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Agriculture is entering a new era where

technology, data, and human

knowledge are coming together to
create smarter and more sustainable
farming systems. In this issue, we
explore the growing role of Artificial
Intelligence  (Al) in  Agricultural
Extension and its potential to transform
the way agricultural knowledge and
advisory services reach farmers.

Al-powered tools can support farmers
through timely weather forecasts, crop
and disease diagnosis, precision input
management, intelligent irrigation,
market information, and personalized
farm advisories. By combining these
technologies with the experience of
farmers and the  expertise  of
agricultural professionals, we can make
extension services

more responsive,

accessible, and effective.

The theme “Artificial Intelligence in
Agricultural Extension: A New Era of Smart
Farming” reflects an important shift from
conventional advisory approaches toward
data-driven and farmer-centric decision-
making. However, technology should not
replace the human connection at the

heart of agricultural extension; rather, it

should strengthen the Ilink between
scientists, extension professionals, and
farmers.

As we embrace digital agriculture,
ensuring affordability, digital literacy,

local-language accessibility, data privacy,
and equal access will be essential. The
true success of Al in agriculture will
ultimately be measured not by the
sophistication of the technology, but by
how effectively it improves farmers’
livelihoods and contributes to sustainable

food production.

Dr. Deepak Kumar
FOUNDER & EDITOR-IN-CHIEF
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griculture has always depended on the

wisdom, experience, and hard work of

farmers. Today, this wisdom is being
strengthened by Artificial Intelligence (Al)—a
technology capable of
analysing vast amounts of
information and providing
timely, accurate, and
location-specific
recommendations. Al is not
intended to replace farmers
or agricultural extension
workers; rather, it
empowers them to make
smarter and more informed decisions.
As climate change, unpredictable weather, labour
shortages, pest and disease outbreaks, and rising
cultivation costs continue to challenge agriculture, Al
offers new opportunities for sustainable, efficient, and
profitable farming.
What is Artificial Intelligence?
Artificial Intelligence (Al) is a technology that enables
computers and machines to learn from data, identify

patterns, solve problems, and generate

www.agrirootsmagazine.in

recommendations in ways that resemble human
decision-making.

In agriculture, Al can integrate information
from weather forecasts, satellite imagery, drones, soil
tests, crop observations,
and market data to
provide practical
recommendations  that
help farmers make better

decisions.

Unlike conventional
advisory systems that
provide the same
recommendations to all
farmers, Al can generate personalized advisories based
on a farmer’s crop, location, soil type, weather
conditions, and farming practices.

Extension + Al = Faster Decisions + Better
Adyvisories + Greater Farmer Confidence

How Al is Helping Farmers

1. Smart Crop Advisory

Al can recommend suitable sowing times, crop
varieties, fertilizer doses, irrigation schedules, and

intercultural operations based on local weather, soil,
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and crop conditions. Such recommendations can

improve crop growth while reducing unnecessary input

use and production costs.

2. Pest and Disease Detection

Farmers can capture photographs of infected leaves or

other affected plant parts using smartphones. Al-based

image recognition systems can compare these images

with large databases of crop symptoms and identify the

probable pest or disease within seconds.

Early detection enables timely management and can

help prevent severe crop losses.

3. Weather-Based Farming Decisions

Al can continuously analyse weather forecasts and

provide alerts regarding rainfall, heat waves, drought,

strong winds, and frost. Based on these forecasts,

farmers can receive recommendations such as:

e Delaying pesticide spraying when rainfall is
expected.

e Irrigating crops before a heat wave.

e Harvesting mature crops before heavy rainfall.

e Protecting sensitive crops from cold or frost injury.

Thus, Al-based weather advisories can help reduce

weather-related production risks.

4. Smart Irrigation

Al can estimate crop water requirements by combining

weather forecasts, soil moisture information, crop

growth stages, and other relevant parameters. Instead

of irrigating based on guesswork or fixed schedules,

farmers can apply water according to actual crop

requirements.

This approach can help save water, electricity, labour,

and irrigation costs while improving water-use

efficiency.

www.agrirootsmagazine.in

5. Soil Health Management

Al can assist in interpreting Soil Health Card

information and developing recommendations for

balanced nutrient application. Rather than applying

fertilizers uniformly across a field, recommendations

can be tailored according to soil nutrient status, crop

requirements, and other field-specific conditions.

This can contribute to healthier soils, improved crop

productivity, and reduced fertilizer expenditure.

6. Market Intelligence

Al can analyse information related to market arrivals,

demand, historical prices, and market trends to support

farmers in deciding where and when to sell their

produce.

Better access to market intelligence can improve

farmers’ bargaining capacity, reduce the risk of distress

sales, and contribute to improved farm income.

Al and the Future of Agricultural Extension

The combination of human expertise and Artificial

Intelligence has the potential to make agricultural

extension more responsive, efficient, and farmer-

oriented.

The future of agricultural extension lies in integrating

traditional field experience with advanced digital

technologies. Al can assist extension professionals in:

e Reaching a larger number of farmers in less time.

e Providing personalized and location-specific
recommendations.

e Improving climate resilience and risk management.

e Promoting sustainable agricultural practices.

e Supporting efficient use of agricultural inputs.
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e Enhancing farmers’ income through informed
decision-making.

e Strengthening real-time monitoring and advisory
services.

However, the successful adoption of Al will depend on

extension

strong collaboration among farmers,

professionals, agricultural research organizations,
universities, government departments, and technology
developers.

It is also essential to address challenges such as digital
literacy, internet connectivity, affordability, data
quality, language barriers, and the reliability of Al-
Al-based advisories

generated recommendations.

should  complement—not  replace—professional
agricultural expertise and field-level validation.
Conclusion

Artificial Intelligence is transforming agricultural
extension from a one-size-fits-all advisory system into
a more personalized and knowledge-driven service. By
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griculture is highly dependent on weather

and climate, with crop production relying

on timely rainfall, favourable temperatures,
and adequate water
availability. Different climate
phenomena affecting
agriculture among them El
Nifio is one of the most
influential. India is particularly
vulnerable because nearly half
of its cultivated area depends
on monsoon rainfall. El Nifio
years are often associated with weak southwest
monsoons, delayed sowing, moisture stress, reduced
reservoir storage, and lower crop productivity. Tamil
Nadu is especially sensitive because it depends on both
the Southwest Monsoon for reservoir inflows and the
Northeast Monsoon for much of its annual rainfall.
Variability in these monsoon systems affects water
availability and the production of major crops such as
paddy, pulses, groundnut, maize, cotton, sugarcane,
millets, coconut, and horticultural crops.
Fortunately, El Nifio can be predicted several months
in advance, allowing farmers to adopt timely measures

such as appropriate crop planning, efficient water

www.agrirootsmagazine.in

management, and climate-resilient farming practices.
This article explains the science of El Nifo, its global
and regional impacts, and practical strategies to help
farmers in Tamil Nadu
prepare for and adapt to El
Nifo conditions.

The El Nifio Phenomenon
The term El Nifo, meaning
"The Little Boy" or "Christ
Child” in Spanish, was
originally used by fishermen
along the coasts of Peru and
Ecuador to describe the appearance of unusually warm
ocean waters during the Christmas season. Originating
in the equatorial Pacific Ocean, it alters atmospheric
circulation and influences rainfall and temperature
patterns across the globe. As a result, El Nifio causes
droughts in some regions and floods in others,
affecting agriculture, water resources, fisheries,
ecosystems, and food security. During the strong
2015-16 El Nifio event, nearly 60 million people
worldwide experienced food insecurity.

Today, El Nifio refers to the warm phase of the El
Nifio—Southern Oscillation (ENSO), a naturally

occurring climate phenomenon caused by interactions
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between the tropical Pacific Ocean and the atmosphere.
ENSO is one of the major drivers of year-to-year
climate variability worldwide.

