afroz, 2022).

Uneven access to technology and connectivity
produces a persistent digital divide, so that the same
tools inspiring agripreneurship in one region may
remain inaccessible in another. Market risks, including
price volatility and limited post-harvest infrastructure,
discourage first-time entrepreneurs from taking the
leap, while climate change intensifies production
uncertainty. Extension outreach itself is frequently
constrained by staff shortages and limited resources,
particularly in the most marginal farming regions,
leaving many potential young agripreneurs without the
sustained mentorship they need.

7. Author's Perspective

In my view, the future of agricultural extension lies in
its evolution from a purely advisory service into a
genuine  enterprise-facilitation  system.  Youth
participation cannot be treated as an afterthought; it
must be designed into extension programming from the
outset, with mentorship structures that pair
experienced agripreneurs with newcomers. Innovation
whether digital, institutional, or organizational will
matter less than the human relationships extension
builds along the way, since trust remains the currency

that ultimately drives technology adoption. Above all,

I believe entrepreneurship in agriculture must be

pursued hand in hand with sustainability; an

agripreneurship that exhausts soil, water, or
biodiversity is not a long-term solution but a delayed
crisis. Extension systems that align profitability with
ecological stewardship will be the ones that truly
secure agriculture's next generation.

Conclusion

Agricultural extension remains one of the most
powerful  instruments  available  for  rural
transformation. By blending technical knowledge with
entrepreneurship training, digital innovation, and
institutional support such as Farmer Producer
Organizations, extension is steadily reshaping how
young people relate to agriculture not as a fallback
occupation, but as a genuine career choice. Real
barriers persist, from financial constraints to the digital
divide, and closing them will require sustained
investment and thoughtful policy design. Yet the
direction of travel is clear. As today's youth bring fresh
energy, digital fluency, and entrepreneurial ambition to
the fields their families have long tended, agricultural
extension stands ready to be their guide — turning
inherited land into innovative enterprise, and turning
the next generation of farmers into the next generation

of agripreneurs.

Table 1. Traditional Farming vs. Agripreneurship-Oriented Farming

Aspect Traditional Farming Agripreneurship-Oriented Farming

Primary Objective Subsistence and food security Profit generation and value creation

Orientation Production-focused Market- and consumer-focused

Technology Use Limited, largely conventional Active adoption of digital and
precision tools

www.agrirootsmagazine.in
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Value Addition Minimal or none Processing, branding, and packaging

emphasized

Market Linkage Dependent on local intermediaries Direct linkages via FPOs, digital
platforms

Financial Approach Informal savings and credit Structured financial planning and

formal credit

Risk Management Reactive, often informal Proactive, includes insurance and
diversification
Youth Involvement Often perceived as unattractive Actively promoted as a career pathway
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teaspoon of healthy soil contains billions

of microorganisms,

working silently to

sustain crop
production. Intensive farming
has steadily weakened this
hidden ecosystem across much
of the world's farmland.
Agroforestry integrates trees
and crops into a single carefully
managed production system
where each component complements the other, rather
than as competing land use systems. This system
produces food, fodder, timber and fuel and also
restores ecological functions lost over time through
conventional monocropping.

Agroforestry

Agroforestry is a land use system that combines crops
and animal species with trees and woody shrubs.
Agroforestry systems (AFS) emphasize ecologically

friendly, resource efficient agricultural practices to
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increase environmental sustainability and productivity
(FAO 2022). Agroforestry is a designed land-use
system that integrates
woody  perennials,
including trees,

shrubs, palms or
bamboo, with crops
and livestock on the
same piece of land.

Agroforestry
utilises the biological relationships between species.
Annual crops are grown together with perennial tree
species like mango, poplar, eucalyptus or walnut. If
carefully managed these species complement one
another rather than compete with each other. Deep-
rooted trees recycle nutrients from deeper soil layers
and leaf litter enriches the soil with organic matter. The
diverse rooting patterns improve the water and
nutrients use efficiency. In India, farmers have

traditionally grown trees such as neem (Azadirachta
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indica), mango (Mangifera indica), babul (Vachellia

nilotica), shisham (Dalbergia sissoo) and banyan

(Ficus benghalensis) on farms to provide shade,

fodder, timber, fuelwood and fruits. These traditional

systems have led to the evolution of modern

agroforestry  systems  combining  indigenous

knowledge and scientific management practices to

enhance productivity and environmental sustainability.

