


Adoption and Challenges of Climate-Resilient Technologies among Farmers in Semi-Arid Regions: A Case Study of Kukargaon, Jalaun District of Uttar Pradesh

ABSTRACT
	This study explores the impact of climate change on agriculture in Kukargaon, a village in Jalaun district, Uttar Pradesh, within the semi-arid Bundelkhand region. The region's agricultural productivity has been significantly affected by climate variability, including reduced rainfall and rising temperatures, resulting in decreased crop yields, especially for wheat and pulses. The study assesses farmers' awareness and adoption of climate resilience technologies (CRTs) such as drought-resistant seeds, efficient irrigation systems, and agroforestry. It finds that while awareness of CRTs like drought-resistant seeds is relatively high, adoption remains low due to economic barriers, including high costs, limited access to credit, and lack of knowledge and training. The research highlights that although farmers acknowledge the benefits of CRTs, such as increased yields and improved soil fertility, practices like agroforestry and integrated pest management face slower adoption. The study suggests that targeted interventions, including financial support, improved agricultural extension services, and culturally sensitive training programs, are essential to increase CRT adoption. Addressing structural barriers and ensuring broader access to resources are crucial steps toward building climate resilience in the region.
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Introduction
Climate change has been cited as one of the most urgent issues facing the global leaders in the twenty-first century and it is a major challenge towards achieving the Sustainable Development Goals (SDGs) globally (Deshmukh et al., 2023). Its effects are far and extensive, and it has impacts on natural ecosystems, human livelihoods, and economic stability in the regions. The agricultural sector is one of the industries that are most susceptible to climatic change because it heavily relies on climate factors like seasonal changes, temperature, and rainfalls. Climate change and agriculture have a dynamic and relationship relationship, in that the agricultural practices impact the climate systems and the climate variability has a direct impact through the agricultural productivity and sustainability.

The high pace of urbanization and changes in land use and land cover have also increased the surface of land and air temperatures, which in turn affect the local and regional conditions of surface climate (Sati et al., 2018). The environmental changes have been of great concern to the agricultural systems especially to the developing countries such as India where agriculture is extremely climate sensitive. Temperature regime shifts, shifts in rainfall distribution, and occurrence of extreme weather conditions like droughts, floods and heat waves are predicted to have severe effects on agricultural production and consequently agri-food security and rural livelihoods (Ravindra et al., 2024).

Agriculture remains the mainstay of the Indian economy, and a major source of livelihood to a significant percentage of people. Although there are improvements in technology and the policy support, the sector is experiencing growing challenges because of climatic variability and change. The increasing level of extreme climatic events, the unpredictability and inconsistency of the rainfall, and the protruding dry periods have made farming systems more vulnerable. The types of farming that rely on rainfall like rainfed agriculture that stakes a huge proportion of the cultivated land in India are very vulnerable to any changes in climate. The decreasing frequency of the rainy days and the growing uncertainty of the rainfall have had a great impact on the growth and yield of crops (Venkateshwarlu and Shanker, 2013). Such challenges not only lower the agricultural productivity but also burden the water resources and impact negatively on the long term sustainability of the farming systems.

The Bundelkhand area of the central India is commonly known to be one of the most climate-prone areas of the country. The region is semi-arid in climatic conditions, the soil is not fertile, there is a lack of irrigation facilities, and agriculture in the region is mostly reliant on rainfall. Jalaun district that is situated in Bundelkhand, has undergone some observable climatic changes in the last few decades. The rainfall in an average year has decreased by about 15 percent since 20 years ago and the intensity and frequency of the droughts have been on the rise and the drought has been experienced in almost 60 percent of the agricultural cycles in the area. These developments have tolled harsh consequences to crop yields and agricultural earnings.

In 2021, the local agricultural department reported that irregular rainfall patterns and increasing temperatures in the area have reduced yields of major crops like wheat and pulses in the district of Jalaun by 25 to 30 percent. These climatic stresses have not been equally distributed as the smallholder farmers tend to fight against the impacts of climate-induced risks but with the help of financial means, access to technology, and institutional support which they lack. Examples of such problems include villages such as Kukargaon, where agriculture forms the main income-generating activity and way of livelihood to most households.

Kukargaon village encounters a series of limitations, which make farmers more vulnerable to the climate change. The adaptive capacity of farmers is impeded by reliance on conventional agricultural production methods, weak access to the modern inputs and technologies, and ineffective extension services. Moreover, other phenomena, like burning of crop residues, lead to soil degradation and environmental pollution which add more to the weakness of the resilience of farming systems. The economic pressure on farmers has also increased due to rising labour rates and rising fuel costs, rendering traditional methods of agriculture less feasible and sustainable (Sidhu et al., 2015).