During an El Nifio event, the trade winds become weak
or may even reverse direction. As a result, the warm
water moves back towards the central and eastern
Pacific Ocean. This reduces the rise of cold, nutrient-
rich water and causes sea surface temperatures to
become much warmer than normal. The warmer ocean
changes weather patterns around the world, leading to
unusual rainfall, droughts, floods, and changes in
temperature in many regions. El Nifio events occur
irregularly every 2-7 years, usually last 9% — 12
months and typically peak between November and
January. Their intensity is classified according to sea
surface temperature anomalies in the Nifo 3.4 region

of the equatorial Pacific Ocean.

El Niifio Sea Surface Temperature
Category Anomaly (Nifio 3.4 Region)
Weak 0.5-1.0°C
Moderate 1.0-1.5°C
Strong >1.5°C

The intensity of an El Nifio event largely determines
the severity of its impacts. Strong El Niflo episodes are
often associated with droughts, floods, forest fires,
coral bleaching, agricultural losses, disruptions to
fisheries, and threats to food security. Major events,
including 1982-83, 1997-98, and 2015-16, caused
and economic

significant environmental, social,

impacts across many regions of the world.

www.agrirootsmagazine.in
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Figure 1. Normal Pacific Conditions versus El Niiio
Conditions.

El Niiio vs Indian Agriculture

India is highly vulnerable to El Nifio because nearly
half of its net sown area depends on monsoon rainfall,
and the Southwest Monsoon provides 70-80% of the
country's annual precipitation. El Nifio often weakens
the monsoon, leading to below-normal rainfall,
prolonged dry spells, and higher temperatures.
Between 1951 and 2025, India experienced 17 El Nifio
events, with eight causing seasonal rainfall deficits
exceeding 10%. The 2023 El Nifo further highlighted
these impacts through delayed monsoon onset, erratic
rainfall, and heat that

establishment (IMD, 2024).

waves disrupted crop
Rainfed farming systems are particularly vulnerable, as
reduced rainfall lowers soil moisture, limits irrigation
water, and decreases crop yields, while livestock
suffers from heat stress, fodder shortages, and water
scarcity (IPCC, 2022). To address these risks, ICAR
has developed district-level contingency plans and
identified 111 high-priority agricultural districts for
climate-resilient interventions, including drought-

tolerant crop varieties, efficient water management,

crop diversification, and timely weather advisories,
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making seasonal climate forecasting a key tool for

agricultural risk management (ICAR, 2025).

Table 1. Major El Nifio Years and Their Agricultural Impacts in India

El Nifio Year Monsoon Condition Major Agricultural Impact

1982-83 Weak monsoon Drought and reduced food grain production

1987 Severe drought Significant decline in kharif production

1991-92 91% of LPA About 7% reduction in kharif food grain production

2002 Rainfall deficit Delayed sowing and yield loss

2009 Weak monsoon Water shortages and crop failure in several regions

2015-16 Strong El Nifio (86% of | Widespread drought and nearly 5% decline in agricultural
LPA) production

2023 Erratic rainfall and heat | Delayed sowing, production uncertainty, and moisture stress
waves

El Nifio vs Tamil Nadu Agriculture

The impacts of El Nifio vary across India depending on
rainfall patterns, irrigation infrastructure, and cropping
systems. In Tamil Nadu, agriculture is particularly
sensitive because the state receives nearly half of its
annual rainfall from the Northeast Monsoon while also
relying on Southwest Monsoon inflows to replenish
reservoirs and irrigation systems. Strong El Nifio
events are associated with greater rainfall variability,
delayed monsoon onset, prolonged dry spells, and
higher temperatures, affecting water availability and
crop production (IMD, 2024; TNAU, 2023).

Reduced reservoir inflows, lower groundwater
recharge, and limited irrigation during El Nifio years
increase water stress, especially for farmers dependent
on tanks and wells. The Cauvery Delta is particularly
vulnerable, where delayed water release from the

Mettur Dam disrupts paddy cultivation. Other crops,

www.agrirootsmagazine.in

including groundnut, pulses, maize, cotton, sugarcane,

millets, coconut, and horticultural crops, also
experience moisture stress and yield reductions.
Higher temperatures further intensify
evapotranspiration and livestock heat stress, making El
Nifio a major climate risk for agriculture and rural
livelihoods in Tamil Nadu (ICAR, 2025; IMD, 2024).
District-wise Vulnerability to El Nifio in Tamil
Nadu

Based on the ICAR District-wise Contingency Plan
(2026), Tamil Nadu districts are classified into three
vulnerability categories according to their exposure to

El Nino-related climatic risks.

Vulnerability Districts

Category

High The Nilgiris
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Medium Perambalur, Dharmapuri,
Ramanathapuram, Ariyalur,
Virudhunagar, Krishnagiri,
Vellore, Namakkal, Tiruchirappalli

Low Madurai, Karur, Salem, Theni,

Cuddalore, Sivaganga, Villupuram,

Coimbatore, Tiruvannamalai,
Pudukkottai, Tiruvallur,
Kanchipuram

Although The Nilgiris is classified as the only highly
vulnerable district, several districts in central and

western Tamil Nadu fall under the medium

Furthermore, districts  categorized as lower
vulnerability category may also experience localized
impacts depending on rainfall distribution, reservoir
storage, and irrigation availability.

Impacts of El Nifio on Major Crops and Adaptive
Measures

According to the ICAR District-wise Contingency Plan
(2026), the severity of El Nifio impacts varies among
crops depending on their water requirements, growth
stages, and management The

practices. plan

recommends adopting crop-specific contingency

measures to substantially reduce production losses and

vulnerability

contingency

category and require

planning during El Nifio

advance

enhance crop resilience.

years.

Crop

Major Impact

Recommended Adaptation Measures

Paddy

Delayed nursery raising and

transplanting, poor tillering,

reduced grain filling, lower yield

Raise community nurseries, adopt Direct Seeded Rice (DSR),
use short-duration varieties, practice Alternate Wetting and
Drying (AWD), System of Rice Intensification (SRI), and

provide life-saving irrigation.

Groundnut

Poor germination, reduced peg

formation and pod yield

Use drought-tolerant short-duration varieties, treat seeds,
adopt ridge-and-furrow planting, apply mulching, foliar spray

of 1% KCl with micronutrients, and provide protective

formation and higher sucking

pest incidence

irrigation.
Maize Delayed sowing, poor cob | Adopt short-duration hybrids, maintain optimum plant
development and grain filling population, perform earthing-up, apply mulching, and spray
2% KCI during moisture stress.
Pulses Poor flowering, flower drop and | Use early-maturing varieties, apply 2% DAP or 1% urea as
reduced pod formation foliar spray, provide protective irrigation, apply mulching, and
intercrop pigeon pea with millets.
Cotton Flower shedding, reduced boll | Grow drought-tolerant hybrids, maintain recommended

spacing, apply mulching, spray 2% KCIl, and provide

protective irrigation during dry spells.
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Sugarcane | Reduced cane growth, lower | Adopt drip irrigation, practice trash mulching, and maintain
juice content and yield wider row spacing.

Millets Comparatively drought tolerant, | Promote pearl millet as a contingency crop, cultivate drought-
but yield declines wunder | tolerant finger millet and sorghum varieties, and diversify
prolonged moisture stress cropping systems.

Coconut | Reduced nut setting, button | Adopt basin  mulching, micro-irrigation, moisture
shedding and lower productivity | conservation practices, and timely nutrient management.

Climate-Resilient Farmers Strategies

Although EI Nifio cannot be prevented, its adverse
impacts can be minimized through timely planning and
climate-resilient farming practices. Since seasonal
climate forecasts are available several months in
advance, farmers can make informed decisions on crop
selection, and nutrient

sowing time, irrigation,

management. The ICAR District Agriculture

Contingency Plans recommend rainwater harvesting,

soil moisture conservation, drought-tolerant and short-

duration crop  varieties, integrated nutrient

management, and efficient irrigation to improve

resilience during dry years.

