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lobal agriculture faces a significant challenge from climate change, particularly

smallholder farmers who are particularly susceptible to its negative effects. To
overcome these obstacles, strong and flexible approaches that go beyond traditional
agronomic methods are needed. A key component of resilience-building is improving
farmers' proficiency with climate-adaptive farming methods, which extension services are
well suited to support. The relationship between farmer competence, climate-smart
agriculture, and the function of extension systems is examined in this article using peer-
reviewed research, creative models, and international case studies. It promotes competency-
focused, gender-sensitive, pluralistic, and ICT-enabled extension frameworks as crucial
instruments for agricultural growth that is climate resilient.

Introduction

It is now clear that climate change has an influence on agriculture. Heatwaves, droughts,
floods, and unpredictable rainfall have all been made worse by the 1.1°C increase in global
temperatures since pre-industrial times, according to the Intergovernmental Panel on Climate
Change (IPCC, 2022). Crop yields, pest dynamics, and resource availability are already
being impacted by these changes worldwide, particularly in rural economies that depend on
rain-fed systems.

One of the groups most impacted is smallholder farming, which accounts for more
than 80% of all farming in Asia and Sub-Saharan Africa. Limited information availability,
inadequate institutional support, and socioeconomic limitations all compromise their
resilience.  Building climate-resilient food systems therefore requires improving their
proficiency in climate-adaptive practices via effective and responsive extension services
(Aggarwal et al., 2019; FAO, 2021).

Understanding Farmer Competency in Climate Context

Conceptualizing Competency

The term "farmer competency” describes the capacity to learn, understand, and use
agronomic technology and information in order to innovate and adapt to changing climatic
circumstances. It includes a systems-thinking approach, technical knowledge, cognitive
capabilities, and behavioral competencies.

Key attributes include:

o Understanding climate risks and variability

o Adaptive decision-making (e.g., crop-livestock diversification)

« Efficient resource management (e.g., water-use efficiency)

« Innovation and experimentation capacity

o Engagement in knowledge networks
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Resilience versus Competency

One of the fundamental components of resilience is competence. Farmers who are resilient
are able to foresee dangers, withstand shocks, innovate to adapt, and change their producing
methods. By giving farmers the necessary information and self-assurance, competency
encourages such actions.

Extension Services' Crucial Role

Extension systems provide as a link between innovation, research, and implementation at the
farm level. They must transform from just disseminating technology to facilitating
behavioral change, participatory learning, and capacity development in the context of climate
change.

Conventional Models of Extension

In the past, extension was based on the top-down, linear Transfer of Technology (ToT)
paradigm. Although it aided in scaling Green Revolution inventions, it has little bearing on
today's intricate climate issues. Co-learning, feedback loops, and context-specific cautions
are necessary for climate resilience (Anderson & Feder, 2004).

Participatory and Pluralistic Extension

Governmental institutions, non-governmental organizations, commercial companies, farmer
groups, and digital providers are all part of a pluralistic system. Important examples include
Farmer Field Schools (FFS), innovation platforms, and Participatory Rural Appraisal (PRA).
These models enhance climate literacy and adaptive behavior, according to studies conducted
in Ethiopia and Indonesia.

Competency-Focused Extension

Extension services must prioritize skills over inputs. This includes:

e Risk perception training

e Scenario planning exercises

« Experiential learning through demos and farmer groups

o Skill-building in digital literacy

Tools and Innovations for Enhancing Competency

Climate-Smart Agriculture (CSA)

CSA integrates productivity, adaptation, and mitigation. Practices include:

o Stress-tolerant varieties

o Conservation agriculture

o Integrated nutrient and pest management

o Agroforestry and water harvesting

Farmers need to be taught how to choose, contextualize, and use these technologies via
extension programs. CSA toolkits and adaption pathways have been created for field usage
by the CGIAR's CCAFS effort (CCAFS, 2020).

Digital and ICT-Based Platforms

ICT tools such as mobile apps, SMS advisories, and remote sensing enhance outreach and
timely information dissemination.

Examples:

e e-Choupal (India): Improved soybean yields by 20%

« Kilimo Salama (Kenya): Provided weather-indexed insurance and advisories

o SHEP (Kenya): Shifted farmers to market-responsive, climate-resilient crops

These solutions facilitate proactive decision-making in addition to enhancing expertise.
Decision Support Systems (DSS)

DSS tools use real-time weather data, crop models, and analytics to guide farmers. Examples
include:

o AgriMet (India)

e InfoCrop (ICAR)

e Climate-Wizard (CIAT)

AGRI MAGAZINE ISSN: 3048-8656 Page 421




Mallappanavar and Harsha (2025) Agri Magazine, 02(06): 420-423 (JUNE, 2025)

Under unpredictable circumstances, DSS adoption decreased yield variability by as much as
30%.

Impact of Competency-Based Extension Interventions

Improved Yield Stability

NICRA (National Innovations on Climate Resilient Agriculture) in India, across 121 villages,
showed:

e 12-18% higher yields under climate stress

e 28% increase in water-use efficiency

e 25% lower input cost due to IPM and INM

(Source: ICAR-NICRA Annual Report, 2023)

Enhanced Adaptation Rates

FAQO’s Farmer Field Schools in Bangladesh led to:

e 35% higher adoption of flood-resilient rice varieties

e 27% reduction in post-harvest losses

(Source: FAO, 2021)

Women’s Empowerment and Equity

Gender-sensitive extension improved inclusion. In Odisha (India), self-help group-based
extension led to:

e 40% increase in climate knowledge among women

e 30% higher adoption of off-season crops.

Challenges in Scaling Competency-Focused Extension

« Fragmented institutional frameworks: Inadequate public-private actor coordination.

o Limited ability of extension agents: Many are not trained in ICT or climate change.

« Digital divide: Women in rural areas and other vulnerable populations are often left out of
ICT initiatives.

« Short-term project funding: Prevents long-term changes in behaviour.

e Misalignment of policy: Subsidies often promote maladaptive behaviors (such as
excessive water consumption).

Strategies to Strengthen Extension Systems for Climate Competency

Capacity Building for Extension Agents

« Include climate science in training programs.

e Encourage performance and creativity by fostering soft skills like empathy,
communication, and facilitation.

Institutional Reforms

e Create venues for collaboration between commercial companies, NGOs, and Krishi
Vigyan Kendras (KVKSs).

« Employ Farmer Producer Organizations (FPOs) as nodes for last-mile extensions.

e The mainstream attitude in national extension programs (like India's ATMA)

Inclusion of Youth and Gender

e Use gamified, mobile-based learning for young people; design material to meet the needs
of women (e.g., kitchen gardening, small ruminants); and designate female extension
agents.

ICT Mainstreaming:

e Create voice-based, multilingual advisory;

e Collaborate with farmers to co-create information

e Ensure compatibility with credit and insurance systems.

Monitoring and Evaluation (M&E): Employ resilience indicators, such as risk

diversification and adaptive behavior, and use dashboards and mobile surveys to provide real-

time feedback.
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Conclusion

The foundation of resilient agriculture is farmer expertise in climate-adaptive methods. It has
to be fostered via extension services that are competency-focused, inclusive, pluralistic, and
ICT-driven. Case studies from the Global South demonstrate how these systems, when
thoughtfully planned and sensitive to context, may increase yields, lower climate risks,
empower women, and encourage innovation. The key to the future is turning expansion into
a climate resilience engine that incorporates equitable principles, digital technologies, local
contexts, and knowledge systems. By doing this, we can enable farmers, who are the front-
line actors of food systems, to adapt, prosper, and take the lead in addressing the climate
catastrophe.
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