Major Agroforestry Systems Practised Worldwide

S. No. Agroforestry Main Components Brief Description
System
1 Silvoarable Trees + Agricultural | Trees are integrated with annual or perennial crops
(Agrisilvicultural) | Crops through alley cropping, scattered trees, or boundary
plantations.
2 Silvopastoral Trees + Pasture + | Combines woody perennials with forage crops and
Livestock grazing animals to enhance fodder production and
land productivity.
3 Agrosilvopastoral | Trees + Crops + | Integrates trees, crops, and livestock within the
Livestock same farming system, either simultaneously or
sequentially.
4 Riparian  Buffer | Trees + Shrubs + | Vegetative buffer strips established along rivers and
System Grasses + Water Bodies | streams to reduce erosion, improve water quality,
and conserve biodiversity.
5 Multipurpose Tree | Trees + Crops/Pasture Trees are grown primarily for fruits, timber,
System fuelwood, fodder, medicines, and other ecosystem
services.
6 Improved Fallow | Leguminous Nitrogen-fixing woody species are planted during
System Trees/Shrubs + | fallow periods to restore soil fertility and improve
Cropland crop productivity.
7 Taungya System Temporary cultivation of agricultural crops

Forest Trees +

Annual Crops

between young forest plantations until tree canopy

closure.

Source: Adapted from Sarveswaran, S et al. (2023) and FAO (2015).

Benefits of Agroforestry
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Diversified Income And Reduced Risk: By integrating

trees into farmland farmers can obtain multiple
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products from the same part of land and can reduce
production risks. Crops continue to provide annual
income and trees contribute timber, fruits, fodder,
fuelwood or other valuable products over the longer
term. Diversification reduces dependence on a single
crop and provides greater financial stability when
weather conditions or market prices become
unpredictable.

Ecological Reinforcement: Agroforestry strengthens
the ecological foundation of agricultural production.
Trees protect soil from erosion, improve the soil
moisture conservation, recycle nutrients and create
habitats for beneficial organisms. These combined
benefits improves farm productivity and enhances
long-term system sustainability.

Diversity of Systems: Several agroforestry systems are
practised across different agro-climatic regions.
Silvopastoral systems integrate trees with livestock and
grasses; alley cropping grows annual crops between
rows of trees; forest farming utilises shaded
environments for cultivating medicinal or high-value
crops; riparian buffer systems protect rivers and
streams from erosion; and windbreaks and shelter belts
reduce wind damage in vulnerable agricultural

landscapes.
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Environmental, Economic and Social benefits
Environmental: Trees enhance biodiversity by creating
habitats for birds, insects and soil organisms that faces
challenges in monoculture fields. Continuous litter fall
and root turnover replenish soil organic matter,
improve nutrient cycling and increase the water
holding capacity of soil. The growing tree sequesters
the atmospheric carbon, making agroforestry an
important component of climate sequestration and
climate change mitigation.

Economic: Agroforestry transforms farms into a
diversified production system. Rather than depending
entirely on seasonal crop harvests, farmers earn
additional income from timber, fruits, nuts, medicinal
products, fodder and fuel wood. This diversification
often improves profitability and reduces financial risks
associated with crop failure.

Social: Diversified farming systems strengthen food
security, reduce vulnerability to climatic hazards and
promote sustainable management of shared natural
resources within rural communities.

How trees transform the soil

The true strength of agroforestry lies beneath the soil
surface. While the visible landscape changes gradually
as trees mature, equally remarkable transformations
occur underground. These changes affect the soil's
physical structure, chemical fertility and biological
activity, ultimately determining its long-term
productivity.

Physical properties

Tree roots break up the compacted soil layers and

create natural channels that improve aeration and water

infiltration. Seasonal leaf fall contributes organic
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residues that bind soil particles into stable aggregates,
improves soil structure and reduces erosion. As bulk
density decreases and porosity increases, crop roots
explore the soil more effectively, ensuring better
access to water and nutrients during periods of
moisture stress. Tree cover shields the surface from
heavy rain and wind, cutting erosion and runoff losses
significantly.

