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2850 limate Smart Agriculture (CSA) is a transformative approach in agricultural
&% development that aims to improve farm productivity while helping farmers to adapt and
02550 mitigate challenges of climate change. Information and Communication Technologies (ICTs)
& play a significant role in making CSA effective by facilitating real-time monitoring tools,

gwg@ precision farming, and data- driven decisions. Studies show that ICT-based CSA can increase
&% yields by up to 30%, lower greenhouse gas emissions, and make farming more resilient.
= However it still faces challenges like poor digital access, weak infrastructure, and the need
By for strong policies. This article reviews how ICT supports CSA and suggests policy measures
CE%&;_@ to promote sustainable farming.
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(Intergovernmental Panel on Climate Change) highlights the need for farming systems to
adapt to rising temperatures, shifting rainfall, and extreme weather, while also cutting
greenhouse gas emissions. CSA first introduced by FAO in 2010, addresses the triple

&0 .

a9 Introduction

"2 Agriculture faces many unprecedented challenges in the 21st century, one such challenge is
2 climate change which emerges as a serious threats to global food security. The IPCC

QE challenge of food security, climate adaptation, and mitigation with an aim to boost
c£25%0 productivity, build resilience, and reduce emissions.

oY However successful implementation of CSA requires accurate and location-specific
@s{p - - - - - -

2050 information, which ICTs can provide. ICT tools such as mobile phones, satellites, sensors,
U © Al, and digital platforms are reshaping farming through precision agriculture, real-time crop
Q%Z monitoring, weather forecasts, early warnings, and improved market access. This shift
& represents a move from input intensive farming to knowledge and data driven systems,

particularly crucial for smallholders in developing nations facing high climate risks.
> This article reviews ICT applications in CSA by focusing on three aspects:

> key ICT tools supporting CSA,

» the role of policies in enabling or restricting ICT adoption, and

» evidence of ICT-driven CSA impacts at the field level.
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ICT Tools and Technologies for Climate-Smart Agriculture
Precision farming uses GPS, sensors, and satellites to optimize inputs and cut environmental
waste. Tools like GPS-guided tractors, variable-rate applicators, and soil sensors improve

250 fertilizer use efficiency, irrigation scheduling, and yield mapping which further lower the
57 fertilizer use by 15-25% while maintaining yields.Satellite imagery helps to monitor crop

Qiﬁﬂ health, soil moisture, and weather whereas NDVI indices help detect crop stress early, while
& drones offer detailed field-level monitoring and precision treatment.
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Al (Artificial Intelligence) and ML (Machine Learning) analyze big datasets to give
predictive insights (Figshare.le.ac.uk, 2024). They detect pest and disease with over 90%
accuracy using smartphone images IoT connects devices track soil, water and weather update
and provide real- time data for efficient resource use and early problem detection. Mobile
phones deliver weather forecasts, market prices, and extension services via SMS, apps, or
voice messages

Policy Frameworks Enabling ICT-Based Climate-Smart Agriculture
ICT-based CSA needs policies for infrastructure, capacity, and coordination. Rural
broadband and mobile networks are essential for CSA adoption. By 2030, 80% of rural areas
may be digitally connected. Use of digital technology create vast amount of agricultural data
on crop and environment which requires effective governance framework to protect farmer
privacy and rights. Policies should ensure data ownership, sharing rules, and interoperability
through common standards. High costs of technology generally limit smallholder to access
digital tools. Credit, subsidies, insurance, and PPPs support adoption the adoption of digital.

Field-Level Impacts of ICT-Enabled Climate-Smart Agriculture

ICT-enabled climate-smart agriculture (CSA) has shown clear benefits to farmers by
improving productivity, adaptation, mitigation, and resilience at field-level. Studies shows
that CSA practices increase the yield by 20-30% with lower input costs. In Odisha, India,
shows income growth through digital advisories. ICT tools also support early warning
systems which reduces the climate- induced crop losses by 50-65%, while drought indices
combined with automated irrigation reduces water use by up to 30%. Solar-powered, digitally
monitored irrigation further reduces carbon footprints.

Challenges and Barriers to Implementation

> Digital Divide and Access Constraints: Many farmers, especially in rural areas, lack
access to reliable internet connection, electricity, and affordable data. Limited digital
skills, particularly among older farmers and women, make it harder to use new
technologies effectively.

» Infrastructure and Technical Limitations: Poor rural infrastructure, weak internet, and
power shortages limit the use of digital farming tools. Different digital platforms often do
not connect well with each other, creating difficulties in data sharing and integration.

» Economic and Financial Barriers: High costs of equipment, sensors, and satellite
services make digital farming unaffordable for smallholders. Farmers also struggle with
delayed returns on investment, making financing support crucial.

> Institutional and Governance Challenges: Weak extension services mean farmers often
lack guidance on using digital tools. Concerns over data privacy and ownership also
reduce trust in digital platforms.

Recommendations and Future Directions

» Policy Recommendations: Governments should invest in rural digital infrastructure and
develop national strategies linking agriculture with climate goals. Financial support like
subsidies, credit, insurance, and results-based incentives can make technologies more
accessible. Public-private partnerships can help scale these efforts.

» Technology Development Priorities: Future tools should be affordable, user-friendly,
and suitable for smallholders. Open-source, mobile, and offline solutions can improve
access, while Al and integrated platforms can provide better decision support.

» Capacity Building and Extension: Farmer training, digital literacy, and stronger
extension services are key for effective use of ICTs. Participatory approaches, local
intermediaries, and youth involvement can enhance adoption and innovation in rural
areas.
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Conclusion

ICTs are powerful drivers of climate-smart agriculture, which helps in boosting productivity,
support climate adaptation, and reduce emissions. Tools such as precision farming, remote
sensing, Al, and mobile platforms enable real-time monitoring and data-driven decisions,
raising yields by up to 30% while lowering environmental impacts. However, challenges like
poor infrastructure, high costs, and limited skills must be addressed through supportive
policies, financing, and capacity building. Field evidence shows strong economic and
environmental benefits, with high adoption when farmers receive training and support. Future
progress depends on affordable, user- friendly tools, integration of Al and IoT, and inclusive
approaches that involve farmers as active partners. With the right investments, ICT-enabled
CSA can play a transformative role in building resilient, sustainable, and food-secure systems
worldwide.
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