Adaptive Measures before the El Nifio Season

o Monitor seasonal weather forecasts issued by the
India Meteorological Department (IMD).

e Select drought-tolerant and short-duration crop
varieties.

o Harden and treat seeds before sowing.

o Prepare community nurseries for paddy.

o Construct farm ponds and harvest rainwater.

o Store quality seeds and essential farm inputs.

o Diversify cropping systems to reduce production
risks.

Adaptive Measures during El Nifio
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o Adjust sowing dates according to rainfall.

e Adopt ridge-and-furrow planting and practice
mulching to conserve soil moisture.

» Shift to contingency crops such as millets, pulses,
sesame, or fodder crops if rainfall is delayed.

o Usedrip or sprinkler irrigation to improve water-use
efficiency.

o Follow Alternate Wetting and Drying (AWD) and
the System of Rice Intensification (SRI) in paddy.

o Apply foliar nutrient sprays (KCI, DAP, or urea)
during prolonged dry spells.

e Provide life-saving irrigation during critical crop
growth stages.

o Monitor pests and diseases regularly and adopt
timely control measures.

Long-Term Adaptation

o Expand micro-irrigation systems.

o Improve soil organic matter and water-holding
capacity.

o Promote drought-resilient crop varieties.

« Strengthen district-level contingency planning.

o Diversify farming through livestock, agroforestry,
and integrated farming systems.

o Utilize weather-based agro-advisory services for

informed decision-making.
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S. No. Action Why It Matters
| Monitor weather Follow seasonal and district-level weather advisories to make timely crop
forecasts management decisions.
Choose drought-tolerant o ‘
. These varieties perform better under delayed monsoon and moisture stress
2 and short-duration -
o conditions.
varieties
; Plan sowing based on Avoid early sowing; synchronize planting with the onset of effective
rainfall monsoon rains to ensure better crop establishment.
Repair farm ponds, harvest rainwater, and adopt drip or sprinkler irrigation
4 Conserve water _ .
to improve water-use efficiency.
Improve soil moisture Practice mulching, ridge-and-furrow planting, and incorporate organic
5
conservation matter to reduce evaporation and retain soil moisture.
o Crop diversification and intercropping reduce the risk of complete crop
6 Diversify crops / :
failure during drought years.
. Monitor crop health Early detection of moisture stress, pests, diseases, and nutrient deficiencies
regularly enables timely corrective action.
g Adopt balanced nutrient | Apply fertilizers based on soil test recommendations and use foliar nutrient
management sprays during drought stress.
0 Prepare for livestock Ensure adequate drinking water, conserve fodder, and plan for livestock
management care during prolonged dry spells.
Stay connected with KVKs, ICAR institutes, Agricultural Universities,
10 | Seek technical guidance | FPOs, and the Department of Agriculture for timely advisories and
contingency measures.
Conclusion diversification, and district-level contingency planning

El Nifio is a recurring climate phenomenon that
significantly influences agriculture by altering rainfall
patterns, increasing temperatures, and reducing water
availability. Although its impacts cannot be avoided,

timely weather forecasts, climate-resilient crop

varieties, efficient ~water —management, crop
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can substantially reduce production risks.

Building resilient agriculture requires close

collaboration among farmers, researchers, extension
agencies, and policymakers. By acting on early
weather information and

adopting appropriate

adaptation measures, farmers can safeguard their
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livelihoods, improve resilience, and ensure sustainable

agricultural production under future El Nifio

conditions.

References

1.

10.

Food and Agriculture Organization of the United Nations. (2017). The impact of disasters and crises on
agriculture and food security. FAO. https://www.fao.org/3/18656en/I8656 EN.pdf

Food and Agriculture Organization of the United Nations. (2021). The state of food and agriculture 2021:
Making agrifood systems more resilient to shocks and stresses. FAO. https://doi.org/10.4060/cb4476en
ICAR—Central Research Institute for Dryland Agriculture. (n.d.). District Agriculture Contingency Plans.

Indian Council of Agricultural Research. Retrieved July 26, 2026, from https://www.icar-

crida.res.in/ccp.html

India Meteorological Department. (2024). Southwest Monsoon seasonal rainfall forecast. Ministry of
Earth Sciences, Government of India. https://mausam.imd.gov.in/

Indian Council of Agricultural Research (ICAR). (2025). ICAR contingency plan for El Nifio and

southwest monsoon preparedness. ICAR, New Delhi.

Indian Council of Agricultural Research. (2016). Preparedness for agriculture contingencies—Kharif
2016: Summary of interface meetings and way forward (Technical Bulletin No. 2/2016). ICAR—Central
Research Institute for Dryland Agriculture, Hyderabad, India.

Indian Council of Agricultural Research. (2023). District Agriculture Contingency Plans. ICAR—Central
Research Institute for Dryland Agriculture (CRIDA). https://www.crida.in

Intergovernmental Panel on Climate Change (IPCC). (2022). Climate Change 2022: Impacts, Adaptation
and Vulnerability. Cambridge University Press. https://doi.org/10.1017/9781009325844
National Oceanic and Atmospheric Administration. (2023). What is El Nirio? NOAA Climate.gov.

https://www.climate.gov/enso

Tamil Nadu Agricultural University. (2023). Crop Production Guide. TNAU, Coimbatore.

https://agritech.tnau.ac.in/

www.agrirootsmagazine.in

Volume 4, Issue 8 | August, 2026

10


http://www.agrirootsmagazine.in/
https://www.icar-crida.res.in/ccp.html
https://www.icar-crida.res.in/ccp.html
https://mausam.imd.gov.in/
https://www.crida.in/
https://doi.org/10.1017/9781009325844
https://www.climate.gov/enso
https://agritech.tnau.ac.in/

Volume 4, Issue 8

August | 2026

4 )/ Agri Roots
\\\\ » ’,'” - ) ) e- Magazine
N zZ= How Nutrient Cycling Keeps Soil Healthy and

www.agrirootsmagazine.in

ISSN: 2583-9071

Productive

ARTICLE ID: 0405

Iliya Hassan Abubakar', Adiba Afrin?

'M.Sc. Agronomy Student, School of Agriculture, Sanskaram University, Jhajjar, Haryana—124108, India

2M.Sc. Student, Department of Entomology, Bangladesh Agricultural University, Mymensingh—2202,

Bangladesh

utrient cycling, often described as nature’s
recycling system, is the continuous

movement and reuse of essential nutrients

among soil, plants, animals, microorganisms, water,

X

and the atmosphere. In
agricultural systems, plants take
up nutrients such as nitrogen,
phosphorus, and potassium
from the soil for their growth
and  development. These
nutrients are gradually returned
to the soil when leaves fall, crop
residues remain in the field, or
organisms die and decompose.
Soil microorganisms, particularly bacteria and fungi,
play an important role in decomposing organic matter
and releasing nutrients in forms that plants can absorb
again (Schroder et al., 2016).

Nutrient cycling is important because it helps
maintain soil productivity and minimizes the loss of
essential nutrients from agricultural systems. If this
natural recycling process did not occur, soils would

gradually become depleted, resulting in reduced crop
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yields and increased dependence on external inputs
such as inorganic fertilizers. Efficient nutrient cycling
supports agricultural production by maintaining the
availability of nutrients for plant uptake (Reicosky,

_}‘ 2018). Major nutrient cycles
include the nitrogen,
phosphorus, potassium, and
carbon cycles. Each cycle
represents the movement
and  transformation  of
nutrients within an
ecosystem. For example,
nitrogen can be fixed from
the atmosphere, absorbed by
plants, and eventually returned to the soil through the
decomposition of organic matter. This continuous
process supports biological activity and contributes to
ecological balance.