In this regard, climate resilience technologies (CRTs) have become very important devices to boost adaptive capacity of agricultural systems. Climate resilience technologies are diverse set of practices and innovations and would include the usage of drought and heat-resistant varieties of crops, efficient irrigation systems like drip and sprinkler systems, management of soil health, integrated nutrient management, diversification of crops, and agroforestry systems. The goals of these technologies are to minimize susceptibility in climatic stresses, enhance resource-use efficiencies and maintain agricultural productivity in varying climatic conditions. Through the introduction of CRTs, the farmers have a potential of conserving their livelihoods, stabilize their farming and increase their long-term sustainability.

Although the advantages of climate resilience technologies were demonstrated, their use by the smallholder farmers is still uneven and limited. This gap is caused by a number of factors such as socio-economic constraints, inaccessibility to credit, inputs, institutional and policy support, as well as providing information and dissemination of technical knowledge. The perception, attitudes of farmers and their awareness of climate change and resilience technologies are critical factors that will influence the adoption decisions of farmers. Lack of clear knowledge of the benefits and practical applicability of the CRTs may make farmers unwilling to adopt the new practices especially in the conditions of financial risks and uncertainty.

Thus, it is necessary to understand the perception of farmers to climate resilience technologies to design effective measures of climate adaptation. The analysis of these viewpoints can be useful to reveal groups of knowledge gaps, socio-economic barriers, and institutional deficiencies that reduce adoption. In this aspect, the current research will be designed to evaluate the knowledge and awareness of the farmers concerning climate resilience technologies, determine the level of their adoption by the farmers in Kukargaon village, and find out the main barriers that prevent their high adoption by farmers. Upon the results, the research also aims at presenting practical and actionable recommendations to facilitate the implementation of climate resilience technologies to enhance agricultural resilience and enhance the livelihood of the smallholder farmers in the climatic vulnerable areas.
Methodology
Study Area
The research was conducted in Kukargaon, a rural village in the Jalaun district of Uttar Pradesh. The area was selected due to its vulnerability to climate variability and its reliance on agriculture as the primary livelihood. Kukargaon is representative of smallholder farming communities in the semi-arid Bundelkhand region, where the adoption of climate resilience technologies is critical for sustainable agriculture.
 Research Design
A mixed-methods approach was employed to comprehensively understand farmers’ perceptions of climate resilience technologies. This approach combined quantitative and qualitative methods to ensure a holistic analysis of the data.
 Sampling Procedure
A purposive sampling method was used to select 100 smallholder farmers from Kukargaon. The selection criteria included:
· Farmers actively engaged in agriculture for at least five years.
· A mix of early adopters and non-adopters of climate resilience technologies.
· Representation across various socio-economic groups.
Data Collection
1. Survey: A structured questionnaire was developed to gather quantitative data on farmers’ awareness, adoption rates, and barriers to CRTs. The survey covered:
· Demographic details (age, education, landholding size).
· Awareness levels of CRTs.
· Types of CRTs adopted and their perceived benefits.
· Challenges faced in adoption.
2. Focus Group Discussions (FGDs): Two FGDs were conducted with groups of 8-10 farmers to explore qualitative insights. The discussions focused on:
· Farmers’ perceptions of climate change and its impact on agriculture.
· Community-level barriers to CRT adoption.
· Recommendations for enhancing adoption rates.
3. Key Informant Interviews (KIIs): Interviews were conducted with agricultural extension officers, village leaders, and local representatives of Krishi Vigyan Kendra (KVK) to gather expert perspectives on CRT promotion and implementation.
 Data Analysis
Quantitative data from the surveys were analyzed using descriptive statistics and cross-tabulations to identify trends and correlations. Qualitative data from FGDs and KIIs were analyzed thematically to capture nuanced perceptions and contextual challenges.
Results and discussion
3.1 Demographic Profile of Respondents
The demographic analysis reveals that farming in Kukargaon is largely a male-oriented activity (85%) and requires more attention from the female population, in terms of gender inclusivity in the extensions. The majority of the farming community is within the economically active ages of 36-50 years (45%), and the older lot of 25% may result in conservative acceptance of new technology. The level of educational attainment is comparitively low as 60% of respondents are illiterate and have primary education only, which might hinder adoption of climate-resilient technology. This further highlights the significance of simple and field-tested methods of extension. Land holding size is again an indicator of vulnerability, with a majority (55%) having marginal and (35%) having small land holdings. This would limit their risk capacities as well as their ability to invest in technology that involves high costs. Based on all observations, it could be concluded that a climate-resilient approach needs to be so tailored as to be within their budget and easy to adopt and implement with effective extension services.