Chemical properties

Agro-forestry functions as a natural nutrient recycling
system. Deep-rooted trees recover nutrients that would
otherwise remain inaccessible to crop roots and return
them to the surface through falling leaves and
decomposing roots. Continuous organic inputs raise
soil organic carbon, which supports microbial activity
and long-term carbon storage. It improves cation
exchange capacity of soil while soil pH is buffered
against sharp swings, keeping conditions stable for
plant growth.

Biological properties

Healthy soils are living ecosystems and agroforestry
creates favourable conditions for this hidden biological
community to flourish. Earthworm populations and
soil fauna diversity increase, mixing soil, improving
aeration and boosting fertility as they work. Microbial
biomass and activity rise as well, fed by the steady
supply of leaf litter and organic matter, driving nutrient
mineralisation and decomposition. Soil enzymatic
activity also increases, playing a direct role in nutrient
cycling and overall soil health.

Agroforestry and Carbon sequestration
Agroforestry is significant as a carbon sequestration

strategy because of the carbon storage potential in its
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multiple plant species considering its applicability in
agricultural lands and reforestation. Agroforestry
systems are promising land use systems to increase and
conserve above ground and soil carbon stock. The
carbon sequestration potential of an agroforestry
system is generally greater than that of an annual
cropped-based system. Agroforestry, thus contributes
to the resilience of agriculture by adaptation and
mitigation of climate change effects and provides

scope for emerging carbon market.

CARBON SEQUESTRATION PATHWAY IN AGROFORESTRY

How agroforestry captures atmospharic carbon and builds long-term soil organic carbon
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Challenges in adoption

Despite its well-documented benefits, agroforestry has
not expanded as rapidly as expected. Establishing
agroforestry systems often requires technical
knowledge, quality planting material, specialised
equipment and confidence that long-term investments
will  eventually  generate  returns.  Limited
demonstration sites and inadequate extension support
further discourage adoption. In India, additional
challenges include fragmented landholdings, limited
access to quality tree seedlings. Competition for water,
nutrients and sunlight between trees and crops also

remains a concern where species selection and
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management are not properly planned. Successful
agroforestry depends not only on planting trees but also
on thoughtful system design, continuous management
and effective farmer support.

Agroforestry improves soil health across every
dimension that matters: physical structure, chemical
fertility and biological activity. It raises organic
carbon, nutrient availability and moisture retention
while reducing bulk density and erosion, and it
outperforms conventional monocropping on nutrient

References
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wasth Dharaa, Khet Haraa — a healthy earth
makes for a green field. This slogan captures

the essence of one of independent India’s most

Intensive and imbalanced use of chemical fertilizers
has led to a skewed nutrient ratio (N:P:K = 6.7:2.4:1)

compared to the ideal 4:2:1 ratio.

far-reaching agricultural g ' . Farmers traditionally applied

: . : SOIL HEALTH CARD -

interventions: the Soil Health MULTIPLE BENEFITS | fertilizers such as urea, DAP,

Card (SHC) Scheme. Launched and potash based on
Issue of 12 crore .

on 19 February 2015 at ;‘l‘;‘?&%ﬂé convention rather than actual
ONER in a oy

Suratgarh,  Rajasthan,  the soil requirements. Over time,

Information to
. . the farmers on . .
scheme aimed to test the soil of optimal doses of this resulted in:

fertilizer a&%utatlan o
nearly every farm holding in the -

country and provide each farmer Nation-wide program
1o improve soil health,

with a personalized, science-

Swasth Ohara, Khet Haraa

based report on soil health

requirements (PIB, 2025).

After a decade, it is important to evaluate what the
scheme has achieved, where it has fallen short, and
what direction it should take in the future.

Why India Needed a Soil Health Card

The Green Revolution transformed India from a food-
deficit nation into one of the world’s leading producers
of cereals. However, this progress came with hidden

ecological costs, particularly soil degradation.

www.agrirootsmagazine.in

o Nutrient imbalances

Informed choices to . . . .

the farmers on soil e Decline in soil organic

health for increasing
productivity.

carbon

e Deterioration of soil
structure

» Plateauing yields despite increasing input costs
Fertilizer-use efficiency also declined significantly,
with food grain production per kg of fertilizer dropping
from 13 kg in the 1970s to about 4 kg by 2010. Data
from the Indian Institute of Soil Science indicates
widespread multi-nutrient deficiencies across major
agricultural regions, particularly the Indo-Gangetic

plains.
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To address these issues, the SHC Scheme was

introduced to provide scientific, soil-specific nutrient

recommendations.