Healthy soils are characterized by active
nutrient cycling. Soils rich in organic matter provide
suitable habitats for beneficial microorganisms and
tend to recycle nutrients more efficiently, thereby

improving soil fertility and supporting healthy plant
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growth. Therefore, understanding nutrient cycling is
important not only for farmers but also for everyone
concerned with sustainable food production and
environmental conservation.

Why Healthy Soil Matters in Agriculture

Soil health can be defined as the capacity of soil to
function as a living system within ecosystem and land-
use boundaries, supporting plant and animal
production, maintaining or improving water and air
quality, and promoting plant and animal health.
Healthy soil is essential for sustainable agriculture
because it supports biological activity, organic matter
decomposition, nutrient cycling, suppression of soil-
borne pathogens, water storage, and the transformation
and retention of nutrients (Tahat et al., 2020).

Healthy soils provide several important
ecosystem services, including high water-holding
capacity, improved soil aggregation, enhanced nutrient
availability, and efficient nutrient cycling. For
example, effective nitrogen cycling allows nitrogen to
be retained in the soil and made available for plant
uptake when required (Doran & Zeiss, 2000). In
contrast, degraded soils often have poor structure,
limited nutrient

reduced biological activity,

availability, and lower water-holding capacity.
Maintaining soil health is therefore essential for
achieving stable crop production while reducing the
environmental impacts associated with excessive use
of external inputs.

How Nutrients Move in Nature

The movement of nutrients through nature occurs
through a continuous process known as nutrient

cycling. The process begins when plants absorb
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essential nutrients such as nitrogen, phosphorus, and
potassium from the soil through their roots. These
nutrients support plant growth, flowering, grain and
fruit development, and other physiological functions.

When plants shed leaves, crop residues remain
in the field, or organisms die, the organic matter is
decomposed by soil microorganisms such as bacteria
and fungi. During decomposition, nutrients are
released into the soil in forms that can once again be
taken up by plants, thereby completing the nutrient
cycle.

Some nutrients may be lost from the soil
through leaching, runoff, erosion, or gaseous
emissions. Nitrogen, in particular, can enter or leave
the atmosphere through biological and chemical
processes (Hayashi, 2022). Soils containing diverse
and active microbial communities can support
efficient nutrient cycling through the continuous
transformation and recycling of nutrients. This natural
process helps reduce nutrient losses, maintain soil
fertility, and support sustainable crop production.
Protecting soil biodiversity and adopting appropriate
agricultural practices can therefore promote efficient
nutrient circulation within the soil-plant system
(Banerjee & van der Heijden, 2023).

Simple Ways Farmers Can Improve Soil Fertility

Farmers do not always need to spend large amounts of
money to maintain soil fertility. Simple and
sustainable management practices can significantly
improve soil health and crop productivity. One of the
most effective approaches is the addition of organic

materials such as compost, farmyard manure, and crop

residues. These materials increase soil organic matter,
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improve soil structure, enhance microbial activity, and
provide a gradual supply of nutrients to crops
(Vanlauwe et al., 2010).

Another useful practice is crop rotation. The
inclusion of legumes such as cowpea, soybean, and
groundnut in cropping systems can improve soil
nitrogen status through biological nitrogen fixation.
This can reduce dependence on inorganic nitrogen
fertilizers and contribute to long-term soil fertility
management (Havlin & Heiniger, 2020).

The combined use of biochar, microbial
inoculants, organic amendments, and balanced
fertilizer management can further improve soil
fertility. Biochar is a carbon-rich material produced
from organic materials under oxygen-limited
conditions. It can improve soil structure, increase soil
organic carbon, enhance water retention, and improve
nutrient retention. Its porous structure can also provide
a suitable habitat for beneficial microorganisms,
thereby increasing biological activity and potentially
reducing nutrient losses (Bolan et al., 2023).

Microbial inoculants such as Rhizobium,
Azotobacter, phosphate-solubilizing bacteria (PSB),
and arbuscular mycorrhizal fungi (AMF) can
contribute to nutrient availability through biological
nitrogen fixation, phosphorus solubilization, and
improved nutrient uptake by plant roots. These
biological inputs should not necessarily be viewed as
complete substitutes for conventional soil-fertility
management but can provide additional benefits when
integrated with organic amendments and appropriate
fertilizer practices. Such integrated soil management

can improve nutrient-use efficiency, promote soil
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fertility, and contribute to sustainable crop production
(Shahwar et al., 2023).

Farmers can also improve nutrient-use
efficiency by applying inorganic fertilizers according
to soil-test recommendations. This approach helps
provide crops with the required nutrients in
appropriate quantities while reducing nutrient losses
and unnecessary production costs. In addition,
practices such as mulching, cover cropping, and
reduced tillage can conserve soil moisture, minimize
erosion, improve soil structure, and enhance nutrient
retention.

By adopting these practices, farmers can
maintain healthy soils, improve crop productivity,
reduce unnecessary dependence on external inputs,
and build more sustainable agricultural systems for
future generations.

Conclusion

Nutrient cycling is fundamental to maintaining soil
health, fertility, and long-term agricultural
productivity. The continuous movement and recycling
of nutrients between soil, plants, microorganisms, and
the atmosphere ensures that essential elements remain
available for plant growth. Soil microorganisms,
organic matter, crop residues, and diverse cropping
systems all contribute to this process.

Farmers can strengthen nutrient cycling
through practical approaches such as organic matter
addition, crop rotation, balanced fertilizer application,
biofertilizer use, mulching, cover cropping, and
reduced tillage. Rather than relying solely on external
inputs, an integrated approach to soil fertility

management can improve nutrient-use efficiency and
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enhance the biological functioning of soil. Healthy and ~ foundation for productive, resilient, and sustainable

biologically active soils are therefore an important  agriculture.
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mall ruminants sheep and goats occupy a

distinctive niche in the farming systems of

smallholders and marginal farmers across the
developing world. Unlike large
ruminants, they require modest
capital investment, thrive on
crop residues and common
grazing land, and can be
managed largely by women and
children within the household.
This article examines the
concept of integrated small ruminant farming as a
pathway to income diversification, drawing on
livestock census data, farm-level profitability studies,
and the wider literature on integrated farming systems
(IFS). It discusses the biological and socio-economic
rationale for integration, common models practised in
India and other developing regions, empirical
evidence on comparative profitability, the role of
women in the enterprise, prevailing constraints, and
policy support measures. The article concludes that
when small ruminants are integrated with crops, dairy,
and backyard poultry within a recycling framework,
they consistently emerge as one of the most stable and

remunerative components of the farming system,
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particularly for resource-poor households in semi-arid
and rainfed regions.

Agriculture in most developing countries is dominated
by small and marginal
landholdings, where a

single crop enterprise
rarely generates sufficient
or stable income to sustain
a household through the
year. Integrated Farming
Systems (IFS) the
deliberate combination of crops, livestock, poultry,
fisheries, and agro-forestry components on the same
holding have been advocated as a means of raising
farm productivity, recycling resources, and spreading
income across the calendar year. Within this
framework, small ruminants (sheep and goats) occupy
a particularly important place. They are sometimes
described as the "poor man's cow" because they
demand far less land, capital, and labour than cattle or
buffaloes, yet still generate meat, milk, wool, skins,
and manure that can be sold or used within the farm.
Status and Importance of Small Ruminants

India provides one of the largest and best-documented

small ruminant populations in the world, making its
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livestock census data a useful reference point for
understanding sectoral trends. According to the 20th
(2019) the
Department of Animal Husbandry and Dairying,

Livestock Census conducted by
Government of India, the country's total livestock
population stood at 536.76 million, an increase of
about 4.8 per cent over the previous (2012) census,
and roughly 95.8 per cent of this population is located

in rural areas.