Table 1: The demographic characteristics of the farmers (n=100)
	Characteristic
	Category
	Percentage (%)

	Gender
	Male
	85

	
	Female
	15

	Age Group
	18-35 years
	30

	
	36-50 years
	45

	
	Above 50 years
	25

	Education Level
	Illiterate
	20

	
	Primary
	40

	
	Secondary
	30

	
	Higher Education
	10

	Landholding Size
	Marginal (<1 ha)
	55

	
	Small (1-2 ha)
	35

	
	Medium (>2 ha)
	10


3.2 Awareness of Climate Resilience Technologies
Awareness levels for CRTs varied significantly. Drought-resistant seeds were the most recognized (70%), likely due to their immediate relevance in combating droughts common in Bundelkhand. Efficient irrigation systems (60%) and soil health cards (50%) also had moderate awareness, reflecting the efforts of agricultural extension programs. However, lower awareness of agroforestry (45%) and integrated pest management (40%) suggests a need for better information dissemination on these practices.
Table 2: Highlights the awareness levels of CRTs among respondents. (n=100)
	Technology
	Aware (%)
	Not Aware (%)

	Drought-resistant seeds
	70
	30

	Efficient irrigation systems
	60
	40

	Soil health cards
	50
	50

	Agroforestry
	45
	55

	Integrated pest management
	40
	60


3.3 Adoption Rates of CRTs
Adoption rates followed a similar trend to awareness levels. Drought-resistant seeds had the highest adoption rate (60%), demonstrating their practicality and immediate benefits. Efficient irrigation systems (50%) and soil health management practices (45%) were moderately adopted, while agroforestry (35%) and integrated pest management (30%) showed lower adoption rates. This indicates that while farmers are aware of CRTs, socio-economic and infrastructural barriers hinder their widespread adoption.
Table 3: The adoption of specific CRTs. (n=100)
	Technology
	Adopted (%)
	Not Adopted (%)

	Drought-resistant seeds
	60
	40

	Efficient irrigation systems
	50
	50

	Soil health management
	45
	55

	Agroforestry
	35
	65

	Integrated pest management
	30
	70


3.4 Barriers to Adoption
The major barriers to adopting CRTs highlight systemic and economic challenges. High costs (45%) emerged as the most significant constraint, making CRTs inaccessible to many smallholder farmers. Lack of knowledge and training (35%) underscores the need for targeted awareness programs and farmer-friendly training initiatives. Limited access to credit (25%) and institutional inefficiencies (20%) point to structural challenges that need addressing. Cultural resistance (10%) was the least significant barrier but still represents a hurdle in changing traditional farming practices.
Table 4: Major barriers to adopting CRTs. (n=100)
	Barrier
	Percentage (%)

	High cost of technology
	45

	Lack of knowledge and training
	35

	Limited access to credit
	25

	Institutional inefficiencies
	20

	Cultural resistance
	10


3.5 Perceived Benefits of CRTs
Farmers acknowledged several benefits of CRTs. Increased crop yields (70%) and improved soil fertility (60%) were the most frequently cited, reflecting the tangible improvements farmers observed. Reduced water usage (50%) aligns with the semi-arid conditions of Jalaun, making water-efficient practices highly valued. However, only 35% recognized income stability as a benefit, indicating that financial gains from CRTs are either not immediate or not well understood.
Table 5: Respondents shared their perceptions of the benefits of CRTs. (n=100)
	Perceived Benefit
	Percentage (%)