Soil Health Card: Concept and Components

Soil health encompasses chemical, physical, and

biological properties of soil. A Soil Health Card is a

printed report issued for each landholding that provides

information on 12 key parameters (PIB, 2025):

e Macronutrients: Nitrogen (N), Phosphorus (P),
Potassium (K)

o Secondary Nutrient: Sulphur (S)

e Micronutrients: Zinc (Zn), Iron (Fe), Copper (Cu),
Manganese (Mn), Boron (B)

e Physico-Chemical Indicators: pH, FElectrical
Conductivity (EC), Organic Carbon (OC)

Based on analysis, the card recommends balanced

fertilizer use and soil amendments. Soil samples are

typically collected twice a year (post-Rabi and Kharif

harvests), and cards are renewed every two years for

continuous monitoring.

ORGANIC
MATTER

33 SOIL =
g3 HEALTH CE:
g2 INDICATORS 57
ENVIRONMENT
A Decade of Reach

The SHC Scheme has achieved remarkable scale:
Phase Period Cards Issued
Phase [ 20152017 | ~10.74 crore
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Phase 11
Model Villages
Total (2015-2024)

2017-2019
2019-2020

~11.69 crore

~13.53 lakh

230+ million

Infrastructure development includes:

o 429 static laboratories

e 102 mobile labs

e 8,752 mini labs

o 1,562 village-level labs

o Upgradation of 800 existing labs

States such as Maharashtra, Karnataka, Telangana, and
Andhra Pradesh have established strong soil-testing
networks.

The introduction of Village Level Soil Testing Labs
(VLSTLSs) in 2023 has also created rural employment
opportunities, especially for youth, SHGs, and Farmer
Producer Organizations. By February 2025, 665 such
labs were operational across 17 states.

Impact on Farming

Studies indicate positive outcomes from SHC
implementation:

o 8-10% reduction in chemical fertilizer use

e 5-6% increase in overall productivity

o 8-10% increase in cereal yields

e 6-7% increase in pulse yields

Key benefits observed:

Improved fertilizer-use efficiency

e Increased wuse of micronutrients and soil
amendments

o Reduced cultivation costs

o Enhanced farm profitability

The MANAGE impact study (Reddy, 2018) reported a

20-30% reduction in urea and DAP use in certain

systems, alongside improved yields and income.
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Persistent Gaps

Despite its success, several challenges remain:

Achievements Persistent Gaps
230+ million cards | Variability in laboratory
issued quality

Reduced fertilizer use Difficulty in interpreting

technical data

Improved productivity | Irregular soil retesting

cycles
Digital integration (GIS, | Weak adoption tracking
mobile apps)
Rural employment via | Limited regional
VLSTLs customization

Major concerns include:
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Inconsistent testing quality due to infrastructure and
manpower limitations

Limited farmer wunderstanding of technical
recommendations

Weak follow-up mechanisms to assess long-term

impact

The Road Ahead
To strengthen the SHC Scheme, the following

priorities are essential:

Laboratory Strengthening: Upgrade
infrastructure and train skilled personnel

Regional Customization: Tailor recommendations
to agro-climatic conditions

Improved Sampling Methods: Combine grid and
point sampling for accuracy

Soil Variogram Development: Enhance spatial
precision of recommendations

On-Field Demonstrations: Ensure standardized
sample collection practices

Water Quality Integration: Include irrigation
water analysis parameters

Monitoring Mechanisms: Establish quality control
in report generation

Extension Services: Increase farmer awareness and
training

Feedback Systems: Promote success stories for
wider adoption

Real-Time Monitoring: Integrate remote sensing
and precision agriculture tools

Collaborative Research: Strengthen partnerships

among institutions and stakeholders
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Conclusion

After ten years, the Soil Health Card Scheme stands as
one of the largest initiatives globally to integrate
scientific soil management into smallholder farming.
While it has achieved extensive coverage and
infrastructure development, its long-term success
depends on effective utilization by farmers.
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