Within this total, sheep and goats have shown the
fastest growth of any major species group. The sheep
population rose to 74.26 million, an increase of 14.1
per cent over 2012, while the goat population rose to
148.88 million, an increase of 10.1 per cent both
growing considerably faster than cattle (+1.3 per cent)
or buffaloes (+1.1 per cent) over the same period.
Goats alone account for roughly 28 per cent of India's

total livestock numbers, second only to cattle.

Parameter 2012 Census

2019 Census (20th)

Total livestock population ~512.05 million

536.76 million (+4.8%)

Sheep population ~65.07 million 74.26 million (+14.1%)
Goat population ~135.17 million 148.88 million (+10.1%)
Cattle population ~190.90 million 193.46 million (+1.3%)

Sectoral analyses attribute this rapid growth in small
ruminant numbers to several converging factors:
rising per-capita demand for meat and meat products,
the comparatively low capital and land requirement of
sheep and goat keeping, growing landlessness among
rural households, and the suitability of small
ruminants to semi-arid and marginal tracts where
cropping alone is unreliable. Nationally, the livestock
sector as a whole employs a substantial share of the
rural workforce and contributes a significant
proportion of agricultural GDP, underscoring how
central animal husbandry and small ruminants within
it has become to rural livelihoods.

The

Ruminants Fit Well

Concept of Integration: Why Small
An Integrated Farming System links two or more
enterprises so that the by-product or waste of one

becomes an input for another, reducing purchased
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inputs and stabilising household income across
seasons. Reviews of IFS research note that the higher
returns observed under such systems arise not only
from greater total productivity but also from lower
cost of production and the recycling of by-products
between components for instance, crop residues used
as fodder, and livestock manure returned to the field
as organic fertiliser.

Small ruminants integrate unusually well into this
model for several biological and managerial reasons.
They are efficient converters of crop residues, tree
fodder, and kitchen or farm by-products that would
otherwise be wasted; they have short generation
intervals and high reproductive rates, allowing
quicker turnover of capital compared with cattle or
buffalo; they require comparatively little space, water,
and labour; and they can be tethered or grazed on field

bunds, fallow land, and community grazing routes,
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which is particularly valuable for land-constrained
and women-headed households. A recent review of
agroecological approaches to small ruminant
production frames these characteristics within a set of
guiding principles including input reduction, nutrient
recycling, synergy between enterprises, and economic
diversification that closely mirror the goals of
integrated farming systems more broadly.

Common Models of Integration

Crop-Small Ruminant—Dairy Systems

The most widespread model links rainfed cropping
(cereals and pulses) with small ruminants and one or
two dairy animals. Crop residues (straw, stover, pulse
husks) feed the livestock, while dung and urine are
composted and returned to the field, reducing
dependence on purchased fertiliser. This model is
especially common in the semi-arid tropics, where
field studies estimate that a large majority of ruminant
livestock in Asia's mixed rainfed farming systems
depend on this crop—livestock linkage for feed and
nutrient cycling.

Small Ruminant-Backyard Poultry Systems
Because both enterprises require low capital and can
be managed by women within homestead premises,
small ruminants are frequently combined with
backyard poultry. Poultry droppings can be
composted alongside ruminant manure, and the two
enterprises provide complementary, staggered cash
flows poultry offering quick, small, frequent returns

and small ruminants offering larger, periodic returns

at the time of sale or festivals.
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Agro-silvipastoral and Common-Property Models
In tree-crop plantations and agro-forestry blocks,
small ruminants are grazed under the canopy,
controlling weed growth and converting otherwise
unutilised understorey vegetation into meat and
manure while plantation trees mature. Reviews of
tree-crop—ruminant systems in South and South-East
Asia describe this as a productivity- and
sustainability-enhancing combination that makes use
of land that would otherwise generate no interim
income.

Self-Help-Group and Cooperative Models

In several Indian states, small ruminant rearing has
been organised through women's self-help groups
(SHGs) linked to microfinance and extension support.
One documented example is the "Mesha" programme
in Bihar, implemented with support from the Aga
Khan Rural Support Programme and international
development partners, in which SHG members
formed goat-producer groups that provided both a
supplementary and, in times of crisis, a primary source
of household income.

Economic Evidence: Profitability of Small
Ruminants within Integrated Systems

Farm-level economic studies provide direct evidence
on how small ruminants compare with other
enterprises inside an integrated system. A recent
profitability assessment of small ruminant-based
integrated farming systems in Telangana, based on
primary data collected from 480 farm households,
found that small ruminants operated at comparatively

low total cost per unit benefiting from minimal

concentrate feeding, low depreciation, and efficient

17


http://www.agrirootsmagazine.in/

Volume 4, Issue 8 | August, 2026

use of crop residues and emerged as the most
economically viable livestock enterprise within the
integrated structure, after backyard poultry.

The same study reported an overall profitability
gradient across enterprises: backyard poultry
generated the highest returns relative to its scale,
owing to low capital requirements and reliance on
household scraps and freely available feed; small
ruminants ranked second; dairy animals (cows and
buffaloes) followed; and rainfed crop enterprises
(kharif and rabi paddy) generated comparatively
modest net returns because of high input costs and
vulnerability to climatic variability. The authors
interpret this gradient as reinforcing a broader
empirical pattern livestock-centred diversification
tends to deliver more stable and higher economic
returns than crop-dependent systems alone,
particularly in semi-arid regions.

This evidence is consistent with wider IFS literature,
which finds that smallholders who diversify into
multiple, linked enterprises achieve higher farm
income and lower income variability than those
dependent on a single crop, and that India's National
Sample Survey data have repeatedly shown small and
marginal holdings to be at least as productive per
hectare, in value terms, as larger holdings largely
because of this diversification effect.

The Role of Women in Integrated Small
Ruminant Farming

Small ruminant keeping is closely associated with
women's labour and decision-making in smallholder
households. Field studies of goat farming in southern

India report that women carry out most indoor
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activities colostrum feeding, grazing supervision near
the homestead, feed and water provision, care of
pregnant and newly kidded animals, and pen cleaning
while men are more involved in outdoor grazing,
marketing, and major health-care decisions. Because
animals can be tethered near the home, small ruminant
keeping allows women to combine livestock care with
domestic responsibilities in a way that is often not
possible with cattle or field-based cropping.

Development programmes have explicitly used this
feature to build women-centred livelihood models. In
addition to the Bihar-based SHG initiative described
above, studies from Bundelkhand and other semi-arid
regions describe goat rearing as a pathway to
livelihood security for farm women, while also noting
limited access

persistent constraints to credit,

information, and climate-resilient practices that
restrict the extent to which women can scale up or
fully capture the benefits of the enterprise.
Comparable evidence from Mediterranean dairy-goat
systems similarly finds that farms with active female
involvement report better animal-care outcomes (for
example, lower mastitis incidence), even though
women remain under-represented as formal farm
owners or primary decision-makers.

Constraints Facing Integrated Small Ruminant
Systems

Despite their advantages, integrated small ruminant
enterprises face a recurring set of constraints,
identified consistently across studies from India and
other developing regions:

+ Seasonal fodder and feed scarcity, particularly

during dry summer months in semi-arid tracts.
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* High mortality and morbidity losses from
preventable diseases, linked to inadequate
veterinary and vaccination coverage.

* Limited access to good-quality breeding stock and
structured flock-improvement programmes.

*  Weak market linkages and price discovery,
leaving producers dependent on intermediaries.

* Constrained access to institutional credit and
insurance for small ruminant enterprises
specifically.

* Gender-based barriers limiting women's access to
training, extension services, and decision-making
authority despite doing much of the hands-on
work.

Addressing these constraints typically requires a
combination of measures: development of common
property fodder resources and linkages between
fodder-scarce and fodder-surplus regions, stronger
prophylactic and extension coverage, and easier
access to institutional finance and remunerative
marketing channels.