	Increased crop yields
	70

	Improved soil fertility
	60

	Reduced water usage
	50

	Better pest and disease control
	40

	Enhanced income stability
	35


Discussion on Adoption Rates of Climate Resilience Technologies (CRTs)
The adoption pattern of climate resilience technologies (CRTs) in Kukargaon largely mirrors farmers’ awareness levels, but with a noticeable drop between knowledge and actual practice. Drought-resistant seeds recorded the highest adoption rate (60%), reflecting their compatibility with existing farming systems and their ability to deliver visible and short-term benefits under moisture-stressed conditions. In a semi-arid region like Bundelkhand, where rainfall uncertainty is a recurring challenge, farmers tend to prioritize technologies that directly safeguard yields with minimal changes in management practices. The relatively lower investment requirement and ease of integration into traditional cropping systems further explain their higher uptake. 
Efficient irrigation systems, adopted by 50% of the respondents, show moderate diffusion, indicating both growing recognition of water scarcity and persistent structural limitations. While farmers acknowledge the importance of water-saving technologies such as drip and sprinkler irrigation, their adoption is often constrained by high initial investment costs, fragmented landholdings, and limited access to subsidies or credit. In addition, operational challenges such as maintenance requirements and irregular power supply reduce farmers’ confidence in these systems, particularly among marginal and smallholders. 
Soil health management practices, including soil testing and balanced nutrient application, were adopted by 45% of the farmers. This moderate adoption suggests that although farmers understand the long-term benefits of improved soil fertility and productivity, the delayed and less visible economic returns limit wider acceptance. Limited technical guidance on interpreting soil health cards and translating recommendations into field-level practices further weakens adoption. This highlights the need for stronger extension support and follow-up mechanisms to convert awareness into sustained practice.
Agroforestry and integrated pest management (IPM) recorded comparatively lower adoption rates of 35% and 30%, respectively. These practices require a longer gestation period, higher technical knowledge, and changes in conventional farming mindsets. Farmers often perceive agroforestry as competing with crops for land and resources, while IPM is viewed as knowledge-intensive and less reliable than chemical-based pest control in the short term. Cultural resistance, risk aversion, and inadequate demonstration of economic benefits at the local level further discourage farmers from adopting these practices.
Overall, the findings indicate that adoption decisions are strongly influenced by immediacy of benefits, cost considerations, and ease of implementation. Technologies offering quick and tangible returns are more readily adopted, whereas those with long-term or indirect benefits face resistance despite proven sustainability advantages. This underscores the importance of need-based incentives, localized demonstrations, and continuous capacity-building efforts. Strengthening institutional support through Krishi Vigyan Kendras, improving access to affordable credit, and promoting farmer-to-farmer learning can significantly enhance the adoption of complex CRTs and ensure more resilient farming systems in semi-arid regions like Kukargaon. The study reveals that farming in Kukargaon is predominantly male and middle-aged, with a significant portion of farmers having limited education and owning small plots of land. While awareness of climate resilience technologies (CRTs) like drought-resistant seeds is relatively high, adoption rates remain constrained by economic barriers, including high costs and limited access to credit. Although farmers recognize benefits such as increased yields and improved soil fertility, the adoption of practices like agroforestry and integrated pest management remains low, suggesting that socio-economic challenges and lack of knowledge are key barriers. Targeted awareness programs and addressing structural issues are crucial for enhancing CRT adoption in the region.
Building on the findings from the study, several policy implications emerge to support the adoption of climate resilience technologies (CRTs) among smallholder farmers in Kukargaon. The findings suggest the need for policies focused on improving access to CRTs, particularly through financial support such as subsidies or low-interest loans to offset high adoption costs. Education and training programs should be expanded to enhance farmers' knowledge of CRTs, especially agroforestry and integrated pest management. Government initiatives should prioritize strengthening agricultural extension services to ensure effective dissemination of information and practical training. Additionally, improving access to credit and addressing institutional inefficiencies are vital for fostering broader adoption of CRTs, while also incorporating local cultural contexts to minimize resistance to new farming practices.
Conclusion
[bookmark: _GoBack]The impact of climate variability has come out prominently as a major limiting factor for the sustenance of agriculture in the climate-dynamic environment of the study village of Kukargaon in the Jalaun district, a typical semi-arid zone of the Bundelkhand region. A fall in rainfall, rise in temperature, and frequent incidences of drought have considerably impacted the productivity of crops like wheat and gram, thus accentuating the vulnerability of the farmers. Conclusions indicate that though there is some level of good knowledge of climate resilience technology (CRT) in drought-resistant seeds as well as efficient irrigation systems, the level of adoption of the same has remained low.
It is evident from the study that the major dominant factors under the umbrella of economic limitations, such as the cost of technology and institutional credit, work as significant barriers to the adoption of the technology. Lack of knowledge, technological trainings, and extension support further emphasize the gap between knowledge and practice. Technologies like agroforestry and IPM, despite being known for their long-term advantages to the environment, continue to experience low adoption tendencies owing to the delay in the yield benefits of the technology or the lack of handholding support. 
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