Policy Support and Institutional Context

Recognising the contribution of livestock including

small ruminants to rural income and food security,

national livestock policy in India has increasingly
emphasised breed improvement, disease control, and
support for backyard and integrated rearing models
through central and state schemes administered by the

Department of Animal Husbandry and Dairying.

Periodic livestock censuses, such as the 20th

Livestock Census (2019), are themselves a policy

tool, providing the species-, age-, and sex-wise data

needed to plan disease-control programmes, target
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breeding interventions, and design credit or insurance

products suited to small ruminant enterprises.
Complementary support has also come from non-
governmental and cooperative channels, including
self-help-group-based microfinance and producer-
group models, which have proved effective in
extending both credit and technical support to women-
led small ruminant enterprises.

Conclusion

Integrated small ruminant farming brings together the
biological efficiency of sheep and goats their low
input requirements, rapid reproductive turnover, and
ability to convert crop residues and marginal grazing
into saleable output with the broader logic of
integrated farming systems, in which enterprises are
linked so that the waste of one becomes the input of
another. The evidence reviewed here, spanning
national livestock statistics, farm-level profitability
studies, and gender-focused field research, indicates
that small ruminants are consistently among the most
stable and remunerative components of a diversified
smallholding, particularly in semi-arid and rainfed
regions where cropping alone carries high climatic
risk. Realising this potential fully, however, depends
on addressing persistent constraints in fodder
availability, animal health coverage, credit access, and
market linkages, and on ensuring that women who
perform much of the day-to-day management of these
animals have equitable access to training, resources,
and decision-making authority within the enterprise.

Strengthening these support systems would allow

integrated small ruminant farming to serve not merely
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as a supplementary activity but as a central pillar of

income diversification and rural livelihood security.
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ood sustainability is currently confronted with

several unprecedented challenges, including

climate change, pandemics, geopolitical
tensions, and increasing pressure on global food
resources. Addressing these
challenges requires the development
of resilient food systems supported
by technological innovation and the
adoption of advanced production and
processing approaches. The dairy
sector is particularly vulnerable to
climate change and other global
food-system  challenges, while
simultaneously contributing
substantially to  greenhouse gas  emissions.
Nevertheless, dairy products remain important sources
of essential nutrients and bioactive compounds,
making the sector vital for global food and nutritional
security. Ensuring the quality and safety of dairy
products requires careful control of critical processing
and operating conditions, particularly because dairy
products are highly perishable. At the same time,
increasing environmental concerns and changing

consumer demands have encouraged dairy

www.agrirootsmagazine.in

manufacturers to adopt more sustainable processing
methods and innovative technologies. The dairy
industry has consequently emerged as a rapid adopter
of automation and digital technologies associated with
the Fourth Industrial
Revolution (Industry 4.0)
(Hassoun et al., 2023). Key
Industry 4.0  technologies
relevant to the food sector
include Artificial Intelligence
(AI), robotics, smart sensors,
the Internet of Things (IoT),
Big Data, cloud computing,
blockchain, 3D  printing,
augmented reality, cybersecurity, digital twins, and
cyber-physical systems. Their application in
agriculture is commonly described as Smart Farming,
Precision Agriculture, or Agriculture 4.0, whereas their
integration into food-processing facilities has
contributed to the development of smart factories.
Within the dairy sector, the increasing integration of
automation, digitalization, data analytics, and
intelligent technologies across production and supply

chains is collectively referred to as Dairy 4.0. This
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transition has the potential to improve productivity,
product quality, traceability, resource efficiency,
sustainability, and overall resilience throughout the

dairy value chain.

DAIRY
4.0

COMPONENTS

MILK I_. MILK

: 'D 'l
.
] '

DIGITAL TWINS

Fig. no. 1: The Components of Dairy 4.0 Industrial
Revolution

Artificial Intelligence (Al)

Artificial Intelligence (Al) is an important technology
within Dairy 4.0, enabling automation, real-time
monitoring and data-driven decision-making. Al can
analyse animal behaviour, physiological parameters
and environmental conditions to assess dairy cow
health and welfare, supporting early disease detection
and optimized treatment. It can improve milk yield,
milk quality and production efficiency while reducing
labour and management costs. Al-based demand
forecasting can help dairy industries optimize
production and product portfolios, particularly for
short-shelf-life products. Computer vision, machine
learning and sound-based technologies can support
food quality assessment, adulteration detection and
cheese-quality monitoring. Al can also assist in
improving the

sensory characteristics of dairy
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products. Furthermore, Al-based systems can help
manage heat stress in dairy cattle and maintain milk
quality under changing climatic conditions. Computer
vision can estimate physiological indicators such as
respiration and heart rate for predicting milk
production and quality. Al combined with aerial
imagery can also estimate herd size and methane
emissions. Overall, Al has considerable potential to
improve productivity, animal welfare, food quality and
sustainability in the dairy sector (Hassoun et al., 2023).
Robotics

Robotics integrates mechanical, electrical, electronic,
and software technologies to automate tasks ranging
from routine operations to complex processes. Its
application in the dairy industry has expanded
significantly, particularly with the development of
Automatic Milking Systems (AMS). These systems
automate milking, increase milking frequency, reduce
labour requirements, and potentially improve milk
production, farm profitability, operational efficiency,
and sustainability. Robotics is also being used for floor
cleaning, helping maintain farm hygiene, enhance cow
welfare, and reduce ammonia emissions. Moreover,
sensors incorporated into robotic systems enable
continuous and accurate collection of real-time data on
animal behaviour and milking activities. These data
can be analysed to monitor and predict important
production parameters, including daily milk yield, milk
composition, and milking frequency. Overall, the
integration of robotics, sensors, and data analytics
supports efficient, automated, and sustainable dairy
farm management (Hassoun et al., 2023).

IoT (Internet of Things)
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The Internet of Things (IoT) is a network of

interconnected devices that enables real-time
collection, exchange, and processing of data. In dairy
farming, loT supports the development of smart and
data-driven management systems by providing
accurate information for automated monitoring and
decision-making. IoT connects physical farm
operations with digital platforms through wireless
communication and smart sensors. These sensors can
monitor important parameters such as cow activity,
milk production, animal health, lameness, and body
condition. Sensors for monitoring activity and milk
established, whereas

yield are relatively well

technologies for lameness detection and body

condition assessment are still emerging. The
integration of IoT with data analytics can improve farm
efficiency, animal health monitoring, productivity, and
management decisions. However, adoption varies
among dairy farms and is influenced by economic,
technological, social, and behavioural factors.
Farmers’ acceptance depends on perceived costs and
benefits, trust, technical knowledge, infrastructure, and
accessibility. Therefore, successful adoption of IoT
requires addressing both technological barriers and
user-related factors to achieve effective and sustainable
digital transformation in dairy farming (Hassoun et al.,
2023).

3D Printing

additive

Three-dimensional  (3D)

an emerging food-processing

printing, or
manufacturing, is
technology that wuses digital designs to create
customized solid and semi-solid food products. Its

application in the dairy sector has increased due to the
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diverse functional and structural properties of dairy
ingredients such as proteins and fats. However, these
properties also create challenges related to flowability,
shape retention, structural stability, and printing
accuracy. Dairy 3D printing is being explored for
futuristic, creative, healthy, efficient, and sustainable
food production. Studies have shown that formulations
containing milk protein concentrate (MPC) and whey
protein isolate (WPI) are suitable for extrusion-based
3D printing. Milk protein gels have demonstrated good
printability, structural stability, and high fidelity to
designed shapes. Moreover, hydrocolloids can
improve the microstructure, viscoelastic properties,
and printing performance of milk protein formulations.
Thus, 3D printing offers promising opportunities for
innovative, personalized, and functional dairy product
development (Sangode, 2025).

Big Data

Big Data refers to large and complex datasets that
require advanced technologies for efficient processing
and analysis. In the dairy industry, substantial data are
generated from milk production, milk quality, animal
health, farm operations, environmental conditions, and
supply chains. Big Data Analytics can convert these
datasets into useful information for improving farm
management, predicting milk yield, monitoring animal
health, enhancing milk quality, and supporting real-
time decision-making. Tools such as the Milk Yield
Prediction and Analysis Tool (PAT) can predict milk
production at individual-cow and herd levels,
providing a cost-effective decision-support approach
for dairy farmers. Similarly, the Dairy Brain, which

integrates precision agriculture, IoT, and Big Data
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Analytics, analyses farm and external data in real time
to support nutrient management, early detection of
clinical mastitis, and prediction of disease occurrence.
Big Data also enables more comprehensive assessment
of animal health by combining multiple physiological,
behavioural, and environmental indicators. Overall,
Big Data Analytics provides a data-driven approach to
improving productivity, animal health, resource
efficiency, and decision-making, contributing to more
efficient and sustainable dairy farming (Sangode et al.,
2025).

Blockchain

Blockchain is an important Industry 4.0 technology
that can improve the transparency, security,
traceability, and efficiency of food supply chains. It
uses cryptographically secured, decentralized ledgers
to record and share information among supply-chain
participants, reducing risks associated with data loss,
adulteration, quality deterioration, and limited
traceability. When integrated with IoT and other digital
technologies, blockchain enables real-time data
sharing, auditability, data integrity, and product
authentication. In the dairy sector, it can provide
traceability throughout the entire milk supply chain,
from production and collection to processing,
distribution, and consumption. Blockchain can also
support monitoring of nutritional quality, adulteration,
and contamination. Therefore, its integration into dairy
supply chains can enhance food safety, consumer
confidence, product authenticity, and sustainability
while supporting the development of intelligent and
reliable dairy value chains (Hassoun et al., 2023).

Sensor Based Monitoring
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The integration of IoT and automation in dairy farming
is transforming conventional livestock management
through continuous, real-time monitoring of animals,
equipment, and farm conditions. IoT-enabled sensors
can detect early health problems, monitor feeding
behaviour, and support improved animal welfare,
thereby reducing veterinary costs and enhancing
productivity and milk quality. Regular assessment of
Body Condition Score (BCS) and Body Weight (BW)
helps evaluate nutritional status, monitor growth, and
support informed breeding and management decisions.
Automatic Milking Systems (AMSs) further improve
farm efficiency by automating milking and enabling
individualized cow monitoring and management. In
IoT-based facilitate real-time

addition, systems

monitoring of farm machinery, allowing early
detection of equipment failures and minimizing
operational interruptions. The integration of robotics
further reduces labour requirements while improving
productivity and competitiveness. Overall, 10T,
robotics, and automation provide an integrated, data-
driven approach to herd management, milk production,
feeding, equipment monitoring, and environmental
control, promoting efficient, sustainable, and modern
dairy farming (Tangorra et al., 2024).

Current Scenario and Future Challenges

Despite the potential benefits of Industry 4.0
technologies, several challenges must be addressed for
their effective adoption in the dairy sector. A major
limitation is the lack of digital infrastructure and
reliable connectivity in rural areas, where most dairy
farms are located, restricting the use of precision
and other smart

farming, automated milking,
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technologies. The high investment cost of advanced
technologies is another significant barrier, particularly
for small and medium-sized farms with limited
financial resources. This may widen the digital divide
between large and small farms, giving larger
enterprises a competitive advantage. Furthermore, the
adoption of Industry 4.0 requires skilled personnel
capable of operating, maintaining, and managing
advanced technologies. Providing appropriate training
can be difficult for smaller farms due to limited
resources and access to skilled workers. Data privacy
and cybersecurity are also growing concerns because
of increased connectivity and data sharing. Finally,
successful ~ implementation  requires  greater
collaboration and coordination among supply-chain
stakeholders to integrate digital technologies
effectively with existing dairy production and
management systems.

Conclusion

References

In conclusion, digitalization and
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technological

advancements significant opportunities to
improve the efficiency, productivity, sustainability,
and competitiveness of the dairy industry. However,
their full potential can only be achieved by addressing
key challenges such as inadequate digital infrastructure
and connectivity, high implementation costs, shortage
of skilled personnel, and limited coordination among
supply-chain stakeholders. Overcoming these barriers
will require investment in digital infrastructure,
affordable and accessible technologies, skill
development, and stronger collaboration across the
dairy value chain. Addressing these challenges will be
essential for ensuring the successful adoption of
Industry 4.0 technologies and building a modern,
resilient, competitive, and sustainable dairy industry
capable of meeting future production and market

demands.

1. Hassoun, A., Garcia-Garcia, G., Trollman, H., Jagtap, S., Parra-Lopez, C., Cropotova, J., ... & Ait-

Kaddour, A. (2023). Birth of dairy 4.0: Opportunities and challenges in adoption of fourth industrial

revolution technologies in the production of milk and its derivatives. Current research in food science, 7,

100535.

2. Sangode, P. B. (2025). Dairy 4.0: Embracing digital technology for sustainable farming: A review. Asian
Journal of Dairy and Food Research, 44(2), 169-178.
3. Tangorra, F. M., Buoio, E., Calcante, A., Bassi, A., & Costa, A. (2024). Internet of Things (IoT): Sensors

application in dairy cattle farming. Animals, 14(21), 3071.

www.agrirootsmagazine.in

25


http://www.agrirootsmagazine.in/

Volume 4, Issue 8

August | 2026

Agri Roots

e- Magazine

%= i
W . VA
V€ VW4
"= Horticulture as a Tool for Doubling Farmers’

www.agrirootsmagazine.in

ISSN: 2583-9071

Income

ARTICLE ID: 0408

Deepak Kumar, Vikas Yadav

Assistant Professor, Department of Agriculture, School of Agriculture & Environmental Sciences, Shobhit

Deemed To Be University, Meerut, Uttar Pradesh, India

griculture is the backbone of rural

livelihoods in India, but increasing
production alone is no longer sufficient to

ensure higher farm income.

Rising

input costs,

fragmented  landholdings,
climate variability, market
fluctuations and post-harvest
losses continue to affect the
profitability of farming. In
this situation, horticulture has
emerged as an important pathway for increasing
farmers’ income through diversification, value
addition and efficient utilization of land and
resources.

Horticulture includes the cultivation and management
of fruits, vegetables, flowers, spices, plantation crops,
medicinal and aromatic plants and other high-value
crops. These crops have considerable potential to
generate higher returns per unit area when supported
by appropriate production technologies, efficient
irrigation, and

post-harvest management

remunerative markets.
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The Government of India has emphasized increasing
farmers’ income through diversification, improved
productivity, reduction in post-harvest losses, value
addition and better market
linkages. Horticulture can
contribute to each of these
components and therefore
has an important role in
the transformation of
Indian agriculture.

Why Horticulture Can
Increase Farm Income?

One of the major advantages of horticultural crops is
their high economic value per unit area. Fruits,
flowers and spices

vegetables, can generate

substantial returns when farmers select crops
according to local agro-climatic conditions and
market demand.

Horticultural crops also provide opportunities for:

o Crop diversification
o Multiple and intensive cropping

Protected cultivation

High-density planting
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o Precision irrigation and fertigation

e Nursery production

o Value addition and processing

o Direct and collective marketing

o Export-oriented production

o Employment generation

Thus, horticulture can transform farming from a
production-oriented activity into a market- and
income-oriented enterprise.

Crop Diversification: Moving Towards High-
Value Agriculture

Dependence on a limited number of field crops can
expose farmers to climatic and economic risks.
Diversification towards suitable horticultural crops
can provide additional income opportunities.
Depending on soil, climate, irrigation and market
conditions, farmers can consider crops such as
tomato, chilli, capsicum, cucumber, onion, garlic,
potato, mango, guava, papaya, citrus, marigold and
other locally suitable crops.

However, diversification should not mean blindly
shifting from one crop to another. Market demand
must be considered before selecting a high-value
crop. Farmers should examine the availability of local
markets, storage facilities, processing units and
potential buyers before investing in commercial
horticulture.

Protected Cultivation: Producing More from Less
Land

Protected cultivation is becoming increasingly
important for small and marginal farmers who want

to produce high-value crops from limited land.

Polyhouses, greenhouses, shade-net houses and low

www.agrirootsmagazine.in

tunnels can create favourable growing conditions and
protect crops from adverse weather.

Crops such as tomato, cucumber, coloured capsicum,
gerbera, rose and other high-value crops can be
successfully grown under protected conditions.

An important advantage of protected cultivation is the
possibility of off-season production. Producing
quality vegetables or flowers when market supply is
relatively low can provide better price opportunities.
However, protected cultivation requires higher initial
investment, technical knowledge and proper market
planning.

Precision Irrigation and Fertigation

Water is one of the most critical resources for
profitable horticulture. Drip irrigation and fertigation
can improve the efficiency of water and nutrient
application by delivering them directly to the crop
root zone.

The combination of drip irrigation, fertigation and
mulching can help farmers improve resource-use
efficiency, particularly in fruit and vegetable crops.
Efficient irrigation can also reduce the risks
associated with water scarcity and support more
stable crop production. In water-stressed regions,
precision irrigation should become an integral
component of commercial horticulture.
High-Density Planting in Fruit Crops

Fruit cultivation traditionally requires substantial land
and a long period before orchards become fully
productive. Modern approaches such as high-density
planting, canopy management, dwarfing rootstocks
and precision nutrient management can improve

productivity per unit area.
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High-density orcharding can facilitate better
utilization of land, water and labour while allowing
farmers to obtain higher production from smaller
areas.

Scientific pruning, training, fertigation, mulching and
integrated pest management are essential for
maintaining productivity and fruit quality in such
systems.

Quality Planting Material: The Foundation of
Profitable Horticulture

The profitability of a horticultural enterprise begins
with good planting material. Poor-quality or diseased
planting material can reduce productivity and
increase production costs.

Farmers should obtain certified or quality planting
material from reliable nurseries and recognized
sources. In perennial fruit crops, the importance of
quality planting material is even greater because an
orchard remains productive for many years.
Strengthening quality nurseries and encouraging the
production of disease-free planting material can
therefore contribute significantly to improving
horticultural productivity.

Integrated Nutrient and Pest Management

High productivity should not come at the cost of soil
health and environmental sustainability. Integrated
Nutrient Management (INM) and Integrated Pest
Management (IPM) provide a balanced approach to
sustainable horticultural production.

INM combines organic and inorganic nutrient sources
according to crop requirements, while IPM integrates
cultural, mechanical, biological and need-based

chemical methods for pest management.
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The use of compost, vermicompost, biofertilizers,
beneficial microorganisms and biological control
agents can complement conventional inputs. Proper
soil testing and nutrient management can also prevent
unnecessary expenditure on fertilizers.

Reducing Post-Harvest Losses

Horticultural crops are generally more perishable than
cereals. A considerable quantity of fruits and
vegetables can be lost between harvesting and final
consumption because of improper handling,
inadequate storage and transportation.

Post-harvest management should therefore be
considered an essential component of income
enhancement.

Important practices include:

Proper harvesting — Sorting — Grading —
Packaging — Pre-cooling — Cold storage —
Efficient transportation — Processing —
Marketing

Reducing post-harvest losses is equivalent to
increasing the amount of marketable produce without
expanding the cultivated area.

Value Addition: From Raw Produce to High-
Value Products

Farmers often sell horticultural produce immediately
after harvesting because of perishability and lack of
storage facilities. During periods of glut, this can
result in distress selling.
Value addition provides an opportunity to
increase the economic value of agricultural
produce

For example, tomato can be converted into puree,

ketchup and sauce; mango into pulp, pickle and
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beverages; guava into jelly and pulp; aonla into
candy, juice and powder; and chilli into powder and
flakes.

Small-scale processing units at the village or FPO
level can generate employment while providing
farmers with an opportunity to participate in a larger
share of the agricultural value chain.

Farmer Producer Organisations: Strengthening
Bargaining Power

Individual small farmers often have limited
bargaining power because of small marketable
surpluses. Farmer Producer Organisations (FPOs) can
help overcome this limitation through collective
action.

FPOs can facilitate:

o Bulk purchase of inputs

o Collective production planning

o Grading and packaging

o Storage and transportation

o Collective marketing

e Processing and value addition

o Branding

o Direct linkage with institutional buyers

Collective marketing can reduce transaction costs and
improve farmers' negotiating power.

Digital Technology and Smart Horticulture
Digital agriculture is creating new opportunities for
horticultural production and marketing. Mobile
applications, sensors, drones, remote sensing,
artificial intelligence and digital marketplaces can
help farmers make better decisions.

Digital technologies can support:

www.agrirootsmagazine.in

Weather forecasting + Crop monitoring + Pest and
disease detection + Irrigation scheduling + Market
information + Supply-chain management

Access to timely market information can help farmers
decide what to grow, when to harvest and where to
sell their produce.

Integrated Farming: Multiple Sources of Income
Horticulture can also be integrated with other
agricultural enterprises to reduce dependence on a
single source of income.

A diversified farm may include:

Fruit/vegetable production + Dairy + Poultry +
Beekeeping +  Mushroom cultivation +
Composting

Such systems can improve resource recycling. Crop
residues can be used for livestock or composting,
while animal manure can contribute to nutrient
management. Beekeeping can provide additional
income and support pollination in horticultural crops.
Horticulture and Rural Employment

Horticulture is more labour-intensive than many
field and therefore has

conventional crops

considerable potential for rural employment
generation.

Employment opportunities are created in:

o Nursery management

e Orchard establishment

o Crop production

o Harvesting

e Grading

o Packaging

o Transportation

e Food processing
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e Marketing

Thus, horticulture can contribute not only to farm
income but also to rural livelihood diversification and
employment generation.

Challenges in  Horticulture-Based Income
Enhancement

Despite its potential, horticulture is associated with
several challenges. These include high initial
investment, price fluctuations, perishability, pest and
disease problems, inadequate cold-chain facilities,
climate change, fragmented landholdings and limited
access to processing and organized markets.
Therefore, simply encouraging farmers to grow high-
value crops is not sufficient. A successful
horticulture-based income strategy must develop the
complete value chain from production to
consumption.

Way Forward

A practical strategy for enhancing farmers' income
through horticulture can be summarized as:

Suitable crop selection — Quality planting
material — Precision production — Efficient
irrigation — Integrated crop management —
Quality harvesting — Post-harvest management
— Value addition — Collective marketing —
Branding and market linkage

The future of horticulture should focus not merely on
increasing production but on improving net returns
per unit of land, water, labour and investment.

References

Greater emphasis should be placed on climate-
resilient crops, protected cultivation, natural and
sustainable =~ production  systems,  precision
technologies, FPO-based marketing, food processing
and direct farmer-to-consumer linkages.

Conclusion

Horticulture represents one of the most promising
avenues for increasing and stabilizing farmers'
income in India. Its potential extends beyond the
production of fruits, vegetables and flowers; it
encompasses the entire agricultural value chain,
including nursery production, precision farming,
post-harvest management, processing, branding and
marketing.

The objective of doubling farmers' income cannot be
achieved through increased production alone. Higher
productivity must be converted into higher
profitability. Horticulture can play a major role in
achieving this transformation when supported by
modern technologies, efficient water management,
quality planting material, collective marketing, value
addition and strong market linkages.

Therefore, the future of Indian agriculture should
increasingly move from “more production” to “more
value and more income.” With appropriate planning

and institutional support, horticulture can become a

powerful engine for sustainable agricultural
development, rural employment and improved
livelihoods.
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